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Plenary and distinguished speakers
PL-1
Preventing disease through healthy
environments: A global assessment of the
environmental burden of disease
M. Neira, A. Prüss-Ustün
Department of Public Health, Environmental and Social Determinants
of Health, World Health Organization, Geneva, Switzerland
Introduction: Estimating the burden of disease that can be
reduced by measures to decrease environmental risks to health is a
key step in identifying priorities for targeted environmental action.
In 2006, WHO published its ﬁrst comprehensive assessment of the
global burden of disease due to environmental risks. These ﬁgures
have now been updated.
Objective: To estimate the amount of disease that can be prevented by reducing environmental risks to health.
Materials and methods: A synthesis of quantitative estimates
of the disease burden attributable to the environment for 133
diseases or injuries, derived from a combination of comparative
risk assessment, epidemiological data, transmission pathways and
expert opinion.
Results: 101 out of 133 diseases or injuries had signiﬁcant links
with the environment, 92 of which have been quantiﬁed. 12.6
million deaths globally, representing 23% (95% CI: 13–34%) of all
deaths, were attributable to the environment. When accounting
for both death and disability, the fraction of the global burden of
disease due to the environment is 22% (95% CI: 13–32%). In children under 5 years, up to 26% (95% CI: 16–38%) of all deaths could
be prevented by the removal of environmental risks. Environmental impacts differ across the life course and according to gender,
particularly affecting children under 5 years and adults aged 50–75
years. Low and middle-income countries bear the greatest share of
environmental disease. While in the last decade the total number
of deaths related to environmental causes has barely changed there
has been a shift from infectious, parasitic and nutritional diseases
to non-communicable diseases.
Conclusions: The environmental burden of death and disease
can be reduced through cost-effective interventions. Creating and
maintaining healthy environments should be a priority of primary
prevention. Coordination across sectors and action of all levels of
governance is required. The Sustainable Development Goals offer
opportunities to make a lasting contribution to reducing the global
disease burden attributable to environmental factors.
Financial support: National Institute for Occupational Health and
Safety, US Centers for Disease Control and Prevention.
http://dx.doi.org/10.1016/j.toxlet.2016.07.028
PL-2
Long-term impacts of early life exposures
L.S. Birnbaum
National Institute of Environmental Health Sciences (NIEHS),
Research Triangle Park, NC, USA
Scientiﬁc research began to support the concept of early life
exposures leading to adverse health effects later in life, called
the Developmental Origins of Health and Disease (DOHaD). This
includes human and animal data focusing on nutrition, drugs,

S1

or environmental chemicals during development. Environmental
chemicals that alter developmental plasticity often interfere with
the endocrine systems, leading to organizational changes during
development that may manifest as altered susceptibility or frank
disease later in life. Tissue speciﬁc effects are highly dependent on
the exposure and the timing within speciﬁc windows of developmental susceptibility. Once a tissue is fully developed, it is often less
sensitive to functional changes that can lead to increased susceptibility and diseases later in life. To better inform the global health
efforts aimed at addressing the growing epidemic of chronic noncommunicable diseases of environmental origin, we propose: (1)
to support an understanding of DOHaD that includes a range of
environmental factors and their relevance to disease and disability
occurrence, throughout the life span and across generations; and
(2) to initiate the discussion of how DOHaD can promote a more
realistic, accurate, and integrative approach to understanding environmental endocrine disruption of developmental programming
and better inform clinical and policy interventions.
http://dx.doi.org/10.1016/j.toxlet.2016.07.029
PL-3
Children’s health and the environment: A global
perspective
P.J. Landrigan
Arnhold Institute for Global Health, Icahn School of Medicine at
Mount Sinai, New York, NY, USA
Children today are surrounded by a wide array of environmental
threats to health. Because of their unique patterns of exposure and
great biological sensitivities, children are exquisitely vulnerable to
these hazards. Even brief, low-level exposures during critical “windows of vulnerability” in early life can result in acute and chronic
disease in childhood and across the life span.
Children in all countries are exposed to environmental health
threats. The nature and severity of these hazards vary greatly, and
they change as countries move through development. More than
90% of the deaths caused by environmental exposures occur in the
world’s poorest countries – environmental injustice on a global
scale.
In the least developed countries, the predominant environmental threats are household air pollution from burning biomass and
contaminated drinking water. These are strongly linked to pneumonia, diarrhea and a wide range of parasitic infestations in children.
As countries develop, industrialize and become more highly
urbanized, the emerging threats are ambient air pollution, pollution by toxic chemicals and pesticides, and soil pollution at
contaminated industrial, mining and smelter sites. These exposures
are mainly linked to non-communicable diseases – asthma, birth
defects, cancer and neurodevelopmental disorders in children and
to cardiovascular disease, stroke, cancer and neurodegenerative
diseases in adults.
Climate change is another global environmental threat. Its
impacts will magnify in the years ahead. Children are the most
vulnerable.
Disease of environmental origin in children can be prevented.
Prevention requires a combination of research to discover the environmental causes of disease coupled with science-based advocacy.
Successful past prevention efforts include removal of lead from
paint and gasoline, banning of highly hazardous pesticides and
reductions in urban air pollution. Future prevention will require
mandatory testing of all chemicals in children’s environments, con-
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tinuing education of health professionals and enhanced programs
for chemical tracking and disease prevention.
http://dx.doi.org/10.1016/j.toxlet.2016.07.030
PL-4
Development of an integrated and
comprehensive toxicity testing system: Future
direction of toxicology research in China
Zhao Bin, Jiang Guibin
State Key Laboratory of Environmental Chemistry and Ecotoxicology,
Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing, China
Environmental pollution and food safety are the main challenges
all over the world. The traditional dose–response is being questioned by the combination effects and low-dose effects of toxic
substances. Currently, most of the toxicity evaluation systems are
only based on single pure chemical and they are not focusing on
how to quickly identify unknown toxic chemicals and evaluate the
combined toxic effects from a real complex sample. We are trying to integrate chemical analysis with bio-analytical systems for
toxicity evaluations on real samples with low-dose exposure, and
identiﬁcation of unknown toxic chemicals. With the development
of novel signaling pathway-based biosensors and establishment of
effect-directed toxic chemical screening and identiﬁcation systems,
we aim to develop a high-throughput, integrated and comprehensive toxicity testing system in order to set up a technical platform
for effective and efﬁcient evaluation of combined toxic effects and
discovery of emerging toxic chemicals. This system will serve as an
important technical support for environment protection and food
safety poison analysis in China, and quickly identify the main toxic
substances with their concentrations and toxicity in an incident.
http://dx.doi.org/10.1016/j.toxlet.2016.07.031
DS-1
In vivo chemical genotoxin exposure and DNA
damage in humans: An overview based on the
lymphocyte cytokinesis block micronucleus
assay
S. Bonassi a,b
a
b

IRCCS San Raffaele Pisana, Rome, Italy
San Raffaele University, Rome, Italy

The control of occupational exposures to chemical genotoxins
is most often based on chemical measurements, which do not consider interactions of individual factors. The inclusion of biomarkers
that reﬂects critical pathological pathways such as DNA damage,
genomic instability and oxidative damage in routine surveillance of
workers could contribute substantially to the prevention of adverse
health effects. A biomarker which provides an insight in all of
these mechanisms, while taking into account individual features,
is the lymphocyte cytokinesis-block micronucleus (CBMN) assay.
Micronuclei originate from acentric chromosome fragments and/or
whole chromosomes that are unable to engage with the mitotic
spindle and/or fail to segregate properly to the daughter nuclei
during anaphase. The lagging fragments or whole chromosomes
are surrounded by membrane and become MNi. Mechanisms of
micronuclei formation include failure of repair or mis-repair of DNA
strand breaks. The use of this assay in different exposure scenarios,
in comparison to other DNA damage biomarkers will be discussed,

presenting the results of an extensive literature review, based on
about 400 studies published so far. The most frequently investigated groups are hospital personnel, followed by workers in the
chemical industry and agricultural workers. The lymphocyte CBMN
assay is more frequently used in occupational studies than other
methods, such as chromosomal aberration analyses, comet assay
and DNA-adduct measurements. Important future developments
of this assay imply the evaluation of the biological consequences
of formation of additional nuclear endpoints (e.g. nucleoplasmic
bridges), the improvement of the understanding of the health consequences of their formation, and the use of automated scoring
devices. Finally, there are other priority knowledge gaps which
include the routes by which lymphocytes in the human body may
be exposed to genotoxic chemicals, the kinetics of micronuclei
expression in lymphocytes in vivo and ex vivo in the assay, and
the current evidence on the efﬁciency of the CBMN assay in detecting in vivo exposure to chemical genotoxins and its concordance
with micronuclei expression in epithelial tissues.
http://dx.doi.org/10.1016/j.toxlet.2016.07.032
DS-2
Gatekeeper and watchman – The role of the
microbiome in toxicology
E.K. Silbergeld
Bloomberg School of Public Health, Johns Hopkins University,
Baltimore, MD, USA
The microbiome is increasingly recognized as an important factor in human development and health status over the lifetime.
The microbiome is most completely deﬁned in ecological terms
to include the biologically and spatially deﬁned microbial community along with the ecological or contextual support system of
its site. For toxicology and epidemiology, the importance of the
microbiome obligates us to reconsider current models for toxicology and epidemiology, such as ADME. Site-speciﬁc microbiomes
are gatekeepers at the front line of exposure at portals of entry prior
to absorption by inhalation, ingestion or dermal contact. That is,
the microbiome is ﬁrst pass metabolism, and the human organism
responds to the presented exposure agents in the external environment. Second, we must expand our concepts of gene:environment
interactions to include the microbiome. Within its metagenome,
each microbiome possesses many if not all the genes present in the
human genome that transform and activate environmental agents.
Unlike the human genome, the metagenome of the microbiome can
change in response to exposures, including diet, drugs, and other
stressors.
The microbiome is also a watchman through altering the
metabolome and signaling across the physiological barriers of
gut, skin, and lung and thereby participating in responses to
absorbed toxicants by distal organs and systems. Through the same
networks, changes in the physiological state of the whole organism also inﬂuence the taxonomic and functional structure of the
microbiome.
Objective: To discuss the potential importance of including the
microbiome in studying exposures and responses to environmental
and occupational toxicants.
Methods: Review of biomedical literature and methods development in our laboratories.
Results: Microbiomes are microbial communities deﬁned in
space and time, located on the external surface of the major portals
of entry (skin, gut, respiratory tract). These site speciﬁc microbiomes act as “gatekeepers” at portals of entry and include bacteria
capable of metabolizing a range of xenobiotics, including chem-
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icals and metals, prior to absorption. Additionally, as watchmen,
site-speciﬁc microbiomes modulate health and disease through
communication networks that include target organs and systems
within the body.
Conclusions: These roles support inclusion of the microbiome
in studies in toxicology and epidemiology. This strategy will require
application of new methodologies, development of appropriate
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study designs, and investigations to test the quantitative and qualitative contributions of the microbiome to understanding both
exposure and outcomes.
Financial support: Research support from US Department of
Defense.
http://dx.doi.org/10.1016/j.toxlet.2016.07.033

S4

Abstracts / Toxicology Letters 259S (2016) S4–S62

Symposia S01: Emerging issues of immunotoxicity of pharmaceuticals
S01-1
Interspecies comparison of placental structure
and function with attention to transfer of
immunoglobulins and biopharmaceuticals
J.M. DeSesso a,b
a

Exponent, Center for Toxicology and Mechanistic Biology,
Alexandria, VA, United States
b Department of Biochemistry and Molecular & Cellular Biology,
Georgetown University School of Medicine, Washington, DC, United
States
Anatomical and developmental differences of the parental–
offspring interface (placenta) among experimental animals and
humans govern, at least in part, the species differences in the
biodistribution of immunoglobulins (IgG). Species differences in
the formation of the extraembryonic membranes, establishment
of uteroplacental circulation, characteristics of the placenta (mode
of implantation, modiﬁcations that increase surface area, and
extent of embryonic invasion into maternal tissue), and placental physiology and function contribute to the varied geography
and efﬁciency of the sites for IgG transfer to embryos of different species. These topics will be reviewed for the human,
rodent, rabbit, and nonhuman primate (NHP) with attention to
the extent, timing, and mechanism of placental transfer for IgG
and biopharmaceuticals. Safety assessments are often limited to
data derived from NHP studies because most regulatory bodies
consider NHPs to be the best (if not the only) relevant animal
model, despite the poor statistical power associated with the low
numbers of subjects employed in current experimental designs.
While the data are limited, the gestational timing of placental
IgG transfer in rabbits appears similar to that of humans (i.e., it
occurs at the very end of organogenesis and continues thereafter)
making the rabbit a potential model, assuming it is pharmacologically relevant. Rodents are not an appropriate model for human
placental transfer of Fc-containing biopharmaceuticals because
rodent data overestimate exposure during organogenesis. Nevertheless, rodents may provide a conservative approach for hazard
identiﬁcation. The growing body of interspecies data concerning
placental transfer of biopharmaceuticals (including new research
into the ontogeny of the receptors [FcRn] involved in placental
transfer) may form the basis to develop a tiered safety testing
approach.
http://dx.doi.org/10.1016/j.toxlet.2016.07.040
S01-2
Immunotoxicological reactions induced by
adjuvanted vaccines
K. Nakamura
Kitasato University, Laboratory of Toxicology, School of Veterinary
Medicine, Japan
Development of adjuvanted vaccines now poses several issues
in safety assessment, partly because many new types of adjuvants have been introduced. Classical adjuvants (e.g., alum and
Freund’s complete adjuvant) were simply thought to work for
retaining antigens in the body to keep immunological memory or to help stimulate immune responses to antigens. In the

context of current understanding of the innate immunity, target receptors of adjuvants have been identiﬁed among pattern
recognition receptors (PRRs) such as Toll-like receptors (TLRs) and
nucleotide-binding oligomerization domain (NOD)-like receptors
(NLRs) in particular. Depending on the target receptor and its
signaling pathway, different cytokines are induced, i.e., TNF-alpha,
IL-6, IL-8 and/or type I INF for some TLRs, and IL-1beta, IL-18 and
IL-33 for NLRP3.
As well as prophylactic vaccines against infectious diseases,
therapeutic peptide vaccines are also vigorously being developed.
Speciﬁc antibody production is mainly expected for the former vaccination against exogenous pathogens, and nonclinical studies may
be relevant even for the assessment of efﬁcacy. Cytotoxic T lymphocytes should be activated for the latter vaccination for cancer
treatment, in which class I and class II antigens of major histocompatibility complex (MHC) are associated with antigen recognition
by CD8 T lymphocytes and CD4 T lymphocytes respectively. Therefore, the efﬁcacy is strongly MHC-restricted, and its assessment
is usually not practical in routine nonclinical studies. Nonclinical
safety assessment, however, is justiﬁed for the evaluation of offtarget toxicity.
Broad consensus in nonclinical approach for safety assessment of adjuvanted vaccines has been formed. Local tolerance
should be evaluated especially for injection vaccines, and repeated
dose toxicity studies are useful to look at systemic toxicity and
anaphylaxis induction. Mothers need to accept fetus as paternal
semi-alloantigen during pregnancy. Several mechanisms including
expansion of regulatory T lymphocytes and uterine NK cells should
work for healthy pregnancy. Prophylactic vaccines against infectious diseases are sometimes applied to women of childbearing
potential. Reproduction toxicity studies are very important from
this point of view.
http://dx.doi.org/10.1016/j.toxlet.2016.07.041
S01-3
TLRs and evaluation of adverse innate immune
responses
G.R. Burleson
Burleson Research Technologies, Inc. (BRT), 120 First Flight Lane,
Morrisville, NC, United States
Introduction: Toll-like receptors (TLRs) are transmembrane
proteins that are key components of both the innate and adaptive
immune systems. These proteins are attractive potential therapeutic targets for various immune diseases. However modulation
of TLR signalling can be a double-edged sword and it is important to evaluate if the desired modulation can also result in
immunotoxicity, as either adverse immunostimulation or immunosuppression. Host resistance (HR) assays can be useful to detect
adverse immunotoxicity. The purpose of immunotoxicity testing is
to obtain data that is meaningful for safety assessment. HR assays
are the (1) gold standard of immunotoxicity testing, (2) the only
way to measure immunological reserve and (3) are considered to
be the ultimate predictor of adverse effects in humans. Speciﬁcally, the inﬂuenza HR assay allows an assessment of (a) the total
immune capability, (b) individual immune functions of innate, cellmediated, and humoral-mediated immunity and (c) immunological
reserve.
Objective: The immune system is complex and integrated
with multiple component systems including innate immunity,
cell-mediated immunity, and humoral-mediated immunity. TLR
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signaling pathways and their effect on the immune system and
potential testing strategies, including HR assays will be reviewed.
Materials and methods: HR assays are performed in mice or
rats in a 28-day repeat dose protocol. Animals are dosed with the
test compound for 7 days, infected with the challenge infectious
agent and clearance of the infectious agent evaluated during the
remainder of the 28 day period. The test agent is evaluated in three
separate dose levels, compared with a vehicle control and a positive
immunomodulatory control.
Results: The effect of a test agent is measured by comparing
clearance of the infectious agent as well as functional activity of
one or more individual immune functions with the vehicle control
and a positive immunomodulatory control.
Conclusions: TLRs may exert either therapeutic or adverse
immunotoxicity and each TLR must be evaluated separately.
Financial support: Burleson Research Technologies, Inc. (BRT).
http://dx.doi.org/10.1016/j.toxlet.2016.07.042
S01-4
Development of novel nano-carrier with safety
for vaccine against infectious diseases
Y. Yoshioka
Vaccine Creation Project, Research Institute for Microbial Diseases,
Osaka University, Osaka, Japan
As the recent Ebola virus outbreak in Africa and worldwide inﬂuenza pandemic have powerfully demonstrated, society
demands the development of vaccines for infectious diseases. However, most protein antigens, such as non-living macromolecules or
protein-subunit antigens, evoke only weak or undetectable adaptive immune responses. Therefore, to develop effective vaccines,
it is necessary to develop vaccine adjuvants and antigen delivery
carriers. In addition, to develop optimal vaccines for clinical applications, it is important to understand the mechanism of action of
vaccines on the immune system in terms of efﬁcacy as well as
safety. In this regard, we have examined the relationships between
physicochemical properties, bio-distribution, intracellular localization and biological responses (safety) of nano-carrier. In addition,
recently, we are trying to develop novel nano-carrier with safety for
vaccine against infectious diseases. That is, our research is focused
on optimizing vaccines related to drug delivery systems and safety
science.
In this presentation, I will introduce our recent ﬁndings about
vaccine nano-carrier with efﬁcacy and safety.
http://dx.doi.org/10.1016/j.toxlet.2016.07.043
Symposia S02: Effects of pesticides on human health and ways
of prevention and control
S02-1
Effects of pesticides on human health and ways
of prevention and control: “custody”
P. Calle-Uribe
NorthLAN Stewardship Manager for Crop Protection, Department of
Toxicology, LAN, Bogota, Bogota, Colombia
Introduction: In 2050: A third more mouths to feed. We live
on a planet with more than 7 billion people all with the same or
greater needs for food, clean water, sanitation, housing, mobility,
education and adequate health care, that ensures their welfare.
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Objective: Achieve a healthy and friendly production environment through the custody of the promoter’s products of food
production.
Materials and methods: The company as a leader in the development of new technologies for the ﬁeld company combines this
factor, with the implementation of programs that allow not only
the transfer of technological knowledge but also the promotion of
good agricultural practices, aimed towards the same goal: better
results with less inputs, all focused on the search for a sustainable
agriculture is an important contribution to food security.
Results: Custody of the company’s products is the best example.
Strengthens the commitments of the company with the “International Code of Conduct on the Distribution and Use of Pesticides”
of the Food and Agriculture Organization – FAO. This program
provides information and training to representatives in the ﬁeld,
distributors, customers and communities in general, responsible
management products companies, in order to prevent any kind
of adversity that may happen in relation to the use of products,
inputs, processes, operations and waste materials resulting from
their work.
Conclusions: The continued commitment of the company as a
responsible member of society, manifested in its constant concern
for continuous improvement, providing a healthy working environment and safe for all its employees and seeking primarily to
minimize the environmental impact of their actions and optimize
the responsible use of natural resources.
Financial support: The company is in charge of project ﬁnancing
of custody.
http://dx.doi.org/10.1016/j.toxlet.2016.07.102
S02-2
Poisonings by pesticides in Guatemala
M.C. Guzmán-Quilo
Department of Toxicology, Centro de Información y Asesoría
Toxicológica, Escuela de Química Farmacéutica, Facultad de Ciencias
Químicas y Farmacia, Universidad de San Carlos de Guatemala,
Guatemala
Introduction: Guatemala is a country located at the northern of Central America. One of its main economical activities is
agriculture. Agriculture also represents the main percentage of
employment. As the rest of Central American countries, pesticides
are the main causal agent of acute poisonings. According to a
research developed by PLAGSALUD-PAHO on 2000, Guatemala’s
registry system had a 97.5% of under registered cases.
Objective: To compare the poisoning cases registered at the
national service, including the geographical occurrence, population
characterization by age, with the group of pesticides according to
the chemical structure and poisoning circumstances.
Materials and methods: 2013–2015 registries from the Epidemiology National Center were evaluated. These were compared
to the population range of ages, the chemical groups of pesticides
involved and the poisoning circumstances.
Results: It was determined that the number of cases registered from 2013 to 2015 has decreased. The population involved
includes the two extremes of life: children and the elderly, but
most of the cases are recorded to be middle age workers. The three
main chemical groups of pesticides poisoning identiﬁed were:
organophosphorus, paraquat and phosphine. The circumstances
according to the registries go from accidental cases on working
activities up to the intentional cases because of suicide attempts.
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Conclusions: Guatemala’s national registries from 2013 to 2015
showed a decreased number of pesticide poisoning cases. From
1508 cases in 2013 to 499 in 2015, pesticide poisonings are still a big
step to climb on Guatemala’s health prevention system. The middle
age cases – the age of workers – are the main group of population
on the registered cases on the three years studied. The three groups
of pesticides involved on poisoning cases are the organophosphorus insecticides, paraquat – herbicide – and phosphine-fumigant.
The intentional suicide attempts and the accidental cases are the
main circumstances on the three years registries. The prevention
and special efforts on mental health are some of the challenges,
considering that almost 50% of the cases are represented by suicide
attempts.
http://dx.doi.org/10.1016/j.toxlet.2016.07.103
S02-3
Pesticide exposure in Chile: Ten years report
from the Catholic University Poison
Information Center
J.C. Ríos 1,2 , J.J. Mieres 1 , P. Medel 1 , S. Solari 2 , P. Cerda 1 , L. Silva 1 ,
P. Olivares 1 , E. Paris 1
1

Centro de Información Toxicológica, Facultad de Medicina,
Pontiﬁcia Universidad Católica de Chile, Santiago, Chile
2 Department of Clinical Laboratory, Facultad de Medicina, Pontiﬁcia
Universidad Católica de Chile, Santiago, Chile
Introduction: Pesticides are products capable of causing toxicity after acute or chronic exposure. Acute poisoning may be
unintentional or suicidal in nature, the latter having the greatest
clinical complexity.
Objective: The aim of this work was to epidemiologically
describe cases involving pesticide poisonings in the Chilean population received by the Centro de Información Toxicológica de la
Universidad Católica (CITUC) during the 2006–2015 period.
Materials and methods: A descriptive, retrospective study was
conducted which included all pesticides poisonings received by the
center during the given period. The variables analyzed were age,
sex, route of exposure, causal agent and interlocutor.
Results: A total of 22,951 cases of pesticides poisoning (7% of the
total cases) were received. Approximately 70% of cases occurred
by exposure to household pesticides and only 30% to agricultural
pesticides. Of patients exposed to only one pesticide (97.5% of
cases) cholinesterase inhibitors, the superwarfarínic rodenticides
and pyrethroid insecticides were involved in 29%, 28% and 24% of
exposures, respectively. With regard to the route of exposure, it was
mainly oral (73.8%) followed by inhalation with 16%. Regarding the
interlocutor, health personnel made 72.1% of calls, and almost all of
them were made from an emergency room, and less than 20% from
a family member. It was noted that exposures were more prevalent
in male patients (55.4%). The exposure circumstances that prevailed
in agricultural pesticides were occupational (12.1%), suicidal (7.7%)
and accidental (7.4%), while in pesticides for domestic use, exposure circumstance were mostly accidental (43.8%) and related to a
suicide attempt (17.1% of cases)
Conclusions: It was possible to describe the proﬁles of patients
exposed to pesticides and highlight the number of cases involving acetylcholinesterase inhibitors, one of the most toxic pesticides
currently in use. Therefore, the need for education of workers and
cases report is important to allow taking actions in order to reduce
these events.
http://dx.doi.org/10.1016/j.toxlet.2016.07.104

S02-4
Paraquat poisoning: Therapeutic guide
J. Berroteran-Mejia, L.M. Lozano-Chavarria, J.A. Marin
Department of Toxicology, CIVATOX, Nicaragua
Introduction: Paraquat is a herbicide bipyridyl in liquid form
with concentrations of 20% for agricultural use. In the ﬁeld of public health, this pesticide is responsible for a high rate of morbidity
and mortality. The incidences of paraquat poisoning are high in our
region and mortality is very frequent and the medical approach
should be accurate and normed. So the clinician must be prepared
to deal with cases of this type of pesticide poisoning. The Toxicology
Center in Nicaragua has developed a management protocol including paraquat poisoning. A review of medical protocols concerning
paraquat poisoning and its effectiveness is performed, achieving a
medical approach to regulations for paraquat intoxication.
Objective: To provide health personnel consulting instruments
containing scientiﬁc and technical information based on updated
evidence for treatment of acute paraquat poisoning. And to provide
clinical management of exposures and acute poisoning caused by
paraquat.
Material and methods: A bibliographic review and implementation of the therapeutic protocol. The contents of the protocols
developed by the Ministry of Health of Nicaragua, the monitoring
center and toxicological advice and recommended Poison Control
Centers in Colombia and the Pan American Health Organization and
scientiﬁc literature protocols were reviewed.
The thematic content was developed according to the evidence
detected by pesticide exposure, clinical, diagnostic and treatment
form. The list of measures that have proven effective in the patient’s
ABC, decontamination, use of antidotes and treatment of complications was developed.
The developed protocol was distributed to regional hospitals
that treat patients poisoned by paraquat; morbidity and mortality
by paraquat poisoning statistics were monitored.
A management protocol of patients poisoned by paraquat was
developed, to guide medical personnel. Training in the use of the
protocol to achieve a reduction in mortality from paraquat, with
proper management of complications.
Results: The treatment protocol of patients poisoned by
paraquat in 6 regional hospitals in Nicaragua was implemented.
Paraquat reduced mortality from 60 to 30% of cases. The average
days of hospitalization were 16 days, the patients had externalized
the following chronic complications: esophageal lesions and lung
injury.
Patients who died receiving treatment recommended by the
protocol were characterized by the following factors: greater evolution time 48 h post-ingestion of a dose greater than 50 cm3 20%
orally.
Conclusions: Regional hospitals that treat patients poisoned
by paraquat apply the treatment protocol paraquat to intoxicated
patient. The paraquat poisoning mortality was reduced by 46%. The
major chronic complications presented by patients externalized:
esophageal and lung disease.
Financial support: CIVATOX – Ministry of Heath from Nicaragua.
http://dx.doi.org/10.1016/j.toxlet.2016.07.105
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S02-5
Study on prevention and health guidelines
pesticide accidents in the Canton Montalvo,
Province of River, Ecuador
J. Gaibor-Carpio
Department of Toxicology, Institution CIATOX, Quayaquil, Quito,
Ecuador
Introduction: The main objective of this work is to demonstrate that the rate of pesticide poisoning (phosphorus organs,
carbamates, herbicides, rodenticides, and others), including suicides, which are present in the rural area of the Canton Montalvo in
the province Los Rios, Ecuador, both morbidity and mortality can be
reduced if there is an immediate and specialized attention through
farmers trained in addressing toxicological accidents by pesticides.
Objective: Achieve through a Health Guide, prevention and
treatment during the initiation of toxicological accidents caused
mainly by pesticides in Montalvo, Los Rios province, canton with
coordination with Poison Information Center CIATOX-Guayaquil.
Material and methods: This project is active in 15 community
guidelines (Jobs Immediate Health Care) for primary care emergency prevention of accidents and poisoning in children, women
and adults, as well as elderly people. It is made in places with
rural poor economic resources of the canton Montalvo (Los Rios
Province), Ecuador.
Conclusions: A prompt attention achieved the reduction of poisoning in the community, and prevents hospitalizations of patients.
It is a way to integrate prevention and care of other emergencies in
rural areas, such as snake bites, insect stings, dehydration, fractures,
hypertension and others. Other achievements were an increased
responsibility of the community about preventable diseases. There
is a need to add new communities. It is important to continue with
this intervention. This experience can be implemented elsewhere.
Financial support: Finding no help from any institution, transport
costs and teaching materials were paid by the promoter and participating communities; in addition to voluntary contributions to
the Guidelines for ﬁrst aid care and syringes contributions.
http://dx.doi.org/10.1016/j.toxlet.2016.07.106
S02-6
Effects of pesticides on human health and ways
of prevention and control
J.A. Marin
Department of Toxicology, CIVATOX, Ministry of Health, Managua,
Managua, Nicaragua
Introduction: The use of pesticides at regional level is common
in agriculture and is often used as the only way to control pests that
affect agricultural production. In Nicaragua, the widespread use of
pesticides causes more than 2000 intoxicated annually, resulting
in the early years of this century more than 250 deaths per year.
Objective: (1) Address the problem posed by the use of pesticides on human health. (2) Response monitoring and control of risk
factors of industrial pesticide poisoning.
Material and methods: System monitoring and control of
risk factors associated with acute pesticide poisoning in two
departments of Nicaragua and then generalize across the country developed. The system was based on the surveillance of
acute pesticide poisoning, risk factors related to intoxication
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was sought and reﬂected in computerized data system poisoning.
Conclusions: (1) The work was achieved between different
institutions work, health, environment, labor and agriculture. This
enabled monitor and control risk factors associated with pesticide poisoning. (2) Developed cascade training of technicians in
the management of risk factors that caused the occupational and
accidental pesticide poisoning. (3) Acute pesticide poisoning was
decreased by occupational origin of 60–15% over a period of 3 years.
(4) Acute pesticide poisoning was decreased by accidental origin of
35–17%.
Financial support: It was possible to develop the project with the
support of the ministry of health, ministry of environment, labor
and agriculture at local and national level, the Pan American Health
Organization.
http://dx.doi.org/10.1016/j.toxlet.2016.07.107
Symposia S03: Environmental pollutants, toxicity and inﬂuence
on human health
S03-1
Manganese-induced neurotoxicity: Lessons
from worms to human neonates
M. Aschner
Department of Molecular Pharmacology, Albert Einstein College of
Medicine, 1300 Morris Park Blvd, Bronx, NY 10461, USA
Manganese (Mn), is a trace metal required for normal physiological processes in humans. Mn levels are tightly regulated, as high
levels of Mn result in accumulation in the brain and cause a neurological disease known as manganism. Manganism shares many
similarities with Parkinson’s disease (PD), both at the physiological
level and the cellular level. Exposure to high Mn-containing environments increases the risk of developing manganism. Combining
genetics and biochemical assays, we established in the nematode
(C. elegans) and other experimental models that dopamine (DA)
is responsible for Mn-induced DAergic neurodegeneration, and
that this process (1) requires functional DA-reuptake transporter
(DAT-1), (2) is associated with oxidative stress and lifespan reduction, (3) and is enhanced by iron deﬁciency. The presentation will
focus on the mechanisms of Mn uptake and efﬂux into the brain,
genetic susceptibility to Mn-induced damage, and molecular mechanisms of neurotoxicity. Additional studies will address the role of
parenteral nutrition (PN) as a risk factor for increased Mn brain
deposition, and demonstrate that hepatic cholestasis is a risk factor for increased brain Mn deposition in neonates receiving PN.
This research was supported by a grant from the National Institutes of Health, National Institute of Environmental Health Sciences
(NIEHS) R01 ES10563.
http://dx.doi.org/10.1016/j.toxlet.2016.07.700
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S03-2
Effects of low-level lead exposure on blood
pressure in a population-based study in
Southern Brazil

S03-3
Benzene: A public health concern

A.C.B. Almeida Lopes 1,∗ , E.K. Silbergeld 2 , A. Navas-Acien 2 , R.
Zamoiski 3 , A.C. Martins Jr. 4 , A.E.I. Camargo 5 , M.R. Urbano 1,6 ,
A.E. Mesas 1,7 , M.M.B. Paoliello 1

Representative of Brazilian Petroleum, Gas and Biofuels Institute
(IBP), in the Brazilian Permanent Benzene Commission (CNPBz), Rio
de Janeiro, RJ, Brazil

1

Introduction: Benzene is one of the world’s major commodity chemicals. Benzene is a natural component of crude oil and
other petroleum products, might be in by-products of operations
in coke oven industry and in tobacco smoke. Its primary use is as
an intermediate in the production of other chemicals, predominantly styrene, cumene, and cyclohexane. Benzene is an important
raw material for the manufacture of synthetic rubbers, gums, lubricants, dyes, pharmaceuticals, and agricultural chemicals. Airborne
benzene is a ubiquitous environmental air pollutant.
Occupational exposure: Workers employed in industries such
as extraction of crude oil and natural gas, petroleum reﬁneries,
transport and distribution of petroleum products, gasoline stations,
car repair shops, chemical industry, coke oven industry and shoe
manufacturing using benzene-based glues are potentially exposed
to benzene.
Environmental exposure: Benzene is widespread in the environment. Benzene is a component of both indoor and outdoor
air pollution. Airborne benzene is usually produced by processes
associated with chemical manufacturing or the gasoline industry, including gasoline bulk-loading and discharging facilities and
combustion engines. Leakage from underground storage tanks and
seepage from landﬁlls or improper disposal of hazardous wastes
has resulted in benzene contamination of groundwater used for
drinking. Efﬂuent from industries is also a source of groundwater contamination. People living around hazardous waste sites,
petroleum-reﬁning operations, petrochemical manufacturing sites,
or gas stations may be exposed to higher levels of benzene in air. U.S.
EPA has imposed benzene emissions restrictions from industrial
solvent use, waste operations, transfer operations, and gasoline
marketing, and set a maximum contaminant level of benzene in
drinking water. Food and Drug Administration (FDA) mandated
that benzene can only be an indirect food additive in adhesives
used for food packaging.
Benzene toxicity: Benzene is a ubiquitous pollutant that causes
health effects. Although the mechanism by which benzene causes
toxicity is unclear, metabolism is required. The hematopoietic
system and the cells of the bone marrow are the most sensitive target organs for benzene exposure. Repeated occupational benzene
exposure over long periods of time may affect several parameters related to the hematological system, including the immune
system, causing bone marrow depression expressed as anemia, leucopenia and thrombocytopenia. Benzene has been classiﬁed as a
human carcinogen by the World Health Organization (WHO) and
International Agency for Research on Cancer (IARC). Benzene and
metabolites may induce a number of chromosomal aberrations
including mitotic recombination, DNA strand breaks, chromosomal
translocations, and aneuploidy in hematopoietic stem or progenitor
cells.
Many different epidemiological studies have been performed on
the relation between benzene exposure and leukemia. Relatively
low level exposure to benzene was associated with increased risk of
myelodysplastic syndrome (MDS), suggesting that MDS maybe the
more relevant health risk for lower benzene exposures. Benzene
health risk is consistently elevated among exposed workers for
lymphohaematopoietic (LH) cancers combined and for some subgroups. There was little evidence of a relationship between benzene
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Introduction: Environmental lead exposure is a public health
issue, due to its ability to accumulate in the organism for a long
period of time, and also to the absence of a safe concentration in the
exposure to this metal. Low levels of lead exposure among adults in
the general population may increase blood pressure and enhance
the risk of hypertension.
Objective: to evaluate the relationship of blood lead levels (BLL)
with blood pressure and hypertension in a population-based sample of adults living in a city in Southern Brazil.
Methods: A total of 948 adults, aged 40 years or older, were
randomly selected. Information on socioeconomic, dietary, lifestyle
and occupational background was obtained by orally administered
household interviews. Systolic blood pressure (SBP) and diastolic
blood pressure (DBP) was measured according to the guidelines
VI Brazilian Guidelines on Hypertension. Participants were considered as hypertensive if any of the following criteria were present:
a systolic blood pressure of 140 mm Hg or higher, a diastolic blood
pressure of 90 mm Hg or higher, or self-reported use of antihypertensive medication. BLL were measured by ICP-MS technique.
Multiple logistic regression was used to examine associations of
BLL with hypertension status and with elevated SBP and DBP.
Results: The overall geometric mean of BLL was 1.97 g/dl (95%
CI: 1.90–2.04 g/dl), and the means for the blood lead quartiles
ranged from 0.96 g/dl to 4.21 g/dl in the lowest and higher quartile, respectively. We found that adults in the highest blood lead
quartile had increased odds of DBP (OR: 2.57; 95% CI: 1.51–4.39) and
of hypertension (OR: 2.54; 95% CI: 1.17–5.53) compared to those
in the lowest quartile. Participants in the 90th percentile of blood
lead distribution had 0.07 mmHg (95% CI: 0.03–0.11) higher DBP,
and higher OR for hypertension, compared with those participants
in the 10th percentile of blood lead.
Conclusions: At low concentrations, BLL were positively associated with DBP and with the odds for hypertension in adults aged
40 or older.
Financial support: Coordination for the Improvement of Higher
Level or Education Personnel (CAPES), through the Ministry of
Health, Brazil.
http://dx.doi.org/10.1016/j.toxlet.2016.07.701

E.M. Barbosa
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exposure and chronic lymphoid leukemia (CLL), chronic myeloid
leukemia (CML) or myeloproliferative disease (MPD).
Conclusions: It is necessary more powerful studies with a wider
range of benzene exposure to establish LH cancer risk, and the biological plausibility further examined from a mechanistic viewpoint.
Although the most of research on benzene-induced leukemia has
been primarily focused on occupational benzene poisoning, several
epidemiological studies have indicated that increased exposure
to benzene from the environment is a major cause of childhood
leukemia. The U.S. EPA Children’s Guidance describes evidence that
early life exposure may result in increased cancer risk by contrast
to exposure as an adult.
http://dx.doi.org/10.1016/j.toxlet.2016.07.702
S03-4
Health risk assessment for air pollutants: Lung
inﬂammation and extra pulmonary adverse
events are correlated to particulate matter size,
origin and season of collection
P. Palestini
Department of Medicine and Surgery, POLARIS Centre, University of
Milano-Bicocca, Monza, Italy
Epidemiological studies have indicated associations between
exposure to ambient air particulate matter (PM) and increased
mortality from cardiopulmonary diseases, including lung cancer,
chronic obstructive lung disease and myocardial infarction. The
adverse health effects related to PM depend on the sampling area
(spatial variability), season (temporal variability) and particle size
fraction. Therefore, there is substantial variation in the inﬂammation and oxidative stress potential of PM sampled at different
locations or times.
PM10 causes the most serious effects on human health. In particular, the summer fraction could contain biogenic materials, such as
Gram-negative bacteria, pollen, endotoxin and spores. Also transition metals and endotoxins are potential mediators of PM10 adverse
effects, causing reactive oxygen species and inﬂammatory mediator production. PM2.5 toxicity was emphasized because of particles
deposition into the deep airways and terminal alveoli. Various
kind of chemicals are adsorbed onto ﬁne particulate matter collected during winter season, such as trace of metals and polycyclic
aromatic hydrocarbons. These chemicals are known to dissolve
and translocate into blood circulation after particles deposition
in the lungs, and are able to initiate redox reactions, thus producing reactive oxygen species, implicated in inﬂammation and
adverse health effects. The lung inﬂammation plays a key role in
enhancing the extra-pulmonary translocation of smallest particles.
Moreover, ultraﬁne particles (UFPs <0.1 m) are able to over-pass
the lung clearance process and enter into the alveolar epithelium.
On the other hand, UFPs source and consequently their chemical
composition could be responsible for the activation of molecular
mechanisms ad hoc. Indeed, both in respiratory and cardiovascular
system DEP (from EURO 4 diesel engine emission), enriched in Zn,
Al and PAH, induces greater oxidative stress than BM (from pellet
boiler biomass emission) enriched in K and Mn.
In conclusion, it could be hypothesized the existence of a stratiﬁed hierarchical response to PM at three levels: the primer event
is oxidative stress and a putative adaptive response; whether this
does not occur, the oxidative stress stimulates inﬂammation leading to the second level; ﬁnally, cell death relates to the third level.
http://dx.doi.org/10.1016/j.toxlet.2016.07.703
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Particulate matter disrupts the glutamate
uptake in cerebellar glia cells: Implications for
glutamatergic transmission
E. Suárez-Pozos ∗ , A. De Vizcaya-Ruiz, A. Ortega
Departamento de Toxicología, Cinvestav, Ciudad de México, Mexico
Introduction: Glutamate, the main excitatory amino acid transmitter triggers a wide variety of signal transduction cascades that
regulate protein synthesis at the transcriptional and translational
levels. Activity dependent differential gene expression has been
attributed to the activation of both membrane glutamate receptors and transporters. The bulk of glutamate uptake takes place in
glia cells. Recent studies have linked exposure to ﬁne particulate
matter with toxicity at a neurological level, given that some of its
components can reach the brain and instigate damage locally or
systemically. Within the cerebellum, Bergmann glia cells (BGC) are
responsible for most of the glutamate uptake activity through the
Na+ dependent glutamate/aspartate transporter (GLAST/EAAT-1).
Objective: Taking into consideration the functional role of
Bergmann glia, in terms of the recycling of glutamate, the supply
to neurons of lactate and the prevention of neurotoxic insults, we
decided to investigate if air pollution particulate matter (PM) targets glia cells that surround glutamatergic synapses and by these
means alter the major excitatory transmitter system in the brain.
Materials and methods: Cultured chick cerebellar Bergmann
glia cells were exposed to ﬁne PM isolated and concentrated
from Mexico City and [35S]-methionine incorporation into newly
synthesized polypeptides, eukaryotic translation factors phosphorylation and [3H]-D-Aspartate uptake activity were measured in a
time and dose dependent manner.
Results: A translational-dependent modulation of uptake activity was observed. Furthermore, PM treatment resulted in the
activation of a signaling cascade that included Ca2+ inﬂux through
the Na+ /Ca2+ exchanger, eIF2-alpha, eEF2 phosphorylation, activation of p60src and p42/44MAPK, reduced glutamate transporters
translation and ﬁnally reduced glutamate uptake.
Conclusions: These results suggest that air pollutants deleterious effects in the CNS targets glia cells, compromising
glutamatergic synaptic neurotransmission.
Financial support: Conacyt 79502, Fundación Pandea.
http://dx.doi.org/10.1016/j.toxlet.2016.07.704
Symposia S04: In vitro microphysiological systems to predict
toxicity
S04-1
Chip based microphysiological systems – A step
toward emulation of systemic aspects of human
biology in vitro
R. Horland 1 , I. Maschmeyer 1 , M. Dehne 1 , T. Hasenberg 1 , A.
Ramme 1 , A. Lorenz 1 , A. Jaenicke 1 , J. Hübner 2 , K. Schimek 2 , B.
Atac-Wagegg 1 , R. Lauster 2 , U. Marx 1
1

TissUse GmbH, Berlin, Germany
Department of Medical Biotechnology, Technische Universität
Berlin, Berlin, Germany
2

Introduction: Drug discovery, safety assessment and hazard
identiﬁcation of drug substances, chemicals and other compounds
rely historically on the use of animal models. The phylogenetic
distance between animals and humans reduces the predictive
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value of such models. A promising solution to this problem is
the development of chip based microphysiological systems for
systemic long-term cultivation of human organoids and tissues
to realize a better understanding of their physiological in vivo
crosstalk.
Objective: The expectation is that such systems would predict, for example, toxicity, immunogenicity, ADME proﬁles and
efﬁcacy in vitro. The ultimate aim for microphysiological systems
in drug development is to recapitulate the various stages of a
disease and even understand the stages before the disease is clinically manifested, which may open the way for new treatment
paradigms.
Results: The presentation will give an overview of the status
quo of microphysiological systems available today against industry
needs, and assess the broad variety of approaches with ﬁt-forpurpose potential in the drug development cycle. Feasible technical
solutions to reach the next levels of human biology in vitro are
proposed. A Multi-Organ-Chip technology combining several organ
equivalents is described in more detail.
Conclusions: Based on the current state of the art, next
critical milestones on the way to a paradigm shift in the assessment of safety and efﬁcacy of substances will be discussed.
Finally, a roadmap into the future is outlined, to allow for
more predictive and regulatory-accepted drug testing on a global
scale.
Financial support: The work has been funded by the German
Federal Ministry for Education and Research, GO-Bio Grant No.
0315569.

cellular mechanisms associated with DNT mechanisms and could
have the potential to replace current in vivo tests.
Objective: Establish a 3D human iPSC-derived brain microphysiological system to study developmental neurotoxicity.
Materials and methods: We have developed a reproducible
iPSC-derived human 3D brain microphysiological system (BMPS)
comprised of differentiated and mature neurons and glial cells
(astrocytes and oligodendrocytes), which reproduces the topology
of neuronal-glial interactions and connectivity.
Results: BMPS modeled from healthy donors or patients evolve
during a period of differentiation to maturity over 8 weeks and
contain the critical elements of neuronal function, synaptogenesis, neuron–neuron (e.g., spontaneous electric ﬁeld potentials)
and neuronal–glial interactions (e.g., myelination), which mimic
the microenvironment of the central nervous system. During this
period of time key processes of brain development have taken
place. Rotenone exposure at different time windows of development (2 weeks, 4 weeks and 8 weeks) has shown different
sensitivities, with higher sensitivity at the earlier stages of differentiation.
Conclusions: Thus, the BMPS provides a suitable and promising
model to investigate neurotoxicity during development.
Financial support: NCATS, #1U18TR000547.
http://dx.doi.org/10.1016/j.toxlet.2016.07.056
S04-3
Ex-vivo female reproductive tract integration in
a 3D microphysiologic system

http://dx.doi.org/10.1016/j.toxlet.2016.07.055
S04-2
iPSC derived brain microphysiological system
for developmental neurotoxicity
D. Pamies 1 , P. Barreras 2,3 , K. Block 1 , G. Makri 2,4 , A. Kumar 2,3 , D.
Wiersma 1 , L. Smirnova 1 , C. Zang 2,4 , J. Bressler 5 , K.M.
Christian 2,4 , G. Harris 1 , C.J. Berlinicke 7 , K. Kyro 8 , H. Song 2,4,6 ,
C.A. Pardo 2 , T. Hartung 1,9 , H.T. Hogberg 1
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Introduction: Neurodevelopmental disorders such as autism
and hyperactivity syndromes are strongly increasing. There are
existing and increasing concerns regarding the unknown potential of substances to produce neurotoxicity (NT) and developmental
neurotoxicity (DNT). However, most chemicals are not tested for
these effects, partly due to the high costs of the in vivo testing
guidelines In addition, the prediction of the human situation is
questionable with the current approach. These facts suggest that
the testing methods need to be changed. Human in-vitro models
of brain neurophysiology are useful to investigate molecular and

J. Burdette 1 , J. Coppeta 2 , B. Isenberg 2 , J.T. Borenstein 2 , S. Xiao 3 ,
J. Zhu 3 , A. Rashedi 3 , J. Kim 3 , S. Olalekan 3 , S. Getsios 4 , K.
McKinnon 3 , M.E. Pavone 3 , S. Malpani 3 , E.C. Sefton 3 , T.K.
Woodruff 3
1 Department of Medicinal Chemistry and Pharmacognosy, University
of Illinois at Chicago, Chicago, IL 60607, United States
2 The Charles Stark Draper Laboratory, Cambridge, MA, United States
3 Department of Obstetrics and Gynecology, Feinberg School of
Medicine, Northwestern University, Chicago IL, 60611, United States
4 Department of Dermatology, Feinberg School of Medicine,
Northwestern University, Chicago IL, 60611, United States

Introduction and objective: The objective of the FemKUBE Program is to develop an integrated microphysiological model of the
female reproductive tract that can be used for reproductive toxicology and therapeutic discovery.
Materials and methods: This model consists of 3D cultures
of ovarian follicles, fallopian tube epithelium, endometrial and
myometrial co-cultures, and cervix connected by recirculating ﬂow
of cell culture media using a precision-controlled microﬂuidic culture system. Follicles cultured using microﬂuidics recapitulates the
human 28 days menstrual cycle hormone expression patterns.
Results: During the follicular phase (days 1–14), follicles
develop from primary stage to antral stage. During the luteal
phase (days 15–28), follicles undergo luteinization. A transwell
culture was optimized for fallopian tube epithelium in communication with the maturing ovarian follicle. In the fallopian and
follicle co-culture system, the corpus luteum maintained function longer and secreted signiﬁcantly higher levels of progesterone
compared with the follicle cultured alone. Two distinct 3D culture systems of endometrial and myometrial cells were established
using polystyrene scaffolds and decellularized matrix. Similar
to polystyrene scaffolds, myometrial cells populate decellularized matrix and organize in layers, resembling tissue. Human
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ectocervical cells were grown on polystyrene scaffolds and the morphologic and hormonal responses of cultured cells were assessed
in response to ﬂuctuating levels of estradiol (E2) or progesterone
(P4). Treatment with E2 and P4 increased cell growth and proliferation as compared to no treatment control and cells expressed
estrogen receptor (ER) and progesterone receptor (PR) in response
to treatments.
Conclusions: Future studies will use these systems to study new
therapies and reproductive toxicology.
Financial support: This work is supported by NIEHS/OWRH/
UH2ES022920 and NCATS/NIEHS/NICHD/OWHR/UH3TR001207
and the NIH Common Fund.
http://dx.doi.org/10.1016/j.toxlet.2016.07.057
S04-4
High-throughput microﬂuidic platform for
culture of 3D kidney tissue models
H.L. Lanz, M. Vormann, A. van den Heuvel, C.P. Ng, R. van Vught,
S.J.T. Trietsch, J. Joore, P. Vulto
Mimetas BV, J.H. Oortweg 19, NL-2333CH Leiden, The Netherlands
Summary: Development of a perfused renal proximal tubule
cell model in Mimetas’ OrganoPlatesTM , which enables highthroughput culture, toxicity screening, and transport studies of
boundary tissues in miniaturized organ models.
Aim: Drug toxicity remains a major issue in drug discovery and
stresses the need for better predictive models. Here, we describe
the development of a perfused renal proximal tubule cell (RPTC)
model in Mimetas’ OrganoPlatesTM , to predict kidney toxicity. The
goal of this study is to reconstruct viable and leak-tight boundaries
from RPTCs to perform cytotoxicity and metabolism assays, as well
as, transport and efﬁcacy studies.
Methods: The OrganoPlateTM is a microﬂuidic platform that
supports 3D cell culture under continuous perfusion, membranefree co-culture and boundary- and gradient formation, thus
mimicking important aspects of tissues and organs. RPTCs were
seeded in the OrganoPlateTM against an extracellular matrix (ECM)
gel to form boundary tissues.
Results/conclusions: RPTCs formed highly viable boundaries
in >80% of the chips. Confocal imaging revealed that all RPTCs
grew a mono-layer against ECM and the wall of the chips, showing a tubule-like structure. RPTCs stained positive for ZO-1 (tight
junctions) and acetylated tubulin (polarization marker). Interestingly, cilia pointed in the direction of the lumen of tubules. The
tightness of RPTC boundaries was assessed by migration of FITCdextran dye. Boundaries of RPTCs showed leak-tight barriers and
were maintained for several days. The proximal tubuli can be used
for high-throughput toxicity screening and transport studies.
http://dx.doi.org/10.1016/j.toxlet.2016.07.058
S04-5
Human organs-on-chips
A. Bahinski
Safety Pharmacology, GlaxoSmithKline, King of Prussia, PA, United
States
Introduction: Development of safe and effective drugs is
currently hampered by the poor predictive power of existing preclinical animal models that often lead to failure of drug compounds
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late in their development. Given the tremendous cost of drug development and the long timelines involved, major pharmaceutical
companies and government funding agencies are now beginning
to recognize a crucial need for new technologies that can quickly
and reliably predict drug safety and efﬁcacy in humans in preclinical studies. Although considerable advances have been made in
the development of cell culture models as surrogates of tissues and
organs, cells commonly fail to maintain high levels of expression of
tissue-speciﬁc differentiated functions when maintained in vitro.
Objective: Develop a highly differentiated model that reconstitutes many features of normal organ physiology including normal
mechanical cues (e.g., ﬂuid shear stress, cyclic strain) that have been
shown to be critical for organ development, physiological function
and development of many diseases.
Materials and methods: Advances in bioengineering, material sciences, microfabrication, and microﬂuidics technologies have
enabled the development of microphysiological systems that
mimic the functional units of an organ.
Results: Organs-on-chips are microﬂuidic cell culture devices
that contain hollow micrometer-sized chambers inhabited by living cells that recreate the specialized multicellular architectures,
tissue–tissue interfaces, physicochemical microenvironments and
vascular perfusion necessary to recapitulate organ-level physiology in vitro. These biomimetic devices provide a window on human
physiology as they enable real-time, high-resolution microscopic
imaging as well as analysis of biochemical, genetic and metabolic
activities of living cells when they are positioned within the context
of functional tissue and organ units.
Conclusions: These microsystems could potentially further our
understanding of disease etiology and ﬁll the critical need for
improved model systems to predict efﬁcacy, safety, bioavailability,
and toxicology outcomes for candidate compounds.
http://dx.doi.org/10.1016/j.toxlet.2016.07.059
Symposia S05: Advances in mechanisms of nephrotoxicity
S05-1
Novel approaches to predict and detect human
kidney toxicity
V.S. Vaidya
Harvard Medical School, Harvard T.H. Chan School of Public Health,
Brigham and Women’s Hospital, United States
Environmental contaminants and therapeutic substances contribute signiﬁcantly to high incidence and prevalence of acute
kidney injury (AKI). Morbidity and mortality in patients with AKI
remains unacceptably high. A distinct paucity of interventional trials and unavailability of any treatment option for end stage kidney
disease apart from drastic measures such as dialysis or kidney
transplantation is largely attributed to the insensitivity and nonspeciﬁcity of traditional biomarkers such as blood urea nitrogen
(BUN) and serum creatinine (SCr). Development of sensitive, speciﬁc and reliable translational biomarkers for early diagnosis and
management of toxicity well before changes in SCr or BUN are
observed will not only help revolutionize renal medicine but also
signiﬁcantly aid in environmental health screening and predictive
chemical safety assessment. Our recent work has focused on identifying and evaluating novel biomarkers using cellular systems,
mouse models and human studies thereby generating new tools
for early and sensitive detection of kidney toxicity.
http://dx.doi.org/10.1016/j.toxlet.2016.07.061
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S05-2
The renal Fanconi syndrome: Causes and
consequences
R.J. Unwin a,b
a

UCL Centre for Nephrology, University College Medical School, Royal
Free Campus, London, UK
b Cardiovascular and Metabolic Diseases (CVMD), iMed Biotech Unit,
AstraZeneca, Gothenburg, Sweden
The now accepted clinical and biochemical features of the renal
Fanconi syndrome were ﬁrst described by Dr. Guido Fanconi, a
Swiss paediatrician. Although not fully recognised at the time, the
renal Fanconi syndrome is a collection of characteristic clinical
signs and symptoms resulting from a defect in the function of the
proximal part of the renal tubule; a highly specialised and energetically active, mitochondria-rich, portion of the nephron with
very speciﬁc synthetic, and ion and solute transport functions, and
which is also particularly susceptible to ischaemic or toxic injury.
Features of the renal Fanconi syndrome include excessive
urinary losses of calcium, phosphate, bicarbonate, small (low
molecular weight) ﬁltered proteins, such as retinol binding protein (RBP), and the presence of glycosuria, despite a normal blood
glucose concentration.
Typical consequences of these defects are acidosis from
bicarbonate wastage, and skeletal complications from acidosis,
hypophosphataemia and impaired vitamin D synthesis; in children
there is growth retardation, short stature and rickets; in adults
there is osteomalacia.
Causes of this syndrome are genetic (familial forms, for example, cystinosis, tyrosinaemia, or as yet unknown [idiopathic]) or
toxic due, for example, to drugs such as aminoglycoside antibiotics or heavy metal poisoning, especially from mercury, lead and
cadmium.
I will review brieﬂy the known functions of the proximal renal
tubule, and summarize our current understanding of the pathophysiology of the renal Fanconi syndrome, and what has gained
recently from studies of inherited monogenic forms; and whether
there is any unifying underlying mechanism, and how this might
relate to environmental toxic exposure, heavy metal poisoning, and
broader nephrotoxicities.
http://dx.doi.org/10.1016/j.toxlet.2016.07.062
S05-3
Cadmium entry pathways in renal tubular cells
and nephrotoxicity: Challenging the current
dogma!
F. Thévenod, C. Langelueddecke, W.K. Lee, N.A. Wolff
Department of Physiology, Pathophysiology & Toxicology, University
of Witten/Herdecke, Witten, NRW, Germany
Cadmium (Cd) is a signiﬁcant health hazard originating from
environmental pollution and mainly results from food and tobacco
smoking. The kidney is the major organ affected by Cd. Blood Cd
binds to thiol-containing high and low molecular weight proteins,
including the high-afﬁnity metal-binding protein metallothionein
(MT). The current dogma for acute/chronic Cd nephrotoxicity
assumes that CdMT is ﬁltered by the glomerulus and taken
up in the proximal tubule (PT) by the multi-ligand receptor
megalin:cubilin which causes renal damage at PT Cd concentrations
≥200 g/g.

A thorough study of the literature strongly argues for revision of
this model because: (i) it relied on studies with non-physiological
(Cd)MT concentrations; (ii) the KD of megalin for MT is ∼105 -times
higher than MT plasma concentrations; (iii) MT knockout mice
develop PT Cd toxicity; (iv) kidney pathology from a single CdMT
injection differs from that induced by chronic oral Cd ingestion.
Moreover, since <0.3% of ﬁltered proteins (including (Cd)MT) are
excreted in the urine, additional uptake pathways for proteins and
(Cd)MT are likely present in the distal nephron (DN).
Early micropuncture studies showed that, physiologically, the
DN reabsorbs 5–25% of ﬁltered proteins which may increase further following PT or glomerular damage. DN Cd toxicity has been
sporadically described in humans but not further investigated. In
humans and rodents, Cd and (Cd)MT accumulate in the DN/renal
medulla with concentrations reaching 50% of cortical levels, and
DN MT is upregulated by Cd. Recently, we have identiﬁed an apical
receptor for protein uptake, the NGAL/24p3/lipocalin-2 receptor
(Lip2-R), in rodent DN. Lip2-R internalizes submicromolar transferrin, albumin or (Cd)MT whose uptake is competed by the
endogenous ligand Lip2. MT binds to Lip2-R with a KD of ∼100 nM.
Interestingly, DN Lip2-R contributes to renal inﬂammation/ﬁbrosis
induced by proteinuria.
Hence, entry pathways and Cd forms other than megalin and
CdMT, respectively, are likely responsible for Cd accumulation in
the PT. However in the DN, Lip2-R binds proteins and (Cd)MT with
high afﬁnity and may signiﬁcantly promote Cd nephrotoxicity.
Financial support: DFG; ZBAF.
http://dx.doi.org/10.1016/j.toxlet.2016.07.063
S05-4
Two different targets to modulate oxidative
stress in acute kidney injury: CFTR protein and
eIF5A activation pathway
I. Rubera 1 , N. Melis 1 , M. Cougnon 1 , S. Giraud 2 , T. Hauet 2 , C.
Duranton 1 , M. Tauc 1
1 University of Nice-Sophia Antipolis, LP2 M, CNRS-7370, 28 avenue
de Valombrose, 06107 Nice cedex 2, France
2 Université de Poitiers, CHU Poitiers, Service de Biochimie, INSERM
U1082 IRTOMIT, Poitiers, France

Acute kidney injury caused by either a nephrotoxic drug or by
ischemia reperfusion (IR) is a signiﬁcant clinical problem. We have
identiﬁed two new pathways increasing resistance to oxidative
stress during acute kidney injury in two models, cisplatin nephrotoxicity and IR renal injury.
We have evidenced that oxidative stress could be modiﬁed by
the cystic ﬁbrosis transmembrane conductance regulator protein
(CFTR), a channel expressed in renal cells, which is not only involved
in chloride secretion but as well in the transport of glutathione
(GSH), a major antioxidant in renal cells. The clinical use of the
antineoplastic drug cisplatin is limited by its deleterious nephrotoxic side effect associated with oxidative stress, renal cell death
and irreversible kidney dysfunction. We have shown that the highly
selective inhibitor of CFTR (CFTRinh-172) protects renal cells and
kidney function from cisplatin-induced renal injury by maintaining
intracellular GSH levels and antioxidant capacity under oxidative
stress.
We have recently identiﬁed an unconventional signaling pathway in mammalian ischemic tolerance involving eIF5A protein
(eukaryotic initiation factor 5A) and particularly its enzymatic activation step, i.e. hypusination. Inhibition of eIF5A activation protects
renal cells from the anoxia-induced cell death through a metabolic
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remodeling and a reversible silencing of the mitochondrial respiratory activity reducing the deleterious anoxia-mediated oxidative
stress. We demonstrated that this new concept can be successfully
applied to the protection of organ function in a mammalian model
of renal ischemic injury using a selective inhibitor of eIF5A hypusination, GC7 (N1-guanyl-1,7-diaminoheptane). We also brought
evidence that this pharmacological target can be used at a preclinical stage through its protective role against ischemia in the highly
relevant preclinical pig kidney transplantation model.
Financial support: Agence Nationale de la Recherche (ANR-08GENO-022) Fondation pour la recherche médicale (FRM).
http://dx.doi.org/10.1016/j.toxlet.2016.07.064
S05-5
Fluoride: An underestimated nephrotoxic
O. Barbier, M. Cárdenas-González, B. Parada-Cruz, Ventura D.
Lopez, M. Jiménez-Córdova, S. Solis-Angeles, L.M. Del Razo
Departamento de Toxicología, Cinvestav-IPN, México, CDMX, Mexico
Fluoride (F) is usually found in groundwater at a very wide range
of concentrations between 0.5 and 25 ppm. It has been estimated
that more than 200 million people, from among 25 countries such
as China, India, Mexico and Argentina are affected by endemic ﬂuorosis (WHO, 2006). Chronic ﬂuoride exposure above 1.5 ppm in
drinking water has been associated with dental and skeletal ﬂuorosis, decreased fertility, and diminished intellectual capacity and
renal impairment. However, few studies assess the renal effects of
ﬂuoride at environmentally relevant levels. Furthermore, many of
these studies have used insensitive and nonspeciﬁc biomarkers of
kidney injury. On the other hand, if oxidative stress and inhibition of
some enzymes have been previously described as end-point mechanisms, molecular mechanisms involved in early nephrotoxicity of
ﬂuoride are still not elucidated.
This symposium will describe and discuss the last advances in
the understanding of the nephrotoxicity of ﬂuoride in experimental
models and human populations.
In experimental model (Wistar male rats), we demonstrated,
using new early biomarkers of kidney damage (KIM-1, Clusterin,
Osteopontin, Cystatin-C and Beta2-Microglobulin), the tubular
nephrotoxicity (mainly proximal) of this compound at environmental relevant concentrations that are known to induce kidney
damage (15 and 50 ppm) through the induction of autophagy,
oxidative stress and apoptosis. Another mechanism involved in
ﬂuoride toxicity is the modulation of gene regulation of epithelialmesenchymal transition (EMT) via TGF-beta and microRNAs
(101a/b, 101b, 106b, 140, 141, 142, 144, 19a/b, 205, 21, 29a/b/c,
30e, 369, 449a, 673).
Finally, the data obtained from cross-sectional studies conducted in child and adult populations of Northern Mexico (State
of Chihuahua) naturally exposed to ﬂuoride via drinking water
(0.05–5.84 mg-F/L) conﬁrm the correlation between the exposure
to this mineral and the early tubular damage.
In conclusion, ﬂuoride is a clear risk factor for chronic
nephropathies even after or during low exposure and could
be a serious public health problem.
Financial support: Funded by CONACYT with grants
152416, 239689 and Children Environmental Health Network
251229/271626.
http://dx.doi.org/10.1016/j.toxlet.2016.07.065
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Symposia S06: Innovations in the human health risk assessment
of chemicals
S06-1
Improving the integration of exposure
assessment in human health risk assessments
A.R. Boobis 1 , HESI RISK21 team2
1

Centre for Pharmacology & Therapeutics, Imperial College London,
Ducane Road, London W12 0NN, UK
2 ILSI Health and Environmental Sciences Institute, Washington, DC
20005, USA
Risk is a product of both hazard and exposure. Considerable
progress has been made in developing novel methods for hazard
identiﬁcation and characterization, not least the emergence of concepts such as modes of action and adverse outcome pathways,
as a means of organising and integrating information on hazard.
Unfortunately, comparable progress has not been made on exposure assessment, which is often only considered retrospectively.
This is costly in use of animals, time and resources, when decisions regarding the protection of human health could be made more
quickly and efﬁciently by ﬁrst considering exposure. The ILSI Health
and Environmental Sciences Institute (HESI) Risk Assessment in
the 21st Century (RISK21) project was initiated to develop a scientiﬁc, transparent, and efﬁcient approach to the evolving world
of human health risk assessment. RISK21 developed a framework
that reconsiders the way chemical risk assessment information is
obtained and used. It is a problem formulation-based, exposuredriven, tiered data acquisition approach that allows an informed
decision on human health safety to be made when sufﬁcient evidence is available. The RISK21 approach maximizes the ability to
inform decisions and optimize resource usage. Two case studies
were developed to illustrate these principles. The ﬁrst example
identiﬁed testing needs for a new ‘nth’ in class pesticide to be used
in mosquito netting for malaria prevention, and illustrated how
existing information from other pesticides in the same chemical
class and knowledge of use patterns can inform data needs and
decision making. In the second example, a large number of chemicals which might be present in drinking water were prioritized and
evaluated to determine which are of highest potential concern for
human health risk assessment. Both case studies revealed the value
of early consideration of exposure and established the utility of the
RISK21 framework in assessing the value of available information
and making decisions about what, if any, additional information is
needed to inform a decision.
http://dx.doi.org/10.1016/j.toxlet.2016.07.067
S06-2
Integrating biological activity and exposure in
the U.S. EPA’s ToxCast Program
R.S. Thomas
National Center for Computational Toxicology, U.S. Environmental
Protection Agency, Research Triangle Park, NC, United States
The release of the National Research Council’s Report “Toxicity Testing in the 21st Century: A Vision and a Strategy” in
2007 initiated a broad-based movement in the toxicology community to re-think how toxicity testing and risk assessment are
performed. Multiple efforts in the U.S. and Europe have now
developed substantial experience and supporting datasets that
provide insights into data collection, analysis, quality control,
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and interpretation. For the U.S. EPA’s ToxCast effort, the analysis of ∼1800 chemicals across ∼700 high-throughput in vitro
assays has revealed that most environmental and industrial
chemicals are very non-selective in the biological targets they
perturb, while a small subset of chemicals are relatively selective for speciﬁc biological targets. The selectivity of a chemical
informs interpretation of the screening results while also guiding future work based on mode-of-action or adverse outcome
pathway approaches. Coupling the high-throughput in vitro
assays with additional in vitro pharmacokinetic assays and in
vitro-to-in vivo extrapolation modeling allows conversion of
in vitro bioactive concentrations to estimates to an administered dose (mg/kg/day). High throughput exposure models
are generating exposure estimates based on key aspects of
chemical production, fate, transport, and personal use. Comparison of the modeled human exposures to estimates of
administered dose required for bioactivity provides a risk-based
context. The US Endocrine Disruptor Screening Program is currently coupling in vitro bioactivity with human exposure to
prioritize chemicals for further, and additional efforts are underway to incorporate both information streams into lower tier
assessments. This abstract does not necessarily reﬂect U.S. EPA
policy.
http://dx.doi.org/10.1016/j.toxlet.2016.07.068
S06-3
Future uses of biomonitoring equivalents and
toxicokinetics data in risk assessment
S.M. Hays
Summit Toxicology, L.L.P., Allenspark, CO, USA
Introduction: Historically, dose-response and exposure assessments have been conducted on an external dose basis for regulation
of pesticides and industrial compounds. However, this is transforming to rely more heavily on internal dosimetry both for
dose-response (using physiologically based pharmacokinetic modelling and Biomonitoring Equivalents) and exposure assessments
(through use of human biomonitoring). This shift in paradigm is
leading to new ways of reducing uncertainty in the risk assessment process. Likewise, the move towards in vitro high-throughput
screening assays for toxicity screening has the potential to further
advance this paradigm shift.
Results/conclusions: This talk will review this shift is paradigm
for conducting risk assessments and provide recommendations
for how regulatory agencies can support, and not hinder, this
shift towards methods that reduce uncertainty. This talk will
highlight the shift towards use of internal dosimetry in both
dose-response and exposure assessment and how this shift
will continue to advance as resources are shifted towards
utilization of high throughput toxicity screening and exploration of methods that both reduce uncertainty and offer
cost effective means of screening thousands of compounds for
prioritization for further research and/or risk management initiatives.
Financial support: No ﬁnancial support was provided for compilation of the opinions expressed in this talk.
http://dx.doi.org/10.1016/j.toxlet.2016.07.069

Symposia S07: Natural products: can they be used in disease
prevention?
S07-1
Genotoxic and protective effects of
glucosinolates
M.M. López Nigro, N. Casanova, M.A. Carballo
CIGETOX – Citogenética Humana y Genética Toxicológica – INFIBIOC
– Dpto. Bioquímica Clínica, Facultad de Farmacia y Bioquímica,
Universidad de Buenos Aires, Ciudad Autónoma de Buenos Aires,
Argentina
Plenty of evidence from the literature shows that the consumption of both vegetables and fruits may reduce the risk of
various diseases, including cancer. Glucosinolates are secondary
metabolites in crops and wild plants of the order Brassicales with
132 individual structures documented. Together with the enzyme
myrosinase, glucosinolates provide a biochemical defense system
that produces bioactive hydrolysis products upon tissue disruption. One of the plant families associated with this condition is
the Cruciferae. Watercress (Nasturtium ofﬁcinale, W. Aiton) is a Cruciferae widely consumed which has nutritional properties. It is well
established that watercress is rich in phenethyl glucosinolate. This
compound, such as other glucosinolates, may be enzymatically
converted to a mustard oil, which has received much scientiﬁc
attention and may be involved in some health-promoting processes.
In order to assess the possible genotoxic/beneﬁcial effect of
Argentinean watercress on genetic material and cellular redox
state, in vivo studies were developed. Mice received a diet supplemented with watercress juice (0.5 and 1 g/kg body weight) for
15 consecutive days and 24 h before the sacriﬁce they were injected
with cyclophosphamide (CP; 100 mg/kg body weight) as a damageinducing agent. Chosen biomarkers of genotoxic damage were the
micronucleus test in bone marrow and the comet assay in blood.
Biomarkers of oxidative stress were catalase activity (CAT), superoxide dismutase activity (SOD), lipid peroxidation and glutathione
balance (GSH/GSSG).
Our results showed that watercress presents protective effects
against damage induced by cyclophosphamide. Watercress intake
prior to CP administration enhanced superoxide dismutase activity
in erythrocytes with no effect on catalase activity. In bone marrow and liver tissue, watercress juice counteracted the effect of CP.
Glutathione balance rose by supplementation with this Cruciferae
and lipid oxidation diminished in all matrices as compared to the
respective control groups. Hence watercress is not only attractive
for its taste and culinary value but may also be a health-promoting
vegetable.
Financial support: UBACYT 20020130100326BA (2014–2017).
http://dx.doi.org/10.1016/j.toxlet.2016.07.071
S07-2
Natural molecules as quimiopreventive agents
J.J. Espinosa Aguirre
Departamento de Medicina Genómica y Toxicología Ambiental,
Instituto de Investigaciones Biomédicas, Universidad Autónoma de
México, Ciudad de México, Mexico
Flavonoids are ubiquitous compounds found in plant kingdom.
They possess a wide range of biochemical and pharmacological
activities. Due to its presence in edible legumes and vegetables,
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it is presumed that human being daily ingest is about 1 g. Several
ﬂavonoid compounds display antioxidant, antimicrobial and antiinﬂammatory properties among other possible beneﬁcial effects,
therefore they have been proposed for the alternative prevention of neurodegenerative diseases including cancer. Furthermore,
ﬂavonoids exert speciﬁc effects on receptors and enzymes of mammalian organisms inhibiting prostaglandin biosynthesis which
explain its anti-inﬂammatory properties. On the other hand, the
cytochrome P450 (CYP) enzyme family plays an important role in
the metabolism of endogenous chemicals including fatty acids and
prostaglandins as well as xenobiotics like aromatic hydrocarbons,
alcohol, several pharmaceutical drugs and other environmental
carcinogens. The metabolites resulting from CYP activity on promutagens/carcinogens leads to reactive molecules capable to bind
proteins and DNA promoting the initiation of the carcinogenic process. That’s why the inhibition of CYP has been proposed as an
alternative mechanism to prevent cancer and other degenerative
diseases. The objective of this work is to compare the CYP inhibition potencies of the most representative ﬂavonoids in the plant
kingdom and to test its mutagenic potential. To accomplish the ﬁrst
part we used in silico and in vitro methodologies in the presence
of human CYP1A recombinant enzymes. The mutagenicity of the
chosen molecules will be tested in microbial systems in the presence and absence of human CYP. Results show that the presence
of hydroxyl groups attached to ﬂavonoid A, B or C rings reduced
its CYP1A inhibitory effect. Results of the CYP inhibitory properties
of other natural molecules like bergamottin, dehydrobergamottin
and naringenin will be presented.
http://dx.doi.org/10.1016/j.toxlet.2016.07.072
S07-3
Regulation of natural products
R. Linval
DePass, DURECT Corporation, Cupertino, CA, USA
Natural products have historically been an important source for
new medicines. About half of all drugs used today are derived from
natural sources including half of all drugs approved since 1994. In
general, new drugs derived from natural products must meet the
same standards of efﬁcacy and safety as compounds that were synthesized in the laboratory, but there are considerable differences
in the way these principles are applied in various countries. In the
USA, the FDA is responsible for assuring the efﬁcacy and safety
of all new drugs including those derived from natural products.
In 2002 the FDA established a group dedicated to reviewing the
data from submissions based on natural products. Then, the FDA
published the ﬁrst guidance document called the Botanical Drug
Product Guidance in 2004. In August, 2015, the FDA published their
most recent draft guidance document, the Botanical Drug Development Guidance for Industry. FDA has received and reviewed more
than 600 investigational new drug (IND) applications and pre-IND
requests. In addition, two new drug applications (NDA) have been
approved for natural products. Since natural product-based drugs
are complex mixtures and most products have been used as medicinal plants or dietary supplements, FDA will often take a ﬂexible
regulatory approach to toxicology studies and early phase clinical
trials for such drugs. However, regulatory requirements for Phase
3 trials and NDA approval are the same as for synthetic drugs. In
the European Union (EU), the European Medicines Agency (EMA),
as well as national competent authorities, regulates new drugs
including those derived from natural products. A simpliﬁed registration procedure for traditional herbal medicinal products was
introduced in 2004, and a Committee on Herbal Medicinal Products
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was established in the same year. There are three main regulatory pathways for bringing an herbal medicinal product to the
market in the EU. The “traditional use registration” requires no
clinical trials as long as sufﬁcient safety data and plausible efﬁcacy
are demonstrated. The “well-established use marketing authorization” depends on a review of the scientiﬁc literature to establish an
acceptable level of safety and recognized efﬁcacy. Finally, a company may submit a “stand alone or mixed application” that includes
the company’s own data, sometimes combined with data from the
literature. In Japan, traditional herbal medicinal products, sometimes called Kampo medicines, are very popular and are available
both as over the counter (OTC) and prescription products. In Japan,
the per capita consumption of herbal medicines may be the highest
in the world. Kampo drugs are regulated in essentially the same way
as synthetic drugs by the Ministry of Health, Labour and Welfare.
In conclusion, natural products have traditionally provided a large
proportion of approved drugs, and the regulation of these products
will continue to be a challenge for global regulatory authorities as
the need to establish the efﬁcacy and safety of such products will
only increase with the increase and aging of the global population.
http://dx.doi.org/10.1016/j.toxlet.2016.07.073
S07-4
Natural products for drug discovery
Faz E. Marrero
Group of Biopharmaceutical Development, Health Direction, Centro
Nacional de Sanidad Agropecuaria, CENSA, Apdo. #10, San José de las
Lajas, La Habana, Cuba
The contemporary procedures involved in natural product
research have greatly contributed to restore the interest in natural compounds as drug candidates in last decades. The evolution
of genomic has allowed the identiﬁcation of relevant therapeutic targets in many diseases including complex polygenic diseases.
In addition, less than 10% of the world’s biodiversity have been
tested for biological activity. Moreover, natural products (NPs)
that are found to be biologically active in pharmacological assays
are generally small molecules with drug-like properties, it means
capable of being absorbed and metabolised by the body. It is particularly important when searching for lead molecules against
newly discovered targets for which there are no known small
molecule leads. Pharmacological studies to obtain new molecules
that concerns different relevant diseases as cancer, type 2 diabetes,
antimicrobials, among other, obtained from natural sources constitute a hopeful research ﬁeld where the great biodiversity observed
mainly in tropical countries is still waiting to be explored. The
in vitro evaluation of natural extracts oriented to obtain new active
molecules constitutes a valuable tool for the screening of the biological activity in an appropriate therapeutic target battery. The
bio-guided fractioning will help to ﬁnd new promising molecules.
The speciﬁcity of the mechanism associated to particular pharmacological targets brings also the opportunity to investigate the
pathogenesis of deﬁnite disease at cellular and molecular level and
also offers the opportunity to establish the mechanism of action
involved in the traditional use of medical plants. The present work
brings an example of the predictive strategy to screening natural candidates obtained from six Cuban medicinal plants for type
2 diabetes based on PTP-1B and DPP-IV inhibitory activity and
in vitro glucose uptake. The promising candidate will transit for
regulatory protocols to demonstrate its safety, efﬁcacy and quality.
http://dx.doi.org/10.1016/j.toxlet.2016.07.074
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Symposia S08: Systematic reviews in toxicology
S08-1
Systematic review and their application to
toxicological and environmental health
questions

ical to the preclinical ﬁeld (e.g. poor reporting, low methodological
quality, high heterogeneity and unfamiliarity with the methodology). Moreover, we will present the solutions we developed to deal
with these issues. Based on our approach, we make recommendations for facilitating the implementation of systematic reviews in
the ﬁeld of toxicology.

S. Hoffmann

http://dx.doi.org/10.1016/j.toxlet.2016.07.077

Evidence-Based Toxicology Collaboration/seh consulting + services,
SHE Consulting, Germany

S08-3
Integrating human, animal, and mechanistic
data to support hazard conclusions in a
systematic review of health effects of
environmental chemicals

In medicine, systematic reviews are a widely accepted methodology used to synthesize evidence to inform evidence-based
healthcare decisions. They are conducted in a step-wise manner that aims to minimize bias and maximize the objectivity and
transparency. Intrigued by the advances and the methodological
rigor that systematic reviews brought to medicine and clinical
practice, the toxicological community is increasingly recognizing
systematic reviews as a promising tool for addressing toxicological and environmental health questions. Several agencies and
organizations have started to explore the applicability of systematic review for speciﬁc purposes. Among these are the European
Food Safety Authority (EFSA), the U.S. NTP Ofﬁce of Health Assessment and Translation (OHAT), the U.S. Environmental Protection
Agency (EPA), and the Evidence-Based Toxicology Collaboration
(EBTC).
While some systematic review steps, such as the evidence
search, the evidence selection and the evidence extraction, are
readily adaptable to toxicology and environmental health questions, the translation of others poses challenges. In particular, the
quality assessment of individual studies, and the conﬁdence rating of the relevant evidence streams (animal, mechanistic and
human epidemiological studies) and their integration, are being
explored in detail. As the various agencies and organizations active
in his ﬁeld have different interests and focuses when adapting systematic reviews, a variety of approaches are emerging,
at least for certain steps. Hence, the collaboration between all
stakeholders is increasingly important to ensure that there is a
harmonized process on how the basic elements of systematic
review methods can be applied in toxicology and environmental
health.
http://dx.doi.org/10.1016/j.toxlet.2016.07.076
S08-2
Developments in education and tools to
facilitate implementation of the systematic
review approach in the ﬁeld of animal studies

A.A. Rooney, A.L. Boyles, M.S. Wolfe, K.A. Thayer
National Toxicology Program (NTP), National Institute of
Environmental Health Sciences (NIEHS), Research Triangle Park, NC,
USA
Hazard conclusions on environmental chemicals are based on
relevant data from epidemiological studies, animal toxicology
studies, and information on biological mechanism(s). Therefore,
procedures to address questions in environmental health must consider available data across these evidence streams to reach hazard
conclusions. The NTP’s Ofﬁce of Health Assessment and Translation established an approach for conducting literature-based health
assessments through systematic review and evidence integration
procedures. Conﬁdence/certainty ratings are developed for the
body of evidence on a given health outcome, with human and animal evidence evaluated separately using the GRADE framework to
consider the strengths and weaknesses of the body of evidence.
Then, level of evidence ratings are developed for the human and
animal evidence that reﬂect certainty in the association between
chemical exposure and the outcome, as well as consideration of
whether or not that certainty supports an effect or lack of an
effect (i.e., toxicity or no toxicity). Hazard conclusions are developed by ﬁrst combining the level of evidence ratings from the
human and animal lines of evidence to assign a rating of known,
presumed, suspected, not classiﬁable or not identiﬁed to be a hazard to humans. Then, relevant mechanistic data is considered as to
whether it strengthens or weakens the initial conclusion reached
on the human and animal data alone. This ﬁnal hazard conclusion
reﬂects the certainty in each evidence stream as well as the consistency in support (or potential opposition) between the three lines
of evidence on the relationship between exposure to the chemical
and the health effect being examined.
http://dx.doi.org/10.1016/j.toxlet.2016.07.078

R.B.M. de Vries
SYRCLE, Central Animal Laboratory, Radboudumc, Nijmegen, The
Netherlands
Since 2008, SYRCLE – the SYstematic Review Centre for Laboratory animal Experimentation – has been involved in introducing
and promoting the systematic review methodology in the ﬁeld of
(preclinical) animal studies. In our experience, even though the
general principles do not differ between clinical and preclinical systematic reviews, applying the guidelines and tools developed in the
context of evidence-based medicine directly to animal studies will
generate misleading conclusions. These guidelines and tools therefore need substantial adjustment to be suitable for the new context.
In our presentation, we will discuss the difﬁculties we encountered
when translating the systematic review methodology from the clin-

S08-4
Applying systematic approaches to hazard and
dose–response assessment in the U.S. EPA’s
Integrated Risk Information System (IRIS)
V.J. Cogliano
U.S. Environmental Protection Agency, Washington, DC, USA
The U.S. EPA’s IRIS program identiﬁes adverse health
effects of chemicals in the environment and characterizes
exposure–response relationships. Health agencies use this information to support their actions to protect human health by
reducing exposure to harmful chemicals. The IRIS program has
embraced and is implementing systematic review. At the same
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time, IRIS assessments cover topics that go beyond the areas
addressed by systematic review. Evidence integration is one such
area, as IRIS assessments consider observational human studies
and various experimental animal models that are often too heterogeneous for combination by meta-analysis. Another challenge
is that the majority of studies considered in IRIS assessments
are mechanistic studies, which has been outside the realm of
systematic review until only recently. Moreover, a major focus of
IRIS assessments is the derivation of toxicity values to represent
exposure levels likely to be without appreciable risk of adverse
health effects. These quantitative analyses must strike a balance
between structured approaches that risk becoming formulaic
without making use of available information, and exploratory
approaches that use the data more fully but would also be ad-hoc.
In addition, the IRIS program develops assessments through a
public process that encourages extensive engagement with the
scientiﬁc community and the public. IRIS assessments strive to
reﬂect current scientiﬁc information, including late-breaking
studies that would impact the credibility of an assessment’s
conclusions but that appear after the cut-off dates for the literature
searches. In each of these areas, the IRIS program is bringing
structure and transparency by adapting principles of systematic
review. The IRIS program is documenting its operating procedures
in the areas of scoping, problem formulation, protocols, literature
searching, study evaluation, evidence integration, selecting studies
for dose-response assessment, and conducting dose-response
assessments.
Financial support: This presentation represents work done as
an employee of the U.S. Environmental Protection Agency. This
abstract does not necessarily represent the views or policies of the
U.S. Environmental Protection Agency.
http://dx.doi.org/10.1016/j.toxlet.2016.07.079
S08-5
Systematic review and risk assessment
D. Verloo
European Food Safety Authority, Parma, Italy
Systematic reviews follow an explicit process that aims to
minimize bias and maximize transparency, thus providing more
reliable ﬁndings on which conclusions and decisions can be based.
The implementation of the systematic review methodology for
estimating risk assessment parameters feeding into a full risk
assessment can therefore contribute toward minimizing biases in
the outcome of the risk assessment. However, implementation
of systematic risk assessments requires thorough consideration
in light of limited resources and time constraints (as it is often
the case in a decision support framework). To deal with this the
European Food Safety Authority (EFSA) deﬁned four principles
(Impartiality; Excellence in scientiﬁc assessments; Transparency
and openness; Responsiveness) for evidence use in assessments
performed by generating data ex novo and by using existing
data, and to all types of scientiﬁc assessments, regardless of
their objective (e.g. efﬁcacy, safety), scope (i.e. either full risk
assessments or parts of risk assessment) and authors (e.g. EFSA
in the case of non-applications’ assessments or, in the case of
regulated products, applicants preparing dossiers and Member
States and EFSA assessing them). Examples will be given on how
this framework has been applied in different EFSA risk assessments.
http://dx.doi.org/10.1016/j.toxlet.2016.07.080
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Symposia S09: Human toxicomethylomics: From global DNA
methylation to gene-speciﬁc 5-Hydroxymethyl-Cytosine
S09-1
Role of early-life exposures on epigenome and
cancer susceptibility in childhood and
adulthood
Z. Herceg
Section of Mechanisms of Carcinogenesis and Epigenetics Group,
International Agency for Research on Cancer (IARC), 150 Cours Albert
Thomas, F-69008, Lyon, France
There is growing evidence for the causal relationship between
in utero and early-life exposures and increased risk of a wide range
of human diseases, including cancer. Environmental agents and
nutrients can produce important, stable, and, in some instances,
transgenerational epigenetic alterations underlying changes in the
phenotype, consistent with the ‘Developmental Origins of Health
and Disease’ (DOHaD) hypothesis. Although causal relations have
not been ﬁrmly established yet, the recent advance in epigenetics provides insight for the mechanisms of early life predisposition
to child and adult disease risk. The levels and patterns of DNA
methylation undergo dramatic changes during embryonic development, starting with a wave of a profound demethylation during
the cleavage stage and followed by a widespread de novo methylation after embryo implantation stage. As these mechanisms operate
in strictly deﬁned stages of development, it is possible that these
developmental periods (such as peri-conceptual period) represent
particularly sensitive windows of vulnerability. Adaptive responses
during in utero life may include epigenetic changes in different
developmental pathways (such as production and expansion of
somatic stem/progenitor cells, metabolic changes, and production
of and sensitivity to hormones), a combination of which may alter
normal development of tissues and organs. Our group has recently
been involved in the studies aiming to test the hypothesis that
epigenetic (methylome) changes associated with childhood cancer
risk and exposure to environmental/dietary/lifestyle factors during pregnancy can be identiﬁed in blood cells at birth, and that
methylation changes can serve as sensitive biomarkers in primary
and secondary prevention of childhood cancer. I will discuss recent
evidence from our group and other laboratories indicating that epigenetic changes may be evident at birth and thus could constitute
powerful mechanism-based biomarkers that could be exploited in
disease prevention and epigenetics-based therapy.
http://dx.doi.org/10.1016/j.toxlet.2016.07.082
S09-2
Mitochondrial DNA methylation changes
through airborne pollutants and toxicants
H.M. Byun
Human Nutrition Research Centre, Institute of Cellular Medicine,
Newcastle University, Newcastle upon Tyne, United Kingdom
Environmental toxicants can inﬂuence human health and
disease throughout the life cycle. Understanding the mechanisms by which they act can identify means to modulate the
risk of disease. Many studies have been conducted to elucidate
the association between environmental toxicants and epigenetic
modiﬁcations through in vitro studies, animal models and epidemiological approaches. However, these have almost exclusively
focussed upon the nuclear genome. Mitochondrial dysfunction is
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implicated in many diseases, and recent studies have demonstrated that toxicants can accumulate in these organelles and can
affect the mitochondrial epigenome. Indeed, environmental toxicants, including airborne particulate matters (PM), metals, and
lipophilic compounds, have been shown to affect mitochondrial
DNA (mtDNA) methylation in different tissues of human and animal models. Further, there is increasing evidence for the disruption
of normal mtDNA methylation patterns in many diseases, including cardiovascular disease and disorders of the brain. The study of
mitochondrial epigenetics is still in its infancy, but it is clear that it
has the potential to contribute to improving human health through
the identiﬁcation of biomarkers of human disease and development
of novel therapies to treat them.
Financial support: This work was supported by the United States
National Institute of Environmental Health Sciences [grants number R21ES022694].

methylation so far, among which a signiﬁcant hypermethylation
was observed for DNMT1 in R&D workers.
Conclusions: We observed dose dependent cytotoxic, genotoxic
and epigenetic effects induced by CNT in vitro. Epigenetic changes
were also observed in vivo. From our study on exposed workers
so far, at least one of the important gene revealed signiﬁcant epigenetic alteration. Alteration in DNA methylation pattern could
be a natural reaction of cells but could also silence critical genes
and reprogram cellular functions, hence must be investigated with
regards to nanoparticle toxicology.
http://dx.doi.org/10.1016/j.toxlet.2016.07.084
S09-4
Gene-speciﬁc DNA methylation in occupational
exposure to VOC mixtures

http://dx.doi.org/10.1016/j.toxlet.2016.07.083

O. Jiménez Garza

S09-3
DNA methylation alterations by carbon
nanotubes

Health Sciences Division, University of Guanajuato, León Campus,
León, Guanajuato, Mexico

L. Godderis 1,2 , M. Ghosh 1 , D. Öner 1 , A.M. Tabish 1 , K. Poels 1 , R.
Duca 1 , P. Hoet 1
1

KU Leuven, Department of Public Health and Primary Care, Centre
Environment & Health, B-3000 Leuven, Belgium
2 Idewe, External Service for Prevention and Protection at Work,
B-3001 Heverlee, Belgium
Introduction: Despite concerns regarding the health effects
of nanomaterials, our knowledge of the underlying mechanism
remains limited. More recently, based on studies on several human
diseases and carcinogenesis, there has been a growing interest to
understand the effect of genetic and epigenetic deregulation caused
by nanoparticles in particular.
Objective: We investigated cyto-genotoxic and epigenetic
effects in our in vitro and animal studies with an objective to identify epigenetic biomarkers for humans. In this abstract we discuss
about our research on carbon nanotubes.
Material and methods: Carbon nanotubes (SWCNT, MWCNT)
were studied using a battery of genotoxic (alkaline comet and
micronucleus test) and epigenetic endpoints (DNA methylation).
Global DNA methylation (2 -deoxycytidine and 5-methyl-2 deoxycytidine) and demethylation patterns (5-hydroxymethyl2 -deoxycytidine, 5-formyl-2 -deoxycytidine, and 5-carboxy-2 deoxycytidine) were studied using LC–MS/MS. Genome-wide
assessment of DNA methylation was performed with Inﬁnium
HumanMethylation450 BeadChip Array. Levels of methylation of
speciﬁc genes were measured by pyrosequencing (Pyromark 24® ,
Qiagen).
Results: In our in vitro study, MWCNT and SWCNT altered methylation levels of 2398 and 505 genes respectively, involved mainly
in the regulation of transcription, cell development and other cellular processes. Overall, 17 potential biomarker genes were identiﬁed
as signiﬁcantly differentially methylated and expressed.
In BALB/c mice we did not observe effects on oxidative stress and
DNA damage, global DNA methylation and hydroxymethylation.
However, of the 19 genes studied for sequence speciﬁc methylation,
CNTs affected methylation of ATM gene.
In our experiment on exposed workers, no signiﬁcant changes
in global DNA methylation, hydroxymethylation were observed.
A limited number of genes were studied for sequence speciﬁc

Since the ﬁrst report back in 2007 about global DNA methylation in humans exposed to low levels of benzene (Bollati et al.),
studies exploring promoter speciﬁc methylation associated to single volatile organic compound (VOC) exposure have consistently
shown an increased percentage of methylation in such region,
an epigenetic consequence which is similar to what has been
described in human exposure to other toxicants. This presentation
is devoted to discuss the results about the methylation pattern (carried out by pyrosequencing) in blood cells obtained from a sample
of Mexican workers laboring at several scenarios where exposure
to either a single or a mixture of VOC occurred. In the case of the
mixture, this was qualitatively similar, but quantitatively different for three different scenarios; toluene was the agent present in
those exposed to a single VOC. The ﬁrst study was aimed to analyze
promoter methylation: results showed higher mean methylation
levels for three genes related with oxidative stress, inﬂammation
and DNA repair; the most relevant result was that “hypermethylation” of TOP2A (a gene which expression has been related with
benzene myelotoxicity) was strongly associated to ethylbenzene
exposure. In a second study, carried out in a subsample of the workers who participated in the ﬁrst study, we analyzed the methylation
pattern but this time in the 5 -UTR region of ﬁve candidate genes.
When comparing the methylation pattern of 5 -UTR region vs. promoter methylation in the genes studied, we observed the same
pattern (higher methylation levels for the two regions) for two
genes, while it was different for three genes (either lower methylation for the 5 -UTR region or higher methylation for promoter
region). This observed difference raises questions regarding which
region is more prone to be epigenetically modiﬁed by a single or a
mixture of VOC. Future insights about other epigenetic modiﬁcations (i.e. 5-hydroxymethylcytosine levels) in VOC exposure taking
place in different environments are also addressed.
http://dx.doi.org/10.1016/j.toxlet.2016.07.085
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Symposia S10: The Aryl Hydrocarbon Receptor after Some 25
Years
S10-1
Leukocyte activation receptor CD69 and
ligands: Immunoregulatory role in
inﬂammatory processes
H. De la Fuente 1 , V. Cibrian 2 , F. Sanchez-Madrid 1,2
1

Department of Vascular Biology and Inﬂammation, Centro Nacional
de Investigaciones Cardiovasculares, ISCIII, Madrid, Spain
2 Instituto de Investigación Salud Princesa, Hospital Universitario de
La Princesa, Madrid, Spain

The C-type lectin lymphocyte receptor CD69, is involved
in immune cell homeostasis, regulating Th17 and regulatory T
cells (Treg) differentiation. Multiple different models of chronic
inﬂammation support the role of CD69 as an immune-regulatory
molecule. However, the identiﬁcation of natural ligands for CD69
has remained elusive until very recently. The description of
Galectin-1 as a dendritic cell ligand for CD69 has conﬁrmed the
regulatory action of this molecule on Th17 differentiation in both
mice and human. Beside Galectin-1, we have recently identiﬁed the
association of CD69 with an amino acid transport and its interaction
with oxidized lipoproteins. Upon CD69 interaction with oxidized
lipoproteins there is an induction of transcription factors implicated in Tregs differentiation. The inﬂuence of CD69 binding to
lipoproteins has been evaluated in vivo in a model of atherosclerosis, identifying the contribution of CD69 in the initial atheroma
plaque formation. In addition, the development of psoriasis in CD69
deﬁcient mice highlights the inﬂuence of this molecule in the development and progression of skin inﬂammation. We have recently
shown that CD69 controls LAT1/CD98-mediated L-Trp uptake and
AhR-dependent IL-22 secretion by ␥␦ T cells in psoriasis linking
CD69 with the AhR pathway. CD69 associates on the plasma membrane of activated T cells with the amino acid transporter complex
LAT1/CD98, which controls amino acids uptake. Indeed, human
V␥9+ T cells express high levels of CD69 that controls the plasma
membrane localization of LAT1 (but not of CD98), likely controlling its dynamic and/or stability there. These novel interactions of
CD69 greatly contribute to the better understanding of CD69 in the
regulation of the immune response.
http://dx.doi.org/10.1016/j.toxlet.2016.07.087
S10-2
AHR signaling and responses to infection
B.P. Lawrence, A.M. Franchini
Department of Environmental Medicine, University of Rochester
School of Medicine & Dentistry, Rochester, NY, USA
Introduction: Infectious diseases remain in the top 5 leading causes of morbidity and mortality worldwide. Emerging
reports indicate that environmental factors have an underappreciated impact on the immune system, which detects and destroys
invading pathogens and establishes immunological memory. Yet,
knowledge of how environmental exposures inﬂuence immune
function remains limited. The aryl hydrocarbon receptor (AHR) provides a central link between the environment and the immune
system.
Objective: Our long-term objective is to deﬁne how the AHR
regulates immune responses to infection. Our central hypothesis is that inappropriate triggering of AHR interferes with the
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functional programming of immune cells, deregulating their integrated actions and altering host responses to infection.
Methods: To deﬁne how AHR ligands alter immune function, we
use a slate of immunological, biochemical, genetic, and pharmacological tools, to delineate cell-type speciﬁc effects of AHR activation
on host responses to common pathogens, such as inﬂuenza A
viruses (IAV).
Results: Following IAV infection, AHR activation severely
reduces virus-speciﬁc CD8+ T cell clonal expansion, skews CD4+
T cell differentiation, and disrupts the function of dendritic cells
(DCs). Experimentally targeted ablation of AHR in mice, AHR
mutant mice, bone marrow chimeras, and adoptive transfers point
to the importance of AHR regulated events within DCs as central
drivers of AHR immunoregulatory functions. Transcriptomic analyses of DCs identiﬁed novel AHR gene targets, and provides evidence
that AHR activation alters as yet unexplored immune signaling
pathways. Ex vivo exposure of DCs from healthy human donors to
AHR ligands changed expression of a similar slate of immunoregulatory target genes. Thus, AHR modulates multiple genes and
pathways in mouse and human DCs, which likely act in an integrated manner to control T cell responses during viral infection.
Conclusions: Given the growing link between pollutants, respiratory infection, and chronic lung diseases, our ﬁndings delineate a
causal basis for these relationships. Furthermore, we have uncovered information about how AHR regulates the behavior of DCs
in vivo, providing insight into mechanisms by which AHR regulates
naïve T cell activation. Many pathways activated in response to
IAV are invoked in response to other immune challenges; thus, the
impact of these discoveries extends beyond AHR regulation of the
response to IAV infection.
Financial support: R01ES023260, R01ES017250, P30ES001247,
and T32ES007026 (US NIEHS/NIH), and the University of Rochester.
http://dx.doi.org/10.1016/j.toxlet.2016.07.088
S10-3
Macrophage differentiation by targeting the
AhR and its effect on the outcome of some
parasitic infections
L. Vega
Toxicology Department, Centre for Research and Advanced Studies of
the National Polytechnic Institute, Av. IPN 2508, San Pedro Zacatenco,
GA Madero, Mexico City 07360, Mexico
Macrophages are essential components of innate immunity
and are involved in regulation of adaptive immunity. These cells
respond to a wide variety of environmental signals by producing molecules that modulate several processes, such as host
defense against infections and wound healing. To accomplish
these functions, macrophage acquire two major phenotypes: the
classic inﬂammatory M1 phenotype and the alternative antiinﬂammatory M2 phenotype. Imbalances of M1/M2 macrophage
polarisation result in inﬂammatory alterations associated with
several diseases such as infections, obesity, asthma, sepsis and cancer. Therefore, identifying the molecular components involved in
macrophage polarisation is central to ﬁnding targets for the treatment of inﬂammatory diseases.
The aryl hydrocarbon receptor (AhR), a member of the basic
helix-loop-helix, Per-Arnt-Sim transcription factor family, is a
ligand-activated receptor that mediates the toxicity of environmental pollutants, such as 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD), polycyclic aromatic hydrocarbons (PAHs), and of other
exogenous and endogenous ligands.
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Targeting AHR disrupts the immune system and interferes with
macrophage polarisation, thus modifying the immune response
against parasites such as Leishmania major or Toxoplasma gondii.
By working with AhR knock out mice, we have found that the presence of the AhR is necessary to control the inﬂammatory response
against T. gondii that could cause the host death, modifying the
expression of TLR2, GATA3, 5-LOX and pro- and anti-inﬂammatory
cytokines. We also describe that the absence of the AhR reduces
the infection of L. major to macrophages and increases their inﬂammatory response together with changes in the levels of LXA4 and
antibodies production. Most of these effects are related with a shift
in the induction of the polarization of macrophages from an inﬂammatory M1 type to an anti-inﬂammatory M2 type and changes in
the activation of NF-kB. Thus, AhR is necessary to control the inﬂammatory responses in the individuals reducing the tissue damage
caused by the inﬂammation and can be used as a pharmacological
target due to its ability to differentially bind to endogenous and
exogenous ligands.
Financial support: CONACyT grant number 237171.
http://dx.doi.org/10.1016/j.toxlet.2016.07.089
S10-4
A role for the aryl hydrocarbon receptor (Ahr)
in the production and function of breast and
oral cancer stem-like cells and the potential
therapeutic value of Ahr modulators
E.A. Stanford 1 , Z. Wang 1 , O. Novikov 1 , A. Ramirez-Cardenas 1 ,
F. Mulas 2 , E. Landesman-Bollag 1 , S. Monti 2 , B.W. Smith 1,2,3 ,
M.V. Bais 1,2,3 , M.A. Kukuruzinska 1,2,3 , G.J. Murphy 1,2,3 ,
D.H. Sherr 1

associated genes, and accelerates cell migration, (4) a signiﬁcant
correlation between Ahr or Cyp1b1 expression (as a surrogate
marker for AHR activity) and expression of stem cell- and
invasion/migration-associated gene sets is seen with genomic data
obtained from 79 human breast cancer cell lines and over 1850 primary human breast cancers, (5) the AHR interacts directly with
Sox2, a master regulator of self-renewal; AHR ligands increase
this interaction and nuclear SOX2 translocation, (6) AHR knockdown inhibits tumorsphere formation in low adherence conditions,
(7) AHR inhibition blocks the rapid migration of ALDHhigh cells
and reduces ALDHhigh cell chemoresistance, (8) ALDHhigh cells are
highly efﬁcient at initiating tumors in orthotopic xenografts, and
(9) AHR knockdown or treatment with an AHR-speciﬁc inhibitor
suppresses tumor initiation and reduces tumor Aldh1a1, Sox2, and
Cyp1b1 expression in vivo.
Conclusions: These data suggest that the AHR plays an important role in development of cells with breast and oral cancer stem
cell-like qualities and that AHR modulators represent a potentially
important approach to reducing the clinical impact of cancer stemlike cells.
Financial support: Supported by P42ES007381, PO1 ES011624, The
Art beCAUSE Breast Cancer Foundation, and the Avon Foundation.
http://dx.doi.org/10.1016/j.toxlet.2016.07.090
Symposia S11: Nanomaterial toxicology, its progress and
reﬂection to various applications, with special reference to
carbon-based nanomaterials
S11-1
Predictive hazard and risk assessment of
nanomaterials
K. Savolainen

1

Department of Environmental Health, Boston University School of
Public Health, Boston, MA, USA
2 Division of Computational Biomedicine, Boston University School of
Medicine, Boston, MA, USA
3 Center for Regenerative Medicine, Boston University School of
Medicine, Boston, MA, USA

Introduction: Self-renewing, chemoresistant cancer stem cells
are believed to contribute signiﬁcantly to cancer invasion, migration and patient relapse. Therefore, the identiﬁcation of signaling
pathways that regulate the acquisition of stem-like qualities is an
important step towards understanding why patients relapse and
towards development of novel therapeutics that speciﬁcally target
cancer stem cell vulnerabilities. Recent studies identiﬁed a role for
the aryl hydrocarbon receptor (AHR), an environmental carcinogen
receptor implicated in cancer initiation, in normal tissue-speciﬁc
stem cell self-renewal.
Objective: These previous studies motivated our objective to
test the hypothesis that the AHR plays a role in the acquisition of
cancer stem cell-like qualities and to identify potentially therapeutic AHR modulators.
Materials and methods: AHR activity in Hs578T triple negative, SUM149 inﬂammatory breast cancer cells, CAL27 or HSC3 oral
squamous cell carcinoma (OSCC) cells was modulated with AHR
ligands, shRNA or a recently identiﬁed AHR-speciﬁc inhibitor, and
phenotypic, genomic and functional stem cell-associated characteristics were evaluated.
Results: (1) ALDHhigh cells express elevated levels of Ahr and
Cyp1b1 and Cyp1a1, AHR-driven genes, (2) AHR knockdown reduces
ALDH activity by 80%, (3) AHR hyper-activation with several
ligands, including environmental ligands, signiﬁcantly increases
ALDH1 activity, expression of stem cell- and invasion/migration-

Work Environment, Finnish Institute of Occupational Health,
Helsinki, Finland
Engineered nanomaterials (ENM) are already wide-spread on
the market, and their use grows rapidly in a number of consumer
and industrial applications. Consequently, exposure of workers,
consumers and the environment has rapidly grown and the likelihood of ENM hazards and risks increased. Most important classes
of ENM include metals and metal oxides, carbon containing materials such as fullerenes, graphene and carbon nanotubes, quantum
dots and organic nanomaterials such as dendrimers. Wide applications of ENM include energy production, information transfer,
construction, food industry, and new consumer products.
Nanomaterials entering the market challenge their assessment
for hazards and risks due to shortage of resources and high cost. Also
the reliability of tests for ENM hazards has been questioned. Hence,
the assessment of hazards of nanomaterials material by material is
not any more possible. Several tiered intelligent testing strategies
have been developed, but today no solutions for this challenge have
been identiﬁed. The emphasis is now in the new predictive methods
for the assessment of nanomaterial hazards and risks. Even though
no deﬁnite solutions are so far available, the current attempts focus
on the generation of validated in vitro methods with the potential
for long-term, low-dose hazard and risk assessment of well characterized and carefully physically-chemically grouped ENM. In this
attempt, organ-on-a-chip and in vitro models validated by using
in vivo models, and consequent use of in silico methods, is crucial.
Financial support: Supported by EU FP7 NANOSOLUTIONS Project.
http://dx.doi.org/10.1016/j.toxlet.2016.07.092
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S11-2
Occupational exposure to graphene
nanomaterials and inhalation toxicities of
graphene nanomaterials
Il Je Yu 1 , Ji Hyun Lee 2,3 , E. Faustman 2,3 , D. Bello 4 , Jin Kwon
Kim 1 , Jae Hoon Shin 5 , Sung Gu Han 6
1

Institute of Nanoproduct Safety Research, Hoseo University, Asan,
Republic of Korea
2 Institute for Risk Analysis and Risk Communication, University of
Washington, Seattle, WA, USA
3 Department of Environmental and Occupational Health Sciences,
University of Washington, Seattle, WA, USA
4 Department of Work Environment, University of Massachusetts
Lowell, Lowell, MA, USA
5 Occupational Lung Disease Institute, KCOMWEL, Incheon, Republic
of Korea
6 Toxicology Laboratory, College of Animal Bioscience and
Technology, Konkuk University, Seoul, Republic of Korea

Introduction: Occupational exposure information from workplaces where graphene nanomaterials are manufactured and
handled, including the actual exposure concentrations in terms of
the mass or number, sizes, and shapes of the nanomaterials, can
provide useful information for designing toxicological experiments
to assess the risk of nanomaterials.
Objective: Dosimetry relevant to actual exposure can help
provide the concentration range for nanomaterial toxicity experiments, while the nanomaterial shapes can give information on
the form of nanoparticle exposure in the workplace atmosphere.
We have investigated potential exposure of workers and research
personnel to graphene nanomaterial in two research facilities and
evaluated the status of the control measures.
Materials and methods: Graphene exposures and process emissions were investigated for three tasks – chemical vapor deposition
(CVD) growth, exfoliation, and transfer – using a multi-metric
approach, using direct reading instruments, integrated sampling,
and chemical and morphological analysis. Real-time instruments
included a dust monitor, condensation particle counter (CPC),
nanoparticle aerosol monitor (NSAM), scanning mobility particle
sizer (SMPS), and an aethalometer. Graphenes and other nanostructures released from the work process were investigated using a
transmission electron microscope (TEM). Graphenes were quantiﬁed in airborne respirable samples as elemental carbon via
thermo-optical analysis.
Results: The current ﬁndings on common scenarios (exfoliation, CVD growth, and transfer), while not inclusive of all graphene
manufacturing processes, indicate very minimal graphene or particle exposure at facilities manufacturing graphenes with good
manufacturing practices. Various inhalation toxicological studies of nanomaterials have already provided useful information
on the hazards related to nanomaterial exposure, especially in
the case of occupational exposure. Several short-term inhalation toxicity studies (1-day, 5-day and 28-day) for graphene
nanomaterials have been conducted. Acute inhalation study of
graphene oxide induced minimal toxic response in rat lungs with
high concentration (3.76 mg/m3 ). Five day short term inhalation study (STIS) of graphene nanoplatelets with 28 days of
recovery also showed minimal toxic effects at a high concentration (3.86 mg/m3 ). Twenty-eight day inhalation toxicity study of
graphene nanoplatelets with 90-day recovery also showed minimal
toxic effects up to 2 mg/m3 .
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Conclusions: Comparing inhalation toxicities observed for
multi-walled carbon nanotubes, graphene nanomaterials exhibited
very different responses for similar concentration levels.
http://dx.doi.org/10.1016/j.toxlet.2016.07.093
S11-3
Systems biology approaches in nanosafety
research with special reference to carbon-based
nanomaterials
B. Fadeel
Nanosafety & Nanomedicine Laboratory – NNL, Institute of
Environmental Medicine, Karolinska Institutet, Stockholm, Sweden
Engineered nanomaterials are produced for a variety of different applications. However, the increasing use of nanomaterials has
led to concerns about their potential adverse effects on human
health and the environment. It is challenging to achieve a comprehensive understanding of the mechanisms underlying the toxicity
of new and emerging nanomaterials using conventional, lowthroughput, single end-point assays, and difﬁcult to discover any
new or nanomaterial-speciﬁc effects using such approaches. Therefore, systems biology approaches are being progressively applied
in nano(eco)toxicological research in order to develop predictive
models of nanomaterial behavior in a biological system (Costa
and Fadeel, Toxicol. Appl. Pharmacol., 2016). To this end, global
‘omics’ approaches with which to assess changes in genes, proteins,
metabolites, etc. in an unbiased manner are deployed allowing
for computational modelling of the biological effects of nanomaterials. The information that is generated may be useful for the
development of adverse outcome pathways (AOPs), a conceptual
framework that provides a structured representation of existing
knowledge concerning biological events leading to adverse effects.
AOPs may facilitate the use of mechanistic toxicological data in risk
assessment and could also guide the development of simple and
rapid test methods to predict the potential hazard of nanomaterials. In the present lecture, the application of omics approaches
in nanotoxicological research is highlighted, with particular reference to recent in vitro and in vivo studies of gene expression changes
elicited by carbon-based nanomaterials.
http://dx.doi.org/10.1016/j.toxlet.2016.07.094
S11-4
Lung carcinogenicity of multi-walled carbon
nanotube by inhalation exposure
S. Fukushima, T. Kasai, Y. Umeda
Japan Bioassay Research Center, 2445 Hirasawa, Hadano, Kanagawa
257-0015, Japan
Introduction: The production of carbon nanotubes (CNTs),
enabling the commercialization of various types of CNTs with
numerous applications in industry has been signiﬁcantly increased
and CNTs have very promising applications. On the other hand,
with the rapid growth of CNT use, serious concerns have been
expressed about their adverse effects on the health of workers during the manufacturing and handling processes and on the health
of consumers exposed to commercial end products containing
CNTs.
Objective: Since the primary route of human exposure to multiwalled carbon nanotubes (MWCNTs) is via inhalation, we have
developed a dry MWCNT aerosol generation and exposure sys-
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tem for carcinogenicity study. Using this method and whole-body
inhalation exposure chambers, we performed MWCNT carcinogenicity in rats.
Materials and methods: MWNT-7, which is a ﬁbrous straight
type of MWCNT was purchased from Hodogaya Chemical, Co. Ltd.
(Tokyo, Japan). F344/DuCrlCrlj rats, 6-week-old, male and female
were used (Charles River Japan Inc). MWNT-7 aerosols were generated by the cyclone sieve method, and supplied to rats in the
whole-body inhalation exposure chambers at concentrations of 0,
0.02, 0.2, and 2 mg/m3 for 104 weeks.
Results: Lung carcinomas, mainly bronchiolo-alveolar carcinoma, and combined carcinomas and adenomas were signiﬁcantly
increased in males exposed to 0.2 and 2 mg/m3 MWNT-7 and
in females exposed to 2 mg/m3 MWNT-7 compared to the clean
air control group. However, no development of pleural mesothelioma was observed. Concentration-dependent toxic effects in
the lung such as epithelial hyperplasia, granulomatous change,
localized ﬁbrosis were found in MWNT-7 treatment groups of
both sexes. There were no MWNT-7 related ﬁndings in the other
organs. The lung burdens of MWNT-7 were clearly increased in a
concentration-dependent manner as well as a duration-dependent
manner.
Conclusion: There is clear evidence that MWNT-7 is carcinogenic for the lungs of male and female rats.
The present study was conducted and supported by the Ministry of
Health, Labour and Welfare, Japan.
http://dx.doi.org/10.1016/j.toxlet.2016.07.095
S11-5
Development of a mechanism based short-term
assay protocol to test carcinogenicity of
multiple wall carbon nanotubes (MWNCTs) in
the rat
H. Tsuda 1 , D.B. Alexander 1 , W.T. Alexander 1 , M. Abd Elgied 1 , A.
Elgazzar 1 , J. Xu 1 , T. Numano 1 , M. Suzui 2 , M. Futakuchi 2 , K.
Fukamachi 2 , A. Hirose 3 , J. Kanno 4,5
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Introduction: Multi-walled carbon MWCNTs have a ﬁbrous
structure similar to asbestos, raising concern that MWCNT exposure may lead to asbestos-like lesions in the lung and pleural tissue.
However, various types of MWCNTs have already been released into
the market without carcinogenicity testing. We have demonstrated
that macrophages phagocytose MWCNTs and produce factors that
cause proliferation of human lung and mesothelial cancer cells
in vitro. Furthermore, MWCNTs dosed to the rat lung by transtracheal intra-pulmonary spraying (TIPS) caused sustained lung
alveolar inﬂammation and mesothelial proliferation, raising concern that these MWCNTs are carcinogenic. We have developed a
system to screen the carcinogenicity of MWCNTs as a potential
alternative method to costly inhalation studies.
Objective: Based on our ﬁndings of the possible carcinogenicity
of MWCNTs, we developed a reliable system to test for MWCNT
toxicity and carcinogenicity without using conventional whole
body inhalation systems.

Materials and methods: The system composed of (1) an in vitro
test; (2) a short-term in vivo test; and (3) a long-term observation
test. Study (1) in vitro macrophage stress test: Macrophages, collected from healthy male rats, were transferred to primary culture
medium to which a test MWCNT was added. The conditional culture
medium was tested for growth stimuli on human cancer cells such
as human mesothelial (MESO-1) and lung cancer (A549) cells. Study
(2) Short-term in vivo test: Rats were administered 0.5 mL of 500 mg
MWCNT/mL-dispersant containing PF68 by TIPS 5–8 times over a
9–14 day-period (total dose 1 mg/rat), followed by observation for
up to 12 weeks. Pleural cavity lavage was collected by injecting
RPMI 1640 into the pleural cavity and collecting the lavage with
a syringe. (3) Long term observation test: Rats were administered
MWCNT by TIPS 8 times over a 2 week-period (total dose 1 mg/rat),
then observed for up to 2 years without further treatment.
Results: Study (1): Macrophage stress test. The conditioned
media of macrophages phagocytosing MWCNT induced proliferation of human mesothelial (MESO-1) and lung cancer (A549)
cells. Study (2): MWCNT induced accumulation of macrophages
phagocytosing MWCNT ﬁbers in the lung alveoli and a marked
hyperplastic proliferation of mainly visceral mesothelial cells in the
pleura, which was maintained until the end of week 24. The pleural cavity lavage cells were a mixture of macrophages, neutrophils,
eosinophils, and lymphatic cells. MWCNT ﬁbers were mostly found
within macrophages, recognized by CD68 immunostaining. The
cytokine proﬁle analysis indicated increases in Mip1alpha (CCL3),
GRP/KC, IP10 and IL-18 in the lung and IL-18 in the pleural
lavage. Study (3): MWCNTs were found mostly in the alveolar wall
and macrophages in the lung. MWCNT-N (Nikkiso) induced lung
bronchiolo-alveolar tumors (both adenoma and carcinoma) and
malignant mesotheliomas: induction of these cancers was signiﬁcant compared to the vehicle control.
Conclusions: The pleural lavage ﬂuid contains factors, as yet
unidentiﬁed, secreted from macrophages phagocytosing MWCNTs
that cause mesothelial proliferation and in vivo short-term treatment by MWCNT caused hyperplastic proliferation of mesothelial
cells, both of which are relevant to malignant mesothelioma
development. Founded on these ﬁndings, we demonstrated carcinogenicity of MWCNT-N in the lung and mesothelial cells after 2
week TIPS administration followed by two years observation. Collection of pleural cavity lavage cell pellets is a useful method to
evaluate inﬂammatory events in the pleural cavity. These protocols are a potential screening method of MWCNT carcinogenicity
replacing costly inhalation tests.
Financial support: Supported by the Health and Labor Sciences
Research Grants of the Ministry of Health, Labour and Welfare,
Japan and by the Princess Takamatsu Cancer Research Fund.
http://dx.doi.org/10.1016/j.toxlet.2016.07.096
Symposia S12: Advancing the 3Rs through global harmonization: case studies and future perspectives
S12-1
A retrospective analysis of the 1-year dog study
in pesticide risk assessment
B. Linke ∗ , S. Mohr, D. Ramsingh, Y. Bhuller
Health Evaluation Directorate, Pest Management Regulatory Agency,
Health Canada, Ottawa, Ontario, Canada
Introduction: The 1-year dog study is no longer required by certain pesticide regulatory jurisdictions, including the United States
and Europe. As part of its ongoing commitment to the 3Rs (reduce,
reﬁne, replace the need for animal studies to the extent possi-
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ble), Health Canada’s Pest Management Regulatory Agency (PMRA)
examined its current requirement for this study for food-use pesticides, taking into consideration other analyses in the published
scientiﬁc literature.
Objective: A retrospective analysis was conducted to examine
the impact of the 1-year dog study on human health risk assessment
and to determine if this testing requirement could be reﬁned or
eliminated.
Materials and methods: For each pesticide, the supporting toxicology database was examined to determine if other toxicology
studies were protective of the ﬁndings in the 1-year dog study,
using the Acceptable Daily Intake, a measure of the amount of a pesticide in food that can be ingested on a daily basis over a lifetime
without an appreciable health risk, as the metric for this analysis. When this criterion was not met, further investigation was
undertaken to determine the potential impact of not having the 1year dog study. The analysis also included identiﬁcation of effects
observed only in the dog. A total of 143 food-use pesticides evaluated by the PMRA between 2008 and early 2015 were examined.
Results: For most of the pesticides, effect levels in the 1-year dog
study were not substantially different from those in other studies
in the toxicology database, when considering factors such as dosespacing and known experimental variability. Overall, the absence of
the 1-year dog study would have impacted the registration status of
only one of the 143 pesticides investigated when the overall health
risk assessment was taken into account. No factors were identiﬁed
to predict this importance.
Conclusions: The results suggest that removing the requirement for the 1-year dog study would have minimal impact on
health risk. The PMRA has modiﬁed its data requirements to remove
the routine requirement for the 1-year dog study for food-use pesticides. This scientiﬁcally–driven modiﬁcation is in line with recent
changes to requirements within other global regions and supports
efforts towards the global harmonisation of data requirements
which will result in tangible 3Rs beneﬁts.
http://dx.doi.org/10.1016/j.toxlet.2016.07.705

S12-2
Next steps for reducing animal use in the
agrochemical industry
C. Terry
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and cross-industry collaborations, it should be possible to take
great strides in the march towards animal-free safety assessment.
Importantly, global harmonisation will be a key factor in this
journey.
http://dx.doi.org/10.1016/j.toxlet.2016.07.706
S12-3
Are in vivo studies needed in the safety
assessment of biosimilars? A regulatory
perspective
L. van Aerts
Department of Pharmacology, Toxicology and Pharmacokinetics,
Medicines Evaluation Board, Utrecht, The Netherlands
The concept of biosimilars has spread from Europe to other
regions throughout the world, and many regions have drafted
regulatory guidelines for their development. Initially, the EU guidelines required in vivo studies in animals. Recently, a paradigm
shift in regulatory thinking on the non-clinical development of
biosimilars has emerged in Europe: In vivo testing should follow
a step-wise approach rather than being performed by default. To
not require animal testing at all is a science-based and thoroughly
reﬂected step. The arguments why in vivo studies do not signiﬁcantly contribute to the biosimilarity assessment will be presented.
The mainstay for the establishment of biosimilarity is the pharmaceutical comparability based on extensive physicochemical and
biological characterization. Pharmacodynamic comparability can
be evaluated in in vitro assays, whereas pharmacokinetic comparability and immunogenicity is best evaluated in clinical studies. It
is considered highly unlikely that new safety issues would arise
when comparability has been demonstrated based on physicochemical and in vitro comparative studies. The step-wise approach
was ﬁrst introduced in the Guideline on similar biological medicinal
products containing monoclonal antibodies – non-clinical and clinical issues (EMA/CHMP/BMWP/403543/2010) and later included in
the revised overarching guidelines on biosimilarity (CHMP/437/04
Rev 1 and EMEA/CHMP/BMWP/42832/2005 Rev1). To evaluate the
impact of regulatory thinking on this issue, an analysis of EMA scientiﬁc advices on biosimilar products was undertaken. The results
of this analysis will be presented.
http://dx.doi.org/10.1016/j.toxlet.2016.07.707

Dow AgroSciences, Indianapolis, Indiana, United States
Recent successes in the 3Rs, for example removal of the redundant 1-year dog study from Canadian and draft Brazilian legislation
for agrochemicals, have been long journeys but illustrate that
analysis of available databases for chemicals can be very valuable for informing global policy changes. Agrochemicals remain
the most highly regulated industry when considering human
health assessment, which unfortunately means large numbers of
animals are often used in the required toxicology testing programmes. Which studies are ripe as the next opportunities to
give 3R beneﬁts? Which tests are the “low-hanging fruits”? In
this presentation, three case studies will be shared as proposals
for the next obvious choices for reﬁning the testing requirements
for agrochemicals. Firstly, replacement of in vivo acute toxicity
tests with in vitro alternatives will be discussed. Secondly, the
opportunity to integrate multiple endpoints into single studies,
which can give signiﬁcant 3Rs beneﬁts, will be presented. Finally,
approaches to impact the 3Rs through incorporating sound science
(for example, toxicokinetic measurements and human exposurebased toxicity testing) will be discussed. Through cross-sector

S12-4
The role of nonclinical in vivo studies in
monoclonal antibody biosimilar development
M.W. Leach
Drug Safety Research and Development, Pﬁzer, Andover, MA, USA
Proposed biosimilars can generally follow a tailored development pathway with reduced costs and time, with a goal of
demonstrating no clinically meaningful differences based upon
the totality of evidence. Global regulations governing biosimilars vary in their requirements, and currently there is a lack of
harmonization regarding exactly how much abbreviation of the
nonclinical portion of biosimilar development is acceptable and
appropriate. To address this lack of harmonization, a Monoclonal
Antibody (mAb) Biosimilar Expert Working Group was formed in
2014, and was comprised of members from the regulatory community, biosimilar manufacturers, and contract research organizations
(CROs). The Working Group assessed current efforts in the nonclin-
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ical in vivo development of mAb biosimilars, evaluated regulatory
and ethical committee interactions with manufacturers, determined reasons for conducting nonclinical in vivo studies, and made
recommendations for a data-driven approach to assess the toxicity
of mAb biosimilars. The Working Group discovered that at least one
nonclinical in vivo study had been conducted for all programs evaluated. However, the Working Group also discovered that none of
these in vivo studies provided critical information in determining
biosimilarity, and in all cases the conclusion regarding biosimilarity could have been made without the in vivo study(ies). The most
common reason given by manufacturers for conducting nonclinical in vivo studies was anticipation of a regulatory or institutional
ethical committee request. Such anticipation was well founded,
as in several cases a manufacturer attempted to progress to clinical trials using only in vitro data, but in all cases a regulatory
agency and/or ethical committee required at least one nonclinical
in vivo study prior to dosing humans. Other reasons for conducting
nonclinical in vivo studies included an inability to meet with regulators in a timely manner (to determine if the regulatory agency
would require a nonclinical in vivo study), inconsistent regulatory
approaches throughout the world (which generally meant that at
least one country/region would require a nonclinical in vivo study,
so the study needed to be done to support global development), the
default practice within the pharmaceutical industry of conducting
a nonclinical in vivo study prior to dosing humans, the assessment
of known or unknown impurities, the perceived need to address
a lack of in vitro data or differences in in vitro ﬁndings between
the proposed mAb biosimilar and the originator, and the need to
avoid dose escalation in human trials. For each of these reasons,
the Working Group believes that nonclinical in vivo studies are
usually not warranted when there is a strong analytical package,
including in vitro functional assessments, which support a high
degree of similarity between the proposed mAb biosimilar and the
originator product. Instances where conducting nonclinical in vivo
studies were considered beneﬁcial and a reasonable use of animals
included studies to evaluate effects of alternative formulations on
pharmacokinetics, studies to evaluate the toxicity of novel excipients, or studies to evaluate higher concentrations of previously
used excipients for which no data was available. The experience at
one company (Pﬁzer) with several proposed mAb biosimilars will
be presented, and the results from these programs are in agreement the ﬁndings of the Working Group, in that the nonclinical
in vivo study data in each program supported the conclusion that
the proposed mAb biosimilar was highly similar to the originator
product, and the determination of similarity could have been made
without conducting nonclinical in vivo studies. The Working Group
recommends that nonclinical in vivo studies with proposed mAb
biosimilars should be minimized or even eliminated when there
is a strong analytical package, including in vitro functional assessments, which support a high degree of similarity. When nonclinical
in vivo studies with proposed mAb biosimilars are considered necessary, the Working Group recommends carefully designing the
study to answer the scientiﬁc question(s) that need to be addressed,
and whenever possible using rodents, using one sex, omitting
vehicle control groups, and using one dose level to minimize
animal use.
http://dx.doi.org/10.1016/j.toxlet.2016.07.708

S12-5
Enabling innovation and practical application
of new and better science in toxicology
I. Kimber
Faculty of Life Sciences, University of Manchester, Oxford Road,
Manchester M13 9PT, UK
There are several important drivers for change in toxicology. These include: an increasing appetite to identify non-animal
alternatives in research and safety assessment, the need to improve
further the quality of science that informs decision making, and a
changing regulatory environment.
The development of new approaches in the toxicological sciences, and the identiﬁcation of non-animal alternatives, is a
challenging goal. It is important not to underestimate the difﬁculty
of designing novel approaches that inform accurately the potential
of chemicals and drugs to induce adverse health effects in humans.
Despite those difﬁculties that goal is worth pursuing if the ambition
of introducing improved methods is going to be realised.
Success will demand that there is a willingness to embrace
the exciting new opportunities that afforded by recent signiﬁcant
advances in biomedical sciences and bioanalytical techniques,
and that harnessing of new science and technology is matched
by a willing to explore new paradigms for assessment hazard and
risk.
The challenges and opportunities associated with driving new
approaches in toxicology will be explored.
http://dx.doi.org/10.1016/j.toxlet.2016.07.709
Symposia S13: Mining and Health
S13-1
Mercury mining in Mexico
F. Díaz-Barriga ∗ , L. Carrizales, A. Camacho, R. Flores-Ramírez,
E. Van Brussel
Centro de Investigación Aplicada en Ambiente y Salud, Facultad de
Medicina, Universidad Autónoma de San Luis Potosí, Mexico
Introduction: The objective of the Minamata Convention on
Mercury is to protect the human health and the environment from
anthropogenic emissions and releases of mercury and mercury
compounds. In the case of Mexico, the main source is the artisanal primary production of mercury. Thus a health risk assessment
was performed in mining areas and communities of the principal
mining area of our country.
Objective: The aim of this study was to assess the exposure of
children, women, and miners, to mercury.
Results: Children, women, and miners were found to be heavily
exposed to mercury (urine samples); and in agreement, we registered high concentrations of mercury in air, soil and sediment
samples. In miners, neurological symptoms correlated with urinary
mercury concentrations.
Conclusions: Considering these results an integral intervention
program has started in the spirit of the Minamata Convention.
http://dx.doi.org/10.1016/j.toxlet.2016.07.628
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S13-2
Engagement of adolescents and agricultural
workers for preventing mercury exposure
V.M. Câmara ∗ , C.I.F. Asmus, A. Meyer
Public Health Institute (IESC) Federal University of Rio de Janeiro,
Rua Paula Freitas 104 apto 1004; 22040-010, Rio de Janeiro, Brazil
Introduction: Mercury exposure is still a major public health
concern in Brazil.
Objectives: To present examples of exposed population’s commitment towards mercury exposure prevention.
Materials and methods: Two experiences are described. A
health education program developed among children and adolescents of Pocone City, state of Mato Grosso, between 1995 and 2005,
and prevention of mercurial fungicides exposure among sugar cane
farm workers from northern of Rio de Janeiro State, between 1978
and 1980.
Results and conclusions: The health education program
involved a series of discussions about the relationship between
work, environment and health, besides planning strategies in
which children and adolescents would approach health related
to environmental exposures. Children and adolescents proposed
measures to prevent indoor burning of mercury-gold amalgam in
the district of Poconé, state of Mato Grosso. At the end of this program, levels of mercury in the urine of the exposed inhabitants
decrease from 2.30 to 1.49 g/L. Regarding the second experience,
agricultural workers were asked about their perception of major
health problem related to the agricultural tasks. The use of mercurial fungicides was the most common complaint among workers. In
fact, we observed high levels of Hg in sugarcane leaves, soil, sugarcane juice and sugar. Blood samples from workers also showed high
levels of Hg. As a result, the sugarcane workers’ union developed a
national campaign using TV and major newspapers that led to the
banishment of mercury in the agriculture (production, commerce,
and use) in April 1980.
Financial support: CNPq.
http://dx.doi.org/10.1016/j.toxlet.2016.07.629
S13-3
Coal and gold mining in Colombia: Impacts and
challenges
J. Olivero-Verbel
Environmental and Computational Chemistry Group, University of
Cartagena, Cartagena, Colombia
Mining generates a series of impacts on environment and
human health. In Colombia, gold and coal mining activities are
critical for national economic growth, but at the same time
provoke serious environmental issues that jeopardize sustainable
development. This is particularly critical in places that require additional attention from the authorities and international agencies,
especially in biodiversity hot spots and territories with minority
populations. In Colombia, gold mining is being carried out directly
on riverbeds within fragile and species-rich ecosystems, such as
the Colombian Amazon and Choco. In both places gold miners
extract river sediments and treat them with mercury (Hg) directly
on site, polluting the surrounding areas, in some cases, destroying the whole environment. As a result, Hg pollution is widespread
in ﬁsh and humans. In the Amazon, for instance, an average hair
Hg level of 17.3 g/g has been found in indigenous communities
along the Caqueta River, with values greater than 10 g/g in breast
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feeding children, suggesting direct exposure during pregnancy and
lactation. Coal mining is also of great concern, as coal particles
are released along the productive chain, from extraction sites to
shipping sea ports. Moreover, this mining is often carried out in
sites sacred to indigenous people, creating social conﬂicts. These
activities also severely transform the landscape, not only creating
large craters but also diverting rivers of sensitive importance in
arid areas, such as the Guajira. Data collected in biota located near
coal mining areas showed evidence of oxidative stress and metal
accumulation in tissues, as well as histopathological changes when
compared to specimens from non impacted zones. In vitro models have also depicted sediment toxicity in coal ports, reﬂected as
expression changes in genes related to polycyclic aromatic hydrocarbons and metal exposure, among others. In general, it is clear
that the country needs to implement deﬁnitive actions to avoid the
irreversible damage to regions highly valuable for their biodiversity. These actions are also needed to protect indigenous cultures
from extinction, as they are part of our identity and future. These
studies received funding from Colciencias and the University of
Cartagena (Grants: 110756933952 and 567-2012).
http://dx.doi.org/10.1016/j.toxlet.2016.07.630
S13-4
Health risks at different scales of mining
E.K. Silbergeld
Johns Hopkins University, Bloomberg School of Public Health, USA
Mining has shaped our hemisphere, from the ﬁrst colonial powers seeking gold to the continuing importance of natural mineral
resources in our economies and societies. As an inherently nonsustainable activity, our obligation is to develop the knowledge base to
protect populations and ecosystems that are directly and indirectly
impacted by extractive industries.
Studying the health impacts of mining and developing evidencebased interventions to prevent and remediate impacts from mining
requires analyses that recognize the differing scales at which mining still operates in the Americas. Scale can be deﬁned by the
numbers of persons involved in mining; the economic organization
of mining; the mass of production and its value, and the technology
employed in mining; and the extent to which major excavations
and other landscape disturbances are involved. Scale is inﬂuenced
by geologic factors as well as sociopolitical structures. At the low
end of the scale, small scale artisanal technologies for coal and
gold are largely entrepreneurial in organization with little oversight
by health or safety agencies. Hard rock mining for fold, iron and
other metals employ more advanced technologies and industrial
organization. Mining for energy reserves – deep sea oil recovery
and fracking for natural gas have major impacts on landscape and
ecosystems and often involve multinational corporations, Health
impacts directly and immediately affect workers as well as communities in mining areas. Other health risks are less direct, such as
damage to natural resources and long range contamination. Mining is accompanied by socioeconomic risks including war over high
value resources, capture and enslavement of populations to work
in mines, and disruption of civil society. Mining also serves as a
nexus for exchange of communicable diseases, including STIs and
tuberculosis. These risks are exacerbated in many cases by lack
of health care or civil society protections. These factors also complicate research on health impacts of mining, including the safety
of researchers and research subjects, the transient nature of some
small scale mining operations, and the challenges to conduct longitudinal studies.
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It is unlikely that mining will cease its important role in
human economies. Can the ecological and health impacts of mining be lessened? Can we improve methods for mine closing and
remediation? What studies are needed to support new policy initiatives.
Conclusions: Health hazards are complex and involve both
direct risks for miners and mining communities as well as distal
risks in impacted ecosystems. Mining risks include socioeconomic
factors associated with infectious diseases. These risks can persist
long after mine closure.
Support: NIH Fogarty; Heinz Family Foundation; Ministerio da
Saude (Brazil); School of Public Health, Mongolia.
http://dx.doi.org/10.1016/j.toxlet.2016.07.631
Symposia S14: Environmental Factors on Respiratory Immune
Diseases
S14-1
Subchronic exposure to fungal spores promotes
allergic pulmonary inﬂammation
D.R. Germolec 1,∗ , A.P. Nayak 1,2 , B.J. Green 2 , A.R. Lemons 2 ,
T.L. Croston 2 , W.T. Goldsmith 2 , D.H. Beezhold 2
1

Toxicology Branch, DNTP/NIEHS, Research Triangle Park, NC 27709,
USA
2 Health Effects Laboratory Division, NIOSH, Morgantown, WV 26505,
USA

Natural disasters such as hurricanes and ﬂooding have increased
public awareness of the potential health effects of mold exposures in contaminated indoor environments. Associations between
mold and cough, wheeze, and hypersensitivity pneumonitis in
susceptible individuals, and asthmatic symptoms in sensitized
persons have been reported. The distribution of aerosolized fungal spores can be signiﬁcantly higher in contaminated indoor
and occupational environments and personal exposure can induce
diverse health problems, particularly in the immunocompromised.
Typically inhaled fungi are efﬁciently removed by host defense
mechanisms, but the effect of chronic stimulation (repeated exposures) on the development of allergic airway disease has remained
inadequately characterized and there is limited toxicological data
on the consequences of long-term respiratory exposures to molds.
To address these knowledge gaps, we have developed an acoustical
generation system to deliver dry fungal spores to mice housed in a
nose-only exposure chamber in an effort to replicate environmental exposures. B6C3F1/N mice were exposed to Aspergillus fumigatus
spores twice a week for 13 weeks. Histopathology showed pleocellular inﬂammation, goblet cell metaplasia, and arterial remodeling
following exposure to A. fumigatus. Fungal debris and spore germination were additionally observed in the lungs of all mice exposed
to A. fumigatus. Eosinophils were signiﬁcantly elevated in the lungs
of mold-exposed B6C3F1/N mice as compared to controls. Flow
cytometry analysis of bronchoalveolar lavage (BAL) showed that
exposed mice develop a mixed T helper cell response. CD4+ T cells
expressing the allergy-associated cytokine IL-13 dominated the
lymphocytic response in the BAL. Repeated inhalation of A. fumigatus spores stimulated IgG and IgE antibody production. Changes
in proteomic, mRNA and miRNA proﬁles are consistent with an
allergic inﬂammatory response. These data suggest that long-term
respiratory fungal exposures result in inﬂammatory pathology in
the lung that may be driven by fungal spores that persist and germinate in vivo. Spore germination may provide persistent antigenic
stimulation and promote allergic airway disease.
http://dx.doi.org/10.1016/j.toxlet.2016.07.633

S14-2
Investigating air pollutant combustion
emissions and potential susceptibility to
infections
M.D. Reed 1,∗ , J.D. McDonald 1 , S.W. Burchiel 2 , K.A. Harrod 3 ,
J.D. McDonald 1 , S.K. Seilkop 1 , J.L. Mauderly 1
1 Applied Sciences, Lovelace Respiratory Research Institute,
Albuquerque, NM, USA
2 Department of Pharmaceutical Sciences, College of Pharmacy, The
University of New Mexico, Albuquerque, NM, USA
3 Department of Anesthesiology and Perioperative Medicine, School
of Medicine, University of Alabama at Birmingham, Birmingham, AL,
USA

Introduction: Epidemiology studies of episodic and proximitybased air pollution exposures suggest that major combustion
emission contributors increase susceptibility to infectious agents.
We have undertaken a systematic approach to investigate the
impact of diesel, gasoline, hardwood smoke, and simulated downwind coal emission on animal models of bacterial and viral
infections. These research efforts compliment those undertaken
by our laboratory and others to understand causal components,
mechanism and hazard/risk of human exposure to these complex
mixtures.
Objective: This presentation will be to brieﬂy review the epidemiology rationale for investigating combustion derived mixtures
and their impact on infection. A review of the results of the major
studies and ancillary work carried out in the National Environmental Respiratory Center (NERC) will be presented along with
complimentary contemporary work carried out by our laboratory
and others.
Materials and methods: Fuel sources, combustion generators,
atmospheric characterization, animal inhalation exposure systems,
infectious agents, animal models of infection, functional immunology assays.
Results: Among the multiple infection models, immunological models, atmospheres, atmospheric components, and differing
concentration variables tested over the past decade, in most
cases results of pollutant-induced susceptibility to infection and/or
immune modulation have been minimal to modest.
Conclusions: A clear understanding of the model and the
beneﬁts/limitations of animal-based air pollution research
investigations must be understood prior to, during and subsequent to undertaking a research program in infectious disease.
Data generated from these studies must be carefully evaluated with a weight of evidence approach and placed in context
with human observational and laboratory-based exposure
studies.
Financial Support: US Environmental Protection Agency, Multiple
Industry/Private Stakeholders.
http://dx.doi.org/10.1016/j.toxlet.2016.07.634
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S14-3
Climate change, pollen allergy and extreme
events leading to increasing prevalence of
allergic respiratory diseases
G. D’Amato
Division of Respiratory and Allergic Diseases, Department of Chest
Diseases High Specialty A. Cardarelli Hospital, Napoli, Italy
Evidence suggests that major changes involving the atmosphere
and the climate, including global warming induced by human
activity, have impact on the biosphere and human environment.
Current knowledge on the worldwide effects of climate change
on respiratory allergic diseases is provided by epidemiological and
experimental studies on the relationship between asthma and environmental factors, like meteorological variables, airborne allergens
and air pollution.
Epidemiologic studies demonstrate that urbanization, high levels of vehicle emissions and westernized lifestyle are correlated to
an increase in the frequency of pollen-induced respiratory allergy.
Studies on plant responses to elevated CO2 levels indicate that plant
exhibit enhanced photosynthesis and produce more pollen.
Meteorological factors (temperature, wind speed, humidity,
thunderstorms etc.) along with their climatic regimes (warm or
cold anomalies and dry or wet periods, etc.), can affect both biological and chemical components of this interaction. In addition, by
inducing airway inﬂammation, air pollution overcomes mucosal
barrier priming allergen-induced responses.
There are observations that thunderstorms occurring during
pollen season can induce severe asthma attacks in pollinosis
patients. The hypotheses for thunderstorm-related asthma are
linked with bioaerosols, and involve the role of rainwater in
promoting the release of respirable particulate matter. After hydration and rupture by osmotic shock during the beginning of a
thunderstorm, pollen grains may release in atmosphere part of
their cytoplasmic content, including inhalable, allergen-carrying
paucimicronic particles such as starch granules and other cytoplasmic components.
The so called “thunderstorm asthma” is characterized by asthma
outbreaks possibly caused by the dispersion of more respirable
allergenic particles derived from pollen and spores by osmotic rupture. Since the ﬁrst report of this phenomenon in the UK in 1985,
further episodes (increase in emergency room visits and hospital
admissions by asthma) have been reported in several parts of the
world. However, although thunderstorm-associated asthma outbreaks are not frequent, it is possible to observe in clinical practice
single cases of patients with deterioration of the allergic respiratory
symptoms during a thunderstorm.
http://dx.doi.org/10.1016/j.toxlet.2016.07.635
S14-4
Acute respiratory infection in children from
developing nations: A multi-level study
A.M. Pinzón-Rondón ∗ , P. Aguilera-Otalvaro, C. Zárate-Ardila,
A. Hoyos-Martínez
Escuela de Medicina y Ciencias de la Salud, Universidad del Rosario,
Bogotá, Colombia
Background: Worldwide, acute respiratory infections (ARI) are
the leading cause of death of children under 5 years of age.
Aim: To assess the accomplishment of the Millennium Development Goal on under-5 mortality particularly related to ARI in
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developing countries, and to explore the associations between
country characteristics and ARI in children under 5 taking into
account child, mother and household attributes.
Methods: The study included a representative sample of
354,633 children under 5 years from 40 developing nations. A multilevel analysis of data from the Demographic and Health Surveys
and the World Bank was conducted.
Results: The prevalence of ARI was 13%. Country inequalities
were associated with the disease – GINI index (95% CI 1.01–1.04).
The country’s per capita gross domestic product (GDP) (95% CI
1.00–1.01) and health expenditure (95% CI 1.01–1.01) affected the
relationship between immunization and ARI, while inequalities
inﬂuenced the relationship between household wealth (95% CI
0.99–0.99) and the disease. Other factors positively associated with
ARI were male gender, low birthweight, working mothers and a
high-risk indoor environment.
Factors associated with ARI reduction were older children,
immunization, breastfeeding for more than 6 months, older maternal age, maternal education and planned pregnancy.
Conclusions: In developing countries, public health campaigns
to target ARI should consider the country’s macro characteristics.
At country level, inequalities but not health expenditure or GDP
were associated with the disease and were independent of child,
family and household characteristics. The effect of immunization
on reducing ARI is greater in countries with a higher GDP and
health expenditure. The effect of household wealth on ARI is less
in countries with fewer inequalities. Reduction of inequalities is an
important measure to decrease ARI in developing countries.
http://dx.doi.org/10.1016/j.toxlet.2016.07.636
Symposia S15: Human toxicity of pesticides. An inexorable burden to mankind?
S15-1
Biomonitoring of pesticides exposure for
linking to diseases: The current status,
problems and future needs
M.A. Tsatsakis
Department of Toxicology & Forensic Science, Medical School,
University of Crete, Voutes Campus, Heraklion 71003, Greece
Introduction: Linking pesticide exposure to health effects and
diseases has been the subject of many experimental and epidemiological studies, though this issue remains a matter of permanent
discussion and controversy. One major issue in linking chemical
exposure to health problems refers to choice of biomarkers.
Objective: To elucidate the multiple mechanisms of pesticide
toxicity often involved to uncover the uncertainties related to long
term and low dose pesticide exposure and to stratify the reliable
identiﬁcation of exposed and control groups.
Materials and methods: The investigation and systematic
evaluation of the characteristics of exposure i.e. duration and
involvement of variable environmental factors and mixtures in
epidemiological studies with biomonitoring data for pesticide low
level long-term exposure together with analytical problems related
to these studies was undertaken by grouping studies accordingly in
several ways. The brief overview and ﬁndings of the published studies will be discussed in the light of the fact that exposure scenarios
and the complex toxicity issue of the chemicals must be considered
as a web of interactions well revealed and not or less revealed.
Results: Evaluating effects due to pesticides is considered a multifactorial task that needs an integrated and systematic approach
not only for long term actions but often for acute or sub chronic
actions. Since such evaluations are highly work load and time
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consuming a sophisticated approach to identify the dominant
actions and effects are in need. Nevertheless it’s obvious from the
existing data that exposure in reality does not produce monomodal
events in the range of low and/or high external and internal concentrations of exposure and non-linear effects can be seen. Risk
assessors will have difﬁculties using data generated under speciﬁc
experimental conditions which are not universal and sometimes
difﬁcult to reproduce. As a consequence, important research ﬁndings may be ignored until such time when further conﬁrmatory
evidence becomes available. Real life is a variability and diversity
of exposures the overall effect of which are pending on the certain
case.
Conclusions: Pesticides have a major impact on human and
ecosystem health and highlighting the increasing need for effective
and integrated means of risk assessment and exposure evaluation in human populations and biological ecosystems is crucial.
This is not a trivial task and requires not only biomonitoring and
exposure assessment but also combination of risk assessment with
regulatory measures and actions. Harmonization in study methodologies by implementing OECD’s adverse outcome pathway (AOP)
approach and systematic dealing with confounders is required for
a better characterization of exposure and understanding of the
effects.
http://dx.doi.org/10.1016/j.toxlet.2016.07.638
S15-2
Biomarkers for use in assessing human toxic
effects from exposure to pesticide mixtures
A.F. Hernández 1,∗ , D. Lozano 1 , F. Gil 1 , M. Lacasaña 2,3,4
1

Department of Legal Medicine and Toxicology, University of
Granada School of Medicine, Granada, Spain
2 Escuela Andaluza de Salud Pública, Granada, Spain
3 CIBERESP, Spain
4 ibs.GRANADA, Spain
Introduction: Multiple exposures to pesticides occur from environmental, foodstuff and occupational sources. The measurement
of a wide array of molecular biomarkers of target organ toxicity
represents a valuable tool for assessing combined exposures to
pesticides (and other chemicals) from different routes.
Objective: This study assessed potential biochemical liver and
brain damage in individuals occupationally exposed to pesticides.
Novel, sensitive and tissue-speciﬁc biomarkers of target organ toxicity were determined in serum samples over two different study
periods (high and low pesticide use). Greenhouse farmers are
among those workers more heavily exposed to pesticide mixtures
in a simultaneous or sequential manner.
Materials and methods: A longitudinal study was conducted
on 207 subjects from Almería (Southeastern Spain) at two timepoints with different pesticide use. Of them, 143 (69.1%) were
intensive agriculture workers (greenhouse farmers) regularly
exposed to pesticides and 64 (30.1%) were non-exposed controls.
Exposure to pesticides was assessed by serum and erythrocyte
cholinesterase activity. Alanine aminotransferase (ALT), aspartate
aminotransferase (AST), ␥-glutamyl transferase (GGT) and alkaline
phosphatase (ALP) were measured using a clinical auto-analyzer
(ILAB 600, Instrumentation Laboratory). Ornithine transcarbamylase (OTC) was determined spectrophotometrically and arginase,
S100B protein and phosphorylated axonal neuroﬁlament subunit
H (pNF-H) were measured by using ELISA commercial kits. Linear
mixed models were used to compare levels of biomarkers in
greenhouse farmers and control subjects over the two study

periods. Models were adjusted for age, gender, ethnicity and body
mass index.
Results: Signiﬁcant decreased erythrocyte cholinesterase activity was observed in the high versus low exposure period, indicating
pesticide exposure. Although there was not clinical evidence of liver
or brain damage in the exposed population, signiﬁcant changes in
serum levels of AST, ALP, arginase and S100B protein were observed
between greenhouse farmers and control subjects and/or for the
interaction term (high vs. low exposure period) × (greenhouse
farmers vs. controls).
Conclusions: Results suggest subtle hepatotoxic and, to a lesser
extent, neurotoxic damage in association with pesticide exposure
and support the potential usefulness of serum biomarkers to assess
target organ function following pesticide exposure. However, a critical validation is needed for these biomarkers to be predictive of
clinical outcomes.
Financial support: This research was funded by a grant of the Council of Innovation of the Andalusian Government (reference number
P09-CVI-5062).
http://dx.doi.org/10.1016/j.toxlet.2016.07.639
S15-3
New tools for pesticide risk assessment through
biological monitoring and exposure modelling
in diverse agricultural exposure scenarios
C. Colosio ∗ , F.M. Rubino, S. Mandic-Rajcevic
Department of Health Sciences of the University of Milan and
International Centre for Rural Health of the Health and Social
Territory Enterprise (ASST) Santi Paolo e Carlo of Milano, Italy
Introduction: The use of pesticides is unavoidable in agriculture, public health, and environmental protection. Nevertheless, it
may pose a risk to applicators, which is rarely assessed due to the
complicated and expensive methodology of personal and environmental exposure monitoring.
Objective: Our objective is to develop new tools for pesticide
risk assessment, based on existing ﬁeld studies, using biological
monitoring and exposure modelling in diverse agricultural exposure scenarios.
Materials and methods: We conducted, since 2008, several
ﬁeld campaigns to monitor exposure and risk for pesticide applicators in different Italian agricultural exposure scenarios. We
collected a broad information of the work performed by each
worker using a data collection sheet developed for this purpose.
In the meanwhile, we collected information regarding toxicological characteristics of the substances used by the workers. We
performed risk assessment through the modelization of toxicity and exposure variables (approach 1). Personal exposure was
measured using “patches” and “whole-body” approach (“external
dose) and urine concentration of the active ingredients used and
their metabolites in 24-hour samples (internal dose). Based on the
relation between external dose, skin absorption, and metabolite
concentration in urine we estimated the urine excretion anticipated in case of absorption of a dose corresponding to the
acceptable operator exposure level of the compound (equivalent
biological exposure limit-EBEL, approach 2).
Results: Using workday description and proxies of exposure
and toxicity we developed a Risk Assessment Scheme, which categorizes workers into exposure categories without the need of
performing ﬁeld measurements. This method allows doing Preventive Pesticide Risk Assessment that allows evaluating the risk before
application, with the possibility of choosing the safest scenario. We
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also deﬁned proof of principle of Equivalent Biological Exposure
Limits (EBEL) for the pesticides propanil and mancozeb; 156 g/L
of DCA in 24-hour urine for propanil, and 12 g/L of ETU in 24-hour
urine for mancozeb, for a 60 kg worker.
Conclusions: Pesticide exposure and risk assessment need to
become more available to workers in agriculture, but without the
development of new low-cost tools, this goal will never be reached.
Our work is a step forward towards this goal.
Financial support: Italian Institute for Insurance of Occupational
accidents and diseases (INAIL)
http://dx.doi.org/10.1016/j.toxlet.2016.07.640
S15-4
Improving the human and environmental
safety of paraquat
M.T. Baltazar 1,2,∗ , R.J. Dinis-Oliveira 1,2 , L. Guilhermino 3,4 , J.A.
Duarte 5 , M.L. Bastos 1 , F. Carvalho 1
1

UCIBIO-REQUIMTE, Laboratory of Toxicology, Department of
Biological Sciences, Faculty of Pharmacy, University of Porto, Porto,
Portugal
2 IINAFCTS, Department of Sciences, Institute of Health Sciences,
CESPU, Gandra, Portugal
3 CIIMAR – Interdisciplinary Centre of Marine and Environmental
Research, Laboratory of Ecotoxicology and Ecology, Porto, Portugal
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Introduction: Large amounts of herbicides are presently used
by industrialized nations worldwide, with inexorable human and
environmental risks. The use of the herbicide paraquat (PQ) has
been especially challenged due to its severe acute toxicity and putative neurotoxicity after long-term exposure. Further research on PQ
is therefore required for the development of effective risk control
measures.
Objective: The aim of the present study was to improve the
safety of PQ, while maintaining the herbicidal efﬁcacy, through
combination of PQ with its antidote lysine acetylsalicylate (LAS).
Materials and methods: The toxicity of a mixture of PQ and
LAS to adult Wistar male rats and a green algae species (Chlorella
vulgaris), was evaluated in parallel to the study of its herbicidal
efﬁcacy against grass lawn (50% of Poa pratensis and 50% of Festuca
arundinacea).
Results: In the rat study, the survival rate of the PQ group was
only 40%, while LAS provided effective protection, with full survival observed in the groups that received 125 mg/kg of PQ and
316 mg/kg of LAS. In the green algae study, Chlorella vulgaris growth
was almost completely inhibited PQ, an effect that was signiﬁcantly
prevented by LAS at the proportion used in the rat study. PQ, either
in the absence or in the presence of LAS, provided similar herbicidal
activity against the tested herbal species.
Conclusions: The present study shows that the proposed mixture of PQ and LAS has the potential to reduce the risks associated
with PQ intoxication to mammals and green algae while maintaining effective herbicidal activity.
http://dx.doi.org/10.1016/j.toxlet.2016.07.641
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S15-5
Pesticides and Parkinson’s disease – What is the
evidence from epidemiological and
experimental studies?
M.F. Wilks
Swiss Centre for Applied Human Toxicology, University of Basel,
Switzerland
Introduction: With increasing longevity the burden of disease
from neurodegenerative disorders such as Parkinson’s disease (PD)
is rising. While the etiology of PD is considered to be multifactorial,
an interaction between genetic susceptibility and environmental
factors is strongly suspected. Pesticide exposure as a causative factor in PD has been debated for many years, but the epidemiological
evidence for speciﬁc agents is limited and the possible underlying
mechanisms are not well understood. There is some evidence that
genetic susceptibility either in metabolism, elimination and transport of pesticides or in the extent of mitochondrial dysfunction,
oxidative stress and neuronal loss may predispose individuals to
PD if they have been exposed to pesticides.
Objectives: To review the evidence for a causal relationship
between pesticide exposure and PD, and to describe a method
for integrating data from epidemiological and experimental
studies.
Methods: Recently, the European Food Safety Authority (EFSA)
has proposed to use the concept of the OECD Adverse Outcome
Pathways as a tool for integration of heterogenous data from
different sources (human, animal, in vitro) in an attempt to better deﬁne a possible causality between exposure to pesticides
and PD.
Results: An Adverse Outcome Pathway deﬁnes a series of necessary key events that link a molecular initiating events to a
ﬁnal adverse outcome. It provides a scientiﬁc rationale for the
processes that lead to the activation of the next key event (i.e.
the key event relationships), considering relevant exposure and
internal doses. Particular emphasis is put on weight-of-evidence
assessment of the underlying information using modiﬁed Bradford
Hill considerations, and quantiﬁcation of key event relationships.
Using this framework, Adverse Outcome Pathways are now under
development describing different putative mechanisms underlying
PD.
Conclusions: Better understanding of key events and key event
relationships will enable risk assessors to use all available information in order to identify possible causal links between exposure to
speciﬁc pesticides and PD.
http://dx.doi.org/10.1016/j.toxlet.2016.07.642
Symposia S16: Translating mechanistic toxicology discoveries to
public health protection
S16-1
Preclinical imaging as a translatable biomarker
to assess product safety
W. Slikker
National Center for Toxicological Research/FDA. Jefferson, AR, USA
Introduction: The promise of real-time and noninvasive data
collection over the life-time of an animal model is now possible with the use of bio-imaging. New technologies including
Magnetic Resonance Imaging (MRI), Magnetic Resonance Spectroscopy (MRS), MicroPET, and Computerized Tomography (CT) are
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approaches available today and have demonstrated utility for safety
assessment studies.
Objective: Non or minimally-invasive imaging is the ideal
medium for biomarker development because the methods can
be used similarly in humans as in animals, thus minimizing
the assumptions in data interpretation and reducing uncertainty
during product development or risk assessment. Routine use of
imaging approaches for safety assessment studies has been slow to
occur because of the lack of guidelines for application to traditional
animal models and biomarker validation. Human diagnosis using
imaging technology is rapidly outpacing the use of bio-imaging for
safety assessment and risk assessment. Because many regulatory
decisions are based on scientiﬁc evidence of in vivo animal models,
it is important for scientists to explore the occurrence and mechanisms of toxicity in animal models using the same techniques that
are used in humans.
Materials and methods: The developed of MicroPET, high ﬁeld
MRI and CT provides unprecedented resolution and allows for studies in traditional animal models including rodents and nonhuman
primates.
Results: Using these techniques data can be obtained from serial
images that will provide time course, quantitative measurements
and changes in the biodistribution directly in living systems; tumor
development can be followed, nervous system lesions can be identiﬁed early and related to behavioral outcomes in the same animals,
and drug distribution can be determined.
Conclusions: Guidelines for the application of imaging for
purposes of safety/risk assessment need to be developed and consensus achieved on noninvasive biomarker validation. Using this
knowledge, more effective safety assessment approaches can be
developed, and improved risk assessment data can be generated to
support translational science.
http://dx.doi.org/10.1016/j.toxlet.2016.07.644
S16-2
Integration of biomonitoring and
pharmacokinetic modeling of environmental
chemicals in human panel study
S. Kim
Department of Environmental Health Sciences, Graduate School of
Public Health Seoul National University, Seoul, Republic of Korea
Introduction: More and more concerns are growing on lowdose exposure to environmental toxicant in daily life especially for
young children and pregnant women. In spite of many achievements of toxicological and epidemiological studies, there are still
many knowledge gaps more in exposure sources and contribution
to delayed health outcomes. Moreover, new chemicals are emerging to markets as substitutes for the emerged toxicants.
Objectives: In order to address these issues, we integrated
biomonitoring to determine multiple exposure biomarkers, human
panel studies to cover early-life exposure and health outcomes,
intervention studies to depict exposure variability and estimate
the source-speciﬁc contribution and physiologically-based pharmacokinetic (PBPK) modeling to estimate dose and delivery into
organs (including fetus) for chemicals of interest.
Materials and methods: Although this research frame
was designed for few endocrine disruptors (EDCs) such as
pentabromodiphenyl ether (BDE-47), bisphenol A (BPA) and
Bis(2-ethylhexyl) phthalate (DEHP), originally, we appreciate its
extension to newly emerging chemicals. Our panel of motherinfant pair has been monitored for 4∼5 year after birth; we ﬁnished
to measure 19 persistent organic pollutants, three phthalates and

BPA and two heavy metals in maternal and cord blood at birth,
urine up to ﬁrst three years from mother and children, placenta,
meconium, breast milk for one year.
Results: PBPK models were developed to describe PK proﬁles
for environmental phenols and phthalates, and were successfully applied to estimate daily intake amounts for both emerged
(described above) and emerging chemicals (triclosan, benzophenone and parabens). We continue investigating the implications
of the levels of biomarkers and trends, and assessing their overexposure and gauging variability by way of statistical analysis and
PK modeling. Based on the dose-reconstruction from PK modeling.
Conclusions: This presentation is about part of our achievements so far. We believe this portfolio of research will provide
scientiﬁc evidence to improve health promotion in general public.
http://dx.doi.org/10.1016/j.toxlet.2016.07.645
S16-3
Joining the dots between exposure and
outcome by understanding mechanisms: Value
for public health
T. Gant
Public Health England. Centre for Radiation, Chemical and
Environmental Hazards, Harwell Science and Innovation Campus,
Oxfordshire, UK
Epidemiology is a cornerstone of Public Health. Epidemiology
is the association of exposure with health outcome, or in the
earliest cases association of an apparent exposure of unknown
etiology with a health outcome; for example the association of
the water pump in Broad Street London with an outbreak of
Cholera in 1854. Now, 170 years on epidemiology is enhanced by
the use of improved exposure assessment methods and similarly
advanced methods of assessing health outcome. However, despite
advances in exposure science and methods to determine health status epidemiology still functions best when there is a well-deﬁned
exposure against low background and a health outcome against a
similarly low background; for example exposure to some asbestos
ﬁbers and mesothelioma. For this example though, and even more
so where the exposure is not well deﬁned, or there is a high or
difﬁcult to quantify background incidence of the health outcome,
mechanistic understanding is crucial to the determination of causation. Returning to the example of mesothelioma from asbestos
ﬁbers; the hazard is different between different asbestos types
and a mechanistic understanding has been important in determining the causal association between certain asbestos ﬁbers and
mesothelioma. It is also important to understand, for this example,
that a species variation in response between rats and humans led
to confusion in the early studies and an erroneous assignment of
causation to just one asbestos ﬁber type. Thus poor, or immature,
mechanistic understanding can be damaging to the risk assessment. Now there is a further pressing need to translate mechanistic
understanding to public health outcomes due to rapid advancements in the genetic understanding of ourselves with the high
throughput sequencing and public accessibility of many thousands
of human genomes. Our genetic individuality can alter our individual risk to chemical exposures. This is often accounted for in
risk assessments by the application of factors such as 10 fold for
inter-individual variability. It is though only by greater mechanistic understanding that adequate and quantitative assessment can
be made for genetic and other factors when determining risk. These
are only a few examples of the increased need to translate mechanistic understanding into public health protection that is being
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challenged the rapid increases technology leading to understanding of exposure, (epi)genetics, physiology and health status.
http://dx.doi.org/10.1016/j.toxlet.2016.07.646
S16-4
Experimental animal studies of co-morbidity
factors as a path for translational impact to
human disease
I. Rusyn
Department of Veterinary Integrative Biosciences, College of
Veterinary medicine and Biomedical Sciences, Texas A&M University,
College Station, TX, USA
Chronic human diseases are a consequence of multiple etiological factors; however, most experimental animal models of human
disease are narrowly focused. For example, hepatocellular carcinoma (HCC) is the most common type of primary malignancy in
the human liver that has many risk factors and etiologies. These
include hepatitis B virus (HBV); lifestyle, diet and environmental
factors (e.g., alcoholic beverages, aﬂatoxin B1 (AFB1), and tobacco
smoking); and metabolic diseases (e.g., obesity, diabetes and nonalcoholic steatohepatitis). Importantly, the rise in incidence of HCC
in the developed countries has been attributed, at least in part, to
an increase in hepatitis C virus (HCV) infections and non-alcoholic
steatohepatitis, pathological states whose prevalence is growing
in the US and Europe. In addition, liver ﬁbrosis and cirrhosis are
well known precursor liver disease states for hepatocellular HCC
in humans. While animal model studies of HCC have contributed
much of the understanding of the molecular events leading to
disease initiation, progression and promotion, few publications
examined co-morbidity factors that are known to contribute to
HCC in humans. This presentation will describe two examples of
experimental animal models of HCC where co-morbidity factors
(HCV + AFB1, or genotoxic carcinogen diethylnitrosamine + liver
ﬁbrosis) were explored. Not only these models of co-morbidity
factors allow to more fully replicate the pathology and pathophysiology of human liver disease, but also they afford an opportunity
to examine the molecular mechanisms that are crucial for the synergy between co-morbidity factors. In turn, better understanding
of the molecular events that result from the interaction of multiple
factors would lead to the discovery of the targets for therapy and
prevention.
http://dx.doi.org/10.1016/j.toxlet.2016.07.647
Symposia S17: Environmental Endocrine Disrupting Chemicals
S17-1
Windows of susceptibility to endocrine
disruptors and disease outcomes
J.J. Heindel
Division of Extramural Research and Training, National Institute of
Environmental Health Sciences, RTP, NC, USA
While cells and tissues are sensitive to exposure to endocrine
disrupting chemicals (EDCs) over the lifespan, it is now clear
that there are times that are especially sensitive to their effects.
Important questions are how many windows of susceptibility are
there, what are they and how do EDCs impact these windows
to increase disease susceptibility? In utero and early childhood,
when tissues are forming, is a particularly sensitive window for
EDCs. Exposure to EDCs during this time can alter developmental
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programming pathways which result in a tissue that has altered
gene expression and in some cases altered numbers and locations
of cells. These changes can be long lasting and heritable as tissues
remodel/regenerate from stem cells. They result in altered tissue
function leading to increased susceptibility to a wide variety of diseases, including immune, reproductive, neurodevelopmental and
respiratory diseases as well as cancer, obesity and diabetes, across
the lifespan and in some cases across generations. While the mechanisms whereby EDCs exposures can result in altered programming
of tissues is not completely clear, it is likely that EDCs interfere
with epigenetic processes that control gene expression leading to
normal tissue development.
It is likely that there are other sensitive times for EDC effects on
disease susceptibility. Indeed there are recent data showing that
sperm and oocytes are sensitive to disruption by EDCs during their
development leading to transmission of disease susceptibility via
the sperm or oocytes. This new ﬁeld that focuses on preconception as a sensitive window started with a focus on preconception
nutrition and drugs affecting offspring disease but is expanding into
examination of the effects of EDCs. There are also data suggesting
that the prepubertal time may be a sensitive window for EDC exposures and also that pregnancy may by a sensitive window for the
developing fetus but also for the mother, setting her up for more
diseases after pregnancy.
Knowing more about sensitive windows, the effects of EDCs, and
their mechanisms can lead to important intervention and prevention strategies to reduce disease incidence by reducing exposures
to EDCS at sensitive times across the lifespan.
http://dx.doi.org/10.1016/j.toxlet.2016.07.649
S17-2
Effects of gestational exposure to bisphenol-A
on the development of diabetes in mothers
P. Alonso-Magdalena 1,2,∗ , M. García-Arévalo 3 , I. Quesada 1,2,3 , Á.
Nadal 2,3
1

Departamento de Biología Aplicada, Spain
Centro de Investigación Biomédica en Red de Diabetes y
Enfermedades Metabólicas Asociadas (CIBERDEM), Spain
3 Instituto de Bioingeniería, Universidad Miguel Hernández de Elche,
Elche 03202, Alicante, Spain
2

Introduction: Bisphenol-A (BPA) is a widespread endocrine
disrupting chemical (EDC) used as the base compound in the manufacture of polycarbonate plastics. BPA exposure in mice during
pregnancy has been shown to cause an impairment of glucose
tolerance and to decrease insulin sensitivity in mothers. These
alterations on glucose metabolism were resolved after labour.
Objectives: We evaluate the metabolic disorders that BPA exposure during pregnancy may cause in the mother and whether it may
predispose to type 2 diabetes and obesity later in life.
Materials and methods: Pregnant mice were treated with BPA
at a dose of 10 or 100 g/kg/day during days 9 to 16 of gestation.
Results: Pregnant mice treated with BPA developed glucose
intolerance, hyperinsulinemia and altered insulin sensitivity. This
altered metabolic situation was resolved after parturition but was
triggered again several months later. Six months after delivery
BPA mice showed marked insulin resistance and profound glucose
intolerance, as well as increased body weight. In addition, in vivo
and in vitro insulin secretion was decreased in these mice, which
resembled a decline of pancreatic beta-cell function. Reduced betacell mass was also observed which was correlated with decreased
proliferation capacity and an increase of apoptosis in beta-cells.
In addition, peripheral tissues, including adipose tissue and liver,
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showed cellular aging signals that might inﬂuence in the impaired
insulin sensitivity and accelerate the development of metabolic
disorders.
Conclusions: BPA exposure during pregnancy could be considered a new risk factor for the deterioration of maternal glucose
metabolism and the increased occurrence of diabetes.
Funding: Generalitat Valenciana Grant PROMETEO/2011/080,
Ministerio de Economia y Competitividad Grant BFU2011-28358,
and European Foundation for the Study of Diabetes/Lilly Research
Fellowship Programme Reference 94224.
http://dx.doi.org/10.1016/j.toxlet.2016.07.650
S17-3
Prenatal exposure to perﬂuoroalkyl substances
and immune-related health outcomes in early
childhood
B. Granum
Domaine for Infection Control and Environmental Health, Norwegian
Institute of Public Health, Oslo, Norway
The immune system of the fetus and neonate develops extensively, and a normal maturation of the immune system is
dependent upon speciﬁc processes that occur at different time
points and in different body compartments. This makes the earlylife immune system a moving toxicological target for xenobiotic
interactions.
Perﬂuoroalkyl and polyﬂuoroalkyl substances (PFASs) are a class
of synthetic compounds that have widespread use in consumer and
industrial applications. There are human studies reporting on associations between PFASs and immune-related health outcomes in
childhood, such as increased risk of infections. In addition, negative associations between prenatal exposure to PFASs and antibody
responses to childhood vaccines have been reported. These ﬁndings
are indicative of immunosuppression.
When it comes to prenatal exposure to PFASs and health outcomes such as asthma and allergic diseases, contradictory results
have been published and more studies on these health outcomes
are warranted.
A whole-genome gene expression analysis performed in cord
blood indicated that several immune-related genes (e.g. CYTL1, IL27
EMR4P, SHC4, ADORA2A) correlated signiﬁcantly with both exposure to PFASs and with vaccination responses. Furthermore, PPARD
was identiﬁed as a PFAS toxicogenomics marker. These ﬁndings of
gene expression after exposures to PFASs, lend further support for
an immune modulation that may affect immune functionality in
childhood.
http://dx.doi.org/10.1016/j.toxlet.2016.07.651
S17-4
Dichlorodiphenyltrichloroethane (DDT)
exposure and male reproductive health
R. Bornman
School of Health Systems and Public Health, the Medical Research
Council and University of Pretoria Centre for Sustainable Malaria
Control and the Unit for Environmental Chemical Pollution and
Health, University of Pretoria, Pretoria, South Africa
Introduction: Globally, 3.2 billion people are at risk of malaria
and most cases occur in low-income countries where malaria

remains a major public health concern. DDT has been used since
1945 to control mosquito vectors in South Africa using indoor
residual spraying (IRS); worldwide ∼123 million people are being
protected (WHO on IRS, 2015). Technical DDT consists of a mixture
of isomers with 65-80% insecticidal p,p -DDT and 15–21% o,p -DDT,
which are estrogenic and the metabolite DDE is anti-androgenic.
Objective: This paper summarizes environmental and human
health effects observed in an area where DDT has been used annually since 1945.
Materials and methods: We measured DDT and DDE in the
environment, wildlife and in humans from Vhembe District,
Limpopo Province, South Africa.
Results: High levels of DDT in wild bird eggs, ﬁsh, frogs, soils
and sediment; intersex in freshwater ﬁsh (Barnhoorn et al., 2009)
and eggshell thinning in water bird eggs (Bouwman et al., 2013)
were reported. High DDT residues were present in human milk
(Bouwman et al., 2006) and human blood (Aneck-Hahn et al., 2007;
De Jager et al., 2009; Whitworth et al., 2014; Gaspar et al., 2015).
Impaired semen quality, high number of sperm chromatin defects
and altered male reproductive hormones were signiﬁcantly associated with DDE. Mothers from DDT-sprayed villages had a signiﬁcant
greater chance of having a boy with a developmental urogenital
birth defect (Bornman et al., 2010).
Conclusions: Collectively, these health effects seemed to occur
as a combination of anti-androgenic and/estrogenic properties of
DDE/DDT. However, DDT also has the ability to induce epigenetic
transgenerational inheritance disease in animal models (Skinner
et al., 2013) independent of direct environmental exposures (Skinner et al., 2010). The emerging epigenetic effects of DDT show there
is reason to believe that DDT may negatively affect the health of
future generations in human populations, even after DDT is discontinued and could have signiﬁcant consequences for medicine.
Financial support: Medical Research Council, National Research
Foundation and the Water Research Commission.
http://dx.doi.org/10.1016/j.toxlet.2016.07.652
S17-5
Arsenic exposure and cardiometabolic risk in
Chihuahua, Mexico
M.A. Mendez 1,2,∗ , C. González-Horta 3 , B. Sánchez-Ramírez 3 , L.
Ballinas-Casarrubias 3 , R. Hernández Cerón 4 , D. Viniegra
Morales 4 , F. Baeza Terrazas 4 , C. Ishida María 3 , D.
Gutiérrez-Torres 3 , R.J. Saunders 1 , Z. Drobná 1 , R. Fry 5 , J. Buse 6 ,
G.G. García-Vargas 7 , L.M. Del Razo 8 , X. Xu 1 , M. Stýblo 1
1

Department of Nutrition, University of North Carolina, Chapel Hill,
NC, USA
2 Carolina Population Center, UNC-Chapel Hill, USA
3 Facultad de Ciencias Químicas, Universidad Autónoma de
Chihuahua, Chihuahua, Mexico
4 Colegio de Médicos Cirujanos y Homeópatas del Estado de
Chihuahua, AC, Mexico
5 Department of Environmental Sciences & Engineering, UNC-Chapel
Hill, USA
6 Department of Medicine, UNC-Chapel Hill, USA
7 Facultad de Medicina, Universidad Juárez del Estado de Durango,
Gómez Palacio, Durango, Mexico
8 Departamento de Toxicología, CINVESTAV, México DF, Mexico
Introduction: Exposure to arsenic (As) at levels >150 g/L
in drinking water has been associated with diabetes and cardiovascular disease, but results are limited and mixed at lower
exposures.
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Objective: To examine if moderate As exposure increases cardiometabolic risk, and if individual metabolism of As inﬂuences
risk.
Materials and methods: We analyzed associations between As
in drinking water and urine in 1160 adults from Chihuahua, Mexico
recruited in 2008–2013 and lipids and glucose in fasting blood,
an oral glucose tolerance test, and blood pressure. Multivariable
logistic, multinomial and linear regression was used to assess associations between cardiometabolic risk and water As or the sum of
inorganic and methylated As species in urine.
Results: After adjustment, water As levels of 25.5 to <47.9 g/L
and speciated urinary As >55.8 g/L were signiﬁcantly associated
with high triglycerides, total cholesterol, and diabetes. Risks were
increased in individuals with a high % of dimethyl-As in urine.
Deﬁcient or elevated folate, critical for As metabolism, was also
associated with higher blood glucose in individuals exposed to
water As.
Conclusions: Moderate As exposure may increase cardiometabolic risk, particularly in individuals with a high % of
urinary dimethyl-As.
Financial support: Funded by NIH grants R01ES015326 &
3R01ES015326-03S1 to MS; supported by the UNC Nutrition Obesity Research Center (DK056350) and Center for Environmental
Health and Susceptibility (P30ES010126).
http://dx.doi.org/10.1016/j.toxlet.2016.07.653
Symposia S18: Chromosomal instability
S18-1
The role of centrosomes in chemical
carcinogenesis: Hexavalent chromium induces
aberrant centriole and centrosome separation
and centrosome ampliﬁcation
J. Martino 1,∗ , A. Holmes 1 , S.S. Wise 1,2 , H. Xie 1 , J.P. Wise Sr. 1,2
1

Wise Laboratory of Environmental and Genetic Toxicology,
Louisville, KY, USA
2 Department of Pharmacology and Toxicology, University of
Louisville, Louisville, KY, USA
Lung cancer is major public health concern and it is clear environmental chemicals other than cigarette smoking are a major
cause of the disease as the rates in never smokers is high. Metals are
potent human lung carcinogens; however, how they cause cancer
is uncertain and no unifying principle has emerged. Chromosome
instability (CIN) is a hallmark of human lung cancer, but it is poorly
understood for metal carcinogens. We used particulate chromate
(Cr(VI)) as a representative metal lung carcinogen and studied
its ability to induce CIN. We found prolonged particulate Cr(VI)
exposure induces supernumerary centrosomes and centrosome
abnormalities that correlate well with particulate Cr(VI)-induced
chromosome instability. To determine if cells with these outcomes
could survive with them as permanent outcomes, we exposed
human lung cells to particulate Cr(VI) for three sequential 24 h
periods, each separated by about a month. After each treatment,
cells were seeded at colony forming density, cloned, expanded
and retreated. Each generation of clones was tested for chromosome instability, centrosome ampliﬁcation, DNA repair capacity
and ability to grow in soft agar. In the control (untreated) clones,
we found no centrosome ampliﬁcation (deﬁned as exhibiting more
than 2 centrosomes in 7% or more of mitotic cells), chromosome
instability (including structural and numerical abnormalities), or
repair deﬁciency. By contrast, in Cr(VI)-treated clones, centrosome
ampliﬁcation occurred in 43%, 44% and 21% of clones; chromosome
instability was found in 29%, 59% and 58% of clones; and repair
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deﬁciency was seen in 28%, 63% and 64% of clones in the ﬁrst, second, and third generations, respectively. These data indicate Cr(VI)
induced centrosome ampliﬁcation and chromosome instability are
stable and heritable changes on a cellular level. However, the mechanisms by which Cr(VI) causes these outcomes are unknown. We
began to further investigate these mechanisms by considering centriole disengagement, the licensing step in centrosome duplication.
We exposed human lung cells to Cr(VI) for 24–120 h and evaluated centriole disengagement. Our data show prolonged exposure
to particulate Cr(VI) causes premature centriole disengagement in S
and G2 phase cells. Moreover, Cr(VI) increases the ratio of active vs.
inactive Plk1 and protein levels of active separase, while decreasing
securin protein levels. Our data suggest that chronic exposure to
particulate Cr(VI) causes premature centriole disengagement by
activating Plk1 which triggers securin degradation and separase
activation. Future work aims at reversing centriole disengagement
by manipulating separase activity. This work was supported by
NIEHS grant ES016893 (J.P.W.).
http://dx.doi.org/10.1016/j.toxlet.2016.07.655
S18-2
Primary cilia and the detection of aneuploidy
K.V. Divi ∗ , Y. Ward, M.C. Poirier, O.A. Olivero
Carcinogen-DNA Interactions Section, Laboratory of Cancer Biology
and Genetics, National Cancer Institute, national Institutes of Health,
Bethesda, MD 20892, USA
Introduction: Primary cilia arise from the centrosomes of quiescent or post-mitotic cells, and serve as sensory organelles that
communicate mechanical and chemical stimuli from the environment to the interior of the cell. During mitosis, two centrosomes
form spindle poles and direct the formation of bipolar mitotic spindles, which is essential for accurate chromosome segregation into
daughter cells. Drugs that induce changes in the number of chromosomes by disrupting the equal distribution of genetic material
during mitosis are called aneugens. A cilium arises from the mother
centriole of a quiescent cell. Cells with extranumerary centrosomes
are therefore expected to have multiple cilia. Detection of multiple
cilia could be used as a surrogate marker to identify potential aneugenic drugs. Cilium formation may, therefore, become a useful end
point signaling exposure to genotoxins or aneugens.
Objective: To establish a new method to detect anugenesis,
based on the fact that cilia derive from centrosomes, and aneugens
can induce centrosomal ampliﬁcation. The production of multiple
cilia arising from multiple centrosomes may reveal the aneugenic
nature of the agents.
Material and methods: Here we have used the aneugen,
zidovudine (AZT), an antiretroviral drug that induces DNA replication arrest and centrosomal ampliﬁcation (>2 centrosomes per
quiescent cell), to evaluate cilia formation in retinal epithelial
(pigmented) cells. Cells were exposed to AZT to induce centrosomal ampliﬁcation, cultured without serum to allow the
centrioles to develop cilia, and immunostained to visualize cilia
and centrosomes. Immunostaining was performed by antibodies
against pericentrin to visualize centrosomes and acetylated tubulin, to observe cilia. Nuclear DNA was observed by DAPI staining.
Conclusions: Preliminary observations suggest that cells with
multiple centrosomes are able to generate extra cilia. These ﬁndings
could reveal a new toxicity for the antiretroviral AZT, since ciliary
defects underlie a number of human diseases and developmental
disorders commonly referred to as ciliopathies.
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Financial Support: Intramural Research Program, National Cancer
Institute, NIH.
http://dx.doi.org/10.1016/j.toxlet.2016.07.656
S18-3
Using synthetic biology to study chromosome
segregation and aneuploidy
W.C. Earnshaw 1,∗ , O. Molina 1 , H. Masomoto 2 , N. Kouprina 3 , V.
Larionov 3
1 Wellcome Trust Centre for Cell Biology, University of Edinburgh,
Edinburgh, Scotland, UK
2 Kazusa DNA Institute, Chiba, Japan
3 National Cancer Institute, NIH, Bethesda, MD, USA

Introduction: The discovery of human centromere proteins
using sera from patients with scleroderma-spectrum autoimmune
disease led to the modern era of kinetochore studies in which
over 100 proteins have now been identiﬁed at kinetochores. One
insight that came from the use of these antibodies was the discovery
that kinetochore assembly is regulated by an epigenetic mechanism. Thus, in stable dicentric chromosomes with two copies of the
centromeric DNA sequences, only one centromere locus nucleates
formation of a kinetochore.
Objective: Our studies aim at determining the epigenetic chromatin landscape that promotes kinetochore assembly.
Results and conclusions: In the ﬁrst part of my talk, I will
describe studies using a synthetic Human Artiﬁcial Chromosome (HAC) that enables us to adjust the chromatin composition
within the centromeric chromatin. These studies have revealed
that heterochromatin is incompatible with kinetochore function.
Indeed nucleating heterochromatin within an active centromere
rapidly inactivates that centromere. We have gone on to show
that centromere function appears to require speciﬁc histone marks
associated with ongoing transcription of non-coding sequences.
This transcription occurs during mitosis and despite the fact that
centromeres exist in an environment ﬂanked by “deep” heterochromatin. Centromeres can apparently function in this environment
because they are able to resist normal pathways of transcriptional
inactivation by both Polycomb and classic heterochromatin. I conclude that synthetic biology offers a powerful approach to study
chromatin function at centromeres.
The second part of my talk will introduce PREditOR. Epigenetic
regulation in chromatin has the following steps: an Editor (writer
or eraser) makes or removes a Mark on a chromatin protein. A
Reader either recognizes this mark (or no longer does so if the mark
is removed). The binding of the Reader establishes a Chromatin
state (e.g. euchromatin, heterochromatin, centrochromatin). We
refer to this as an E → M → R → C pathway. We have designed
an approach caller PREditOR (Protein Reading and Editing Of
Residues) to dissect and manipulate E → M → R → C pathways. I
will present data concerning the outcome of using a Reader to
target an Editor that removes the modiﬁcation H3K9me3 to all
heterochromatin in the cell. The result of this is to rapidly and
speciﬁcally erase all cellular heterochromatin. I will discuss the
consequences of this for chromosome segregation and aneuploidy.
Financial support: This work is supported by a Wellcome Trust
Principal Research Fellowship (grant number 073915) to WCE.
http://dx.doi.org/10.1016/j.toxlet.2016.07.657

S18-4
“Gone MAD”, the way to chromosome
instability in tumor cells
L.A. Herrera ∗ , A. López-Saavedra, M. Ramírez-Otero
Unidad de Investigación Biomédica en Cáncer, Instituto Nacional de
Cancerología-Instituto de Investigaciones Biomédicas, Universidad
Nacional Autónoma de México, Mexico City, Mexico
Introduction: Mitotic Arrest Deﬁcient (MAD) genes were ﬁrst
identiﬁed in yeast, by mutations that resulted in a defect in mitotic
arrest in response to microtubule disassembly. MAD genes, which
include MAD1 and MAD2, are conserved in all eukaryotes and their
products prevent the premature separation of sister chromatids
forming part of the spindle assembly checkpoint (SAC). MAD1
accumulates at unattached kinetochores and acts as a sensor for
unattached kinetochores. MAD1 recruits MAD2 to unattached kinetochores and induces mitotic arrest signal ampliﬁcation. Depletion
of MAD1 leads to the loss of SAC function. SAC impairment
causes cells to prematurely enter anaphase, resulting in chromosome missegregation, aneuploidy or chromosome instability.
Aberrant MAD1 and MAD2 expression has been demonstrated to
play a role in these chromosomal abnormalities in different types
of cancerous cells. Additionally, genetic and alternative splicing
variants of MAD genes have been found to affect the SAC function and to be involved in a bad response to cancer therapeutic
agents.
Objective: In this presentation, I will discuss the results obtained
in our laboratory to investigate the relationship of the polymorphism MAD1 1673 G>A with the efﬁciency of the SAC and the
generation of aneuploidies, and with the therapeutic response of
patients with ovarian cancer. In addition, I will describe a novel
splice variant of MAD2, which we designated as MAD2␥, and its
association with dysfunction of the SAC and resistance to platinbased chemotherapy in testicular tumors.
Materials and methods: Can be consulted in the respective publications Pharmacogenetics and Genomics (2013) 23(4):190-199 and
in Cell Cycle (2016).
Results and conclusions: The polymorphism MAD1 1673 G>A
affects the SAC functionality, increasing the frequency of aneuploid cells. This polymorphism modiﬁes the response to agents
that alter the dynamics of microtubules in patients with ovarian
cancer. On the other hand, overexpression of MAD2 may play a
role in checkpoint disruption and is associated with resistance to
cisplatin-based chemotherapy in TGCTs.
Financial support: This work was supported by the Programa
de Apoyo a Proyectos de Investigación e Innovación Tecnológica
(PAPIIT, IN208815).
http://dx.doi.org/10.1016/j.toxlet.2016.07.658
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Symposia S19: Paternal exposures, sperm health and reproductive success
S19-1
Flow cytometry of acridine orange stained
testicular cells and sperm is a powerful tool for
detection of genotoxicant induced damage of
male germ cells
D.P. Evenson
SCSA Diagnostics, South Dakota State University, Sanford Medical
School, University of South Dakota, 302 6TH St. W, Brookings, SD
57006, USA
Introduction: For decades of time researchers have exposed
animals to various genotoxicants and assessed the outcomes by
testis weights, sperm count, histology of testis sections and sperm
morphology. While these measurements remain valuable, our lab
has focused on the use of acridine orange (AO) stained testis and
sperm cells to evaluate toxicant induced damage to spermatogenesis and spermiogenesis. AO is a small ﬂat planar molecule (MW
265) that intercalates into ds DNA and this complex ﬂuoresces
green under blue light. AO stacks on single stranded (ss) DNA or
RNA that then collapses and this complex under blue light shows a
metachromatic shift from green to red ﬂuorescence.
Methods: AO stained testicular, epididymal, vas or ejaculated
germ cells were treated with a pH 1.20 buffer for 30 secs and
measured in a ﬂow cytometer (FCM) having a 488 nm laser and
two detectors set for green (530 nm) or red (>630 nm) ﬂuorescence. FCM measured ∼250 cells per sec for a total of 5000
events. The ratio of different testicular cells isolated from a toxicant exposed animal was determined to indicate which cell types
were impacted by the toxicant. Fresh or frozen semen was tested
by the Sperm Chromatin Structure Assay (SCSA® ). Dual parameter
data were presented as % of sperm with increased red ﬂuorescence
(ss staining of broken ends of DNA) and the extent of DNA strand
breakage. Toxicant exposed animals/humans showed dose responsive DNA damage that was in many cases related to pregnancy
outcomes.
Results: Testis germ cells isolated from scalpel-macerated
testes stained with AO very rapidly showed which cell types were
affected by the toxicant. Sperm have been obtained from many animals including livestock, zoo, domestic pets, endangered species
and humans. Effects of freeze/thaw as well as types of semen
extenders will be discussed. The data clearly show dose response
induced DNA strand breaks. Comparison between SCSA and TUNEL
measurements support the conclusion that both assays measure
the same DNA strand breaks; however, TUNEL staining is about
1/3 less efﬁcient since the TUNEL protocol requirement of using
large proteins prevents penetration of these proteins into the
sperm nuclear matrix as opposed to the penetration ability of AO
molecules.
http://dx.doi.org/10.1016/j.toxlet.2016.07.660
S19-2
Assessing heritable genetic hazard in the 21st
century
F. Marchetti ∗ , M. Beal, J. O’Brien, A. Rowan-Caroll, C.L. Yauk
Environmental Health Science and Research Bureau, Health Canada,
Ottawa, Ontario, Canada
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Introduction: De novo mutations contribute to a wide range
of human diseases and there is a renewed interest in identifying
environmental agents and lifestyle factors that increase the risk
of heritable genetic hazard. It is also increasingly recognized that
diverse genomic changes can be induced in germ cells and impact
the health of the offspring. Therefore, characterization of the genotoxic effects of an exposure on germ cells requires assays that assess
different mutational mechanisms.
Objective: The goal of our research is to develop, validate, and
implement novel methods to identify environmental factors that
increase the risk of heritable genetic hazard.
Materials and methods: We used the MutaTM Mouse model and
two established germ cell mutagens, N-ethyl-N-nitrosourea (ENU)
and benzo(a)pyrene (BaP), to develop improved testing methods
for detecting point mutations and tandem repeat mutations in
male germ cells. Furthermore, we applied next generation sequencing for high-throughput mutation spectrum analysis to determine
whether there are mutational mechanisms that are unique to germ
cells.
Results: Studies employing the MutaTM Mouse lacZ assay to
detect point mutations in germ cells demonstrated that: (1) stem
cell spermatogonia are susceptible to mutation induction; (2) peak
responses for mutation induction during spermatogenesis occur in
dividing spermatogonia; (3) DNA repair mechanisms can prevent
mutations at low but not high doses; and (4) male germ cells have
a spectrum of spontaneous and induced mutations that is different
from somatic tissues. Studies employing single-molecule PCR analysis of two simple tandem repeat loci showed that both ENU and
BaP induced signiﬁcant increases in tandem repeat mutations in
spermatogonia. Furthermore, these mutations occur at doses that
do not produce increases in point mutations.
Conclusions: Our results show that environmental exposures
can induce mutations in stem cell spermatogonia resulting in a
permanent increase in the risk of heritable genetic damage and
that mutations in sperm can arise via mutational mechanisms that
are unique to male germ cells. These ﬁndings illustrate the utility
of these methods for understanding the mechanisms of induction
of heritable genetic damage and the potential consequences of
paternal exposures on abnormal reproductive outcomes.
Financial support: Health Canada Intramural Funds; Chemicals Management Program; Genomics Research and Development
Initiative.
http://dx.doi.org/10.1016/j.toxlet.2016.07.661
S19-3
Environmental exposures and sperm quality in
human populations
A. Giwercman
Department of Translationel Medicine, Lund University, Malmö,
Sweden
The meta-analysis published in 1992 by Carlsen et al., indicating a negative secular trend in sperm counts, has initiated a
huge debate on possible negative impact of environmental exposure on male reproductive function. Subsequently, it has been
suggested, that exposure to chemicals interfering with normal sex
hormone action – belonging to the category of endocrine disrupters
(ED) – may cause not only declining sperm counts but also other
male reproductive pathologies – testicular cancer, cryptorchidism,
hypospadias and androgen deﬁciency. Furthermore, early phases
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of fetal life have been pointed out as “critical exposure window” in
relation to the negative impact of ED on male reproductive system.
In the past more than two decades a number of studies have
addressed the issue of ED exposure and semen quality. Generally,
the majority of epidemiological studies are hampered by possibility
of relating early fetal exposure to semen quality. Furthermore, it has
been difﬁcult to disentangle the impact of the multitude of ED to
which the humans are exposed.
Summarizing the multitude of data emerging from these studies, following main conclusions can be derived:
1) Both pre- and postnatal exposure to chemicals classiﬁed as ED
may have a negative impact on semen parameters.
2) Even in highly exposed populations the effects are often,
although statistically signiﬁcant, rather discrete.
3) In many studies not sperm numbers but other parameter as e.g.
sperm motility or sperm DNA integrity seem to be negatively
associated with ED exposure.
4) There seems to be inter-individual variation in susceptibility to
the effects of ED.
5) There are no good data linking ED exposure to impairment of
fertility.
Thus, the available data does not give explanation to the signiﬁcant time related decline in sperm counts observed in some studies.
However, ED seem to have some negative impact on semen parameters and the impairment of sperm chromatin integrity may lead to
transgenerational effects, in particular when using techniques for
in vitro fertilization.
http://dx.doi.org/10.1016/j.toxlet.2016.07.662
S19-4
Sperm cells are target of pesticides toxicity
depending on the stage of maturation and type
of pesticide
B. Quintanilla-Vega
Department of Toxicology, CINVESTAV, Mexico City, Mexico
Pesticides are widely used in agriculture, urban pest control, health campaigns, and veterinary practices, and are involved
in thousands of intoxications annually in developing countries.
Organophosphate (OP) insecticides are among the most commonly
used pesticides, some of which are banned or restricted in some
countries. OP are characterized by their anti-acetylcholinesterase
(AChE) activity, leading to the cholinergic symptoms. Depending on their chemical structure, some OP are bioactivated via the
cytochrome P450 to their oxons with the subsequent generation
of reactive oxygen species (ROS). Human fertility is a public health
problem in several countries, and the male factor is involved in 41%
of cases. Semen quality has declined in recent decades and some
environmental contaminants, such as pesticides are under suspect
as risk factors. Results from our group in experimental models or
from epidemiological studies in agricultural workers have shown
that OP alters the sperm quality, the acrosome function, the bloodtestis barrier integrity and cause sperm DNA damage (8-OHdG), and
lipid peroxidation; these effects lead to a decrease in the fertilizing
capacity or embryo development. At the molecular level, OP toxicity target different stages of spermatogenesis, from spermatogonia
to maturing spermatozoa through oxidative stress or by protein
phosphorylation (adducts through the phosphate group), depending on the type of pesticide, either derived from thiophosphoric or
phosphoric acids. Considering that the sperm methylome may play
an important role as a marker of good quality, we recently found

that OP alter the sperm epigenetic mark (DNA methylation) in speciﬁc genes, such as those involved in the DNA repair. In general,
OP are not persistent in the environment, however some of them
are considered of high toxicity with adverse effects on the male
gamete that can affect human fertility and the progeny and have
to be considered on public health policies. This talk is ﬁnancially
supported by the Pesticides Toxicology Network (Conacyt-Mexico
#253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.663
Symposia S20: Toxicology data information networks in the 21st
century
S20-1
Usefulness of technological networks in the
clinical ﬁeld and transitional poisonings,
México DF
P. Escalante Galindo
Toxicology Center. Hospital Juárez. México, DF, Mexico
Since the beginning of the human being’s ﬁrst steps to the
present day, it has been necessary the continuous intercourse
between them. This has caused the development of different abilities of communication. Throughout the years, useful tools have
been created for this purpose.
We are always searching the experience of new things and to
share those of or own, knowing those which are similar to ours.
The best example is a social network inside the medical ﬁeld, it can
be applied from doctor to patient, but also vice versa, from patient
to doctor, improving the relationship between( them.
Because of the population overgrowth, it was important the creation the development of social networks, these are applied in all
the ﬁelds, including the medicine.
The medical social networks have open a whole new world
of possibilities to expand and to establish ways to impart and to
acquire knowledge. They are useful for teaching, effective and in
most cases secure; however, they can present disadvantages, but
the virtues they have are more attractive and promote an openmind towards the future. Here is a list of the most common social
networks: 1. Facebook. 2. Twitter. 3. YouTube. 3. LinkedIn. 4. WhatsApp. 5. Google.
By deﬁnition, a medical social network is the media which
makes easier the dissemination of information, team work,
self-sufﬁcient learning, communication between specialists and
doctor–patient, etc. The implementation of the social networks
in the medical ﬁeld takes part in the training of inexperienced
doctors, but also of those who have many years of experience.
The social networks eases the access, principally of those people who doesn’t have the resources to attend a private consultation,
either for living in inaccessible areas or for not having sufﬁcient economic resources. Before, it was almost impossible to inform about
a disease.
The medical social networks are great tools to communicate
with the scientiﬁc community of all over the world, and also to
have knowledge of the new developments.
However, it doesn’t exist any publication about the impact of
the social networks in medicine.
The Clinical Toxicology Center (Toxicological Information and
Assistance Center), of the Hospital Juarez de México, has 9 years
since its foundation, its functions are: (a) Medical aid to the
pediatric and geriatric patients, adults and pregnant females, (b)
medical training and teaching, (c) online consultancy (through
social networks) and (d) investigation.
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According to (c), the data base that the center has developed is
evidence of the increase in the toxicological consultation, since the
social networks began in Mexico. Additionally, the cases of intoxication and poisoning have increased because it is known their
existence.
The social networks have demonstrated their usefulness in the
communication of intoxicated patient’s consultancy, improving the
diagnosis of different toxicological agents. They ease the communication in the teaching and training of specialized doctors, nurses,
students and the pre hospital system; the hospital’s center of toxicology offers diploma courses, with a low cost and an important
beneﬁt.
http://dx.doi.org/10.1016/j.toxlet.2016.07.665
S20-2
Toxicology data networks and the experience of
Toxicol
G. Repetto 1,∗ , C. Alvarez Herrera 1 , M.R. Repetto 2 , A. del Peso 2
1
2

Area of Toxicology, Universidad Pablo de Olavide, Sevilla, Spain
Instituto Nacional de Toxicología y Ciencias Forenses, Sevilla, Spain

Introduction: A toxicology data network is a communication
system that is devoted to carrying computer information for the
different areas of Toxicology.
Objective: The main aim is to describe the use of data networks
in different scenarios, including the practical application to solve
real cases, in research and in teaching, to share knowledge and
develop attitudes and skills.
Results: Toxicol is an international multidisciplinary forum
for discussion and dissemination of information in Spanish on
Toxicology. It has more than 400 subscribers from 16 countries. It
is a useful tool based on email and web for group work. Among the
areas of interest include the different ﬁelds of toxicology, i.e.: (1)
Core Areas: Analytical, Clinical, Education, Experimental in vivo
and in vitro, General, etc. (2) Applied Branches: Environmental,
Cosmetics, Substance Abuse, Ecotoxicology, Pharmaceuticals,
genotoxicology, Judicial, Occupational, Mechanistic, Nutrition,
Systems-toxicology, Regulatory, Veterinary, etc. In Toxicol, professionals from diverse backgrounds (Biology, Biochemistry,
Chemistry, Veterinary Medicine, Pharmacy, Engineering, etc.)
interested in some aspect of Toxicology are involved. The debates
are of high scientiﬁc level, not useful or directed to the public, but
of great interest to professionals or those starting their professional
activity, as interns, PhD students and postdocs, etc. -[3ERRES] is
a similar forum focused on the use of alternatives to laboratory
animals, including in vivo, in vitro or in silico systems.
Conclusions: Data networks are very useful in different areas
of Toxicology.
Financial support: This work was partially funded with the
CTM2012-31344 project Spanish Ministry of Economy and Competitiveness and the FEDER program.
http://dx.doi.org/10.1016/j.toxlet.2016.07.666
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S20-3
The National Library of Medicine’s TOXNET
system and other global toxicology information
networks
P. Wexler
National Library of Medicine, Bethesda, MD, USA
Although digital toxicology information resources are
widespread globally, relatively few institutions carry major
compilations. This presentation will focus on the broad array of
free databases and other Web based toxicology tools offered by
the U.S. National Library of Medicine (NLM), primarily through
its TOXNET system. It will also make reference to two other
noteworthy resources, the U.S. Environmental Protection Agency’s
(EPA) ACToR and the Organisation for Economic Co-operation and
Development’s (OECD) eChemPortal.
NLM is the world’s largest biomedical library. Its Toxicology
and Environmental Health Information Program (TEHIP) has been a
leader in and focal point for information related to health and other
aspects of environmental toxicants since its inception in 1967.
Within its TOXNET system, the ﬂagship Hazardous Substances Data
Bank (HSDB) is an extensive peer-reviewed compendium of the
properties, health (human and other animal) and environmental
effects of over 5600 potentially hazardous chemicals. It is complemented by the Toxicology Literature Online database (TOXLINE)
containing more than 4 million references, largely with abstracts,
covering the biochemical, pharmacological, physiological and toxicological effects of chemicals, including drugs. Among other TEHIP
databases joining them are ChemIDplus, an extensive chemical
dictionary, and specialized ﬁles related to household products,
dietary supplements, occupational safety and health, risk assessment, carcinogenicity, toxicogenomics, animal alternatives, liver
toxicity, and drugs and lactation. NLM’s Toxic Release Inventory
(TRI) contains data collected by the U.S. EPA on releases of chemicals
to various environmental compartments. A companion database,
TOXMAP, utilizes maps as visualization tools for TRI.
Beyond its core databases, TEHIP has developed a variety of
other online tools. Enviro-Health Links, for example, links to scientiﬁcally reliable information on toxicological topics such as arsenic,
mercury, climate change, outdoor air, and pesticides. A number
of K-12 offerings are geared to giving young students a ﬂavor of
toxicology and environmental health.
The presentation will conclude with two other signiﬁcant portals to toxicology information: EPA’s ACToR, an online warehouse
of publicly available chemical toxicity data and OECD’s eChemPortal, gathering its information from 29 global sources of data on
chemical hazard, risk, exposure, and use.
http://dx.doi.org/10.1016/j.toxlet.2016.07.667
S20-4
Activities of the center for information and
study of drugs and poisons
L.M. Peña Acevedo
CIEMTO. Universidad de Antioquia, Medellín, Colombia
The Center for Information and Study of Drugs and Poisons –
CIEMTO – born in the Pharmacology and Toxicology Department
at University of Antioquia Medical School (BPIN 2013000100183).
Since its inception in November 2014, the center has worked to
save lives and improve them Integrating scientiﬁc, technological
and innovation tools to the pharmacology and toxicology specialist
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advice, seeking to improve patient care and working for the rational and safe use of drugs and other substances. According to the
National Epidemiological Surveillance System – SIVIGILA, the incidence of poisonings has increased from 11 per 100,000 in 2005 to
69 per 100,000 in 2015. Since 1979, the Colombian government
deﬁned the need to poison control centers, which have operated
intermittently, minimally, and only in a few big cities.
Colombia as a developing country with high consumption of
chemicals substances with different toxicity level; the irrational
use of drugs, and the unsafe manipulation of pesticides and heavy
metals are among the main causes of intoxication, moreover
the venomous animals accidents are not unfrequent. Thus, given
the need to address the toxicological emergencies, regional and
national levels, CIEMTO is formed.
By means of knowledge management, we have the ability to
identify market needs and create innnovative treatments, ensue
patient safety and promote the responsible use of drugs and other
substances. Our aim is to become in an international reference
center for the academic and scientiﬁc contributions in the area;
recognized by a timely diagnosis and the high quality treatment
provided to our patients.
In order to increase the community access to health care inuring a poisoning, we are using telehealth and telemedicine tools for
aspects as promotion, prevention, diagnosis, treatment and rehabilitation. Our strategic units are Telehealth, Antidotes (in silica
development of new antidotes, and antidotal bank), Pharmacology and Toxicology lab, Bioinformatics (development of software
and analysis of big data), development and Pharmacometrics and
clinical studies (PK/PD and simulation).
http://dx.doi.org/10.1016/j.toxlet.2016.07.668
S20-5
Activities of the Iberoamerican network of
toxicology and chemical safety
E. De la Peña 1,∗ , O. Herrero 2 , P. Escalante 5 , F. Cavieres 3 ,
R. Gutierrez 4 , A. Píllco 1
1

Consejo Superior de Investigaciones Cientíﬁcas CSIC, Spain
Universidad Nacional de Educación a Distancia, Spain
3 Universidad de Valparaíso, Chile
4 Centro Médico Nacional La Raza, Mexico
5 Hospital Juárez de México, Mexico
2

The RITSQ began in March 2008 and since then it has had
80,757 visits (7/7/2016) to the website, there have been more
than 1500 people from 140 countries and since then we have
done and presented 82 posters at meetings, and conferences. The
RITSQ aims are: (1) to coordinate the participation of the different existing groups in universities and research organizations
from Iberoamerica, involved in studies related to toxicology; (2) to
strengthen collaboration and academic exchange between Masters
and Doctorate programs from different Iberomerican countries,
which have as their objective the study and research in toxicology or related areas; (3) to encouraging conducting joint research
projects between Iberoamerican teachers and researchers, student
internships and academic events; (4) to research further the short
and long term test methods used in the evaluation of carcinogenicity, mutagenicity and reproductive toxicity of chemicals and
mixtures of chemicals; (5) to develop and standardize analytical
methods for the identiﬁcation of biomarkers of exposure, effect
and susceptibility for chemicals and chemical products on humans
and the environment; (6) to apply methods of assessing the risk
to human health and the environment of chemicals and chemical
products; (7) to promote scientiﬁc exchange of professionals inter-

ested on food; and (8) to promote the use of alternative methods
to animal experimentation. The RITSQ developed in collaboration
with the AETOX and others, a constant dissemination of information of toxicological concern, it is a link between the scientiﬁc
and educational community in Iberoamerica, Portugal and Spain.
Total to RITSQ website, the following visits are as follows: 9609 in
2009, and 80,757 since January to July and so far in 2016, these
visits show interest in the dissemination and announcement of the
events, collaboration, academic exchange and sharing of existing
groups at universities and research organizations in Iberoamerica, involved in teaching and research, in everything related to
Toxicology.
http://dx.doi.org/10.1016/j.toxlet.2016.07.669
Symposia S21: Timely protection of public health from exposure to neurotoxicants in Latin America: current challenges, and
strategies to overcome them
S21-1
Recycling of e-waste: An estimation of
cumulative health risks posed to vulnerable
populations through exposure to neurotoxicant
mixtures
A. Laborde
Department of Toxicology, Faculty of Medicine, Hospital de Clinicas.
Montevideo City, Uruguay
Introduction: E-waste recycling is a new, emerging source of
several chemicals which affect the nervous system including lead,
a well-known developmental neurotoxicant. Montevideo city has
more than 100 small hotspots for e-waste open burning. These
hotspots are the source of lead exposure in 24% of the children who
were evaluated by the Uruguayan Pediatric Environmental Unit.
There is concern about the spread of toxic hotspots at low-income
neighborhoods of Latin-American cities using primitive practices
for e-waste recycling. Exposure to e-waste toxic chemicals may
occur during the recycling process or via contaminated soil, air,
water or food. Unsafe recycling practices, such as the open burn,
are the most important sources of exposure to e-waste related
hazardous chemicals.
Research: E-waste contains a cocktail of other neurotoxic chemicals derived from the original device materials, and contaminants
generated by the process of recycling; Lead, Mercury, Cadmium,
Dioxins, PBBs and PCBs have been found in the exposed workers at recycling sites and surrounding population. There is no
robust evidence of clinical effects in the population chronically
exposed, including in villages where most of the population, including women and children, work in the informal recycling (eg.
Agloboshie Gana, Guiyu, China). However, children and developing fetuses are particularly vulnerable, and there is an increasing
body of evidence strongly suggesting adverse effects after exposure during early life. E-waste related chemical contamination plus
that resulting from recycling practices, may produce growth retardation, neurological alterations and endocrine disruption during
postnatal development. This presentation will describe our recent
progress conducting studies aimed to inform decision-making processes supporting an adequate balance between the beneﬁts for
the community and the adverse neurological impacts of e-waste
recycling.
http://dx.doi.org/10.1016/j.toxlet.2016.07.671

Abstracts / Toxicology Letters 259S (2016) S4–S62

S21-2
Continuous presence of lead in toys: The urgent
need for intervention
J.P. Ramos-Bonilla ∗ , A. Mateus-García
Department of Civil and Environmental Engineering, Universidad de
los Andes, Bogotá, DC, Colombia
Introduction: Lead exposure is associated with adverse health
outcomes in both children and adults. Lead is a known neurotoxic,
and the effects observed in children exposed to this metal include
developmental and behavioral problems. In 2007 several recalls
of toys manufactured in China that were contaminated with lead
occurred at the global level. Colombia was not the exception, and
because of this Resolution 3388/08 was enacted in 2008, limiting
the maximum soluble portion of lead in paint to 90 ppm. Nevertheless, the subsequent efforts to enforce Resolution 3388/08 seem
insufﬁcient, and no quantitative surveillance program has been
implemented at a national scale.
Objective: Determine the presence of lead in paint of toys sold
in the formal market of Bogotá, Colombia, and analyze some potential reasons that explain the lack of governmental intervention to
reduce lead exposure.
Materials and methods: Ninety-six toys randomly selected
were purchased in 24 stores identiﬁed by cluster sampling. Only
toys with speciﬁc colors were selected, based on the most common
paint colors contaminated with lead identiﬁed in peer-reviewed
studies. Country of origin of the toy was also determined. Total lead
content was determined using ICP-OES. Multivariate linear regression models were applied to identify variables associated with lead
content of toys.
Results: Five-percent (5%) of the toys had total lead content
exceeding 90 ppm. Lead paint concentration ranged between below
de limit of detection (5 ppm) and 47,600 ppm (mean = 1024 ppm).
Multivariate linear regression models showed a signiﬁcant association between brown paint and lead content (p = 0.039, reference
black paint), and between toys manufactured in Colombia and lead
content (p = 0.000, reference toys manufactured in Malaysia). A signiﬁcant interaction was also observed between brown paint and
Colombia as country of origin. Results were communicated to different regulatory agencies at the national and local levels.
Conclusion: There have been no major changes in surveillance of lead in toys, despite the ﬁndings of the study presented
before. Lack of laboratories for lead analysis and limited technical
knowledge among regulatory agencies could explain the absence
of interventions to control lead exposure from children’s products.
Financial support: Funding was obtained from the Vice-President
Ofﬁce for Research and the Department of Civil and Environmental
Engineering at Universidad de los Andes.
http://dx.doi.org/10.1016/j.toxlet.2016.07.672
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S21-3
From pesticide product R&D and registration to
completion of a knowledge base on health risks
by exposure to pesticide formulations: What
should scientists do to protect public health in
the interim?
M.J. Wolansky
Departmento Química Biológica, Facultad de Ciencias Exactas y
Naturales, Universidad de Buenos Aires and Instituto IQUIBICEN,
CONICET. Ciudad de Buenos Aires, Argentina
It often takes long to optimize regulations on environmental compounds and food quality due to insufﬁcient toxicological,
epidemiological and environmental information to make wellinformed, health risk management decisions. In the interim,
millions of people including women of child-bearing age and little
children may be occasionally or often exposed to many hazardous
chemicals at levels we would not be able to establish safety. First,
I will introduce the symposium Timely Protection of public health
from environmental exposure to neurotoxicants in Latin America:
Current challenges, and strategies to overcome them by brieﬁng on
a few exemplars of +30-year delay between successful marketing of chemical products and reconsideration of health risks and
severe restrictions to commercialization. Then, two scientists from
Latin America (Colombia and Uruguay) will address the challenges
they often face to produce scientiﬁc data useful to generate well
informed decisions at private and public sectors, focusing on the
problems that lead in toys and e-waste cause in Public Health.
Thereafter, I will follow these presentations offering a summary
of my own experience working on cumulative risk assessment
projects for pesticide mixtures at the US, and more recently at my
home city, Buenos Aires, using laboratory rats and a glia-related
cell line as experimental models to obtain extensive time- and
dose-effect datasets for pyrethroid (PYR) insecticides. PYRs are neurotoxicants with potent biocidal activity in target species, and a
safer toxicological proﬁle for agricultural and home pest control
compared to organochlorines and acetylcholinesterase-inhibiting
organophosphates and carbamates. Prioritization of Public and
Environmental Health issues is not always a concerted action
between the multiple sectors exposed to environmental, pharmaceutical, cosmetic, and food chemicals; agrochemicals are not
the exception. Furthermore, while most of the knowledge base
on health risks for pesticides is generated in a few studies conducted in a few countries, globalization makes the pest control
products reach crops, homes, streets, schools, ofﬁces, etc. worldwide. Hence, in a majority of countries it would be impossible
to ascertain how alike are health risks posed to humans through
exposure to pesticides according to differences in culture, geography, socioeconomics, usage, and waste management. These three
presentations will thus illustrate on a realistic dilemma raising a
relevant question: how we can reach ﬁnal goals in health protection
in a timely fashion without affecting scientiﬁc rigor? Finally, we
will include a perspective from a US EPA scientist to provide insight
into some novel methods to screen hazardous chemicals in a timely
manner which may be used by regulators to expedite prioritizing
risk assessment efforts, optimizing protective decisions for vulnerable populations.
Financial support: MJW was a Research Associate at US Environmental Protection Agency during 2003-2007. Since then, MJW is
a Professor in Toxicology at University of Buenos Aires (UBA), and
Argentina Natl Res Council (ARG-NRC) Scientist. UBA, ARG-NRC and
ARG-National Ministry of Science and Technology support MJW
investigations.
http://dx.doi.org/10.1016/j.toxlet.2016.07.673
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S21-4
Development and use of alternative assays in
risk assessment: DNT considerations
T.J. Shafer
Integrated Systems Toxicology Division, National Health and
Environmental Research Laboratory, U.S. Environmental Protection
Agency, Research Triangle Park, NC, USA
Introduction: Of the tens of thousands of chemicals in the environment, less than 200 have been adequately characterized for
their potential to cause developmental neurotoxicity (DNT). In part,
this is the result of guideline studies for DNT are costly, timeconsuming and use hundreds of animals for each compound that is
assessed. Thus, there is a critical need for high-throughput, in vitro
assays to screen and prioritize compounds for the potential to cause
DNT.
Objective: In order to address this need, our group at the EPA has
been developing assays that use high-content imaging (HCI) and
microelectrode array (MEA) recording approaches to characterize
chemical effects on key neurodevelopmental processes, including
proliferation, differentiation, synaptogenesis and network function.
Materials and methods: The ability of these assays to identify
DNT compounds is being evaluated by testing a reference set of
developmentally neurotoxic compounds and by using cell-based
assays for proliferation, neurite outgrowth, synaptogenesis and
functional network formation. High Content Imaging and microelectrode array recording techniques are being used to assess the
ability of these assays to detect alterations induced by the reference
set compounds. Selected sets of compounds of regulatory interest
have then been tested using these assays.
Results: Assays developed to date are able to detect effects of
reference compounds with high sensitivity and speciﬁcity. This
presentation will provide an overview of the various assays and
examples of how they currently providing information to regulatory decision-makers.
Conclusions: High-throughput, in vitro assays can be used to
screen and prioritize compounds for their potential to cause developmental neurotoxicity, and they can be utilized by regulatory
decision-makers.
Financial support: This work was supported by the US Environmental Protection Agency. (This abstract does not reﬂect EPA
policy.)

during gestation may result in a variety of adverse outcomes
when the developing organism reaches adulthood. On the other
hand, there are many factors involved in the transfer of chemicals
into the milk and subsequently to the suckling neonate, including
lipophilicity, ionization and maternal plasma protein binding.
Objective: To investigate toxicity transfer of some pesticides
from mouse dams to their fetuses and offspring during gestation and lactation, and the ameliorative effect of vitamin E
(␣-tocopherol) jointly administered with the tested pesticides.
Materials and methods: Atrazine (ATZ), endosulfan (END) and
chlorpyrifos (CPF), were singly administered to pregnant mouse
dams, with and without vitamin E. Similarly, other groups of lactating dams were treated. In both cases, each of the tested pesticides
was administered at its “acceptable daily intake; ADI” via the rodent
feed.
Results: Compared with the control results, all the tested
pesticides induced alteration in a number of biochemical and
histopathological parameters either in the dams or their offspring. Activities of lipid peroxidation (as malondialdehyde, MDA)
were elevated, while those of superoxide dismutase (SOD) and
butyryl cholinesterase (BuChE) were declined. Fortunately, coadministration of vitamin E showed noticeable ameliorating effects
for the above mentioned enzymes, either to mouse dams or their
offspring. NMR-based metabonomic spectroscopic analyses for
liver from endosulfan treatment revealed metabolic disturbance
associated with oxidative stress. LC/MS/MS analyses for liver tissues of treated dams and their offspring revealed presence of some
metabolites associated to the tested pesticides.
Conclusions: The ﬁndings of the present study shed light to the
problem of oxidative stress of some pesticides at concentrations
characterized as “safe doses”, and reveal placental and breastfeeding transfer of pesticides’ toxicity from mouse dams to their
pups. On the other hand, the study emphasizes the ameliorative
effect of vitamin E. However, it may be difﬁcult to conclude, in
a general statement, which exposure stage was much affected
following exposure to each of the tested pesticides. But we can
suggest which stage was more vulnerable to alteration of a speciﬁc
parameter.
http://dx.doi.org/10.1016/j.toxlet.2016.07.676
S22-2
Biomarkers in developmental toxicity of
anticholinesterase pesticides
R.C. Gupta

http://dx.doi.org/10.1016/j.toxlet.2016.07.674
Symposia S22: Adverse effects of pesticide exposure on fetus and
newborn infant
S22-1
Which exposure stage (gestation or lactation) is
more vulnerable to pesticide intoxication and
antioxidant alleviation? Studies on mouse dams
and their pups
S.A. Mansour
Environmental Toxicology Research Unit (ETRU), Pesticide Chemistry
Department, National Research Centre, Dokki 12311, Cairo, Egypt
Introduction: Women, during pregnancy and lactation, may
expose to low doses of pesticides from different environmental
sources. There is growing evidence that exposure to xenobiotics

Department of Toxicology, Murray State University, Hopkinsville, KY,
USA
Introduction: Anticholinesterase compounds (primarily
organophosphate and carbamate) constitute a large number of
chemicals, and currently, they are used worldwide as pesticides in
agriculture, gardens and in and around homes and ofﬁces. These
pesticides are known to produce developmental neurotoxicity in
humans and animals.
Objective: To characterize the biomarkers involved in developmental toxicity of organophosphates and carbamates.
Materials and methods: Using the latest technologies, the
quantiﬁable biomarkers of exposure, effects, and susceptibility to
OPs and CMs are described.
Results: Both organophosphates (OPs) and carbamates (CMs)
produce acute toxicity by virtue of inhibiting acetylcholinesterase
(AChE) and causing hypercholinergic preponderance. In addition
to key cholinergic elements, these compounds also target many
noncholinergic neurotransmitters, receptors and enzymes, thereby
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affecting multiple organs/systems (nervous, cardiovascular, respiratory, immune, etc), producing a variety of adverse effects varying
from minor discomfort to mortality. Published evidence strongly
indicates that the unborn, toddlers, and young children are more
sensitive than adults due to lack of or insufﬁcient metabolism and
defense system. Long-term low level exposures to these pesticides
are linked to neurodegenerative diseases (such as Alzheimer’s and
Parkinson’s), diabetes, and other diseases. Quantiﬁable biomarkers
for cholinergic and noncholinergic parameters involved in neuroinﬂammation, neurotoxicity, neuronal death, embryotoxicity,
fetotoxicity, teratogenicity, and placental toxicity have been
investigated in various in vitro and in vivo studies. Using the latest
techniques, biomarkers of exposure, effects, and susceptibility to
OPs and CMs offer explanations to many challenging questions.
Conclusions: Biomarker studies suggest that the brain of a
developing organism is more vulnerable than the brain of an adult
to the neurotoxic and neurobehavioral effects of OPs and CMs. Of
course, these pesticides adversely affect many other organs, producing a variety of toxic effects. Biomarkers will continue to play
signiﬁcant roles in exposure, effects and susceptibility to OPs and
CMs.
http://dx.doi.org/10.1016/j.toxlet.2016.07.677
S22-3
Are OP developmental toxicants? The example
of chlorpyrifos
E. Vilanova ∗ , C. Estevan, J. Estévez, D. Pamies, M.A. Sogorb
Unit of Toxicology, Institute of Bioengineering. University Miguel
Hernández of Elche, Alicante, Spain
Introduction: Neurobehavioral and neurological alterations
have been reported in children from agricultural communities.
The developmental toxicity of organophosphorus compounds (OP)
remains uncertain. Chlorpyrifos (CPS) is causing cholinergic and
delayed syndromes through the inhibition of acetylcholinesterase
and neuropathy target esterase (NTE).
Objective: Understanding potential developmental toxicity of
CPS on the basis of in vitro mechanistic studies.
Results: We conﬁrmed NTE role in cell differentiation and development by silencing NTE gene (Pnpl6) in the mouse embryonic stem
cell model and in a more complex human cell model of neurodevelopment, observing strong alterations in developmental pathways
and neuronal differentiation. We tested, in D3 mouse embryonic stem cells under differentiation with CPS and its main active
metabolite chlorpyrifos-oxon (CPO) on the expression of biomarkers genes, previously reported to be under- or overexpressed after
Pnpla6 silencing in this same cellular model. Results were also compared with model strong, weak and non-embryotoxic compounds.
CPS and CPO at concentrations that caused NTE inhibition at similar levels to mipafox signiﬁcantly altered the expression of most
of these genes but mipafox did not. Paraoxon (OP able to inhibit
esterases but not NTE) caused similar effects to CPS and CPO.
Conclusions: The molecular mechanism for the neurodevelopmental toxicity induced by CPS is not based on NTE inhibition; other
unknown esterases might be potential targets and a research in
multi-target approaches is going on. The observed alterations in
gene biomarkers at non-cytotoxic concentrations support CPS to
be considered a potential developmental toxicant. However the
concentrations, although no cytotoxic, are causing strong acetylcholinesterase inhibition. Consequently, it is unlikely to cause
embryotoxicity at dose compatible with life. Gene expression
seems to be good end-point for improving predictability of in vitro
tests reducing complexity and time of the assay. Additionally,
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molecular based objective endpoints are provided for understanding the relationship between target of neurotoxicity in adult and
role in neurodevelopmental toxicity.
http://dx.doi.org/10.1016/j.toxlet.2016.07.678
S22-4
Neurobehavioral toxicity at adult period
induced by pesticide exposure at juvenile period
K. Tanemura 1,∗ , J. Kanno 2
1 Laboratory of Animal Reproduction and Development, Graduate
School of Agricultural Science, Tohoku University, Sendai, Miyagi,
Japan
2 Japan Bioassay Research Center, Japan Organization of
Occupational Health and Safety, Hadano, Kanagawa, Japan

Central nervous system is formed under the genetic information
and ﬁne-tuned by the proper neural signals at each developmental
phase. The proper neuronal activities are used for the formulation
and the maturation of the neural networks. In this context, the brain
dysfunction or morphological defect associated with the behavioral
abnormality in the adult phase can be caused by the exogenous
disturbance, including chemicals, of neural signals during critical
periods of brain development.
Under current regulation of chemicals, adult experimental animals are exposed, and the methods to monitor neuronal endpoints
are largely limited to those related to peripheral nervous system.
Adverse effects on behavioral endpoints are known to be difﬁcult to
monitor in such adult studies. Theoretically, as mentioned above,
late neurobehavioral effect induced by early exposure has to be
addressed by a perinatal exposure studies.
Here, we report a screening system to identify delayed neurobehavioral toxicity induced by early exposure to chemicals with a
quantitative indicators generated by a battery of ﬁve tests, i.e. open
ﬁeld, light-dark transition, elevated plus maze, fear conditioned
learning, and prepulse inhibition tests. Male C57BL/6 mice were
subject to the test battery at the age of 12 weeks. Chemical exposure was performed, orally, at the age of 2 weeks (juvenile exposure,
oral gavage) or, for comparison, at 11 weeks (adult exposure, oral
gavage).
A remarkable deviation of anxiety related behavior accompanying memory deﬁcit (at 12 w) were induced by acephate
(organophosphate insecticides) at 2 w. Percellome Toxicogenomics
analysis of the cerebral cortex, hippocampus, brainstem and cerebellum using Affymetrix GeneChip revealed signiﬁcant effect on
cerebral cortex immediately after the exposure at 2 w. Pathway
analysis pointed out a dysfunction of myelin, which is suggestive
of disturbance in axonal function.
The impairment of learning and memory (at 12 w) were induced
by the single oral administration of acetamiprid and imidacloprid
(neonicotinoid insecticides) at 2 weeks of age. Immunohistochemical analysis on brain of 12 w mice revealed reduction in
neurogenesis activities in hippocampus as a persistent alteration.
These ﬁndings were considered to link with the behavioral impairments. More details will be presented. (Supported by The Health
and Labour Sciences Research Grant, MHLW, Japan)
http://dx.doi.org/10.1016/j.toxlet.2016.07.679
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S22-5
Genetic association (PON1 activity, MDR 1 gene)
and adverse effects on infant
growth/neurodevelopment
S. Sardas
Department of Toxicology, Marmara University-Faculty of Pharmacy,
Istanbul, Turkey
Pesticides have now become an integral part of our modern life
and continuous exposure to low doses of various pesticides from
different sources in general population is unavoidable. Genetic
variability risk in response to chronic exposure are offered by
human health hazard studies. Different populations may have different susceptibility to pesticides based on their national origin,
genotype/phenotype, race/ethnicity. Pesticide detection in maternal cord blood samples, prenatal urine samples of pregnant women
shows the continuous exposure to low doses. The purpose of
this presentation is to discuss: human paraoxonase (PON1) and
the multidrug resistance 1 (MDR1) gene as indicators used for
the prediction of the adverse effects of pesticides on pregnant
women, newborns and children as well as their reliability and
accuracy in the risk assessment. Paraoxonase (PON1) is known
to detoxify a pesticide before it inhibits acetylcholinesterase and
protects lipoproteins from oxidation by possessing antioxidant
effects on lipids. The genetic contribution to PON1 enzyme variability was higher in newborns and there is mounting evidence
that establish a link between pesticides exposure and the PON1
gene polymorphisms affecting, renal, cardiovascular, respiratory
system risk factors, and signiﬁcant decrements in IQ of children.
The human multidrug resistance 1 (MDR1 or ABCB1) gene encodes
P-glycoprotein and functions as an efﬂux pump to minimize intracellular exposure to toxic compounds, including pesticides and
other chemicals which have been implicated in the etiology of
childhood leukemia. Several epidemiologic studies, have consistently reported an increased risk of childhood leukemia associated
with indoor use of pesticides points the importance of timing of the
exposure during the pregnancy period by preliminary evidence of
a differential effect on childhood ALL risk associated with MDR1
polymorphism. In conclusion, we are in need of innovative genetic
study designs/observations on selected pathways with adequate
statistical power to increase our scientiﬁc understanding of the
links between pesticide exposure and childhood disease risks to
minimize risk in future generation.
http://dx.doi.org/10.1016/j.toxlet.2016.07.680
SYMPOSIA 23 – Listening to the microbiome: What it says about
environmental chemicals, drugs, disease and toxicology
S23-1
Introduction to the microbiome
C.A. McQueen
US Environmental Protection Agency, United States
The microbiome is deﬁned as the collection of microorganisms
present in or on the human body. The numbers are impressive.
There are ten times more microbial cells compared to human cells
in the adult body. But the microbome is more than just the number
of cells. It is the genes they contain and the metabolic capability
they contribute that support human health. Disruption of these
microbial ecosystems is linked to diseases such as cancer, obesity, diabetes and neurological disorders. Currently, the focus of
research such as the Human Microbome Project is on identifying

and sequencing the microbial genomes then linking particular
genes with human disease. Strategies to manipulate the microbial
populations are being explored as methods for disease prevention
or treatment. Less attention is being paid to how xenobiotics (chemicals foreign to the body) may result in adverse health outcomes due
to changes in the micobiome or how the microbiome mediated biotransformation of environmental chemicals and therapeutic drugs
affects responses to chemicals.
Evidence is mounting that the microbiome is a key player in
human health. The proposed symposium will delve into the link
between environmental chemicals and drugs that interact with
the microbiome and the mechanisms that adversely affect human
health.
http://dx.doi.org/10.1016/j.toxlet.2016.07.682
S23-2
Metabolism of anticancer drugs by the human
gut microbiome
P. Spanogiannopoulos ∗ , P.J. Turnbaugh
Department of Microbiology & Immunology, G.W. Hooper
Foundation, University of California, San Francisco, 513 Parnassus
Avenue, San Francisco, CA 94143, USA
Introduction: The treatment of cancer is notoriously difﬁcult
due to the high toxicity of the current medications and unpredictable variations between patients. Polymorphisms in the human
genome are certainly important, but they often fail to explain most
of the observed variation in treatment outcomes.
Objective: We propose that the gut microbiome, encoded by
the trillions of microbes that thrive in the gastrointestinal tract, is
a major contributor to inter-individual variation in anticancer drug
response. We are currently focused on capecitabine (CAP), due to
its widespread oral administration for colorectal and other cancers, the unexplained differences in drug efﬁcacy and toxicity, and
studies suggesting that the mechanism of action and metabolism
of this class of compounds (ﬂuoropyrimidines) is conserved in gut
bacteria.
Materials and methods: We assessed the reciprocal interactions between anticancer drugs and the human gut microbiome
using ex vivo incubations of gut microbial communities, a panel
of 50 bacterial isolates, and the colonization of germ-free mice
coupled to analytical and biological assays for drug metabolism.
Results: Ex vivo incubations of human gut microbial communities demonstrated that 5-ﬂuorouracil, a downstream metabolite of
CAP, impacts the cellular integrity and growth of gut bacteria. The
sensitivity of individual bacteria was highly variable with some of
the most highly resistant strains capable of drug inactivation. Oral
administration of CAP to conventionally raised mice and gnotobiotic mice colonized with a human gut microbiome resulted in
signiﬁcant changes in abundance, suggesting that the long-term
use of anticancer drugs may be complicated by changes in gut
microbial drug metabolism and resistance.
Conclusions: Our results provide the ﬁrst step towards understanding the microbial mechanisms that shape the toxicity and
pharmacokinetics of anticancer drugs. Additional studies in animal models and human cohorts are needed to evaluate the clinical
relevance of these ﬁndings and their utility in improving clinical
medicine.
Financial support: The Canadian Institutes of Health Research
(PS) and the National Institutes of Health (PJT, R01HL122593)
supported this work. PJT is a Nadia’s Gift Foundation Innovator
supported, in part, by the Damon Runyon Cancer Research Foundation (DRR-42-16), the UCSF Program for Breakthrough Biomedical
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Research (partially funded by the Sandler Foundation), and the
Searle Scholars Program.
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S23-3
Gut microbiome and host physiology

resistance. Furthermore, we used a microbiota identiﬁcation strategy which allows to set up a gut-microbiota based-vaccine strategy
that prevents the impact of a fat-enriched diet-induced metabolic
disease.
Hence, a change in intestinal permeability and immune defense
by gut microbiota dysbiosis is demonstrated a potential therapeutic
target of metabolic disease.

N.P. Hyland

http://dx.doi.org/10.1016/j.toxlet.2016.07.685

Department of Pharmacology & Therapeutics and APC Microbiome
Institute, University College Cork, Cork, Ireland, United Kingdom

S23-5
Gut microbiome and arsenic biotransformation

Host–microbe interactions have gained considerable attention
in recent times with regards to their role in various organic disorders and diseases many of which are characterised by alterations in
host gastrointestinal (GI) physiology and function. More microbes
are resident in the distal colon than in any other part of the body,
and this microbiota has the capacity to inﬂuence enteric nerve
development, excitability, and GI function. Accordingly, evidence
has grown to support the efﬁcacy of probiotics in the management of GI disorders, with both human and animal studies alike
demonstrating a positive inﬂuence of probiotic bacteria and commensal organisms in disorders associated with either diarrhoea
or constipation. Diarrheagenic GI diseases, such as those caused
by Vibreo cholera or enterpathogenic Eschericia coli, have wellcharacterised interactions with the host that explain much of the
observed symptoms, in particular severe diarrhoea. However, the
mechanisms of action of non-pathogenic bacteria or probiotics on
host physiology are less clearly understood. In the context of deﬁning the mechanisms of action of probiotics in vitro and ex vivo, the
Ussing chamber has proven to be a particularly useful tool used
to deﬁne molecular targets for microbes and putative probiotics
in the regulation of intestinal secretory and absorptive function.
Moreover, germ-free (GF) animals have proven an equally valuable tool in interrogating the communication between microbiota
and host.
Financial support: The APC Microbiome Institute is a research
centre funded by Science Foundation Ireland (SFI), through the
Irish Government’s National Development Plan (Grant Number
12/RC/2273).

K. Lu

http://dx.doi.org/10.1016/j.toxlet.2016.07.684

http://dx.doi.org/10.1016/j.toxlet.2016.07.686

http://dx.doi.org/10.1016/j.toxlet.2016.07.683

S23-4
Gut microbiota-impaired intestinal immune
defense and diabetes
R. Burcelin
Inserm, Toulouse, France
The last decade demonstrated the crucial role of gut microbiota
on metabolic diseases. We here demonstrated that a gut microbiota
dysbiosis induced by a fat-enriched diet causes hyperglycemia and
obesity.
By the mean of omics and hypothesis driven strategies we
identiﬁed molecular mechanisms responsible for an impaired antigen presenting cell to lymphocyte co-stimulatory process in the
intestine. Microbiota-associated molecular patterns such as NOD2,
corresponding signaling pathways, and pesticides through AhR
have been causally identiﬁed to reduce the number of IL17producing CD4T cells in the lamina propria leading to an increased
bacterial translocation from the gut to the adipose depots. This process sets the tone for adipose tissue inﬂammation leading to insulin

Department of Environmental Sciences and Engineering, University
of North Carolina, Chapel Hill, NC 27599, United States
The gut microbiome is a very complex dynamic system that
contains trillions of bacteria and 100-fold more unique genes
than human genome. The gut microbiome is deeply involved in
host metabolism. Exposure to arsenic affects large human populations worldwide and has been associated with a long list of
human diseases, including skin, bladder, and lung cancers, diabetes, and cardiovascular disorders. In addition, there are large
individual differences in susceptibility to arsenic-induced diseases,
which are frequently associated with different patterns of arsenic
metabolism. Several underlying mechanisms, such as genetic polymorphisms and epigenetics, have been proposed, as these factors
closely impact the individuals’ capacity to metabolize arsenic. The
role of the gut microbiome in directly metabolizing arsenic and
triggering systemic responses in diverse organs raises the possibility that perturbations of the gut microbial communities affect
the spectrum of metabolized arsenic species and subsequent toxicological effects. We have shown that altered gut microbiome
induced by host factors and bacterial infections led to different biotransformation of arsenic and associated toxicological responses.
These ﬁndings demonstrate how microbiome and arsenic exposure interact and may also provide novel insight regarding the gut
microbiome composition as a new risk factor of individual susceptibility to arsenic exposure and beyond.

Symposia S24: Organ-on-Chip technology: challenges and interpretation of the data
S24-1
Neurovascular unit components on a chip as a
model to study traumatic brain injury
S.F. Ali
Head, Neurochemistry Laboratory, Division of Neurotoxicology,
National Center for Toxicological Research/FDA, Jefferson, AR, USA
Introduction: Traumatic brain injury (TBI) is an important cause
of death and disability in the USA. According with the Center for
Disease Control and Prevention, TBI-related deaths and hospitalizations are 823.7 per 100,000 individuals. Due to TBI prevalence,
it is important to understand the cellular events that take place
after TBI in the different cell types that form the neurovascular unit
(NVU), in order to develop new treatment options. Different animal
models have been used to study the effects of TBI; however, the use
of in vitro models offer the advantages of lower costs, fewer ethical
issues and better control of the experimental variables, including
the use of human cells.
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Objective: The aim of this study is to develop an in vitro TBI-on
a chip model using the different cell types that constitute the NVU.
Materials and methods: The TBI-on-a-chip will be composed by
a PDMS chip on top of a silicone membrane; the different cells that
form the NVU will be plated on top of the membrane. Deformation
due to uniaxial high-speed stretch (HSS) will be achieved by moving
a linear actuator to produce 0, 5, 10 and 15% deformation of the
membranes. Live/dead staining, LDH release, caspase 3/7 staining,
nitric oxide (NO) production and protein analysis will be valuated
24 h after a single stretch injury.
Results: We will discuss the challenges on the design of the TBI
on a chip model. The results of cellular, molecular and biochemical
analysis and the similarities and differences between our TBI on a
chip system with in vivo models will be discussed.
Conclusion: Upon complete validation, the TBI on a chip system has the potential to be used as a model to study drugs for the
treatment of TBI.
Financial support: NCTR Protocol E7584.01.
http://dx.doi.org/10.1016/j.toxlet.2016.07.688
S24-2
Organ-on chip systems to evaluate functional
cardiovascular toxicity
J. Morales ∗ , K. Balachandran
Department of Biomedical Engineering, University of Arkansas,
Fayetteville, AR, USA
Introduction: While methods to evaluate biological toxicity are
very prevalent, funcitonal assessments are limited. This paper is
divided into two separate studies. In the ﬁrst study, we studied the
functional toxicity of radiation therapy on cardiac myocytes. In the
second stufy, we explored the role of serotonin and angiotensin
exposure on cardiac valve interstitial cells.
Objective: The overall objective of this study was to utilize an
organ-on-chip contractility assay to monitor functional cardiovascular toxicity of cardiac myocytes and cardiac valve interstitial
cells.
Materials and methods: We developed a polymer thin ﬁlmbased drug contractility assay. We utilized this assay to probe for
alterations in cellular contractility and mechanical tone of cardiac
myocytes and cardiac valve interstitial cells (VICs) due to potential pathologic stimuli. Aligned cellular two-dimensional celular
monolayers were constructed on a detachable polydimethylsiloxane (PDMS) membrane using micropatterning. The cells formed a
distinct monolayer of about 3 m thickness. The thin ﬁlms (vTF)
were manually cut out in a Tyrode’s solution bath. Cardiac myocytes
that had undergone radiation therapy (0, 0.1, 1 and 10 Gy) were
paced at 0.5, 1 and 2 Hz and monitored. Cardiac valve interstitial
cells were subject to different doses of serotonin and angiotensin
and had their contractility probed with endothelin-1.
Results: Results indicated that cardiac contractility was signiﬁcantly reduced due to radiation in a dose-dependent manner only
24 h after radiation treatment. Cardiac VICs were exposed to serotonin (10−8 or 10−7 M) and angiotensin-II (5 and 100 nM) as well
as a combination. We observed that the combination treatment
resulted in increased VIC contractility and basal tone, correlating
with increased remodeling in the VIC.
Conclusions: Our study demonstrates the utility of the thin
ﬁlm organ-on-chip approach for studying cardiovascular functional
toxicity under diverse stimuli. These approaches can potentially
complement traditional biological methods for detecting celular
toxicity due to pathological reagents.

Financial support: We thank the Arkansas Biosciences Institute
for ﬁnancial Support.
http://dx.doi.org/10.1016/j.toxlet.2016.07.689
S24-3
Human microphysiological systems:
Tissues-on-chips for in vitro safety, toxicity and
efﬁcacy testing
D.A. Tagle
Associate Director for Special Initiatives, National Center for
Advancing Translational Sciences, National Institutes of Health, USA
Advances in basic and preclinical science continue to fuel the
drug discovery pipeline, however only a small fraction of compounds meet criteria for approval by the FDA. More than 30% of
promising medications have failed in human clinical trials because
they are determined to be toxic despite promising pre-clinical studies in 2-D cell culture and animal models, and another 60% fail
due to lack of efﬁcacy. The challenge of accurately predicting drug
toxicities and efﬁcacies is in part due to inherent species differences in drug metabolizing enzyme activities and cell-type speciﬁc
sensitivities to toxicants. To address this challenge in drug development and regulatory science, the NIH in partnership with DARPA,
FDA, and more recently the pharmaceutical industry has invested
in the Tissues-on-Chips program to develop alternative approaches
that would enable early indications and potentially more reliable
readouts of toxicity and efﬁcacy. The goal of the tissue-on-chips
program is to develop bio-engineered microdevices that represent functional units of the 10 major human organ systems:
circulatory, respiratory, integumentary, reproductive, endocrine,
gastrointestinal, nervous, urinary, musculoskeletal, and immune.
The opportunities for signiﬁcant advancements in the prediction
of human response to drug toxicities through the development of
microphysiological systems, requires a multi-disciplinary approach
that relies on an understanding of human physiology and anatomy,
stem cell biology, microﬂuidics, material sciences and bioengineering. Since the inception of this program in 2012, several unique and
novel in vitro platforms have demonstrated human organotypic
physiological functions and relevant response to drug exposure
ensuring that safe and effective therapeutics are identiﬁed sooner,
and ineffective or toxic ones are rejected early in the drug development process. These microfabricated devices have also proven to be
useful for modeling human diseases and may prove to be sufﬁcient
alternatives to the use of animal testing. It is anticipated that the
availability of these systems to the broader research community
will foster a multitude of new research applications including, but
not limited to studies in precision medicine, environment exposures, reproduction and development, infectious diseases, cancer,
countermeasures for chemical warfare, immune responses and
neuro-inﬂammation.
http://dx.doi.org/10.1016/j.toxlet.2016.07.690
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S24-4
Towards integrated test strategies for
neurotoxicity testing
R.H.S. Westerink
Neurotoxicology Research Group, Institute for Risk Assessment
Sciences (IRAS), Utrecht University, Utrecht, The Netherlands
Dedicated mode of action-speciﬁc endpoints are valuable tools
to reveal the neurotoxic potential of chemicals. It is however often
difﬁcult to translate such ﬁndings to the in vivo situation. Current
neurotoxicity testing therefore still relies heavily on expensive,
time consuming and ethically debated in vivo animal experiments
that are unsuitable for screening large number of chemicals.
The current study therefore explores the applicability of ﬂuorescence imaging and multiwell microelectrode arrays (mwMEAs) as
novel integrated screening tools for rapid neurotoxicity assessment
in traditional primary neuronal models as well as neurospheres and
human induced pluripotent stem cell (iPSC)-derived neurons.
Rat primary cortical cultures grown on mwMEAs consist of
excitatory and inhibitory neurons and supporting astrocytes that
cover a wide range of targets, including ion channels and neurotransmitter receptors. The mwMEA approach was used as an
in vitro alternative for screening of marine neurotoxins, insecticides and drugs of abuse and demonstrated high sensitivity (>90%
of the neuroactive compounds were correctly identiﬁed). Yet, the
high throughput and possibility to investigate previously largely
ignored parameters such as neuronal network activity shifts the
attention from data collection to data analysis and interpretation.
More recently, these efforts are challenged further by focusing
on expanding the applicability of mwMEAs and ﬂuorescence imaging tools for use with 3D spheroids of differentiating mouse neural
progenitor cells (mNPCs) as well as human iPSC-derived neurons.
While mwMEAs have now become a valuable tool for in vitro
neurotoxicity testing, further characterization and toxicological
validation of novel 3D- and (human) iPSC models is urgently
required. Nevertheless, these test strategies have the potential to
change the landscape of future neurotoxicity testing.
This work was funded by the European Commission (DENAMIC;
grant number FP7-ENV-2011-282957) and the National Centre for
the Replacement, Reﬁnement and Reduction of Animals in Research
(NC3Rs; project number 50308-372160).
http://dx.doi.org/10.1016/j.toxlet.2016.07.691
S24-5
Harnessing skin reconstruction for testing
topical agents in a healthy and diseased skin
S.S. Maria-Engler
School of Pharmaceutical Sciences, University of São Paulo, Brazil
The development and validation of alternative methods to animal testing have been a key priority for the cosmetics industry.
Among the recently proposed alternative methods, those using
reconstructed human epidermis (RHE) kits represent the most
promising approach. Although several in vitro skin models were
developed for scientiﬁc use, only a few are commercially available throughout the world. Some in vitro models were validated
to evaluate skin corrosion and irritation. In contrast, for other end
points such as sensitization potential, there are no fully validated
in vitro models, and their development is an immediate and signiﬁcant challenge for the cosmetic industry, especially in countries
that do not have access to the commercial models. Reconstructed
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Human Epidermis (RHE) are undeniably a breakthrough not only
for toxicological studies but also to the study of skin biology, as well
as keratinocytes and melanocytes behaviour. The majority of these
models are organotypic, i.e., they aim to reproduce primary functions of an organ or organ system. This implies in many cases that
more than one cell type forms the 3D structure, and often matrix
elements play a major role. Open-source protocols represent a
methodological advance for researchers and small companies with
a perspective of autonomy in vitro testing. The knowledge about
the role of different growth media and culture conditions allows
researchers to study the inﬂuence of these parameters on the epidermis reconstruct not only developing new RHE models but also
models that mimic skin disorders as atopic dermatitis and psoriasis. I will provide a broad overview of our efforts in these areas
with speciﬁc emphasis on the development of efﬁcacy models for
testing topical agents in healthy and diseased skin.
http://dx.doi.org/10.1016/j.toxlet.2016.07.692
Symposia S25: Toxicity of the new psychoactive substances - an
epidemiological, mechanistic and clinical overview
S25-1
The synthetic cathinones
B. Mégarbane
Department of Medical and Toxicological Critical Care, Lariboisière
Hospital, INSERM U1144, Paris-Diderot University, Paris, France
Introduction: Synthetic cathinones are ␤-keto-amphetamine
derivatives often advertised as “bath salts” and “legal highs”.
Their recreational use has exponentially grown since 10 years.
They are reported to have cocaine- and amphetamine-like effects.
4-methylmethcathinone (mephedrone) and methylenedioxypyrovalerone (MDPV) represent the two most popular cathinones,
that may be responsible for life-threatening presentations including fatalities.
Objective: To Report the epidemiology, the main mechanisms
of toxicity and the clinical consequences related to the use of cathinones.
Materials and methods: Review of the most important
published experimental and clinical studies focusing at cathinonesattributed toxicity.
Results: Synthetic cathinones and cannabinoids represent the
most popular new psychoactive substances. At recreational doses,
cathinones enhance mood and increase alertness; however, at
higher doses, they may lead to severe neurological and cardiovascular complications and even death. There is emerging
data suggesting that cathinones have addictive potential, including onset of craving and withdrawal syndrome after cessation
of long-term use. Experimental studies investigating toxicity
attributed to cathinones remain limited. Cathinones variably
enhance monoamine concentrations in the brain, as assessed using
in vitro and in vivo studies, in relation to an uptake, blockage
or a release or both. Cathinones are classiﬁed based on their
molecule structure and relative ability to inhibit dopamine vs.
serotonin transport in vitro. Cathinone-mediated stimulation of
dopamine transmission conﬁrms their high potential for addiction. Not surprisingly, cathinones elicit locomotor activation and
impairments in neurocognitive capacities in rodents. They induce
self-administration behavioral with potent reinforcing properties.
To date, rare studies investigated mechanisms of toxicity, toxicokinetics, metabolism, psychological and somatic effects as well as
potential for addiction of cathinones.
Conclusions: Synthetic cathinones represent a major upcoming public health threat. Research should be encouraged to
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understand the exact mechanisms of toxicity allowing informing
the consumers about the risks and improving management of the
intoxicated users.
http://dx.doi.org/10.1016/j.toxlet.2016.07.694
S25-2
Clinical toxicology of the new psychoactive
substances
P.I. Dargan 1,2
1 Clinical Toxicology, Guy’s and St Thomas NHS Foundation Trust,
London, UK
2 Faculty of Life Sciences and Medicine, King’s College London,
London, UK

There has been a dramatic increase worldwide in the availability
and use of a wide range of different new psychoactive substances
(NPS). When these drugs are ﬁrst detected there is often limited
data available on their pharmacology and potential for toxicity.
There is limited systematic collection of data on acute NPS toxicity
and so data triangulation of information from a variety of sources
including in vitro pharmacodynamic studies, user surveys, reports
on online user discussion forums, case reports/series poisons centres and Emergency Department presentations with acute toxicity
are used to build a picture of the pattern of toxicity associated with
new NPS. This talk will summarise this process and focus in particular on data from Emergency Departments on acute NPS toxicity
from the published literature and the European Drug Emergencies
Network (Euro-DEN).
http://dx.doi.org/10.1016/j.toxlet.2016.07.695
S25-3
Novel psychoactive substances: Epidemiology,
mechanisms of action, and human metabolism
of synthetic cannabinoids
M.A. Huestis 1,2
1 Chemistry and Drug Metabolism, National Institute on Drug Abuse,
NIH, Baltimore, MD 21224, USA
2 Adjunct Professor University of Maryland School of Medicine,
Baltimore, MD, USA

Introduction: Synthetic cannabinoids (SC) are potent CB1cannabinoid receptor agonists as 9-tetrahydrocannabinol, the
primary psychoactive component in cannabis. SC were legitimately
synthesized as pharmacological tools to investigate the endogenous cannabinoid system. Individuals abuse novel psychoactive
substances (NPS) if subject to drug testing and/or interested in
trying a new drug. SC hijack the normal functions of the endogenous cannabinoid system and may produce cardiovascular and
kidney toxicity, unsafe driving, psychosis and cognitive deﬁcits.
We conducted controlled drug administration studies in humans
to understand drug use, but cannot yet conduct SC studies, despite
the critical public health need.
Objective: To inform symposium attendees on the epidemiology, mechanisms of action and means of determining human SC
metabolism.
Materials and methods: We developed a system for determining a new SC’s metabolism by combining human hepatocyte
incubation with high-resolution mass spectrometry, identifying
metabolic proﬁles and optimal urinary metabolites to document

drug intake. We characterized urinary markers of THJ-018 and THJ2201 intake.
Results: In vitro intrinsic clearances of THJ-018 and THJ-2201
were intermediate and high, respectively. In 3 h hepatocytes incubation samples, 13 metabolites were detected for THJ-018; the
major metabolic pathways were hydroxylation on the pentyl
chain and further oxidation or glucuronidation. For THJ-2201,
27 metabolites were observed; oxidative deﬂuorination and subsequent carboxylation or glucuronidation, and glucuronidation
of mono-oxidized metabolites dominated. Dihydrodiol formation on the naphthalene moiety was observed for THJ-018 and
THJ-2201.
Conclusions: Urinary SC metabolites identiﬁcation is critical for
widening the window of drug detection of high potency SC, for tying
adverse events to speciﬁc SC intake, and educating the public on
the dangers of SC use. Reasonable markers for identifying THJ-018
intake are 4 -carbonyl-THJ-018, 4 -hydroxy-THJ-018 and pent-1 enyl-THJ-018. Reliable markers for THJ-2201 are 5 -hydroxy-THJ018, THJ-018 pentanoic acid, naphthalene hydroxylated THJ-2201,
and N-oxide THJ-2201. These data provide a means for forensic and
clinical scientists to identify THJ-018 and THJ-2201 intake, and to
enable linking observed adverse events to new SC.
Financial support: National Institutes of Health, Intramural
Research Program, National Institute on Drug Abuse.
http://dx.doi.org/10.1016/j.toxlet.2016.07.696
S25-4
Novel and emerging recreational drug detection
– A signals intelligence approach
S.W. Smith 1,2
1 Ronald O. Perelman Department of Emergency Medicine, NYU
School of Medicine, New York, NY, USA
2 NYU Langone Medical Center Institute for Innovations in Medical
Education, New York, NY, USA

Historically utilized surveillance data sets may be ineffective
when applied to novel psychoactive compounds (NPACs). Delays in
data compilation, manuscript preparation, review, and publication
compromise even the best investigations. Sampling deﬁciencies
may occur in geographic distributions or speciﬁc demographic
groups. Classic sources may be incomplete due to methodologies
that do not capture novel drug data, conﬂate it with other drugs,
or are logistically unfeasible. Communities may also struggle to
understand the unique characteristics of their populations’ substance use in general or during speciﬁc entertainment events.
A signals intelligence approach applies communications intelligence or network analysis principles. A variety of social media,
social network, forums, search strategies, markets, and internet
sources may be evaluated. This passive surveillance decreases data
acquisition burdens and provides access to and surveillance of hidden populations. Media geocoding and time-stamping may permit
temporal and spatial discrimination. Advanced analytic techniques
such as natural language processing can be employed to evaluate
the evolution of sentiments and assess the effectiveness of interventions.
This presentation will review a signals intelligence approach in
support of NPAC toxicovigilance. These tools can provide clinicians
and policy makers the opportunity to more effectively plan, mitigate, and respond to NPACs to reduce harm in their respective
communities.
Financial support: Department of Health and Human Services,
Ofﬁce of the Assistant Secretary for Preparedness and Response
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(ASPR), grant #1 HITEP150030-01-00 to the New York University
School of Medicine, for work unrelated to this presentation.

Symposia S26: Scientiﬁc tool for environmental studies in vulnerable populations: ECOHEALTH

http://dx.doi.org/10.1016/j.toxlet.2016.07.697

S26-1
Introduction to EcoHealth

S25-5
The NBOMe and new hallucinogenic designer
drugs
R.S.M. Wong
Prince of Wales Hospital Poison Treatment Centre, Department of
Medicine & Therapeutics, The Chinese University of Hong Kong, Hong
Kong Special Administrative Region
A notorious group of novel psychoactive substances (NPS) is the
phenethylamine compounds, also known as 2C compounds, which
have been associated with severe morbidity and even fatality.
Further chemical modiﬁcation has resulted in the recent emergence of a novel group of phenethylamine compounds: the NBOMe,
which is a group of ring-substituted phenethylamine compounds
that are further substituted at the nitrogen position with a 2methoxybenzyl moiety. The downstream NBOMe derivatives are
potent agonists of the serotonin 2A (5-HT2A) receptor, the activation of which results in hallucinogenic and stimulant effects even
at low doses. NBOMe compounds ﬁrst appeared on the internet in
2010 and became emerging drugs of abuse with potential severe
toxicity reported in many places including Europe, USA, Australia,
Hong Kong, etc. The most commonly abused drugs are 25I-NBOMe
(iodine) and 25B-NBOMe (bromine). The NBOMe drugs are reported
to be taken predominantly via sublingual or buccal routes, or by
insufﬂation. One of the common forms of NBOMe preparations
is “blotter papers” with distinctive designs on one side and presoaked drug on the other side, which can be taken buccally or
sublingually.
The clinical effect of the NBOMe compounds is a typical
stimulant toxidrome with predominant neuropsychiatric and
cardiovascular effects. Commonly reported clinical manifestations
include agitation, tachycardia, hypertension, seizure and hyperthermia. Severe outbreaks of severe intoxications and fatalities
associated with the use of these agents have been reported.
Management of patients with NBOMe intoxication depends on
the severity of poisoning. For mild intoxication without signiﬁcant
agitation, aggression, tachycardia, delirium, or seizure, observation
alone is appropriate. In patients with moderate toxicities, intravenous ﬂuids and sedation remains the mainstay of treatment.
In patients with seizures and tachycardia, intensive care may be
necessary, with sedation, intubation, ventilation; patients with
rhabdomyolysis may require hemodialysis for renal failure.
There is a lack of data on the long term effects of NBOMe on
humans; generally, most drug ingestions lead to time-limited reactions that resolve once the substance is cleared from the body. Pure
serotonergic hallucinogenic drugs like NBOMe also have generally
low abuse potential. NBOMe has been put under some form of legal
control in many countries. Active surveillance among drug abusers
will also help to monitor the trend of use of these agents.
http://dx.doi.org/10.1016/j.toxlet.2016.07.698

A.Z. Cousillas
Department of Toxicology, Faculty of Chemistry, Montevideo,
Uruguay
Introduction: Our Century has the task of promoting human
Health in healthy communities that are environmentally sustainable as well.
The EcoHealth approach is facing the challenge of improving the
quality of life of men and women in countries of low income and
vulnerable societies, through a new way of research, education and
practice that aims at the construction of healthier communities and
environments.
Objective: The objective of this presentation is to show brieﬂy
the work methodology in EcoHealth.
Development: In an Ecosystemic approach to Health, humans
are placed in the center of the considerations regarding development, at the same time seeking the durability of the ecosystem of
which they are an integral part.
There can be no sustainable development unless all the interventions take into account the well-being of humans the same as
the protection of the ecosystems.
EcoHealth makes an holistic approach to the health problems of
the population, because they go beyond the sole competence of the
Health sector.
These studies include the way societies are structured and the
relations between social actors. Environmental and social factors
are integrated in order to study the illnesses and to manage solutions in a participation scheme. Therefore the dynamic interaction
between the different components of the ecosystems and the wellbeing and human health, are emphasized.
Furthermore, this approach considers transdisciplinary projects
(with gender analysis and participative methodology) to result in
better research and improvement of human health and the environment. Accordingly, well-being and human health are part of the
impact evaluation.
Conclusion: EcoHealth proposes a research and action approach
aimed at sustainability and social and gender equity, through the
decision making at various levels by politicians and social actors.
With the participants of this Symposium we will share a
deeper insight into the pillars of this new methodology, mainly
transdiscipline, gender, research methods with concept maps, and
a practical case study of Mercury in Latin America.
http://dx.doi.org/10.1016/j.toxlet.2016.07.110
S26-2
Mercury pollution in Latin America. A growing
concern
J.G. Dórea
Professor Emeritus, Faculty of Health Sciences, Universidade de
Brasilia, 70919-970 Brasilia, DF, Brazil
Human exposure to mercury in the Amazon is mostly originated
from geochemical sources through ﬁsh consumption. Occupational exposure occurs as a result of artisanal gold mining (AGM)
activities. Geochemical originated methylmercury (MeHg) reach
the aquatic food chain ending up in ﬁsh. Inorganic Hg used in
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AGM is responsible for localized environmental contamination and
occupational exposure of adults. However, iatrogenic ethylmercury (EtHg) derived from Thimerosal-containing vaccines (TCVs)
is widely used to immunize pregnant mothers, newborns, infants,
infants and children. Therefore, to understand Hg exposure we
need to contextualize: (a) environmental ﬁsh-MeHg exposure, (b)
occupational-exposure, and (c) and exposure to low-doses of TCVEtHg in young children. In the Amazon, mercury exposure studies
have addressed health effects in adults and children. In children,
health effects in children were addressed in relation to birth weight,
linear growth, and neurodevelopment. In adults, Hg exposure from
environmental and occupational activities has addressed immune
and neurological issues. Despite high levels of ﬁsh consumption, no
clinical toxicity in children or adults has ever been reported due to
ﬁsh-MeHg. However, mixed results associated with Hg exposure
from different sources can be found. Strategies for reducing children exposure to EtHg is possible using Thimerosal-free vaccines
but it is more difﬁcult to interfere with ﬁsh consumption (in subsistence populations) without the consequences of changing lifestyle
of the riverine populations. Policies to diminish human Hg exposure
should focus on controlling and/or curbing widespread use of Hg
(in gold amalgamation) and promotion of Thimerosal-free vaccines
for pregnant women and young children.
http://dx.doi.org/10.1016/j.toxlet.2016.07.111
S26-3
Conceptual maps. Research methodologies.
Case study: Exposure to manganese in Hidalgo,
Mexico
D. Hernández-Bonilla
National Institute of Public Health, Environmental Health
Department, Cuernavaca, Morelos, Mexico
Conceptual maps are graphical tools for organizing and representing knowledge, these are an important tool for understanding
complex problems in the ﬁeld of environmental health. The application of this tool in the ecohealth approach has allowed understand
the links between humans and their biophysical, social, and economic environments, these links and its relation between them
reﬂected the population’s state of health.
Nowadays, Mexico has the eighth highest Mn deposit in the
world and the second in Latin America. It is located in Hidalgo state,
in the east of the country, comprising an area of 125 km2 , with a
reserve of 32 million tons of this metal. Several studies have been
conducted in the area since 1998 to document neurotoxic effects
of Mn in the inhabitants of the surrounding Communities.
The use of conceptual maps has been help to deﬁne the impact of
the activity mining on population’s health environmentally exposure to Mn.
http://dx.doi.org/10.1016/j.toxlet.2016.07.112
S26-4
Transdiscipline, gender and social equality
J. Medel 1,∗ , M. Parra 2
1

Centro de Estudios de la Mujer, Santiago, Chile
Center for International Health, Ludwig-Maximilians University
(Munich), Santiago, Chile
2

Introduction: Research about problems of human health in
relation to environment becomes more complex and it needs new

tools for design. The Ecohealth approach demands to research
teams to be trained in frameworks and concepts beyond their
own discipline, founding in the principles of transdiscipline, equality and participation. Transdiscipline requires rigorous methods
and techniques to each discipline and the integration of policy
makers, community and other stakeholders from the beginning
Lebel, 2005, Charrón, 2012, Betancourt, Mertens y Parra, coords.
2016). Two training activities within Ecohealth collaborations have
favoured dialogue among disciplines, policy maker and community knowledge: (a) workshops for training researchers in heavy
metal exposures, given by members of COPEH-LAC from Cono Sur,
Mexico and Canada-CINBIOSE nodes (Montevideo, 2010–2012); (b)
programme of fellowships in EkoSanté Collaboration (2013–2017).
Participant researchers often improved their projects by incorporating the equality pillar (gender, social, others), initially not
included by them; as a consequence, they needed to add other
specialities, as social, biological, medical and other sciences.
Objective: (1) To know the aspects of gender and social equality
included in the studies and initiatives developed with a transdiscipline approach. (2) To identify resources, techniques and methods
that produced better results. (3) To identify barriers faced in applying the Ecohealth approach to research in heavy metals exposure.
Materials and methods: Review and analysis of documents and
reports of COPEH-LAC and EkoSante collaborations. Interviews to
researchers and participants in the Ecohealth training activities.
Results: Systematized information about implementation of
principles of transdiscipline and equality in research on heavy
metals exposures and other pollutants in Latin America.
Conclusions: The analysis will inform new aspects in the implementation of an Ecohealth approach in research of heavy metals
exposure in relation to human health and environment. It can be
useful to propose changes in practices and solutions for problems
of health and environment.
Financial support: IDRC-CSIC Uruguay.
http://dx.doi.org/10.1016/j.toxlet.2016.07.113
S26-5
Transdiscipline in support Ecohealth
approach/practical example
H. Riojas-Rodríguez
Instituto Nacional de Salud Pública, Mexico
Introduction: Transdiscipline in Ecohealth looks for an integration of environmental, social, health sciences and other forms of
knowledge in order to solve questions regarding population health
and to purpose interventions.
Methods: A case study on manganese exposure in a mining
zone, is presented showing the effectiveness of this approach.
Results: Environmental degradation, social determinants and
neurological effects have being documented as well as social actors
interactions and social representations. Using this approach, the
mining company and the government have implemented during
the last six years an environmental management plan. The plan
has been evaluated and ﬁrst results shows a signiﬁcant decrease in
manganese exposure and neurological effects. Discipline integration signiﬁcantly contributes to understand complex situation and
to reduce health risks.
http://dx.doi.org/10.1016/j.toxlet.2016.07.114
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Symposia S27: Understanding multipollutant air mixtures
health effects
S27-1
Understanding multipollutant air mixtures
health effects: Introduction
F.R. Cassee
Centre for Environmental Health Research (MGO), National Institute
for Public Health and the Environment (RIVM), Bilthoven 3720 BA,
The Netherlands
Most toxicological data on air pollution are derived from high
concentration, single component studies or studies that focus on a
speciﬁc source of emission. In reality, we are exposed to complex
mixtures and in toxicological studies on particulate air pollution
the contribution of gas phase is often ignored. New research evidence provides key role of gas particle interactions in modifying the
composition of mixtures and resultant biological response. Interactions amongst air pollutants can take place at the chemical and
the biological level. A chemical interaction would mean that two
or more pollutant result in new components based on the chemical
composition. A well-known example is NOx + VOC that result in the
formation of ozone and other products in the presence of sunlight.
There is, however, very little evidence from health studies that the
mixture of air pollutants results in signiﬁcant more health effects
(synergy) than would be expected based on the information for the
single pollutants. This is largely due to a lack of data and methodological limitations. Very few epidemiologic studies have examined
the potential for interaction amongst pollutants and a good assessment may therefore have to rely on toxicology. This is likely due to
their moderate to high temporal and spatial correlations among air
pollution components. The existence of such pollutant mixtures
makes it often difﬁcult, in an uncontrolled setting, to determine
either independent or synergistic effects of ambient air pollutants.
Synergistic effects at the biological level between ultraﬁne particles
and transition metals, and between particles and VOCs have been
shown indicating larger combined impact on human health than
would be expected for the separate entities. As we come to better understand cumulative risk from many stressors, air pollutants,
exposure factors, human factors, etc. we begin to appreciate the difﬁculties understanding low dose exposures to pollutants mixtures
and estimating risk. How do we move forward?
Financial support: Ministry of Infrastructures and Environment, the Netherlands.
http://dx.doi.org/10.1016/j.toxlet.2016.07.116
S27-2
Urban particulate matter toxicity and the
inﬂuence of soil and polycyclic aromatic
hydrocarbon content
A.R. Osornio-Vargas ∗ , J. Serrano, M. Sanjebad, N. Manzano-León,
S. O’Neill Marie
University of Alberta, Canada
Understanding how particulate matter (PM) composition determines its toxic potential has relevance for human health and air
pollution control. To move forward in this ﬁeld, we collected weekly
summer and winter PM10 and PM2.5 samples in ﬁve sites of Mexico
City and analyzed PM content of elements, polycyclic aromatic
hydrocarbons (PAHs) and endotoxins. We conducted principal
component analysis (PCA) and positive matrix factorization (PMF)
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to reduce dimensionality, and we use PM samples to induce in
vitro secretion of TNF and IL-6 in THP-1 cells. PCA and PMF identiﬁed two main groups of PM constituents. Group (G1) mainly
included PAHs. Group 2 (G2) included soil-related constituents.
Groups varied in magnitude according to size and sampling site,
but principally by season. Summer PM was high in soil-related
constituents (G2). PM2.5 , especially from the winter, was rich in
G1. High cytokine production was associated with PM rich in
soil-related constituents, predominantly PM10 from the summer,
whereas winter PM2.5 induced lower cytokine production. Modeling showed that soil-related PM constituents (G2) positively
inﬂuenced cytokine secretion, but when PAH content reached 0.1%
of total PM mass, cytokine secretion decreased regardless of soilcontent. We conclude that seasonal changes in the PM PAHs content
affect PM-related toxicity.
http://dx.doi.org/10.1016/j.toxlet.2016.07.117
S27-3
Can reduced exposure to organic constituents
of ambient particles prevent PM-induced
acceleration of atherosclerosis and heart
disease?
M.T. Kleinman 1,∗ , A. Keebaugh 1 , D. Herman 1 , L. Wingen 2
1

Department of Medicine, University of California, Irvine, Irvine, CA,
USA
2 Department of Chemistry, University of California, Irvine, Irvine, CA,
USA
Introduction: Adverse changes in cardiac function and
increases in concentrations of biomarkers related to systemic
inﬂammation, arterial dysfunction and oxidative stress have been
associated with exposures of individuals with preexisting residing coronary heart disease (CHD) to PM, possibly associated to PM
organic and elemental carbon constituents.
Objective: Determine if selective thermal removal of organics
from concentrated ambient PM will differentially modify oxidative
stress, oxidation of circulating lipids, lipid and protein peroxidation in arterial tissue and accompanying promotion of accelerated
development of atherosclerotic plaque in genetically susceptible
(apoE−/−) mice sub-chronically exposed.
Materials and methods: Mice (n = 15) were exposed for 8 weeks
to puriﬁed air, concentrated ultraﬁne ambient particles (UFP;
≤180 nm aerodynamic diameter), thermally denuded UFP and
diluted UFP (concentration that matched denuded UFP). Electrocardiographic telemetry to measure heart rate, heart rate variability
(HRV) and arrhythmias, plaque formation in coronary arteries and
the aorta, and immunohistochemical and biochemical analyses to
assay biomarkers of inﬂammation and oxidative stress were performed.
Results: Thermal denuding of concentrated UFP signiﬁcantly
reduced the total organic carbon mass concentration of the particles and reduced the PM mass concentration by about 50%. Here
we show that when the undenuded UFP concentration is reduced
to match that of the denuded UFP, the denuded particles are still
signiﬁcantly less atherogenic. In addition exposures to UFP, which
are more enriched in compounds with low oxygen to carbon ratios,
are associated with decrease HRV.
Conclusions: Removal of particle organic constituents from
ambient PM signiﬁcantly reduced adverse cardiovascular effects in
apoE−/− mice. Thermal denuding is a technique that can be used to
reduce organic compounds from truck and automobile emissions
reducing exposures to toxic components of ambient PM.
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Financial support: California Air Resources Board, the Southern California Air Quality Management District and the National
Science Foundation.
http://dx.doi.org/10.1016/j.toxlet.2016.07.118
S27-4
Ambient particulate matter induces systemic
toxicity: Implications of PM composition, size
and oxidative potential

Symposia S28: Environmental exposures and neurotoxicity:
molecular mechanisms, epidemiology and risk assessment
S28-1
Metabolic alterations and cell death induced by
gene-environment interactions linked to
Parkinson’s disease
R. Franco a,b
a

Vizcaya-Ruiz ∗ ,

A. De
Barbier

G. Aztatzi-Aguilar, M. Uribe-Ramirez, O.

Department of Toxicology, Cinvestav-IPN, Mexico City, Mexico
Introduction: Ambient particulate matter (PM) is monitored as
an indicator of air quality, it is a complex mixture of solid and liquid
particles of various sizes, shape and chemical composition, suspended in the air, and is used as a proxy to assess health impacts.
Exposure to PM has been linked with pulmonary and cardiovascular morbimortality. However effects beyond the pulmonary system,
as alterations in the heart, vasculature, brain and others, have also
been related with PM exposure. The use of toxicological in vivo
studies to identify PM size, chemical constituents and oxidative
potential, driving mechanism underlying PM toxicity, constitute a
useful tool.
Objective: Evaluate systemic toxicity, cardiovascular, kidney
and central nervous system (CNS) effects, in rats exposed subchronically to different size PM; and identify the implications of PM size,
chemical composition and reactivity (ROS potential).
Materials and methods: Male Sprague–Dawley rats were subchronically exposed to coarse (CP), ﬁne (FP) or ultraﬁne (UFP)
particulates in Mexico City using a particulate concentrator. We
evaluated biomarkers (mRNA, histology and protein levels) of cardiovascular elements in lung, heart and kidney, and early kidney
damage and of CNS (inﬂammation and oxidative stress) and biochemical blood indicators (hematological parameters and blood
chemistry).
Results: Exposure to ambient PM induced systemic toxicity, involving lung inﬂammation and oxidative damage, which
transcended to the cardiovascular system through angiotensin I
receptor (AT1R) modulation (a major participant in cardiac physiology), stimulated cardiac remodeling, and also reached the brain
inducing oxidative stress and inﬂammation. Additionally early kidney damage markers and biochemical blood indicators indicated an
evident systemic toxicity.
Conclusions: We demonstrate that exposure to PM induces systemic toxicity involving cardiovascular alterations (hyperactivity
of renin angiotensin system and blood parameters), early kidney
damage and central nervous system alterations, related with their
oxidative potential and elemental composition.
Financial support: Conacyt project number 57752, 167778 and
Red de Salud Ambiental Infantil 251229/271626.
http://dx.doi.org/10.1016/j.toxlet.2016.07.119

Redox Biology Center and School of Veterinary Medicine and
Biomedical Sciences, University of Nebraska-Lincoln, Lincoln, NE, USA
b Department of Environmental Agricultural and Occupational
Health, College of Public Health, University of Nebraska-Medical
Center, Omaha, NE, USA
While aging is the major risk factor in Parkinson’s disease (PD),
its multi-factorial etiology also includes genetic alterations and
exposure to environmental agents. Environmental toxicants are
unlikely the single cause of PD. However, understanding the cellular dysfunction induced by these agents will reveal the toxic
mechanisms by which they interact with genetic risk factors. The
loss of dopaminergic cells in PD is associated with mitochondrial
dysfunction, but the exact contribution of cellular metabolism,
bioenergetics and oxidative stress, to cell death progression is
unclear. We have developed an integrated nuclear magnetic resonance (NMR)/mass spectrometry (MS) metabolomics platform
and metabolic ﬂux analysis, and identiﬁed speciﬁc alterations in
the metabolome induced by mitochondrial/environmental toxicants in vitro (dopaminergic cells) and in vivo (mice). We have
revealed that alterations in metabolism are tightly linked to oxidative stress and cell death progression induced by environmental
exposures. For example, impairment of the TCA cycle and accumulation of citrate induced by paraquat, inhibits glycolysis and
directs carbon metabolism to the pentose phosphate pathway (PPP)
to increase paraquat’s redox cycling and oxidative stress. Both
molecular and pharmacological modulation of the PPP, glycolysis and glucose transport directly correlates with the toxicity of
paraquat in dopaminergic cells. Furthermore, overexpression of
␣-synuclein (wild type or its mutant form A53T) synergize with
environmentally relevant doses of paraquat to impair glycolysis and promote cell death. This toxic synergism was modulated
by autophagy and activation of the adenosine monophosphateactivated kinase (AMPK). These and other ﬁndings regarding the
toxicity of pesticides (rotenone, dieldrin) and metals (manganese)
will be presented and discussed to highlight the contribution that
alterations in cellular metabolism have on dopaminergic cell death
induced by mitochondrial dysfunction linked to gene–environment
interactions.
Financial support: P20RR17675 Centers of Biomedical Research
Excellence (COBRE), Scientist Development Grant of the American
Heart Association (12SDG12090015), University of NebraskaLincoln.
http://dx.doi.org/10.1016/j.toxlet.2016.07.121
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S28-2
Gestational exposure to inorganic arsenic alters
cysteine/glutamate transport and NMDA and
AMPA receptors expression levels

Fundação de Amparo à Pesquisa e Inovação do Estado de Santa
Catarina (FAPESC).

M.E. Gonsebatt

S28-4
Neurotoxic hazard and risk assessment of
brominated and halogen-free ﬂame retardants

Department of Medicina Genómica y Toxicología Ambiental, Instituto
de Investigaciones Biomédicas, Universidad Nacional Autónoma de
México, Mexico
Human exposure to inorganic arsenic (iAs) affects millions of
individuals worldwide. Drinking water with high levels of iAs has
been associated with different types of cancer although learning and memory impairment in children and adults have been
observed at lower levels of exposure. There are evidences demonstrating that contact with iAs can start in utero affecting neural
development. Mechanistic studies have used rodent models to
investigate the effect of iAs on the central nervous system (CNS).
In the presence of cellular reductants such as glutathione (GSH),
iAs is methylated by the arsenic 3 methyl transferase (As3MT)
in the brain as well as in many other tissues. GSH is CNS main
antioxidant and also considered as a glutamate reservoir. This neurotransmitter participates in learning and memory processes. We
explored ionotropic glutamate receptors AMPA and NMDA expression in mouse hippocampus after in utero exposure to 20 ppm
of iAs through drinking water. We have evidence showing that,
when animals are exposed in utero to iAs, ×CT cysteine/glutamate
antiporter system in astrocytes and EAAC1 cysteine transporter in
neurons are induced. The upregulation of ×CT was associated with a
down regulation of AMPA and NMDA which suggest higher extracellular levels of the excitatory neurotransmitter glutamate. The
presence of extracellular glutamate could lead to chronic excitotoxicity altering synaptic plasticity, learning and memory in this brain
region.
Financial support: PAPIIT IN 207611 and Children Environmental Health Network (Conacyt-251229/271626).
http://dx.doi.org/10.1016/j.toxlet.2016.07.122
S28-3
Mechanisms mediating
methylmercury-induced developmental
neurotoxicity
M. Farina
Department of Biochemistry, Universidade Federal de Santa Catarina,
Florianópolis, Santa Catarina, Brazil
Methylmercury is a well-known environmental toxicant ubiquitously distributed within the aquatic environments (mainly in ﬁsh
and seafood). Based on experimental studies, we aimed to investigate molecular mechanisms mediating methylmercury-induced
developmental neurotoxicity. Both cultured cells and in vivo models showed that methylmercury causes neurotoxicity mainly due
to interaction with nucleophilic groups of biomolecules, leading
to altered glutamatergic homeostasis, oxidative stress and neurodegeneration. Of particular importance, selenoproteins present
a pivotal role in mediating methylmercury-induced neurotoxicity.
These ﬁndings are presented and discussed with focus on molecular
mechanisms, as well as on nutritional and environmental recommendations.
Financial support: Conselho Nacional de Pesquisa e
Desenvolvimento Tecnológico (CNPq-Brazil), Coordenação de
Aperfeiçoamento de Pessoal de Nível Superior (CAPES-Brazil) e

http://dx.doi.org/10.1016/j.toxlet.2016.07.123

R.H.S. Westerink
Neurotoxicology Research Group, Institute for Risk Assessment
Sciences (IRAS), Utrecht University, Utrecht, The Netherlands
Brominated ﬂame retardants (BFRs) are widely used chemicals
that prevent or slow the onset and spreading of ﬁre. The toxicological and ecological concerns associated with BFRs initiated the
search for safe(r) halogen-free ﬂame retardants (HFFRs). However,
the neurotoxic potential of HFFRs is largely unknown.
We therefore performed a hazard characterization of 12 HFFRs
and 3 BFRs using different in vitro and ex vivo models to assess
effects of FRs on a number of dedicated neurotoxic endpoints,
including receptor function, calcium homeostasis and synaptic
plasticity.
Our results demonstrate that most BFRs and HFFRs can inhibit
acetylcholine receptors and voltage-gated calcium channels, while
effects on cytotoxicity were mostly negligible. Additionally, several
FRs were able to increase basal calcium levels and the production
of Reactive Oxygen Species (ROS).
Based on their different neurotoxic proﬁles in vitro, 3,3 ,5,5 tetrabromobisphenol A (TBBPA), aluminum diethylphosphinate
(Alpi) and zinc stannate (ZS) were selected for more in-depth ex
vivo experiments. While ZS showed profound neurotoxicity in vitro,
none of the tested FRs showed appreciable effects on synaptic
plasticity and protein expression in mouse hippocampal slices
ex vivo following a single neonatal exposure on PND 10. Subsequent analysis revealed the absence of FRs in the brains of exposed
neonates, indicative for low bioavailability and/or rapid elimination/metabolism of these FRs.
This study demonstrates the applicability of in vitro studies
to prioritize chemicals for risk assessment and risk reduction
purposes. These data indicate that some HFFRs may be suitable
substitutes for BFRs. Importantly, such screenings can also identify common modes of action that are shared with for example
organophosphate insecticides, arguing for risk assessment of mixtures rather than of individual (classes of) compounds. Moreover,
critical data gaps, such as effects of repeated, prolonged and/or
developmental exposure and an overall scarcity of data concerning metabolism and distribution of HFFRs in humans, continue to
hamper a complete (human) risk assessment.
This work was supported by a grant from the European Union
(ENFIRO; grant agreement FP7-ENV-2008-1-226563).
http://dx.doi.org/10.1016/j.toxlet.2016.07.124
S28-5
A 21st century update on neurotoxicity risk
assessment
W.K. Boyes
U.S. Environmental Protection Agency, Research Triangle Park, NC,
USA
Introduction: In 1998, EPA published Guidelines for Neurotoxicity Risk Assessment as the basis for interpreting neurotoxicity
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results. At that time, the focus was traditional toxicity testing
and human clinical/epidemiological data. Also new technologies
such as engineered nanomaterials, are introduced at a rate exceeding traditional testing capacity. Recent changes to toxicity testing
involve computational modeling and high-throughput screening
(NRC, 2007). How can such information be used for neurotoxicity risk assessments? The dependence of critical functions, such as
learning, memory or sensory perception, on the operation of integrated neural systems makes the interpretation of data from simple
test assays particularly difﬁcult.
Objective: There objective is to build a conceptual framework
in which alternative testing data could be interpreted for neurotoxicity risk assessment.
Approach: The concept of Adverse Outcome Pathways (AOP),
in which molecular initiating events (MIE) trigger a sequence of
steps leading to an adverse outcome, may provide a framework in
which simple alternative testing data indicative of MIEs can be used
to predict neurotoxic adverse effects. Neurotoxic- relevant MIEs
and AOPs currently need much development. Another important
concept is “ﬁt for purpose” risk assessments: where the degree of
uncertainty coincides with the decision required.
Results/conclusion: An initial toxicity screen, if combined with
a conservative exposure estimate, may be acceptable if there is a
sufﬁcient margin of safety between exposure and hazard. Where
initial screening data are insufﬁcient to establish a clear margin
of safety, then subsequent targeted testing can be undertaken.
More traditional neurotoxicity testing will be useful for those cases
where margin of safety uncertainties are unresolved. Guidance is
needed regarding the development of neurotoxicity relevant MIEs
and AOPs, their uncertainty, and the level of evidence required for
application to neurotoxicity risk assessments.
Financial support: USEPA: This abstract does not reﬂect EPA
policy.
http://dx.doi.org/10.1016/j.toxlet.2016.07.125
Symposia S29: Occupational toxicology and chemical risk
assessment
S29-1
The role of biomonitoring in chemical risk
assessment: The contribution of the Scientiﬁc
Committee of Occupational Toxicology of the
International Commission on Occupational
Health

generation of guidance values and practical guides to establishing
biomonitoring programmes.
SCOT was founded in 1990 to promote research in all areas of
occupational toxicology; a current focus is the use of biomonitoring
in exposure assessment and intervention based on solid scientiﬁc
and ethical principles. SCOT acts as the professional society for scientists involved in biomonitoring. It also arranges the International
Symposia on Biological Monitoring which exist to bring together
the world’s leading experts and practitioners in biological monitoring to discuss and share knowledge on biomarkers, techniques
and case studies as well as the development of guidance to use,
interpret and manage biomonitoring.
Results: The value of occupational biomonitoring is being recognised around the world although application is still patchy even
within countries. Some countries, such as Germany, have well integrated systems of guidance value generation, method validation
and workplace implementation. Where data is available, exposures
are generally below recommended guidance values and show a
reducing trend.
The SCOT committee itself has members from 20 different
countries. SCOT has produced articles such as Biomonitoring for
occupational health risk assessment which provided an overview
including methods, interpretation of data and ethical considerations. At the last symposia a world café forum was used to discuss
the promotion of biological monitoring within three arenas, namely
Industry, Scientiﬁc Committees and the Developing World.
Conclusions: Biomonitoring is a pragmatic tool to enable objective chemical risk assessment encompassing all routes of exposure
and to study the impact of intervention strategies. This allows
worker exposures to be reduced over time reducing their risk of
ill health, rather than just monitoring problems.
SCOT provides a focal point for biomonitoring. In addition to
guiding the development and practice of occupational biomonitoring, it is also promulgating its knowledge to other disciplines.
http://dx.doi.org/10.1016/j.toxlet.2016.07.127
S29-2
Occupational exposure limits for industrial
chemicals: The SCOEL approach
M. Manno 1 , C.L. Klein 2 , G. Johanson 3 , L. Levy 4

Biological Monitoring, Health & Safety Executive, Buxton, Derbyshire,
UK

1 Department of Public Health, University of Naples Federico II,
Naples, Italy
2 DG Employment, Social Affairs and Inclusion, EC, Luxembourg
3 Institute of Environmental Medicine, Karolinska Institutet,
Stockholm, Sweden
4 Institute of Environment and Health, University of Cranﬁeld, UK

Introduction: Biomonitoring has long been used in the assessment of occupational chemical exposures. The technique assesses
systemic uptake via all exposure routes and allows the efﬁcacy of
work practices and exposure control measures to be assessed.
Objective: To highlight the use of biomonitoring in chemical risk assessment, including the work of the International
Commission on Occupational Health’s Scientiﬁc Committee on
Occupational Toxicology, SCOT.
Materials and methods: Occupational biomonitoring began
with monitoring worker exposures to substances such as lead,
known to be detrimental to health but where inhalation was not
the only route of exposure. Nowadays, many countries have legislation requiring blood lead monitoring (and resultant action) for
potentially exposed workers. Biomonitoring has since expanded to
cover a range of chemicals with potential adverse health effects.
Alongside the development of analytical methods has been the

Introduction: The Scientiﬁc Committee on Occupational Exposure Limits (SCOEL) of the European Commission (EC) since
1995 provides science-based opinions on and recommendations
regarding exposure limit values for chemical agents to be adopted
in the workplaces of the European Union (EU).
Objective: To brieﬂy report and critically discuss the criteria
adopted by SCOEL for the deﬁnition and subsequent recommendation of occupational exposure limits (OELs) for hazardous,
carcinogenic and/or mutagenic chemicals.
Materials and methods: SCOEL’s priorities in the selection
of chemicals to assess are set independently by the EC and are
based on epidemiological evidence, availability and quality of data,
severity of effects, number of workers exposed, and availability
of methods for measuring exposure. SCOEL’s risk assessment is
based on epidemiological/clinical evidence, experimental studies
in animals, in vitro and, when appropriate, in volunteers. Prepared
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documents in an appropriately advanced stage, as well as any declaration of interest of SCOEL’s members are publically available
(www.circabc.ec.europa.eu).
Results: SCOEL proposes health-based limit values for chemicals showing evidence for a threshold dose below which adverse
effects are not expected to occur. SCOEL recommendations inform
the European policy making process and may result in indicative
limit values (IOELV) in the EU OSH legislation. SCOEL evaluates carcinogens on both, the type and amount of evidence available and
the mechanism of action. For those chemicals for which a threshold
dose is not identiﬁed or reasonably expected to occur, such as genotoxic carcinogens, SCOEL estimates the risk values corresponding
to various exposure levels. These estimates are a basis for the EC to
recommend, after socio-economic, technical and practical feasibility of implementation considerations, binding limit values (BOELV).
SCOEL also proposes biological limit values (BLV) for chemicals or
metabolites present in a human ﬂuid or tissue. The methodology
adopted by SCOEL, which is based on the latest scientiﬁc evidence
and the most recent achievements in risk assessment, is regularly
updated.
Conclusions: SCOEL proposes limit values following a case by
case, chemical-speciﬁc, holistic approach using preferably human
data, and applying a composite uncertainty factor based on holistic expert assessment rather than multiplying single assessment
factors based on default options. The criteria used by SCOEL do
speciﬁcally take into account the speciﬁcities of the workplace conditions and exposure of workers in order to deliver sets of limit
values and notations for implementation at the workplace.
Financial support: Presentation supported by the University of
Naples Federico II, Naples, Italy
http://dx.doi.org/10.1016/j.toxlet.2016.07.128
S29-3
Pulmonary effects by diacetyl exposure
J.A. Morales-Camino
Latin America Medical Director of a Global Company, Occupational
and Environmental Health Professor Faculty of Medicine UNAM
Introduction: Diacetyl is a diketone ﬂavoring agent that is commonly employed for buttery taste as well as other purposes. In
addition to bronchiolitis obliterans (BO), spirometry abnormalities
(ﬁxed airﬂow obstruction) and respiratory symptomshave been
associated with diacetyl exposure. A direct effect on the respiratory epithelium with the disorganized ﬁbrotic repair appears most
likely as the underlying mechanism. We evaluated employees PFTs
of a potato chips factory with low levels of diacetyl exposure. This
study is based on potato chips plant a working population pulmonary function tests changes over time. Workers were exposed
to low level of diacetyl measured by quantitative methods.
Objective: To evaluate PFT changes of employees with low
exposure to diacetyl in a chips factory. Diacetyl was used as a ﬂavor added to potato chips. The results of all pulmonary function
tests currently in a database were reviewed. The primary objective
was to determine, through a population screening, whether any
employees demonstrated either signiﬁcant obstructive lung disease or an increased rate of developing this condition. No other
clinical assessments were conducted.
Material and methods: All pulmonary function tests entered
into a plant medical service database were reviewed. This database
captured all pulmonary function test results entered into the
database between 1970 and 2007 at the plant. This subset included
479 individuals. Six data points were selected to allow for a determination of the rate of decrement of lung function, although 7

S53

points are normally considered minimum. If only just 7 data points
had been selected, 121 individuals of the 479 would have been
excluded. Any change above 0.09 liters/year is considered to be signiﬁcant. However, the slope evaluation tool built into the current
database recognizes 0.07 liters/year of decrement. In this study, a
decrement of 0.07 liters/year or above was considered the threshold for further investigation, this being a more conservative value.
Additionally, any individuals of this group demonstrating FEV1 loss
greater than predicted were also evaluated to see whether they had
greater than 15% volume loss over a year’s period of time. By this
method, individuals with signiﬁcant lung function loss were identiﬁed for more detailed analysis to help determine the potential
cause of the lung function decrement.
Results: Only 27 of the 479 individuals had lung decrement
equal or exceeding 0.07 liters/year. Of these individuals, severity
classiﬁcation of lung impairment demonstrated the following: 16
with a PFT interpretation of: Normal Expiratory Flows and a Normal
FVC; 2 with Normal Expiratory Flows and Normal FVC (however the
FVC is just within normal limits; 1 with Moderate Airways Obstruction and FVC Normal;6 with Mild Restrictive Pattern and 2 with
Mild Airways Obstruction. 15 of the 27 employees were identiﬁed
as having an observed FEV1 values decrement trend higher than
was predicted. Six of these 15 employees demonstrated greater
than 15% loss from one year to the next. These cases sent to PFT
expert for further analysis to interpret the possible clinical signiﬁcance of the pulmonary function tests.
Conclusion: Only 27 individuals (5.6% of the tested individuals)
on initial trend screening demonstrated an increase in decrement
at or above 0.07 liters/year in FEV1 or FVC. Thus, approximately
95% showed normal lung decrement. Additionally, none of the
27 demonstrated severe obstructive symptoms, such as has been
reported in the diacetyl-induced BO cases. Among the 27 individuals, 6 individuals either met or nearly met this criterion. The
ﬁrst three cases reported above have clear explanations for a
drop in lung function. The last three cases were not so clearcut and required further clinical evaluation to delineate reasons
for this decrement. Clinical evaluations, including bronchodilator
testing diffusion testing, coupled with a good lung health history, clariﬁed non-occupational causes for the decrement. Should
any of the clinical cases have indicated a possible occupational
causes, the company was prepared to send the individual to a
pulmonary specialist with experience in diacetyl lung disease
in order to further clarify the situation. In summary Pulmonary
function test screening, followed by selective clinical evaluations
of the employee population at the plant, failed to demonstrate
any individuals felt to have occupational lung disease, especially
diacetyl-induced.
http://dx.doi.org/10.1016/j.toxlet.2016.07.129
S29-4
Accelerated telomere shortening in
lymphocytes due to PCB mediated inhibition of
telomerase gene expression
P. Ziegler, T. Kraus
Institute for Occupational and Social Medicine, RWTH Aachen,
Germany
Introduction: Polychlorinated biphenyls (PCBs) are abundantly
present organochlorine pollutants eliciting adverse biological
effects. However, their long-term impact in humans remains poorly
investigated. Telomeres are highly repetitive nucleotide sequences
at the end of chromosomes. They protect chromosomes from
erosion and fusion and are important for maintaining genomic
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stability. Several studies investigating telomere dynamics in
PCB-exposed individuals or PCB-treated telomerase positive tumor
cell lines have been published.
Objective: Based on recent ﬁndings, we analyzed telomere
length (TL) of granulocytes and lymphocytes in peripheral blood
from individuals occupationally exposed to very high levels of PCBs.
Material and methods: We used quantitative ﬂuorescence in
situ and ﬂow cytometry (ﬂow-FISH)-based methodologies to separately assess TL of freshly isolated lymphoid and myeloid cells. We
tested plasma of PCB contaminated individuals as well as 3-OHCB28 in primary lymphocyte cultures for its effects on telomerase
gene expression.
Results: Exposure to PCBs causes premature telomere loss in
peripheral blood lymphocytes. The rate of telomere shortening
depends both on the PCB congener proﬁle as well as on the concentration of PCBs found in peripheral blood plasma. When used in
a lymphoproliferation assay, blood plasma of PCB-exposed individuals inhibits the expression of telomerase, the telomere-extending
enzyme. In addition, 3-OH-CB28, a metabolite of PCB-28 detected in
the blood plasma of PCB exposed individuals, inhibited telomerase
expression when used as a single agent and accelerated telomere
shortening in long-term in vitro cell expansions studies.
Conclusion: PCBs cause loss of telomeric DNA in lymphocytes
due to their metabolic activation and antigen-stimulated proliferation. PCB-mediated inhibition of telomerase gene expression could
result in premature T-cell dysfunction, which might have wideranging effects on immunity.
Financial support: This project was funded by the Institution
for Statutory Accident Insurance and Prevention in the Energy, Textile, Electrical, and Media Industry (BGETEM), Cologne, Germany
(unrestricted grant to the University Hospital Aachen, RWTH
Aachen University, Grant number 360328).
http://dx.doi.org/10.1016/j.toxlet.2016.07.714
Symposia S30: Innovations in environmental epigenetics: tales
from endocrine disruptor to cancer
S30-1
Innovations in environmental epigenetics: Tales
from endocrine disruption to cancer
K. Ramos
University of Arizona, USA
Gene-environment interactions have long been recognized as
critical determinants of the transition of cells, tissues and organisms from health to disease. Harmful environmental agents may
alter genomic architecture, as seen with chemical carcinogens,
as well as compromise the dynamic regulatory framework that
controls cellular functions. In either case, the detrimental consequences of environmental injury are manifested as changes in
the expression of genes and their products. Often, alterations in
gene expression caused by environmental injury involve changes
in epigenetic regulation; that is, reversible modiﬁcations of DNA
methylation, histone code modiﬁcations, or microRNA expression that reprogram the genome to deﬁne new steady states of
cellular and organismal function. This symposium features four
outstanding investigators involved in studies that have deﬁned: (1)
windows of developmental susceptibility following environmental
injury; (2) environmental determinants of epigenetic regulation in
humans; (3) molecular regulation of the cancer epigenome and;
(4) intricacies of the regulatory network responsible for mammalian retrotransposition. These discoveries have revolutionized
our understanding of critical genotype-phenotype relationships

and paved the way for the development of tools to regulate the
epigenome in human health and disease.
http://dx.doi.org/10.1016/j.toxlet.2016.07.131
S30-2
Aryl hydrocarbon receptor regulates LINE-1
expression through epigenetic mechanisms
that are linked to the canonical TGF-␤1
signaling pathway
E.M. Reyes-Reyes, K.S. Ramos
University of Arizona, United States
Long interspersed nuclear element-1 (LINE-1) is a jumping
gene that mobilizes throughout the genome via a ‘copy-and-paste’
mechanism that involves ORF1p and ORF2p, proteins encoded
by the element that are essential for retrotransposition activity.
LINE-1 promotes cancer pathogenesis by damaging host DNA via
insertions, chromosomal rearrangements, and changes in genetic
regulation. The activity of LINE-1 is silenced in somatic tissues
via epigenetic mechanisms, with reactivation detected predominantly in tumors, and cell lines derived from malignant tissue.
The speciﬁc signaling pathways disrupted by environmental carcinogens that promote aberrant LINE-1 expression in cancer, and
the speciﬁc roles of LINE-1 in cancer initiation and progression
are unclear. We have previously shown that ligand activation of
the aryl hydrocarbon receptor (AhR) by BaP is associated with
marked enrichment of markers of transcriptionally active chromatin and reduced association of DNA methyltransferase-1 to the
LINE-1 promoter. These modiﬁcations are tightly controlled by
E2F/Rb and effected through the NuRD multiprotein complex. AhR
is not a direct recruiter of chromatin protein remodelers, suggesting that AhR regulates the functionality of remodeler proteins as
a secondary wave response. More recently we showed that AhR
activation by BaP in epithelial cells regulates LINE-1 expression via
transforming growth factor-␤1 receptor 1 (TGFBR1/ALK5) through
SMAD 2/3 proteins. Activation of TGF-␤1 signaling is associated
with decreased DNA methylation of the LINE-1 promoter. Activated
SMAD proteins interact closely with chromatin to remodel chromatin structure and/or access cryptic loci secluded by repressive
histone marks. SMAD proteins recruit p300 and CBP to stimulate
transcription, leading to acetylation of Lys9, Lys14, Lys18 and Lys23
on histone H3. Collectively, these ﬁndings suggest that TGF-␤1
signaling is critically linked to regulation of the epigenetic landscape of LINE-1 leading to aberrant regulation of the retroelement
in normal epithelium during the course of malignant transformation.
http://dx.doi.org/10.1016/j.toxlet.2016.07.132
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R. Guerrero-Preston 1,2 , F. Godoy-Vitorino 3 , A. Jedlicka 4 , A.
Rodriguez 3 , H. González 3 , J. Bondy 1 , F. Lawson 1 , O. Folawiyo 1 ,
M. Michailidi 1 , A. Dziedzic 4 , R. Thangavel 5 , T. Hadar 1 , M.G.
Noordhuis 1,6 , W. Westra 7 , W. Koch 1 , D. Sidransky 1

Conclusions: These results suggest that microbiota may be used
as HNSCC diagnostic and prognostic biomonitors.
Financial support: This research was supported by National
Cancer Institute grants U01CA84986, K01CA164092 and
CA121113; National Institute of Dental and Craniofacial Research
grants P50DE019032 Head and Neck Cancer SPORE, and RC2
DE20957; and National Institute of General Medical Sciences grant
P20 GM103475. The funders have no role in study design, data
collection and analysis, decision to publish, or preparation of the
manuscript.
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S30-3
16S rRNA amplicon sequencing identiﬁes
microbiota associated with oral cancer, Human
Papilloma Virus infection and surgical
treatment

Department of Otolaryngology and Head and Neck Surgery, Johns
Hopkins University, School of Medicine, Baltimore, MD, USA
2 Department of Obstetrics and Gynecology, University of Puerto Rico,
School of Medicine, San Juan, Puerto Rico
3 Natural Sciences Department, Microbial Ecology and Genomics Lab,
Inter American University of Puerto Rico, Metropolitan Campus, San
Juan, Puerto Rico
4 Department of Molecular Microbiology and Immunology, Johns
Hopkins University, School of Public Health, Baltimore, MD, USA
5 Department of Microbiology, Icahn School of Medicine at Mount
Sinai, New York, NY, USA
6 Department of Otorhinolaryngology-Head and Neck Surgery,
University of Groningen, University Medical Center, Groningen, The
Netherlands
7 Department of Pathology-Surgical Pathology, Johns Hopkins
University, School of Medicine, Baltimore, MD, USA

Introduction: The human ‘metagenome’ is a composite of Homo
sapiens genes and genes present in the genomes of the trillions
of microbes that colonize the adult body. The microbial genomes
(the microbiome) encode metabolic capacities that we have not
had to evolve wholly on our own, but remain largely unexplored.
Systemic inﬂammatory events and localized disease, mediated by
the microbiome, may lead to cancer initiation and progression.
Objective: We set out to examine if the saliva microbiome can be
used as head and neck squamous cell carcinoma (HNSCC) diagnostic
and prognostic biomonitors.
Materials and methods: We used a 16S rRNA V3-V5 marker
gene approach to compare the saliva microbiome in DNA isolated
from Oropharyngeal (OPSCC), Oral Cavity Squamous Cell Carcinoma
(OCSCC) patients and normal epithelium controls, to characterize
the HNSCC saliva microbiota and examine their abundance before
and after surgical resection.
Results: The analyses identiﬁed a predominance of Firmicutes,
Proteobacteria and Bacteroidetes, with less frequent presence of Actinobacteria and Fusobacteria before surgery. At lower taxonomic
levels, the most abundant genera were Streptococcus, Prevotella,
Haemophilus, Lactobacillus and Veillonella, with lower numbers of
Citrobacter and Neisseraceae genus Kingella. HNSCC patients had
a signiﬁcant loss in richness and diversity of microbiota species
(p < 0.05) compared to the controls. Overall, the Operational Taxonomic Units network shows that the relative abundance of OTU’s
within genus Streptococcus, Dialister, and Veillonella can be used to
discriminate tumor from control samples (p < 0.05). Tumor samples
lost Neisseria, Aggregatibacter (Proteobacteria), Haemophillus (Firmicutes) and Leptotrichia (Fusobacteria). Paired taxa within family
Enterobacteriaceae, together with genus Oribacterium, distinguish
OCSCC samples from OPSCC and normal samples (p < 0.05). Similarly, only HPV positive samples have an abundance of genus
Gemellaceae and Leuconostoc (p < 0.05). Longitudinal analyses of
samples taken before and after surgery, revealed a reduction in the
alpha diversity measure after surgery, together with an increase of
this measure in patients that recurred (p < 0.05).

S30-4
Developmental reprogramming of the
epigenome by environmental exposures
C.L. Walker
Texas A&M Institute of Biosciences and Technology, Houston, TX, USA
Tissue and organ development is a period of exquisite sensitivity to environmental exposures, which can reprogram developing
tissues to increase susceptibility to diseases later in life, including
cancer. To elucidate mechanisms by which early life exposures to
environmental toxicants can reprogram the developing epigenome
to increase cancer risk, we have focused on one class of these agents,
endocrine disrupting compounds (EDCs). We ﬁnd that EDCs exhibit
tissue-speciﬁc ability to induce non-genomic estrogen receptor
(ER) signaling, which activates kinases that phosphorylate epigenetic programmers and alter their activity. In the developing
reproductive tract for example, developmental exposure to DES
(uterus) or BPA (prostate), induces non-genomic ER-activation of
PI3K/AKT signaling. EDC-induced AKT activation results in phosphorylation and inhibition of the histone methyltransferase EZH2,
a “writer” of the H3K27me3 repressive histone mark, and activation of MLL1, the writer of the H3K4me3 active histone mark. As
a result, H3K27me3 levels decrease, and H3K4me3 levels increase
in the developing epigenomes. Importantly, EDC-induced epigenomic changes persist in the reprogrammed tissue into adulthood,
and alter both basal and hormone-induced patterns of expression
at reprogrammed gene loci. These data identify PI3K/AKT signaling
as a mechanism for MLL activation and EZH2 repression that is
vulnerable to disruption by environmental exposures during development, and link altered activity of histone methyltransferases to
changes in epigenome and developmental reprogramming of genes
that participate in the development of cancer.
Support for this work provided by grants from the National
Institute of Environmental Health Sciences R01 ES023206,
R01ES008263, RC2 ES018789, and P30ES023512.
http://dx.doi.org/10.1016/j.toxlet.2016.07.134
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S30-5
Hydralazine-valproate: A repositioned drug
combination for the epigenetic therapy of
cancer
A. Dueñas-Gonzalez
Department of Genomic Medicine and Environmental Toxicology,
Instituto de Investigaciones Biomédicas, UNAM/Unidad de
Investigación Biomédica en Cáncer, Instituto Nacional de
Cancerología, Mexico City, Mexico
Introduction: Epigenetic alterations are associated with cancer development and progression. DNA methylation (DNMTi) and
histone deacetylase inhibitors (HDACi) are in development for
cancer therapy. So far, six epigenetic drugs are FDA-approved.
DNMTi azacitidine and decitabine for myelodysplastic syndrome
(MDS); HDACi vorinostat and depsipeptide for cutaneous T-cell
lymphoma (CTCL); belinostat for peripheral T cell lymphoma
(PTCL), and panobinostat for multiple myeloma. The combination
of hydralazine-valproate is being repositioned as a dual epigenetic
agent (DNMTi & HDACi) for cancer therapy.
Objective: To give an overview of the preclinical and clinical
development of the repositioned drug combination of hydralazinevalproate.
Materials and methods: Literature review of published information on the epigenetic effects of hydralazine and valproate and
their antitumor effects in preclinical models and clinical trials.
Results: Drug repositioning is a strategy for prompt and costefﬁcient drug discovery. There is evidence that combining DNMTi
with HDACi would be more efﬁcacious than administering each
agent on its own. Hydralazine-valproate is safe when used alone
or in combination with chemotherapy or chemoradiation. The fact
that both drugs are orally administered is another advantage over
current epigenetic drugs. Early clinical results of this combination
are promising but larger studies are needed.
Conclusions: Cancer epigenomics has revealed an unanticipated level of epigenetics complexity with the discovery of new
epigenetic players. This knowledge has led to the development
of novel epigenetic drugs beyond ‘ﬁrst generation’ DNMTi and
HDACi drug classes. Nevertheless, the potential of currently FDAapproved epigenetic drugs is not yet fully realized. The combination
of hydralazine-valproate is the ﬁrst epigenetic agent combining
these two drug classes known to be synergistic in the reactivation
of tumor suppressor genes and for antitumor effects in a number
of model systems. Because of its safety proﬁle, this agent is well
suited for long-term administration as well as for its use in combination with cytotoxic chemotherapy. Preliminary phase II studies
alone or in combination with chemotherapy and/or chemoradiation show promising activity in solid tumors, including cervical,
breast and ovarian cancer as well as MDS. The results of a small
randomized phase III placebo-controlled study in advanced cervical cancer demonstrated a statistically signiﬁcant increase in PFS
and a trend for better response rate and overall survival. Recent
results from a phase II study showed to be safe and highly effective
in CTCL. These data led the FDA to design hydralazine-valproate
as an orphan drug for MDS and CTCL. This agent deserves further
evaluation to increase the armamentarium of epigenetic drugs for
cancer treatment.
http://dx.doi.org/10.1016/j.toxlet.2016.07.135

Symposia S31: Adulterants and contaminants in herbal products, and ethnic remedies: new warnings and strategies for
surveillance
S31-1
Risks of herbs, dietary supplements, and ethnic
remedies
A.D. Woolf a,b,c
a

Department of Pediatrics, Harvard Medical School, 300 Longwood
Ave, Boston, MA, USA
b Pediatric Environmental Health Center, Boston Children’s Hospital,
Boston, USA
c Region 1 Pediatric Environmental Health Specialty Unit (PEHSU),
Boston, USA
Introduction: Health care providers are increasingly challenged
by the growing use of herbs and dietary supplements by their
patients. Global immigration patterns increase the diversity of
patients presenting for diagnosis and treatment of diseases and
health conditions. Each year Americans spend more than $28 billion on dietary supplements. More than 100 million Americans
consume vitamins, minerals, natural products, herbal ingredients,
and naturally occurring products. The number of available products has skyrocketed to over 55,000. Users of dietary supplements
in the U.S., as represented in NHANES data, increased from 42%
in 1988–1994 to 53% by 2003–2006. Some supplements in U.S.
markets may have been adulterated with pharmaceuticals or analogues. Some imported herbs, supplements, and religious-health
products may be contaminated with metals, pesticides, or other
chemicals.
Objective: In this presentation, we report the results of investigations into possible sources of contamination of herbs, dietary
supplements and ethnic remedies potentially used to treat children’s illnesses or to preserve the children’s health.
Methods: Consultations and surveys related to contamination of
herbs and dietary supplements that had been archived by the Pediatric Environmental Health Center (PEHC) in Boston, Massachusetts
were reviewed. Retrospective review of case logs; a review of market basket survey of Indian products in the Boston area; an analysis
of Chinese raw herbs were all methodologies used by our Center.
Results: The PEHSU has been consulted for children suffering
lead poisoning related to Chinese tongue powders, Georgian and
Indian herbs, and bromide poisoning related to a Bosnian therapy.
A market basket survey revealed 22 of 86 (25%) Indian herbs and
other foodstuff products obtained from Indian wholesalers in the
Boston area were contaminated with lead >1.0 g/g of product. An
analysis of 334 raw herb samples collected in China showed that
all were contaminated with at least one metal, usually lead. 37% of
334 samples had detectable levels of between 1 and 9 pesticides,
chlorpyrifos being the most common.
Discussion: The selling of herbal products and dietary supplements is a multi-billion dollar industry in the United States.
However recent instances of toxic exposures, adverse health consequences, and misleading product labeling and marketing of HDS
in the United States are alarming. Some herbal products have been
shown to contain none of the herb listed on the label; others contain
hidden drugs or are contaminated by metals, pesticides, or other
toxins. There is increasing pressure on both Congress and the FDA
to modify and update the United States law, which allows very little
FDA oversight or regulation.
http://dx.doi.org/10.1016/j.toxlet.2016.07.137
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S31-2
Pattern and trend of pharmaceutical
adulteration of Chinese herbs and dietary
supplements in Taiwan: Roles of the Taiwan FDA
C.C. Yang
Institute of Environmental & Occupational Sciences, National
Yang-Ming University; Division of Clinical Toxicology & Occupational
Medicine, Taipei Veterans General Hospital, Taipei, Taiwan
Introduction: Chinese herbal medicines (CHMs) and dietary
supplements are commonly used worldwide, including Taiwan.
However, pharmaceutical adulteration has been repeatedly found
in certain CHMs and dietary supplements.
Objective: To describe the pattern and trend of pharmaceutical
adulteration of CHMs and dietary supplements in Taiwan and the
role of Taiwan FDA (TFDA) in managing such a problem.
Methods: To curb the problem of pharmaceutical adulteration
of CHMs and dietary supplements, TFDA has analyzed samples of
CHMs and dietary supplements collected primarily by local health
departments for the presence of adulterants annually since 1983.
All samples were analyzed by TLC, GC/MS, LC/MS/MS and were categorized as positive for adulterants when both TLC and GC/MS tests
or when LC/MS/MS test was positive. Relevant statistic data were
published annually. We reviewed all reports published by TFDA
between 2005 and 2014 and reanalyzed certain data to understand the pattern and trend of adulteration of CHMs and dietary
supplements in Taiwan.
Results: The prevalence of adulteration of CHMs ranged
between 9.1% and 24.9% during the study period. CHMs claimed
to have health promotion, aphrodisiac or analgesic effects were
more likely to be adulterated. Moreover, non-prescribed CHMs
were more likely to be adulterated (11.6–37.6%) than prescribed
CHMs (1.4–10.9%). Among numerous adulterants, sildenaﬁl, caffeine, hydrochlorothiazide and various analgesics were frequently
listed as the top 5 adulterants. As for dietary supplements, the
prevalence of adulteration spanned from 14.5% to 40.0% and
showed a decreasing trend during the study period. Dietary supplements claimed to have weight loss or aphrodisiac function were
more likely to be adulterated, with sildenaﬁl, sibutramine, phenolphthalein, caffeine and tadalaﬁl being the top 5 adulterants.
Conclusions: The prevalence of pharmaceutical adulteration of
CHMs and dietary supplements was decreasing in Taiwan. However, adulteration of non-prescribed CHMs and speciﬁc dietary
supplements remained common. More efforts are needed to further
ameliorate the problem.
http://dx.doi.org/10.1016/j.toxlet.2016.07.138
S31-3
A review of heavy metal levels in herbal
supplements
R. Lemus-Olalde a,b
a
b

Advanced Testing Laboratory Inc, Cincinnati, OH, USA
International Tungsten Industry Association, London, UK

Introduction: Many herbal supplements have clean safety histories. However, products like herbs are sometimes tainted with
toxic or essential metals, as plants can uptake heavy metals such
as zinc, copper, nickel, cadmium, iron, and manganese from the
soil in which they grow and tend to accumulate the metals in their
leaves, roots, stem and/or ﬂowers. Previously, in 2004 the Journal of the American Medical Association reported that about 20% of
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herbal supplements sampled contained high levels of heavy metals
(such as lead, mercury, and arsenic) to potentially produced adverse
effects. Therefore, it is essential to know that herbal supplements
originate “from nature” and this does not mean that they are safe
and/or with no potential harmful effects and/or toxicity.
Objective: In this presentation, we report heavy metal levels
of several herbal supplements investigations and potential risks
associated with the intake of self-prescribed supplements.
Methods: PubMed® (http://www.ncbi.nlm.nih.gov/pubmed)
literature searches were conducted using the following (herbal[All
Fields] AND supplements[All Fields]) AND (“metals”[MeSH Terms]
OR “metals”[All Fields]). A subsequent systematic approach to evaluate the quality of data and their use in hazard and risk assessment
was conducted according to Klimisch et al. (1997).
Results: The literature search yielded 53 peer review publications, of these 29 articles were considered relevant. The metals
most detected in herbal products were aluminum, arsenic, barium,
cadmium, cobalt, chromium, copper, iron, lanthanum, lead, lithium,
manganese, mercury, methyl mercury, molybdenum, nickel, selenium, strontium, vanadium, and zinc. In some herbal supplements
the heavy metal levels were present in signiﬁcant quantities, and
if taken as directed, would expose a person to more of the metals
than is deemed safe by regulatory agencies.
Discussion: Heavy metals may enter into the herbal supplement manufacturing process via bioaccumulation from the harvest
site or during postharvest processing phases. Overall, it is essential to guarantee the safety of herbal supplements if consumers’
health is to be protected. Although herbal supplements and their
preparations are regulated at some degree, accurate data concerning the ﬁnished products and the herb used as the starting point
are of major importance if risks and safety are to be properly
assessed. Physiologically active as well as potentially toxic constituents and/or impurities need to be identiﬁed and measured. At
the end, it remains the duty of manufacturers to provide sufﬁcient
safety information to consumers.
http://dx.doi.org/10.1016/j.toxlet.2016.07.139
S31-4
Adulteration of dietary supplements with drugs
and drug analogs: What makes NMR?
M. Malet-Martino
Groupe de RMN Biomédicale, Laboratoire SPCMIB (UMR CNRS 5068),
Université Paul Sabatier, 118 route de Narbonne, 31062 Toulouse,
France
Introduction: The illegal addition of undeclared synthetic compounds to dietary supplements (DS) is a serious problem. DS subject
to adulteration are mainly those used for sexual enhancement
(SE), weight loss (WL) and muscle building. NMR spectroscopy is a
unique tool for the analysis of complex mixtures.
Objective: Due to cost constraints, NMR is rarely used in routine
quality control (QC) analysis. The purpose of the present study is to
discuss the pros and cons of the technique for the screening of SE
and WL DS for synthetic adulterants.
Materials and methods: 250 SE DS and 175 WL DS mainly purchased on the Internet and claimed as 100% natural were analyzed.
1 H NMR at high ﬁeld (500 MHz) was used for detecting, identifying
and quantifying the adulterant(s). 16 DS were also analyzed on a
benchtop cryogen-free low-ﬁeld NMR spectrometer (60 MHz).
Results: More than 60% of the SE DS were adulterated mostly
with phosphodiesterase-5 inhibitors (PDE-5i) medicines and/or
their structural analogs. Several SE DS contained mixtures of 2,
3 and even 4 PDE-5i. Approximately half of the WL DS contained
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drugs, mainly the anorexiant sibutramine frequently in combination with the laxative phenolphthalein, two medicines withdrawn
from the market. In both categories, the amounts of drugs were
erratic, from traces to high amounts. A follow-up over time of
several DS revealed that manufacturers make changes in their
chemical composition. Lack of quality indicated poor manufacturing practices.
Conclusions: The fraudulent addition of synthetic compounds
to DS constitutes a signiﬁcant threat to consumer health because
these products may contain substances whose toxicity has never
been assessed and whose interaction with prescribed medicines
may be unpredictable. In the search for adulterants, 1 H NMR is very
attractive mainly because it is non-selective, providing global information and structural information in a single analysis. This study
demonstrated that NMR could be introduced in QC laboratory as a
routine screening tool for unveiling adulteration, and highlighted
the need for more effective QC of purported herbal DS.
Financial support: French National Agency for the Safety of
Medicines and Health Products (ANSM, project AAP-2012-082).
http://dx.doi.org/10.1016/j.toxlet.2016.07.140
Symposia S32: Environmental causes of breast cancer
S32-1
Introduction to environmental causes of breast
cancer
M.E. Cebrian
Departamento de Toxicología, Centro de Investigación y de Estudios
Avanzados del IPN, Mexico DF, Mexico
Breast cancer (BC) incidence is increasing worldwide, although
with a wide incidence range among countries. In addition to genetic
background, it is likely that differences in environmental exposures and conditions throughout the world may be related to the
wide differences in incidence. However, information about speciﬁc
chemical exposures and BC risk is limited. It may be difﬁcult to
identify and measure exposures, especially if relevant exposures
occurred well in the past and/or the timing of such exposures is
unclear. In addition, tracing multiple and potentially interacting
causes of BC is difﬁcult. Furthermore, some aspects of the biology
of female breast development and the role of chemical exposures
in critical windows of development are not fully understood. The
timing of a variety of environmental exposures may be important
in directly affecting BC risks, or in acting indirectly by inﬂuencing the developmental events. Although, many questions remain
regarding the contributions of environmental factors to BC risk, evidence suggests that women may have some opportunities to reduce
their risk through personal actions. The aim of this symposium is
to discuss some of the challenges involved in determining which
environmental exposures may inﬂuence BC severity and rates.
http://dx.doi.org/10.1016/j.toxlet.2016.07.142

S32-2
Breast cancer and the environment: The U.S.
Institute of Medicine 2011 Report
C.L. Walker 1 , I. Hertz-Picciotto 2
1

Texas A&M Institute of Biosciences and Technology, Houston, Texas,
USA
2 Department of Public Health Sciences, University of California,
Davis, California, USA
Introduction: Breast cancer accounts for substantial morbidity
among women throughout the world, with an estimated 1.7 million
new cases worldwide in 2012. Incidence and mortality began to
noticeably rise in western countries in the early 1980s, leading to
concerns about the environmental causes.
Objective: The Institute of Medicine (IOM) was commissioned
by the Susan G. Komen for the Cure® and its Scientiﬁc Advisory
Board, to: (1) assess current evidence on the contribution of environmental exposures, alone or in combination with genetic factors,
to the risk of developing breast cancer; (2) review the challenges
in investigating potential environmental contributions; (3) explore
evidence-based actions that women might take to reduce the risk
of breast cancer; and (4) recommend research directions.
Methods: A qualitative review was undertaken by a panel
of experts covering molecular carcinogenesis, epidemiology, toxicology, exposure science, cancer prevention, clinical studies,
biostatistics, and risk assessment, and also including a representative from the breast cancer advocacy community. This
review examined current evidence on selected factors that illustrate various environmental agents and conditions that may be
more amenable to modiﬁcation. The peer-reviewed literature was
screened for toxicologic, mechanistic and epidemiologic studies,
with a focus on review papers for risk factors that have been wellstudied. The panel also considered new molecular discoveries that
may change the way in which carcinogenesis is conceptualized,
addressed what types of actions women can take to reduce their
individual risk, and recommended future research directions.
Results: For some of these factors, epidemiologic studies consistently support associations with increased risk for breast cancer
(e.g., ionizing radiation, combination hormone therapy, greater
postmenopausal weight) or reduced risk (e.g., more physical activity). For many other factors, however, the epidemiologic evidence
is more limited, contradictory, or absent (e.g., parabens). Animal
or mechanistic studies sometimes add support to epidemiologic
evidence or suggest biologic plausibility in the absence of human
evidence. Understanding of the complexity of breast cancer and
its relation to environmental exposures is growing. Key gaps in
knowledge were identiﬁed, including the biologic signiﬁcance of
life stage at the time an exposure is encountered; optimal methods
for assessing some exposures, how to integrate analysis of genetic
and environmental inﬂuences; synergies among multiple low-level
chemical exposures; and interpretation of ﬁndings from studies in
animals and in vitro systems.
Conclusions: With regard to exposure reduction strategies,
some personal actions were deemed to potentially lower a woman’s
risk of breast cáncer, despite uncertainty in the evidence. These
include: avoiding unnecessary medical radiation, or increasing
physical activity. With regard to future directions for research, several recommendations were put forward to enhance understanding
of the early origins of breast cáncer and to focus attention on preventive interventions and effective risk communication.
Financial support: The IOM Report was commissioned by the
Susan G. Komen Foundation for the Cure. As a member of the IOM
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Panel, I received travel, lodging, and per diem from the IOM, but no
honoraria for participating in and chairing the panel.
http://dx.doi.org/10.1016/j.toxlet.2016.07.143
S32-3
Early life contributions to breast cancer risk
L.S. Birnbaum
National Institute of Environmental Health Sciences and National
Toxicology Program, United States
The role of environmental chemicals in the initiation and progression of breast cancer is becoming more evident through experimental studies and epidemiology ﬁndings. As an endocrine-based
disease, breast cancer risk may be modiﬁed by gene-environment
interactions, particularly during key developmental windows of
susceptibility. The developing breast undergoes early life changes
that may render it more vulnerable to the effects of epigenetic
marks, endocrine disruption, and carcinogenesis later in life. More
research is needed in the area of early beginnings of breast cancer,
with prevention of the disease as the ultimate goal. The National
Institute of Environmental Health Sciences encourages more investigation into early life environmental exposures as they relate to
breast cancer risk factors and disease over a lifetime.
http://dx.doi.org/10.1016/j.toxlet.2016.07.144
S32-4
Phthalate exposure, ﬂavonoid consumption and
breast cancer risk among Mexican women
A. Mérida-Ortega 2 , C. Hernández-Alcaraz 2 , A. García-Martínez 2 ,
B. Trejo-Valdivia 2 , A. Salinas-Rodríguez 2 , K. Svensson 3 , M.E.
Cebrián 4 , L. López-Carrillo 2,1
1

Av. Universidad No. 655, col. Santa María Ahuacatitlán, CP 62100
Cuernavaca, Morelos, Mexico
2 National Institute of Public Health, Cuernavaca, Morelos, Mexico
3 Department of Preventive Medicine, Icahn School of Medicine at
Mount Sinai, NY, USA
4 Departamento de Toxicología, CINVESTAV, México City, Mexico

Introduction: Our research group previously reported that
breast cancer (BC) was positively associated with diethyl phthalate (DEP) exposure, as well as negatively associated with exposure
to butyl benzyl phthalate (BBzP) and dioctyl phthalate (DOP). It is
unknown if these associations could be modiﬁed by the dietary
intake of other compounds with estrogenic properties, such as
ﬂavonoids.
Objective: To evaluate if exposure to selected phthalates and
ﬂavonoid intake interact on BC risk.
Methods: Interviews and urine samples were obtained from
233 women with histologically conﬁrmed BC and 221 healthy
controls matched by age and place of residence, from various
states of northern Mexico. Urinary metabolites concentrations of
DEP, BBzP and DOP were determined by solid-phase extraction
coupled with high-performance liquid chromatography/isotope
dilution/tandem mass spectrometry. Using a semiquantitative food
frequency questionnaire, consumption of ﬁve types of ﬂavonoids
(anthocyanidins, ﬂavan-3-ols, ﬂavanones, ﬂavones and ﬂavonols)
was estimated according to three food groups: vegetables, fruits
and legumes-oil seeds.
Results: A higher intake of anthocyanidins and ﬂavan3-ols (from vegetables), synergistically increased the nega-
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tive association between BBzP and BC. No other signiﬁcant
ﬂavonoid-phthalate multiplicative interactions on the risk for BC
were found.
Conclusion: The consumption of some ﬂavonoids may interact
with exposure to phthalates on the risk of BC; however, information
about epidemiological and underlying mechanisms is still insufﬁcient and inconclusive.
Financial support: This study was supported by CONACyT,
Fondo Sectorial de Investigación en Salud y Seguridad Social (20052-14373, 2009-1-111384 and 2010-1-140962) and SEP-CONACyT
2008-79912
http://dx.doi.org/10.1016/j.toxlet.2016.07.145
Symposia S33: IUPHAR: inﬂuence of ethnicity, genetics and age
on drug response and toxicity
S33-1
Polymorphisms in xenobiotic metabolism
genes as risk factors for drug toxicity
A.K. Daly
Institute of Cellular Medicine, Newcastle University, Newcastle upon
Tyne, UK
Polymorphisms in genes encoding enzymes of xenobiotic
metabolism are highly plausible candidates as predictors of
idiosyncratic drug toxicity. Overall understanding of the functional
effects of polymorphisms in these genes is now quite comprehensive but relatively few well replicated genetic associations relating
to drug toxicity have emerged. Most studies on drug toxicity have
been concerned with hepatotoxicity and mechanisms for toxicity involving drug metabolism are generally considered to involve
reactive intermediate formation leading to local cellular damage.
The situation with metabolic genes showing limited associations is
in contrast to that for HLA genotype where genome-wide association analyses have shown that certain HLA genotypes are strong
predictors for a number of types of idiosyncratic hepatotoxicity.
A role for polymorphisms of drug metabolism and a mechanism
involving formation of reactive metabolites appears more likely in
non-HLA associated types of drug-induced liver injury. Interindividual variation in metabolism by phase I and II enzymes may
contribute to the levels of reactive intermediate formed. Examples of hepatotoxic drugs where reactive intermediate formation
involving phase II metabolism appears important in toxicity include
diclofenac and isoniazid. Susceptibility to idiosyncratic liver injury
from these two drugs does not appear to be HLA-associated.
Diclofenac is subject to metabolism by oxidation and glucuronidation resulting in acyl glucuronide formation. Polymorphisms in
UGT2B7 appear relevant to individual risk of diclofenac hepatotoxicity, with genotypes which predict a higher rate of acylglucuronide
formation associated with toxicity. Isoniazid is a common cause
of hepatotoxicity and there is considerable evidence suggesting
absence of NAT2 activity (slow acetylation phenotype) is associated with susceptibility to toxicity. Slightly surprisingly, a role for
cytochrome P450 genotype in susceptibility to hepatotoxicity reactions seems more limited. However, roles for CYP2C9 and CYP2B6
genotype in reactions to bosentan and efavirenz respectively have
been proposed. There is also data suggesting that CYP2B6 genotype
could contribute to ticlopidine liver toxicity in combination with
the HLA genotypes A*33:01 or A*33:03.
Attempts to detect additional genetic risk factors including
drug metabolism genes for non-HLA associated forms of druginduced liver injury by genome-wide association studies have been
generally unsuccessful. This may reﬂect limited statistical power
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and, in some cases, poor coverage of the relevant genes on the
chip.
http://dx.doi.org/10.1016/j.toxlet.2016.07.147
S33-2
Impact of ethnic variation on drug metabolism
in Latin American populations
G. Suarez-Kurtz 1,2
1 Instituto Nacional de Câncer, Research Division, Rio de Janeiro, RJ,
Brazil
2 Rede Nacional de Farmacogenética, Brazil

Pharmacogenomic (PGx) applications in the developing nations
of the Americas must take into account the ethnic, cultural,
socio-economical, scientiﬁc and technological disparities, in addition to their genetic heterogeneity and population diversity.
Language distinguishes the Portuguese-speaking Brazilians from
the Spanish-speaking peoples living in all other Latin-American
nations. Although Native American, European and sub-Saharan
African biogeographical ancestries are common to all LatinAmerican populations, the relative proportions of each ancestral
root vary across countries and, most importantly, among individuals in each nation.
This will be illustrated with data from samples of the two most
populated Latin American countries: Brazil (cohort of 268 individuals from Rio de Janeiro, stratiﬁed into census categories of White,
Brown and Black) and Mexico (45 Native American Zapotecas
and 224 self-identiﬁed Mestizo individuals from 5 geographically
distant regions). The individual admixture proportions and the
frequency distribution of 1936 polymorphisms in 231 pharmacogenes was determined using the Affymetrix Drug Metabolizing
Enzymes and Transporters (DMET) Plus array. A substantial variation in ancestral proportions across census categories in Brazil, and
geographic regions in Mexico was identiﬁed.
These features have important PGx implications, which will be
reviewed, using our studies in the Brazilian population as model
cases.
Financial support: CNPq, Faperj and DECIT/MS.
http://dx.doi.org/10.1016/j.toxlet.2016.07.148
S33-3
Pharmacogene variation affecting warfarin
therapy in an Alaska native population
A.E. Rettie
Department Medicinal Chemistry, University of Washington, Seattle,
WA 98195, United States
Introduction: Warfarin is a low therapeutic index drug that can
precipitate adverse bleeding reactions in patients dosed with this
vitamin K antagonist. Pharmacogenomics has identiﬁed numerous genes that contribute to inter-individual variability in warfarin
drug response. However, studies in native populations have been
neglected.
Objective: To identify genetic risk factors for warfarin treatment
in an Alaska Native population.
Methods: CYP2C9, VKORC1, GGCX, CYP4F2 and CYP4F11, which
encode enzymes important to warfarin action, were re-sequenced
in 94 Yup’ik people living in the Yukon-Kuskokwim Delta of
Southwest Alaska to identify novel and known function-disrupting

variation. A further 350 participants were genotyped to establish
allele frequencies.
Results: We found high frequencies for the lower warfarin dose
VKORC1 haplotype (-1639G > A; 1173C > T) and the higher-dose
CYP4F2*3 variant. Several novel CYP2C9 variants (Met1L, N218I and
P279T) were also identiﬁed in this population at frequencies ranging from 2 to 7%.
Conclusions: This presentation will discuss the functional consequences for carriers of these novel, relatively common, CYP2C9
variants and the implications for warfarin dosing in Alaska Native
peoples. Pharmacogenetic information of this type is important in
order to minimize the risk of vitamin K antagonist toxicity, especially in populations living in remote communities.
http://dx.doi.org/10.1016/j.toxlet.2016.07.149
S33-4
Adverse drug reactions in children: New
perspectives on old problems
J. Goldman
Children’s Mercy Hospital, University of Missouri – Kansas City,
Kansas City, MO, USA
Adverse drug reactions (ADRs) commonly occur among
children; however they often are under-recognized and underreported. Few diagnostic tests exist to accurately predict who is
at risk of developing an ADR.
The objective of this talk is to: (1) Understand the burden of
ADRs among children; (2) Highlight differences between ADRs
experienced by adults and children; (3) Case study: trimethoprimsulfamethoxazole ADRs in children.
Managing ADRs in children is particularly challenging as
causality assessment tools have often not been evaluated or validated in children, ADRs are often poorly documented in the
medical record, many drugs used in children have never been
formally studied in the pediatric population resulting in scarce
ADR data, and the impact of ontogeny on ADR predisposition
is frequently unknown. Active pharmacovigilance in children
is critical to better understand the global impact of pediatric
ADRs.
Our investigation of ADRs associated with trimethoprimsulfamethoxazole in children highlights the approach of applying
epidemiologic data to identify recent trends in pediatric ADRs,
developing a biorepository of children experiencing ADRs, and
using both in vitro and in vivo approaches to further investigate
the mechanisms associated with these ADRs.
http://dx.doi.org/10.1016/j.toxlet.2016.07.150
Symposia S34: Application of the Adverse Outcome Pathway
(AOP) concept to evaluate a link between pesticides and Parkinson´s disease
S34-1
The role of European Food Safety Authority
(EFSA) in the risk assessment of pesticides in
Europe and the assessment of neurotoxicity in
the standard regulatory framework
S. Hougaard Bennekou
Danish EPA, Copenhagen, Denmark
Introduction: Pesticide risk assessment in the European Union
is carried out as collaboration between the Member States and
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the European safety Authority (EFSA), where EFSA play a key role
as the coordinator of the peer-review risk assessment and also
as a peer-reviewer per se. Moreover, the Scientiﬁc Panel for Pesticides and their Residues (PPR) of EFSA, will take upon task of
overarching matters in regard to pesticide risk assessment such as
development of guidance document for pesticide risk assessment
and scientiﬁc opinion on speciﬁc matters. In the European pesticide regulation, neurotoxic effects of pesticides are considered of
particular importance and therefore neurotoxic pesticides are for
example candidates for substitution. Under both the former and
current data requirements for approval of pesticides, mandatory
endpoints for neurotoxicity are those covered by the relevant OECD
guidelines for repeat and single dose studies. However, targeted
neurotoxicity testing is required only if neurotoxicity is detected
in these studies, or if the pesticide in question has known neurotoxic effects. The data on each pesticide are re-evaluated at 10–15
years intervals, and for this purpose, all relevant epidemiological
data and new publications should be reported to contribute to a
new and comprehensive risk assessment. Beyond this evaluation
of individual compounds, data can also be collected on compound
classes or overall risk linked to general pesticide exposure.
Objectives: The results from two large recent meta-analyses of
epidemiologic data that suggested an association between exposure to pesticides and the risk of developing Parkinson’s disease
(PD). Raise two questions are the current standard repeat-dose
animal studies are (i) sensitive enough triggers for more targeted
neurotoxicity testing, and (ii) whether they are sufﬁcient to detect
adverse outcomes of relevance to human neurological disease, such
as PD?
Methods: One of the strategies of the EFSA to address the
gap between epidemiologic data and standard experimental safety
assessment is to explore the AOP concept for both interpretation
of epidemiologic data and for guidance on follow-up experimental
work.
Conclusions: The outline of this approach will be presented.
Financial support: EFSA.
http://dx.doi.org/10.1016/j.toxlet.2016.07.152
S34-2
The integration of epidemiological data in the
regulatory framework of pesticides, a case for
Parkinson’s disease
K. Angeli
ANSES – French Agency for Food, Environmental and Occupational
Health & Safety, DEPR, Maisons-Alfort, France
Introduction: Human health risk assessment for pesticide
active substances mostly relies on experimental toxicology and
pathology data collected from laboratory animals. Most of the time,
the available human data are only available by means of epidemiological studies. In the European regulatory framework for pesticide
active substances, reported epidemiology ﬁndings should be integrated into risk assessment.
Objectives: Present a major outcome from epidemiological
studies, i.e.: presumed link between exposure to pesticides and
increased risk of Parkinson’s disease (PD) and discuss the suitability
of epidemiological data for pesticide regulatory risk assessment.
Methods: Based on a recent systematic review published by
EFSA (Ntzani et al., 2013) and an analysis of epidemiological and
experimental studies published by INSERM (INSERM 2013), the
major results, the strengths and the limitations of epidemiological studies have been analysed in the context of regulatory risk
assessment.
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Results: Both Ntzani report and INSERM report reached a similar
conclusion that an association exists between exposure to pesticides and increased risk of PD, though a causative link cannot
be established. Epidemiological studies can be highly informative
for hazard identiﬁcation especially for end points not or poorly
explored in the routinely performed experimental. They directly
investigate health effects on the population of concern, at relevant
exposure. However, they are of limited use because of their intrinsic
limitations, particularly on exposure data and chemical speciﬁcity.
PD and parkinsonian disorders are complex multifactorial human
diseases with a genetic and environmental component. Adverse
outcome pathway (AOP) may represent a suitable approach for the
integration of such epidemiological ﬁndings that should make use
of all available information from heterogeneous sources.
Conclusions: Integration of epidemiological data in the regulatory framework of pesticides is challenging. In its mandate, the
European Food Safety Authority (EFSA) Panel on Plant Protection
Products and their Residues explored the AOP framework as a novel
concept to assess the biological plausibility of epidemiological data
linking exposure to pesticides to parkinsonian disorders and PD in
particular.
Financial support: European Food Safety Authority.
http://dx.doi.org/10.1016/j.toxlet.2016.07.153
S34-3
Construction principles of adverse outcome
pathways (AOP) and their use for integration of
diverse toxicological information
M. Leist
In Vitro Toxicology and Biomedicine, University of Konstanz,
Germany
Introduction: Modern risk assessment approaches consider the
mode of action (MOA) of a compound, i.e. (i) toxicokinetic properties of a compound, (ii) the concentration it reaches at its target
site(s), and (iii) mechanisms relevant to the hazard. Adverse outcome pathways (AOP) provide a conceptual framework to sort,
curate, and weigh hazard information. An AOP describes the chain
of events leading from the ﬁrst interaction with a target (molecular initiating event = MIE) to an adverse outcome (AO), an apical
endpoint in accepted regulatory toxicity testing.
Objective: Presentation of the AOP concept, and illustration of
key considerations of the weight-of-evidence approach used to
deﬁne and validate an AOP.
Methods: AOP organise current knowledge on how functional/biochemical alterations (as measured by e.g. in vitro assays
or in dedicated functional animal tests) are leading to AO. Moreover, AOP provide information of the strength of these associations
(i.e. to which extent data from in vitro tests are predictive of classical in vivo toxicity). Rules have been established, how a key event
(KE), i.e. one of the steps leading from MIE to AO is to be deﬁned
and evaluated.
Results: For applications of AOP, it is important that they are (i)
designed to describe hazard (not risk), and that (ii) they do not refer
to particular chemicals (but to pathways of toxicity determined by
biology). The weight-of-evidence for the relevance of an AOP considers data from example chemicals that are assumed to exert their
toxicity by triggering the AOP. Moreover, the relationship of KE
amongst one other (KER), i.e. the evidence/plausibility that triggering of an upstream KE leads to the activation of a downstream KE,
is also based on ﬁndings from example chemicals.
Conclusions: If there are several well-established AOP that lead
to parkinsonian motor symptoms, and if pesticides trigger MIE or
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KE of such AOP, then the AOP framework makes it plausible that
pesticides pose a hazard for development of parkinsonian disorders. This hazard is not to be confused with risk, as AOP do not
consider the exposure situation. However, the AOP framework provides guidance for alternative testing and data re-evaluation, once
a hazard has been identiﬁed.
Financial support: EFSA.
http://dx.doi.org/10.1016/j.toxlet.2016.07.154
S34-4
AOP: Inhibition of mitochondrial complex I
triggers cascade of key events leading to motor
deﬁcit of parkinsonian disorders
A. Terron
European Food Safety Authority, Pesticide Unit, Parma, Italy
Introduction: The AOP framework is a practical and pragmatic
tool to mechanistically link a molecular initiating event (MIE) to
the adverse outcome (AO) through a series of key events (KEs). The
AO (i.e. parkinsonian motor deﬁcits) is a consistent epidemiological outcome associated to pesticide exposure. Tool compounds (i.e.
rotenone and MPTP) were selected based on the abundance of available data to support the dose, incidence and temporal concordance
of the pathway.
Objective: Develop an AOP linking the inhibition of mitochondrial complex I to motor deﬁcits of parkinsonian disorders through
a series of essential KEs.
Methods: OECD guidance on AOP development, and extensive
literature mining/curation.
Results: Based on a systematic review of the literature, the
following links in the AOP have been identiﬁed: MIE, binding
and inhibition of a subunit of NADH ubiquinone oxidoreductase;
KE1, mitochondrial dysfunction; KE2, Impaired proteostasis; KE4,
Degeneration of dopaminergic neurons of the nigrostriatal pathway; KE5, neuroinﬂammation (branching off from KE4, as well as
returning to KE4); AO, motor deﬁcit of parkinsonian disorders.
Conclusions: An AOP was developed to mechanistically support
the link between the human health outcome (i.e. the AO) and the
MIE through a transparent weight-of-evidence (WoE) for each KE
and MIE. The WoE was based on biological plausability, essentiality
and available empirical support on a ranking order of importance.
This AOP is intended to help risk assessors in framing human health
outcomes in the hazard identiﬁcation and support biological plausibility in the assessment of epidemiological studies. Can also identify
potential limitations and/or gaps in the regulatory toxicology process.
Financial support: European Food Safety Authority.
http://dx.doi.org/10.1016/j.toxlet.2016.07.155

S34-5
Adverse Outcome Pathway: Redox-cycling of a
chemical initiated by electrons released by the
mitochondrial respiratory chain leading to
parkinsonian motor deﬁcits
B. Viviani
Department of Pharmacological and Biomolecular Sciences,
University of Milan, Milan, Italy
Introduction: Oxidative stress is considered to play a relevant
role in the pathogenesis of parkinson’s disease and may also represents an adverse response to pesticides exposure. An Adverse
Outcome Pathway (AOP) was designed taking into account the current knowledge on molecular mechanisms initiated and recruited
by chemically induced redox-cycling.
Objective: Use the AOP framework to support the biological
plausibility linking redox-cycling to the occurrence of parkinsonian
motor deﬁcits.
Methods: Literature was searched from 1990 to present
in archives of biomedical, life science and toxicology journals
and relevant references were selected using established inclusion/exclusion criteria. Analysis and multi-level integration of the
data have been performed following OECD guidelines on AOP
development to identify molecular initiating events (MIEs) and link
them, through intermediate key events (KEs), to features of Parkinsonian disorders including parkinson’s disease (Adverse Outcome,
AO) in the framework of chemically induced redox-cycling toxicity.
Results: The designed AOP develops through the following
steps: redox-cycling of a chemical initiated by electrons released
by the mitochondrial respiratory chain (MIE) leading to Mitochondrial reactive oxygen species formation and dysfunction (KE1)
leading to Impaired proteostasis (KE2) leading to Degeneration of
dopaminergic neurons of the nigrostriatal pathway (KE3) leading to
Parkinsonian motor deﬁcits (AO). KE3 has been also bidirectionally
linked to Neuroinﬂammation (KE4) to take into account a molecular
cross-talk relevant in shaping neuronal demise.
Conclusions: A strong weight of evidence (WoE) links the MIE to
the degeneration of DA neuronal cells of the nigrostriatal pathway.
Furthermore, the organization of all the available information also
provided a mechanistic understanding, together with useful indication on the way to explore and quantify apical endpoints potentially
useful for regulatory application.
Financial support: European Food Safety Authority.
http://dx.doi.org/10.1016/j.toxlet.2016.07.156
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Workshop 1: Developmental toxicology. Different Models, different endpoints
W1-1
In vitro and in vivo models to study
teratogenicity. Misoprostol as an example
M.F. Cavieres
Escuela de Química y Farmacia, Facultad de Farmacia, Universidad
de Valparaíso, Valparaíso, Chile
Introduction: Prostaglandins of the E-series play an important
role on SNC and bone and limb development. Misoprostol is a
prostaglandin E1 analog and is registered in Chile for the prevention
and treatment of non-steroidal anti-inﬂammatory peptic ulcers. It
is also used to induce abortions. Preclinical teratology studies in rats
did not show induction of defects, although reports in the literature
have shown teratogenicity in mice. In utero exposure to misoprostol in humans, after failed abortion attempts, has been associated
to cerebral palsy and joint and skeletal defects. The mechanism
of action which mediates this teratogenicity is unknown. Since
misoprostol acts on prostanoid receptors, we hypothesize that this
interaction can explain the induction of defects.
Objective: The aim of this study was (1) To establish an appropriate model for the study of misoprostol induced birth defect; (2)
To study if misoprostol developmental toxicity is due to its binding
to prostanoid receptors.
Methods: We have used in vivo and in vitro assays to study
misoprostol induced-teratogenicity and embryo and fetal toxicity
in the rat. The assays include in vivo teratology and in vitro micromass, whole embryo culture at early (GD 9.5) and late (GD13.5)
organogenesis. We have cultured the embryos in the presence
of increasing doses of misoprostol as well as prostanoid receptor
antagonists.
Results: In vivo rat teratology showed no defect induction. Similarly, misoprostol was not cytotoxic in the micromass assay; neither
did it affect cell differentiation. On the other hand early and late
organogenesis whole embryo culture successfully showed embryotoxicity. These defects could be mediated by interaction to the EP3
prostanoid receptor in the GD9.5 rat embryo. Limb defects are not
mediated by EP1 or EP2 receptors.
Conclusions: In vitro whole embryo culture studies are better
and appropriate models to study misoprostol teratogenicity. EP3
receptor may be mediating the induction of defects in the rat.
Financial support: DIUV grant 27/2011.
http://dx.doi.org/10.1016/j.toxlet.2016.07.158
W1-2
Developmental origins of reproductive
disorders in the adult: The example of
glucocorticoids and statins
W.G. Kempinas
Department of Morphology, Institute of Biosciences of Botucatu,
UNESP – Univ Estadual Paulista, Botucatu, SP, Brazil
It has been shown that developmental exposure to certain
chemicals can lead to reproductive disorders later in life. In this presentation we will talk about two classes of pharmaceuticals widely
used in human clinic: glucocorticoids and statins. Bethametasone
is the glucocorticoid of choice for antenatal treatment in the promotion of lung maturation. Previous studies reported that prenatal
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bethametasone treatment reduces sperm quality and can negatively impact the pituitary-adrenal-axis in the second generation
of treated rats. More recently we observed delay in the onset of
puberty and decrease in sperm production, motility and fertility
in rats whose dams received betamethasone during pregnancy.
The histopathology of testis and epididymis revealed uncommon
features. Dyslipidemias are occurring earlier in the population
due to the increase of obesity and bad eating habits. Statins are
used to reduce cholesterol. Taking this into consideration we have
been investigating the short and long-term reproductive effects of
statin exposure in prepubertal rats. The administration of rosuvastatin at this age provoked, in adult rats, decreased sperm motility
and sperm counts and increased tail sperm abnormalities and
post-implantation losses. These results raise concern for humans,
considering the widespread use of these drugs. In this presentation we also plan to discuss the use of alternative endpoints for the
determination of fertility in rats, such as biomarkers of fertility and
intrauterine insemination, since natural mating is not a sensitive
method for rodents, due to their high reproductive efﬁciency.
Financial support: FAPESP, CNPq, CAPES.
http://dx.doi.org/10.1016/j.toxlet.2016.07.159
W1-3
Computer simulation of developmental
processes and toxicities
T.B. Knudsen
National Center for Computational Toxicology, US Environmental
Protection Agency, Research Triangle Park, NC 27711, USA
Introduction: Standard practice for assessing developmental
toxicity is the observation of apical endpoints (intrauterine death,
fetal growth retardation, structural malformations) in pregnant
rats/rabbits following exposure during organogenesis. EPA’s computational toxicology research program (ToxCast) generated vast
in vitro cellular and molecular effects data on >1858 chemicals
in >600 high-throughput screening (HTS) assays. Translating these
data into higher order-predictions of tissue dysfunction is a significant challenge for complex adaptive systems such as the embryo.
Objective: This talk will address the use of computational systems models to recapitulate the kinematics of dynamical cell
signaling networks, and their application for translating in vitro
data (ToxCast/Tox21) on human cell-based assays into predictive
models of developmental toxicity.
Methods: An open source CompuCell3D.org modeling environment was used to build embryologically-inspired computer models
that recapitulate cell signaling networks for: VEGF-mediated
angiogenesis (angiodysplasia), androgen-mediated urethral closure (hypospadias), TGFb-mediated tissue fusion (cleft palate), and
retinoid-mediated limb outgrowth (ectrodactyly).
Results: Being numerically responsive to perturbation, the
models are amenable to various computational methods of data
processing and simulation from ToxCast. For example, a newly
added metabolomics-based platform that predicts the exposurebased potential for developmental toxicity (pDT) in a human
system with ∼83% accuracy yielded a hit on 138 ToxCast chemicals
(∼13% of the 1065 chemicals tested to date). Computer simulation
models that integrate in vitro perturbations (ToxCast) with embryological signaling networks output systems-speciﬁc predictions of
dose-response for gestational susceptibilities.
Conclusions: A heuristic computational intelligence framework that recapitulates the kinematics of dynamical cell signaling
networks in the embryo can be used to translate in vitro data
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into systems models of developmental toxicity. Together with
exposure-based methods, these models yield a probabilistic assessment for chemical effects based solely on in vitro data.
Financial support: This work was funded by EPA’s Ofﬁce of
Research and Development but does not reﬂect EPA policy.

Workshop 2: Global perspectives on safety, regulatory and risk
assessment of food additives or contaminants
W2-1
Introduction to the safety and beneﬁts of
additives

http://dx.doi.org/10.1016/j.toxlet.2016.07.160
A.W. Hayes
W1-4
Nanomaterials toxicity and teratogenicity in
aquatic environment using Rhinella arenarum
model
E.I. Yslas
Department of Molecular Biology, Universidad Nacional de Río
Cuarto, CONICET, Río Cuarto, Argentina
Introduction: Nanotechnology is growing at an exponential
rate and will undoubtedly have both beneﬁcial and toxicological
impact and consequences on health and environment. Amphibians are being increasingly used for toxicity screening purposes
due to their high sensitivity to physicochemical stress and useful indicators of freshwater contamination. Amphibians, with life
stage comprising embryos, tadpoles, and adults, have an extremely
permeable skin, which makes them excellent indicators of environmental health. Rhinella arenarum is widely distributed in our region
(Río Cuarto, Cordoba Province, Argentina). AMPHITOX is a set of
customized toxicity test for acute, short term chronic, chronic and
early life stages of amphibian embryos of R. arenarum, which allow
selecting the most appropriate exposure period and end points
according to the toxicity of the sample and the purpose of the
study.
Objective: The main purpose of this study is to evaluate the susceptibility of embryos at 2–4 blastomeric stage (s2–s4) and larvae
in premetamorphosis (stage 25) (AMPHITOX bioassay) to different concentrations of polyaniline (PANI) nanomaterials (nanoﬁbers
and nanoparticles).
Methods: The susceptibility of R. arenarum larvae to PANI during
the 25th stage of development was evaluated by exposing the larvae to different concentrations of each nanomaterial. On the other
hand, the teratogenic assay of different nanomaterials to embryos
was carried out by observing the embryotoxic effects at continuous
exposure from early blastula (S.2–S.4) during a 96 h period.
Results: These results demonstrated a stage-dependent susceptibility for PANI-nanomaterials. Early stage embryos are more
sensitive than more mature embryos. The mayor toxicity perhaps
it could be attributed to the minor size of the nanomaterials and its
bioaccumulation.
Conclusions: This in vivo model might serve to determine not
only the PANI toxicity but also other nanomaterials, consequently
this popular alternative organism can be extensively used as models in nanotoxicology.
Financial support: Author is grateful to SECyT of UNRC and
CONICET for ﬁnancial support.
http://dx.doi.org/10.1016/j.toxlet.2016.07.161

Harvard University and Michigan State University, USA
Food Additive is an ingredient with a purpose and is
added to preserve nutritional quality, provide necessary ingredients/constituents for consumers having special dietary needs and
also to enhance keeping quality and stability of food. Food Additive
improves organoleptic properties, improves processing, preparation, storage, distribution of food and reduces wastage of food. Food
Additives are used in small quantities and offers convenience plus
enjoyment of food in a wide variety of appetizers. It is to be used
under conditions of Good Manufacturing practices and the quantity
of Food Additive added is limited to lowest possible level necessary
to accomplish desired effect. Only those food additives permitted
for use in a food/category can be used within permissible limits. FA
is permitted for use by regulatory authorities based on strong scientiﬁc risk analysis, from safety, health and toxicological perspective.
This will be illustrated with a few examples.
http://dx.doi.org/10.1016/j.toxlet.2016.07.163
W2-2
An overview on the risk assessment by the Joint
FAO/WHO Expert Committee on Food Additives
J.R. Lupien
Consultant, Italy
The Codex Alimentarius system presents a unique opportunity
for all countries to join the international community in formulating and harmonizing food standards and ensuring their global
implementation. The work of FAO (Food and Agriculture Organization of the United Nations) and WHO (World Health Organization)
with respect to food standards consists of the following three
independent yet complementary activities listed below that will
be elaborated in this presentation (1) The provision of scientiﬁc
advice by expert bodies (JECFA – Joint Expert Committee on Food
Additives) and meetings established by FAO and WHO; (2) The
elaboration of food standards by the Codex Alimentarius Commission taking into consideration the scientiﬁc advice provided
by FAO and WHO; and (3) The creation of capacity building programmes related to strengthening food control systems taking
into account the standards developed by the Codex Alimentarius
Commission.
http://dx.doi.org/10.1016/j.toxlet.2016.07.164
W2-3
Threshold of toxicological concern
D. Schrenk
University of Kaiserslautrern, Germany
Chemical/toxicological hazard and risk assessment in food
safety relies on a variety of general principles. Contaminants are
deﬁned chemicals which are neither present naturally in the food
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item nor have been added or used on purpose. In contrast, residues
are deﬁned as remaining traces of deﬁned substances (or their
metabolites) which were used on purpose during the (agricultural) production of the food. The risk assessment of contaminants
and residues in humans usually starts with a description of the
chemical, its origin, and methods of production, use, occurrence
and levels. In quantitative risk assessment, the exposure is usually
analyzed based on probabilistic considerations using consumption
data. The description of the hazards (toxicological properties) of
the compound, and a characterization of the risk (exposure combined with hazard) follow. Mechanistic and in vitro considerations
aim at an understanding of the mode(s) of action (MoA). In pure
hazard assessment, however, the actual risk related to a certain
exposure is not quantiﬁed. Therefore, statements on a ‘cancer risk
to humans’ such as made by the International Agency for Research
on Cancer (IARC) frequently are falsely used, e.g., by applying the
so-called ‘Precautionary Principle’. A distinction between genotoxic
and non-genotoxic MoA, in particular if positive carcinogenicity
ﬁndings are available, is of particular importance. In case of genotoxic carcinogens, a Margin of Exposure (MOE) approach is widely
used, however, not providing a basis for a derivation of a healthbased guidance value. In case of non-genotoxic chemicals a NOAEL
or Benchmark Dose is also used as point of departure (POD). This is
divided by an appropriate safety factor in order to derive a tolerable
daily intake (TDI) as a health-based guidance value. In cases where
the toxicological data are insufﬁcient, the TTC (threshold of toxicological concern) approach is under discussion. In chemical food
safety, contaminants and residues in food are assessed. It is based
upon a thorough understanding of the hazard, mode of action, and
exposure. In the case of genotoxic carcinogens, the MoE approach
is widely used for risk communication. In case of insufﬁcient data,
the TTC approach may be useful. A pure hazard communication,
however, without use of MoA and exposure data.
http://dx.doi.org/10.1016/j.toxlet.2016.07.165
W2-4
Brazilian and Latin American approaches for
risk assessment
E. De Souza Nascimento
University of Sau Paulo, Brazil
Latin American countries are at their early stages in using regulatory approaches and risk assessment related to food additives and
contaminants. Countries such as Chile and Argentina tend to use
tools such as risk analysis, and most of these analyses are focused
on microbiological risk rather than chemical risk. Thus, most Latin
American countries still legislate based on chemical hazard rather
than risk thereby not including the exposure aspects necessary
for a risk assessment. A Brazilian National Health Surveillance
Agency – ANVISA – issued a public consultancy, in September
17, 2015, in which are delineated criteria and requirements for
toxicological evaluation of pesticides, components and the like. It
is a very encompassing document that covers deﬁnitions of terms
relevant to the whole process of risk evaluation, as well as detailed
description of data necessary to be presented to the agency to
allow the toxicological assessment of pesticides. Since Brazil is
an important partner in Mercosul (Southern Common Market;
Argentina, Brazil, Paraguay, Uruguay and Venezuela) whose aim
is promoting free trade of goods, services, and production inputs,
one can foreseeing the possibility of extend this risk assessment
approach to other member countries. This lecture will discuss
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scenarios of risk assessment in countries of Latin American, with
special emphasis on Brazil.
http://dx.doi.org/10.1016/j.toxlet.2016.07.166
W2-5
Global regulatory and safety assessment of food
additives in infant formula – Carrageenan as a
case study
B. Mahadevan
Abbott Laboratories, USA
A large database of safety studies exists on the use of carrageenan as an additive. However, the electronic working group of
the Codex Committee on Food Additives (CCFA) in 2011 indicated
that there are no studies available addressing effects of carrageenan
on the immature gut and it was not possible to draw conclusions
on whether carrageenan might be absorbed by the immature gut.
Also, limited data to indicate whether carrageenan can affect the
immune response of the gastrointestinal tract and the nature and
potential consequences of such an effect are unknown. Thus, it was
deemed inadvisable to use carrageenan in infant formula intended
for infants up to and including 12 months of age. The follow-up
animal studies to address the safety concerns raised by CCFA and
the recent positive JECFA review on the safe use of carrageenan at
the levels required for its technological effect in infant formula will
be highlighted.
http://dx.doi.org/10.1016/j.toxlet.2016.07.167
Workshop 3: Food safety and environmental toxicology
W3-1
Furan and its derivatives in foods:
Characterising the hazard
Gill S. 1,∗ , Kavanagh M. 1 , Cherry W. 1 , Barker M. 1 , Weld M. 2 ,
Cooke G.M. 1
1

Regulatory Toxicology Research Division, Health Products and Food
Branch, Tunney’s Pasture, Health Canada, 251 Sir Frederick Banting
Driveway, Ottawa, ON K1A 0K9, Canada
2 Chemical Health Hazard Assessment Division, Health Products and
Food Branch, Tunney’s Pasture, Health Canada, 251 Sir Frederick
Banting Driveway, Ottawa, ON K1A 0K9, Canada
Introduction: Heat-induced food contaminants have attracted
the attention of both the scientiﬁc community and the public in recent years. Furan and its alkyl derivatives, in particular
2-substituted alkylfurans, such as 2-methyl, 3-methyl, and 2ethylfuran have been found in most thermally treated products.
These compounds are metabolically activated and yield highly reactive, unsaturated dialdehydes. Based on a probabilistic exposure
assessment, the average intakes by adults of furan alone and of
furan together with its derivatives were estimated at 0.18 and
0.20 g/kg bw/day, respectively. In the case of toddlers (1–3 years),
mean exposures of furan alone and total furans were estimated to
be 0.32 and 0.40 g/kg bw/day, respectively. Until recently, there
was little or no toxicology data on these compounds. Health Canada
is of the opinion that furan may represent a health concern and that
there is a need for further research before the risk posed by furan
in foods can be fully understood.
Objective: To determine the toxicity of the furan and its alky
derivatives in Fischer 344 rat.
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Methods: Three independent studies were conducted using
Fischer 344 rats. Animals were gavaged daily for 28 days with
the chemical of interest-furan, 2-methylfuran or 3-methylfuran.
During the study the animals were weighed daily and observed
for any signs of toxicity. At the end of the study, animals were
sacriﬁced and blood and various organs were collected, selected
organs were weighed, and gross observations noted. Tissues
were preserved for a histological examination and biomarker
analysis.
Results: Based on general toxicological, histological, clinical biochemistry, transcriptomic and proteomic data, our studies show
that the liver was the main target organ for these compounds but
their effects were of variable severity and the doses causing these
changes were different for each of the three furans.
Conclusions: Our studies show that the liver was the main target organ. Differences in the effects of the three chemicals on liver
enzymes and on thyroid hormone levels were also observed.
http://dx.doi.org/10.1016/j.toxlet.2016.07.174
W3-2
The government policy of food safety in Taiwan

W3-3
Safety assessment of food additives
M.S. Stavanja
Celanese International, Irving, Texas, USA
Food Safety is assured by the combination of factors including
available science and data, participation of food regulatory agencies
and industry from raw materials to food and beverages producers,
and knowledge and demands by the consumers. Food additives are
evaluated for safety by an independent scientiﬁc and/or regulatory body e.g., JECFA, EFSA, USFDA before being approved for use
for human consumption. It is a very dynamic process; a series of
toxicological studies which may include human clinical studies is
required for the evaluation of food additives. Based on the hazard assessment, the maximum exposure or acceptable daily intake
(ADI) is established to ensure that food additives are used at low
levels which represent a low risk while the technical function is
met.
Financial support: Society of Toxicology of Taiwan.
http://dx.doi.org/10.1016/j.toxlet.2016.07.176

Kang J.J. a,b
a

Institute of Toxicology, College of Medicine, National Taiwan
University, Taipei, Taiwan
b Director-General, Ofﬁce of Food Safety, Executive Yuan, Taipei,
Taiwan
The food safety issues have arisen in recent years that accompanied by highly public concern in Taiwan. Due to the continuous
technology development processes, which changed agricultural
and animal production practices, bacterial resistance to antibiotics, moreover, increasing global trade and tourism also made
the supervision of supply chain more importantly. Globalization
impact has transformed global food system and complicated the
food safety issue, thus, food safety has become a new challenge
to governments worldwide. In order to further strengthen the
food regulation, several policy and mechanism were established in
Taiwan. First, a food safety management system was established,
which including law and regulation formulation, risk management
components for administration in relation to the food industry.
Second, food safety risk assessment projects were commissioned.
The data from universities and research institutes have been used
for management decisions. Most of these academic institutes also
joined the TFDA to form the risk assessment task force. Third, partnerships and collaborations with outside experts and institutions
have formed an important strategy. The National Health Research
Institute of the Ministry of Health and Welfare established National
Environmental Toxicants Research Center focusing on food safety
and environmental pollution in 2012. The National Food Safety Education and Research Center at National Taiwan University was also
established in August 2012 as a platform supporting TFDA. This provides professional training and capacity-building programs related
to food safety risk analysis. Finally, a food safety clouds system was
established to gather all government information from different
ministries to predict the possible “food safety” incidence. In conclusion, food safety issues may continue to come to light in the
future, and a preventive approach based on risk prioritization is
under development to amended act and enforcement measures will
support stronger food safety management in Taiwan.
http://dx.doi.org/10.1016/j.toxlet.2016.07.175

W3-4
Major food safety incidents in Taiwan: Lessons
learned
Li J.H., Tung C.W., Wang C.C., Lin Y.C.
School of Pharmacy and Ph.D. Program in Toxicology, Kaohsiung
Medical University, Kaohsiung, Taiwan
Introduction: In the past two decades, more than a dozen of
major food safety incidents have drawn the attention of general
public in Taiwan. Analysis of toxicants in these incidents indicates
that they have been shifting from environmental pollutants to food
adulterants, from biological hazards to chemical hazards, and from
acute toxicity to long-term, chronic toxicity.
Objective: The health effects and impacts of most incidents,
with a few exceptions, were essentially not fully evaluated. The
general public, with a “zero tolerance” attitude, panicked over
these food-safety associated incidents. The mass media usually
played an important role in determining whether a food-safety
issue would become a serious concern. Although a few compounds
were identiﬁed for their toxicological effects in these incidents, the
toxicological mechanisms of many, if not most, compounds were
still unclear.
Methods: To tackle these problems, an early detection system
for nominating and screening potential toxicants has been established by a joint project between the National Health Research
Institutes and Kaohsiung Medical University. The toxicity screening
platforms are divided into two arms, i.e., in vitro and in silico
screening systems.
Results: So far, the in vitro assays, including Ames tests,
CHO/micronucleus, and mouse lymphoma L5178Y/TK assays, have
been established for mutagenesis testing, and Bhas 42 cell transformation assay for carcinogenicity prediction. The in silico system
has been developed with initial frameworks of the computational
screening platform based on quantitative structure-activity relationship (QSAR) models. Machine learning techniques have been
utilized to correlate chemical structure information and toxicity
for QSAR model development. Currently, three models have been
made available for screening of hepatotoxicity, genotoxicity and
teratogenicity.
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Conclusion: This developed platform, once completed, will be
used to determine the toxicological effects of the nominative toxicants that in turn will help understand the mechanisms of toxicity
for further risk assessment and management.
Financial support: This study was supported in part by a grant
(EM-105-PP-19) from National Health Research Institutes, Taiwan.
http://dx.doi.org/10.1016/j.toxlet.2016.07.713
Workshop 4: Genomic biomarkers in risk assessment
W4-1
The future of Tox21 – Improving on biological
coverage and human relevance using
high-throughput transcriptomic technologies
R.S. Paules
Biomolecular Screening Branch, Division of the National Toxicology
Program, NIEHS, NIH, RTP, NC, USA
Introduction: The Toxicology in the 21st Century or Tox21 effort
is a multiagency collaboration among the US National Institutes
of Health’s National Institute of Environmental Health Sciences
(NIEHS)/National Toxicology Program (NTP) and the National
Center for Advancing Translational Sciences (NCATS), the US Environmental Protection Agency (EPA) and the US Food and Drug
Administration (FDA). The goal of the Tox21 program is to improve
identiﬁcation and characterization of adverse effects from chemical
exposures, to prioritize chemicals for further toxicological evaluation and to improve human risk assessments. This involves a
shift from dependency on traditional rodent toxicological studies
to an incorporation of target-speciﬁc, mechanism-based and systems biology approaches using in vitro systems and simple model
organisms.
Methods and results: Tox21 Phase I and Phase II involved
qHTS proﬁling of approximately 10,000 chemicals across a set of
primarily nuclear receptor and stress response cell-based assays.
Recognizing certain limitations in the current approach, Phase
III of Tox21 is designed to expand biological coverage exploiting
genomic approaches as well as to improve human relevance with
more physiologically-relevant cell models and lower organism systems. Cell systems under evaluation for bringing increased human
physiological relevance include human cells with metabolic capabilities reﬂective of the tissue of origin as well as ES- and iPS-derived
cell systems that reﬂect developmental processes as well as tissue speciﬁcity in response to chemical exposures. Developmental,
reproductive and behavior effects from chemical exposures will
also be explore in lower organisms such as embryonic zebraﬁsh.
Development of a mid to high throughput transcriptomic approach
utilizing a target gene set (S1500+) as well as whole transcriptome
approaches are under evaluation for bringing a systems biology
evaluation into chemical screening.
Conclusions: Tox21 research is moving forward into areas that
exploit ‘omic technologies together with physiologically-relevant
model systems that will provide information to prioritization
chemicals for further evaluation and quantitative measurements
to contribute to the risk assessment process. In the process, the
program is designed to identify biomarkers that can contribute to
hazard identiﬁcation and to AOP development.
http://dx.doi.org/10.1016/j.toxlet.2016.07.170

S67

W4-2
Application of emerging safety biomarkers in
drug development
J. Aubrecht
Drug Safety R&D, Pﬁzer Inc, Groton, CT, USA
Introduction: Recent advances in molecular biology and bioinformatics, i.e. systems biology, have enabled interrogating cellular
responses to chemical exposure at the genomic level. The application of systems biology-based approaches (systems toxicology)
promises to provide insights into molecular mechanisms of toxicity that is directly applicable to human risk assessment. In
drug development, the systems toxicology-based methods, i.e.
genomic biomarkers, have the potential to bridge in vitro, in vivo
and clinical testing. The currently used paradigm for assessing
oncogenic risk associated with exposure to drug candidates
relies mainly on traditional in vitro genotoxicity testing battery that does not provide sufﬁcient mechanistic information
for assessing oncogenic risk to humans. Therefore, we evaluated the potential of molecular pathways as genomic biomarkers
of toxicity in the humanized in vitro and in vivo experimental
systems.
Objective: We set out to develop a genomic biomarker of DNA
damage response in human TK6 cells and to evaluate its utility in
genotoxicity risk assessment in drug development. Furthermore,
we investigated whether the application of genomic biomarkers
in a humanized animal model (human liver chimeric mouse) can
improve assessment of human relevance of the in vitro and in vivo
preclinical ﬁndings.
Methods: The genomic biomarker of DNA damage response
in human TK6 cells was developed using Agilent oligonucleotide
arrays using 28 test agents and its performance was evaluated
using a set of 42 test compounds. The human liver chimeric mouse
was used for assessment of human speciﬁc responses in toxicology studies. The genomic/pathway effects were compared with
histopahologic assessment of tissue injury.
Results: Our approach has revealed molecular pathways and
networks that are mechanistically involved in chemical carcinogenesis. We have constructed a reference database containing gene
expression proﬁles of 28 model agents with a broad range of toxic
mechanisms. A DNA damage response biomarker comprising of
65 genes, TGx28.65, has been and found to discriminate genotoxic from non-genotoxic agents with 100% accuracy after 10-fold
cross validation. In a subsequent biomarker validation study, all
chemicals with direct DNA-damaging mechanisms were classiﬁed as “genotoxic” by TGx-27.65. Importantly, all except one out
of eleven chemicals with false positive results in in vitro chromosome damage assay were classiﬁed as “non-genotoxic” using
TGx-28.65. Furthermore, we have evaluated the ability of the
genomic biomarker-based approach to differentiate species speciﬁc effects of a model PPAR alpha agonist and rodent-speciﬁc
non-genotoxic carcinogen Wy-14643 in human liver chimeric
mouse model. The livers of chimeric mice treated with Wy-14643
showed peroxisome and cellular proliferation in mouse hepatocytes. In contrast, the resident human hepatocytes in the chimeric
liver did not show any signs of proliferation. This study indicates
the potential of humanized mouse model to differentiate species
speciﬁc effects of carcinogens.
Conclusions: Our studies demonstrate the utility of genomic
biomarker TGx28.65 in genotoxicity risk assessment that is directly
applicable to dug development. The application of humanized
mouse models has a potential to facilitate human risk assessment
by providing human relevant data.
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Financial support: This study was funded by Pﬁzer, Inc.
http://dx.doi.org/10.1016/j.toxlet.2016.07.171
W4-3
Case studies on the application of
toxicogenomics in human health risk
assessment at Health Canada
C.L. Yauk
Environmental Health Science and Research Bureau, Health Canada,
Ottawa, ON, Canada
Despite widespread recognition of the value of global gene
expression data to inform mechanism of action, human relevance,
and point of departure (POD) in toxicological testing, its applications in human health risk assessment has not been fully realized.
A signiﬁcant roadblock to application has been the amount of
time and expertise required to derive meaningful data from these
extremely large data sets. We have conducted a number of case
studies that provide practical, straight-forward examples of how
toxicogenomics data may be integrated into human health risk
assessment for environmental chemicals. Two particularly useful
approaches include the use of transcriptional signatures that predict speciﬁc modes of actions or toxicities, and benchmark-dose
modeling of global gene expression data to derive toxicogenomics
PODs. This presentation will review lessons learned from using
toxicogenomics data to assess the risks posed by exposure to
furan, a well-established rodent hepatocarcinogen. Data derived
from in vitro and in vivo (rats and mice) experiments, using
several genomics technologies, on fresh and formalin preserved
tissues were used to gain insight into furan’s toxicity. Application of a transcriptomic biomarker in human TK6 cells was ﬁrst
used to provide insight into potential genotoxic stress produced
by furan, and evaluate human relevance. Global transcriptional
proﬁling of in vivo rodent dose-response studies was conducted
to predict potential disease-related perturbations using signaturebased approaches, and dose–response modeling was applied to
identify a POD. Our analyses were compared to data derived
from conventional toxicological tests. Hazards and PODs derived
from transcriptional analyses were consistent with those derived
from conventional endpoints, and there was a high degree of
reproducibility across experimental approaches and platforms,
providing conﬁdence in the data produced. Overall, we demonstrate practical approaches for the use of toxicogenomics in
chemical prioritization and preliminary evaluation of hazards, to
enhance our knowledge of the mode of action, and identify PODs
to support and improve cancer risk assessment.
http://dx.doi.org/10.1016/j.toxlet.2016.07.172

W4-4
Application of next generation sequencing for
discovery of novel miR-based candidate
biomarkers in human subjects
J. Krauskopf 1,∗ , F. Caiment 1 , T.M. De Kok 1 , K.J. Johnson 2 , R.L.
Warner 2 , S.J. Schomaker 3 , P. Chandler 3 , J. Aubrecht 3 , J.C.
Kleinjans 1
1

Department of Toxicogenomics, Maastricht University, Maastricht
6200 MD, The Netherlands
2 Pathology Department, University of Michigan, Ann Arbor, MI
48109, USA
3 Pﬁzer, Inc., Groton, CT 06340, USA
Introduction: Drug-induced liver injury (DILI) is a major cause
of attrition of drug candidates during the clinical phase as well as
after marker introduction. A main reason is that DILI is difﬁcult
to be captured in due time by the classical clinical chemistry battery in view of its limited speciﬁcity and sensitivity. Over recent
years, microRNAs depleted from the injured liver and circulating
through peripheral blood, have been proven promising alternative
diagnostics of DILI.
Objective: Here we have undertaken to further explore the
sensitivity and speciﬁcity of circulating microRNAs in patients suffering from a range of liver diseases, by applying RNA-sequencing
techniques.
Methods: For this, we applied the Illumina HiSeq platform for
initially analyzing blood samples from acetaminophen-overdosed
patients and controls for microRNAs, and in a second study, for following up on this by identifying microRNA proﬁles in blood samples
taken from healthy subjects and subjects with, again, accidental
acetaminophen overdose (DILI), as well as from patients suffering from hepatitis B infection (HBV), liver cirrhosis (LC) and type
2 diabetes mellitus (T2DM).
Results: In the initial study, in subjects having overdosed
on APAP, 36 circulating miRNAs were found, including 3 novel
miRNA-like small nuclear RNAs. These included microRNAs functionally related to DILI but also microRNAs reﬂecting damage
to other target organs for APAP toxicity. In the follow-up study
we conﬁrmed the circulating microRNA proﬁle after APAP overdosing but also identiﬁed 25 miRNAs speciﬁcally regulated in
HBV patients and associated with immunity while the LC cases
showed 17 altered miRNAs, and the T2DM patients 61 regulated
miRNAs.
Conclusions: We conclude that circulating microRNA proﬁles
may indeed serve as liver disease-speciﬁc biomarkers which can
potentially be used for evaluating DILI risks in the clinical phase of
drug development.
Financial support: This work has been supported by Pﬁzer Inc.
http://dx.doi.org/10.1016/j.toxlet.2016.07.173
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RT1: Toxicomics towards new era: New horizons of omics
sciences
RT1-1
New chemical therapeutics of genetic diseases
by manipulating transcriptome
M. Hagiwara
Department of Anatomy and Developmental Biology, Kyoto
University Graduate School of Medicine, Kyoto 606-8501, Japan
Patients of congenital diseases have abnormalities in their
chromosomes and/or genes. Therefore, it has been considered
that drug treatments can serve to do little for these patients
more than to patch over each symptom temporarily when it
arises. Although we cannot normalize their chromosomes and
genes with chemical drugs, we may be able to manipulate the
amounts and patterns of mRNAs transcribed from patients DNAs
with small chemicals. Based on this simple idea, we have looked
for chemical compounds, which can be applicable for congenital diseases and found that INDY, TG003, and SRPIN340 are
promising as clinical drugs for Down syndrome (DS), Duchenne
muscular dystrophy (DMD), and Denys–Drash Syndrome (DDS),
respectively.
Familial dysautonomia (FD), a hereditary sensory and autonomic neuropathy, is caused by mis-splicing resulting from an
intronic mutation in IKBKAP gene. FD would be treatable if we
can develop “a splicing modulator” which promotes exon20 inclusion of IKBKAP and increases the expression of IKAP protein in FD
patient cells. In order to ﬁnd the modulator, we established splicing
reporter assay with dual color (SPREAD) using a segment of human
IKBKAP spanning from exon19 to exon21. SPREAD allows us to visualize the splicing in cells, and to identify RBM24 and RBM38 as the
tissue-speciﬁc modulators for exon20 inclusion of IKBKAP. This also
enabled us to ﬁnd a chemical compound RECTAS, which can rectify the aberrant IKBKAP splicing in FD patient ﬁbroblasts. Our data
implicate the mis-splicing of IKBKAP in the reduced tRNA modiﬁcation in FD patients and demonstrated that RECTAS could be the
therapeutic drug.
Through the development of these chemicals, we eventually
succeeded to ﬁnd candidate compounds available for more common diseases such as viral infections, cancers, age-related macular
degeneration, chronic pain, and Parkinson disease. The preparation of the clinical trial of the ant-virus drug is under the way in our
university hospital as an “Academia Drug”. We propose the strategy to maximize the serendipity for the academic drug discovery
with open innovation.
http://dx.doi.org/10.1016/j.toxlet.2016.07.035
RT1-2
MicroRNAs as potential toxicological
biomarkers in drug-induced liver injury
T. Yokoi
Department of Drug Safety Sciences, Division of Clinical
Pharmacology Nagoya University Graduate School of Medicine,
Nagoya, Japan
Drug-induced liver injury (DILI) is one of the most common reasons for the discontinuation of drug discovery and the withdrawal
of approved drugs from the market, but it is difﬁcult to predict
whether DILI will occur in humans based on current preclinical
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safety evaluations using experimental animals and/or cell-based
in vitro assays. On the basis of the accumulating recent knowledge
of immune systems in hepatic pathology, immune-mediated DILI is
recognized to cause an imbalance of differentiated T cells. Recently,
we reported the relationship between expression changes of Th
cell-related factors and DILI in our established mouse models of
halothane, phenytoin, dicloxacillin, diclofenac, carbamazepine, ﬂutamide, and methimazole.
Micro RNA (miRNA) is a class of small non-coding RNA
containing approximately 20 nucleotides, which negatively regulates target gene expression. Little is known about the role
of individual miRNA and its target involved in immune- and
inﬂammation-related response in DILI. In this presentation, (1)
potential modulation of toxicology-related changes of miRNA
expression, (2) role of miRNA in immune- and inﬂammationrelated response in DILI, and (3) miRNA in plasma as potential
toxicological biomarkers.
Role of miRNAs in halothane (HAL)- and methimazole (MTZ)induced liver injury was investigated in mice. miRNA microarray
studies of HAL-induced liver injury were performed in mice at ﬁve
different time points up to 24 h after dosing. The miRNA gene downregulation that occurred 1 h after HAL administration was primarily
related to inﬂammation, immune systems and liver injury. Based on
additional in silico analyses, we identiﬁed miR-106b. Subsequently
target of miR-106b was investigated using liver samples from mice
with HAL-induced liver injury. Among the predicted targets, we
discovered that a signal transducer and activator of transcription 3
(STAT3) was particularly up-regulated beginning during the early
phase of HAL-induced liver injury. Collectively, the suppressed
miR-106b expression, as well as the subsequent up-regulation
of STAT3, was critical for the pathogenesis of HAL-induced liver
injury.
In MTZ-induced liver injury, the hepatic mRNA expression of
Th2 promotive factors was signiﬁcantly increased concomitantly
with plasma ALT levels in mice. In contrast, the hepatic mRNA
expression of Th2 suppressive factors was signiﬁcantly decreased
at the early phase of liver injury. Comprehensive proﬁle of hepatic
miRNA expression was analysed before the onset of MTZ-induced
liver injury. By in silico prediction of miRNAs that possibly regulate
Th2-related genes and subsequent quantiﬁcation, we identiﬁed upregulation of miR-29b-1-5p and miR-449a-5p expression. Among
targets of these miRNAs, down-regulation of Th2 suppressive transcriptional factor, such as SRY-related HMG-box 4 (SOX4) and
lymphoid enhancer factor-1 (LEF1) were seen from the early phase
of liver injury. Therefore, negative regulations of the expression of
SOX4 by miR-29b-1-5p and that of LEF1 by miR-449a-5p are suggested to play an important role for development of Th2 bias in
MTZ-induced liver injury.
The present studies provide important information to understand the mechanism of DILI and also provide new insight into
the development of predictive biomarkers for immune- and
inﬂammation-related DILI.
http://dx.doi.org/10.1016/j.toxlet.2016.07.036
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RT1-3
Introduction to the Percellome Project with
special reference to the concept of “signal
toxicity”, and the use of Garuda Platform as a
tool for Open Toxicology
J. Kanno
Japan Bioassay Research Center. Japan Organization of Occupational
Health and Safety, Hadano, Kanagawa, Japan
Percellome Toxicogenomics Project, using fewer animals exposing to lower doses for one time or short period of time, was initiated
in 2001, aiming at mechanistically reinforcing the “safety (uncertainty) factor” used for the extrapolation of animal data to humans,
and eventually replacing and making the process in silico. The
project was designed not to miss any unpredicted toxicity. For
this need, a normalization method designated as “Percellome” was
developed for microarrays and Q-PCR to generate absolute copy
numbers of mRNAs per one cell (in average). Quantiﬁed mRNA data
of mouse liver (4 time points x 4 dose levels, n = 3, 48 per organ
per chemical) are obtained on more than 100 chemicals. Now the
project includes studies on multi-organ relationship, low concentration inhalation, repeated dosing, etc. Data are visualized in 3D
surface graphs (time x dose x mRNA copy number per cell) of each
probesets of Affymetrix MOE430 2.0 GeneChip and subjected to
comprehensive drawing of gene network(s) in a time- and dosedependent way after a single oral dosing of a chemical.
The dose setting is a key to generate proper transcriptomic data
that is characteristic to each test chemicals. An intensive doseﬁnding study is performed for each, and the highest dose was set
to a level that does not induce morphological changes (macro and
micro) and clinical symptoms at 24 or during the ﬁrst 24 hours post
administration, that is in other word, within the “signal dose” range.
Consequently, “phenotypic anchoring” was not considered as a tool
for the transcriptomic data analysis. Here, we would like to report
on the case studies on estragole and pentachlorophenol, discovering unreported networks of PPAR-alpha and interferon signaling
networks, respectively with systems biology analyses including
the introduction of Garuda Project, especially on the upstream/
promoter analysis. (Supported by The Health and Labour Sciences
Research Grant, MHLW, Japan.)
http://dx.doi.org/10.1016/j.toxlet.2016.07.037
RT1-4
Percellome project on sick-building syndrome
level inhalation for the prediction of lung and
brain involvement
S. Kitajima 1 , K.I. Aisaki 1 , J. Kanno 1,2
1

Division of Cellular and Molecular Toxicology, BSRC, National
Institute of Health Sciences, Tokyo, Japan
2 Japan Bioassay Research Center, Japan Organization of
Occupational Health and Safety, Hadano, Kanagawa, Japan
Toxicity of volatile organic compounds (VOCs) in indoor air, such
as formaldehyde (FA), xylene (Xy) and p-dichlorobenzene (pDB),
at the levels of sick house/building syndrome (SHS) is difﬁcult
to assess by the ordinary inhalation animal studies; histopathological endpoints are negative for toxicity at such concentration
levels. Here we applied our Percellome Toxicogenomics Project that
has been launched to develop a comprehensive gene network for
the mechanism-based predictive toxicology using time- and dosedependent transcriptomic responses induced by a chemical in mice.

This Project was initiated to reinforce and eventually replace the
“safety factor (uncertainty factor)” widely used for the extrapolation of experimental animal data to humans. For this purpose,
a normalization method designated as “Percellome” is developed
(BMC Genomics 7:64, 2006) to generate mRNA expression values
in “copy numbers per one cell” from microarrays and Q-PCR. Over
140 chemicals have already been tested in this Project for single oral
exposure. Here, we report that the Percellome analysis is capable of
predicting functional insults by short-term inhalation at SHS-level
concentration.
FA, Xy and pDB at concentrations 0.08, 0.20 and 0.04 ppm,
respectively, close to the “Indicative indoor exposure value of SHS
(MHLW, Japan)”, were applied to the C57BL/6J mice 22 hr/day × 7
days inhalation protocol (4 concentrations × 4 time points, triplicate). Lung, liver and hippocampus were analyzed. At this
concentration, FA had no signiﬁcant effect on lung and liver. Xy
showed oxidative stress and glutathione responses in lung and
liver. pDB induced oxidative stress and glutathione responses only
in the lung. In contrast to the slight transcriptomic changes in lungs
and livers, an attractive ﬁnding common to the three chemicals was
the strong suppression of gene expression related to neuronal activity in hippocampus, i.e. the immediate early genes (IEGs) including
Arc, Dusp1 and Fos. Review of the lung and liver gene proﬁle pointed
out a candidate cytokine upstream of IEGs. Our ﬁndings may be considered as a ﬁrst substantial data that would explain the indeﬁnite
or unidentiﬁed complaint in SHS patients. In addition, Percellome
analysis of the orally exposed lung and liver to FA, Xy and pDB will
be presented for further clariﬁcation of the inter-organ relationship.
Supported by The Health and Labour Sciences Research Grant,
MHLW, Japan.
http://dx.doi.org/10.1016/j.toxlet.2016.07.032
RT 1.5
Systems Biology as ToxicOmics
H. Alenius 1,2
1

Systems Toxicology Unit, Institute of Environmental Medicine,
Karolinska Institutet, Sweden
2 Department of Bacteriology and Immunology, University of
Helsinki, Finland
Classical toxicological testing paradigms still rely heavily on
in vivo testing, despite ethical pressures to change to in vitro
alternatives. The potentially thousands of different nanomaterials,
economic and time constraints, make it essential to develop and
establish robust, fast; but yet reliable as well as realistic methods
that should be applied to identifying “nanomaterials of concern”.
Utilization of advanced systems biology approaches in the
development of predictive toxicology provides fascinating possibilities to generate new and highly improved risk assessment
paradigm. There is a need for clear understanding of the relationship between ENM characteristics, such as their surface chemistry
size, shape, functionalization and bio-durability, and how these features can evoke biological responses in living organisms and cells. If
one can identify most important hazard associated features this will
greatly facilitate generation of predictive tools for the assessment
of ENM safety. The computational based tool would permit the crucial transition from descriptive toxicology to predictive toxicology
and it would be widely applicable for users in industry, regulators
and academics involved in the development of ENM.
In this presentation recent understanding on the ENM characteristics and their relationship to hazard induction potential will be

Abstracts / Toxicology Letters 259S (2016) S69–S72

discussed. The main emphasis will be on systems toxicology studies and how these studies can facilitate hazard prediction in the
context of modern systems biology approaches.
http://dx.doi.org/10.1016/j.toxlet.2016.07.735
RT2: Maternal exposure to nanoparticles – How does it affect
the fetus? Status, mechanisms, and future directions
RT2-1
Introduction: Reasons for concern
F.R. Cassee
Centre for Environmental Health Research (MGO), National Institute
for Public Health and the Environment (RIVM), Bilthoven, 3720 BA,
Netherlands
This introduction will cover deﬁnition and description of airborne particles as part of air pollution as well as engineered ones,
potential exposures to humans via the environment and occupational settings and data from biodistribution studies that justify
assessing adverse responses in embryo’s and fetus. Inhalation exposure can result in maternal lung (and systemic) oxidative stress, and
inﬂammation. Inﬂammation has been mentioned as the greatest
enemy of pregnancy. The effects highly depend on when exposure occurs during development. For some widely used industrial
nanomaterials, no new safety testing may be required for the
nano-form because data is already available for the conventional
form with the same chemical composition. This may not be a
desirable situation either, because physicochemical properties of
nanomaterials are known to affect the outcome of many kinetic
biodistribution and toxicity studies. Maternal exposure to airborne
pollution in humans, mainly through inhalation, has been shown
to induce an intrauterine growth retardation associated with a
decreased placental weight. Evidence of an association between
lung exposure to nanoparticles, systemic inﬂammation and fetal
abnormalities is however speculative, as only a few, circumstantial, reports on nanomaterials have addressed this topic. Slightly
more evidence is available from air pollutions studies in animals
or as part of observational studies. For example, exposure of rats
to urban air pollution with a high content of particles (PM2.5 ,
600 g/m3 ) before and during pregnancy increased the cytokine
of interleukin 4 (IL-4) in the fetal part of the placenta, indicating
a placental inﬂammatory reaction. The largest body of evidence
relates to the associations between maternal exposure to ambient particles and effects on birth weight (corrected for gestational
age). In a meta-analysis of studies in 14 centers, an increase by
10 g/m3 in PM10 concentration was associated with a decrease
of 9 g in mean birth weight, and an odds-ratio of 1.02 in risk for
term low birth weight. The likelihood of direct or indirect effect on
the fetus as a result of inhalation exposure to nanoparticles will be
discussed.
Financial support: Ministry of Infrastructures and Environment,
The Netherlands.
http://dx.doi.org/10.1016/j.toxlet.2016.07.097
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RT2-2
The reprotoxic effect of engineered
nanoparticles, in vivo and in vitro
L. Campagnolo
University of Rome Tor Vergata, Rome Italy
In recent years interest for possible adverse effects after exposure to consumer relevant engineered nanoparticles (ENP) during
pregnancy has dramatically increased, probably in consideration
of the higher susceptibility of developing tissues to any toxicant
and the social implications associated. This presentation will summarize data on the reprotoxic effect of ENP exposure in vivo and
highlight the in vitro tests that could be used to this purpose. We
have recently demonstrated for the ﬁrst time that mouse exposure to low doses (down to 100 ng/mouse) of small wall carbon
nanotubes (SWCNTs) early in pregnancy (Gestational Day 5.5, when
no placenta is yet formed) induced severe embryo alterations,
impaired placental vascularization and increased oxidative stress.
More recently, we identiﬁed low amounts of ﬂuorescently labelled
SWCNTs in placenta and in foetal membranes indicating ability of
NP to reach and distribute to these organs, but did not detect NP in
the embryo, suggesting that the adverse effect might be secondary
to placental alteration. Considering that in humans, as well as in rats
and mice, placental permeability increases over gestation, we have
further extended our analysis by investigating biodistribution and
foetal effects of consumer relevant AgNP during the ﬁrst 15 days
of gestation, a critical window for embryo development. Pregnant
mouse females were exposed by inhalation to freshly prepared
18–20 nm AgNP (640 g/m3 for 1 or 4 hrs per day). The Multiple
Path Particle Dosimetry (MPPD) model was used to predict the
deposition pattern in the mouse respiratory tract. NP were identiﬁed and quantitated in the placenta and embryos by TEM, EDX
and Single Particle ICP-MS analysis. Through ICP-MS we could estimate that 0.07% of the Ag concentration measured in lungs was
found in the placenta, 0.02% in degenerated embryo-placenta structures (resorptions) and approximately 0.01% translocated to the
foetus. Interestingly, EDX microanalysis was complementary to
SP-ICP-MS, giving undisputable evidence of AgNP in the exposed
embryos. No signiﬁcant differences in terms of maternal body
weight gain and number of embryos/female were recorded. However, we observed a trend toward an increase of foetal resorptions
in the high exposure group. This could be secondary to the
decreased maternal oestrogen blood levels and the increased
expression of placental inﬂammatory mediators. Altogether these
data indicate that the placenta is a site of NP accumulation which
might alter hormone production and immunological balance affecting pregnancy.
Few in vitro models have been proposed for testing NP embryotoxicity. One of this is the Embryonic Stem cell Test, which is a
test originally developed for soluble chemical compounds. A major
limitation of the EST is the lack of a simulated placental barrier. For
such reason we are currently developing a model in which a simpliﬁed placental barrier is recapitulated in vitro by a monolayer of
trophoblast cells which separate the compartment containing the
particles from that in which the cells are cultured. Preliminary data
will be discussed.
http://dx.doi.org/10.1016/j.toxlet.2016.07.098
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RT2-3
Inhalation of nanoparticles in pregnancy –
Effects and lessons learnt from mouse models

RT2-4
Reproductive effects of gestational exposure to
diesel exhaust in a rabbit model

K.S. Hougaard 1 , J.S. Hansen 1 , P. Jackson 1 , Z. Kyjovska 1 , A.M.
Boisen 1 , S.T. Larsen 1 , C. Yauk 2 , S. Halappanavar 2 , K.A. Jensen 1 ,
H. Wallin 1 , U. Vogel 1

S. Valentino 1 , V. Duranthon 1 , A. Tarrade 1 , Rousseau-Ralliard 1 , E.
Mourier 1 , C. Richard 1 , J. Aioun 1 , N. Daniel 1 , C. Archilla 1 , N.
Peynot 1 , N. Fournier 2 , M. Guinot 1 , G. Jolivet 1 , R. Levy 3 , M.
Bourdon 1 , L. Torres-Rovira 1 , L. Jouneau 1 , M. Charlier 4 , J. Boere 5 ,
L. Agier 6 , R. Slama 6 , F.R. Cassee 5 , P. Chavatte-Palmer 1

1

Danish Nanosafety Centre, National Research Centre for the
Working Environment, Copenhagen, Denmark
2 Environmental Health Science and Research Bureau, Health Canada,
Ottawa, Canada
Toxicity of nanosized particles might differ compared to that
of bulk material. As engineering of nanoparticles have emerged, so
has concern that these might interfere with reproductive and developmental functions. Nanotechnology may potentially increase the
overall particle burden in air and introduces particles with novel
characteristics and surface reactivity, to workers and consumers.
Work on developmental and reproductive toxicity of nanomaterials is still sparse, but most studied engineered nanoparticles (ENPs)
have been associated with some effects on intrauterine development, irrespective of the particles’ size and chemical composition.
Several mechanisms may be at play, where some are well known
in traditional developmental toxicity, whereas others relate specifically to particulate properties: (i) Toxicological properties related
to chemical constituents of the particles. (ii) Direct effects of particles after crossing of the placenta, since many small particles
generate oxidative stress. (iii) Particles taken up by placental cells
might interfere with placental function. (iv) Airway exposure to
particles often induce lung inﬂammation, and resulting mediators
might affect or cross the placenta and thereby interfere with fetal
development. The diversity in study designs in studies of developmental toxicity of nanoparticles hampers deduction of general rules
as to developmental toxicity. Furthermore, the applied methodology does not always reﬂect state-of-the-art. To evaluate safety for
pregnant women, we have studied developmental toxicity of engineered nanoparticles. Mice were exposed by inhalation to ENPs of
titanium dioxide or carbon black, or by intratracheal instillations
to multiwalled carbon nanotubes. Although the scientiﬁc basis is
as yet fragile, we propose that the true culprits of inhaled ENPs
might not be fetotoxicity and malformations, be rather changes in
physiological function in the offspring in life after birth. Findings
suggest that especially the nervous, immune, and male reproductive systems may be sensitive to insult due to maternal particulate
exposures during pregnancy.
http://dx.doi.org/10.1016/j.toxlet.2016.07.099

1

INRA, UMR BDR, INRA, ENVA, Univ Paris Saclay, Jouy en Josas, France
Univ Paris-Sud, EA 4041/4529 Lip (Sys)2, UFR de Pharmacie,
Chatenay-Malabry, France
3 Hôpital Tenon, Biologie de la Reproduction, Paris, France
4 INRA, UMR GABI, Jouy en Josas, France
5 National Institute for Public Health and the Environment, Bilthoven,
Netherlands
6 INSERM and Univ Grenoble Alpes, U823, IAB Research Center,
Grenoble, France
2

Introduction: Exposure to airborne pollution was shown to
reduce birth weight in humans and animals. Studies on embryos,
placenta and long-term effects are needed.
Objective: We evaluated the effects of gestational exposure to
diluted diesel exhaust (DE) in rabbits.
Materials and methods: Females were exposed nose-only to
diluted (1 mg/m3 ), ﬁltered DE or clean air from 3 d after mating,
2 h/d, 5 d/wk. G6 embryos were collected from 23 does. 28 does
were monitored by ultrasound until sacriﬁce near term (G28). 16
does delivered offspring that were raised to adulthood.
Results: Gene expression in embryo was not affected by exposure. In the exposed group, fetal head length and umbilical pulse
were reduced at G14. At G28, fetal head length, fetal plasma insulin
and IGF1, fetal/placental weight ratio, placental blood ﬂow and
fetal vessel volume were reduced. Nanoparticles were observed
in maternal blood space, placenta and fetal blood. Fat globules
number/volume was markedly increased in mammary alveolar
lumina and milk fatty acid content was increased. Once adults, inutero exposed males had increased blood pressure and glycemia,
lower HDL-cholesterol and increased perirenal fat mass. Females
had higher plasma triglycerides. Gonadal structure and function
was not affected but epididymal sperm DNA fragmentation was
increased. Female offspring were bred to control males. Fetoplacental biometry was not affected by grand-mothers’ exposure but
fetal plasma cholesterol was reduced and triglyceride concentrations increased.
Conclusions: Gestational exposure to DE at levels close to urban
pollution can affect fetoplacental development over 2 generations.
Financial support: ERC e-DOHAD; ANR-13-CESA-0011.
http://dx.doi.org/10.1016/j.toxlet.2016.07.100
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P1: Air Pollution
PO1.1
Comparative analysis of toxicity of diesel engine
particles generated from the combustion of 1st
and 2nd generation biodiesel fuels in vitro
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Introduction: Currently biodiesel fuels are used at low levels throughout Europe, but vision plans has been proposed to
increase the shear of biocomponents in diesel fuels considerably
in the near future. Hence, the potential health consequences of
these new fuels need to be critically assessed before large-scale
introduction.
Objective: Taking this into consideration the aim of our study
was to determine the toxic effects of diesel engine particles (DEPs)
generated from the combustion of 1st and 2nd generation biodiesel
fuels in vitro in BEAS-2B cells.
Materials and methods: The uptake kinetics of DEPs into BEAS2B cells was determined by ﬂow cytometry and TEM microscopy.
Cytotoxicity was determined by the Sulforodamine assay. Genotoxicity was evaluated by the alkaline comet assay and micronucleus
assay.
Results: The results of our study showed that DEPs generated
from the combustion of B7, B20 and SHB biodiesel fuels have been
effectively taken up by the BEAS-2B cells and that the concentration
of DEPs in cells was a dose- and time-dependent. All three kinds of
DEPs signiﬁcantly decreased a cell protein content and increased a
rate of DNA damage in BEAS-2B cells.
Conclusions: The induction of cytotoxic and genotoxic response
was dependent on the ratio to which biofuel was blended and on
the chemical composition of 1st and 2nd generation biofuels. DEPs
from the combustion of B7 biofuel were found to be the most toxic,
whereas DEPs from the combustion of B20 were found to be the
least toxic to BEAS-2B cells. To conclude, our study clearly highlights that a chemical composition of organic species adsorbed on
DEPs plays a crucial role in their toxicity.
Financial support: This project is funded from Norway
Grants in the Polish-Norwegian Research Programme operated
by the National Centre for Research and Development: PolNor/201040/72/2013 [FuelHealth].
http://dx.doi.org/10.1016/j.toxlet.2016.07.178
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Analysis of microRNAs in lung cells exposed to
particulate matter (PM10 )
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Introduction: Air pollution has been classiﬁed as a human
carcinogen since 2013. Particulate matter with a mean aerodynamic diameter of 10 m (PM10 ) is one of the main pollutants
which contains organic, inorganic and biological components. After
PM10 inhalation biological effects include inﬂammatory cytokines
release, genotoxic damage, oxidative stress and cytoskeleton
remodeling. At epigenetic level induce changes in gene methylation
and modiﬁcation of histones. Thus far it is known that the chronic
exposure to PM represents a risk factor for development lung cancer, although previous studies provide relevant information about
the effects of the PM, the carcinogenic molecular mechanisms still
need to be further described. In this sense, the effects of particulate
matter on microRNAs (miRNA) expression regulation have not been
sufﬁciently explored. miRNA molecules can regulate more than 60%
of human genes at post-transcriptional level, including oncogenes
and tumor suppressor genes, in addition miRNAs participate in different biological processes involved in tumors development.
Objective: Evaluate global changes in miRNA expression levels
and their target genes in A549 cells exposed to PM10 from Mexico
City.
Material and methods: The human epithelial A549 cell line was
exposed to 10 g/cm2 of PM10 for 72 h, the total RNA was extracted
and RNA samples were hybridized in Affymetrix GeneChip microarrays to evaluate the expression level of 2578 human miRNAs. Data
normalization (RMA, quantile, median polish, fold change of 1.5,
p ≤ 0.05) and statistical analysis (ANOVA) were performed using
Partek Genomics Suite (Partek Inc). DIANA-mirPathv.3 was used to
predict miRNA targets.
Results: We identiﬁed 74 miRNAs that were signiﬁcantly
deregulated (45 up-regulated and 29 down-regulated). The bioinformatics evaluations indicated that the target genes of the
deregulated miRNAs participate in molecular processes like regulation of cell cycle, DNA damage response, proliferation and
regulatory antiapoptotic process. After to review the literature, we
determine that some of this miRNAs are associated with lung, gastric, liver and bladder neoplasms.
Conclusion: PM10 exposure induced changes in the expression
of various miRNAs that may play important roles in the regulation
of different pathways associated with carcinogenic process.
Financial support: This work received support from SEPCONACYT 180471 and a Master Scholarship from CONACyT (CVU
628260).
http://dx.doi.org/10.1016/j.toxlet.2016.07.179
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PO1.3
Chemical exposure and cost of health effects;
the case of tobacco smoking

PO1.4
An animal model to evaluate the toxic effects of
coal dust
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Environmental exposure of living beings to chemicals is a wide
common fact. In humans, that issue may be more obvious when
is referred to voluntary exposure or in labor settings. Considering
that health effects will depend on the chemical(s) environmental
concentration and time of exposure, the outcome will range from
asymptomatic to critical. In addition, taking into account that toxicity may be progressive, factors such of mechanisms of action,
physiological impairments, and clinical status need to be taken into
account to perform a consolidated assessment for individual or general populations. Such exercises are necessary to make informed
decisions on environment or occupational health policies. There are
numerous chemicals in the environment that could make difﬁcult
the selection the most representative one. The matter simpliﬁes
when there is a prevalent chemical with well-known characteristics, thus it may serve well as a basis to perform an assessment, but
bearing in mind that the presence of other chemicals in the environment should be taken into consideration. Exposure to chemicals
frequently provokes illnesses in living beings and a relevant issue
is the expenses generated for dealing with them. A case in point
is tobacco, which combustion produces a smoke is a very rich and
complex chemical mixture that contains thousands of chemicals
among which, elements like cadmium and arsenic, volatile organic
or compounds like benzene, toluene, polycyclic aromatic hydrocarbons (i.e., benzo[a]pyrene), in addition to nicotine, the compound
responsible for dependence. Tobacco smoking ranks ﬁrst as an
agent that causes preventable diseases; in the active smoker, exposure depends entirely on the consumer will. In contrast, individuals
subjected to second and third hand smocking is not, however, their
health could be equally damaged. Therefore, tobacco smoke toxicity is complex and the resulting pathologies numerous. In spite
of the efforts done by worldwide health authorities to prevent
smoking, the results obtained did not fulﬁll the expectancies in
many countries. One of these measures is tax increases imposed to
the ﬁnal product with the purposes of discouraging smoking and
increasing tax revenue. Although, in 2011 Mexican legal tobacco
trade increased tax rate up to 62.8% on the total price of the commercial product, the measure resulted in a decrease of revenue and
an increase, from 2 to 17% in contraband tobacco from different
countries; in 2012 about 340 million cigarette packs entered the
country illegally. The cost of health attention to illnesses related
with tobacco was 48,000 million pesos (4,120 million dollars) in
2010, whereas the Special Tax on Production and Services was 37
208.4 million pesos (2,868 million dollars in 2014), the question is
then, Who pays the remaining funds? In conclusion, the tobacco
trade does not seem to be proﬁtable to the population.

Introduction: Coal mining is one of the most important economic activities in many countries. Mines are mostly located far
away from the sites where coal is ﬁnally used. Thus, throughout
the entire coal mining, handling and transport processes, coal dust
emissions are produced.
Objective: The goal of this study was to expose mice to soilcontaining coal dust, aiming to replicate the conditions under
which mice interact with this pollutant in areas receiving atmospheric depositions from coal mining. This allows the comparison
between biochemical and cellular effects detected in ﬁeld-collected
animals and those housed with coal dust under laboratory conditions.
Materials and methods: Thirty-six mice were randomly
divided into six groups. The non-exposure group was caged on sand
only as bedding. Animals in treatment groups were housed on coal
dust-contaminated sand at different concentrations (0.25, 0.5, 1, 2,
and 4% w/w). After eight weeks mice were euthanized and blood
and tissue samples collected. Genotoxicity was measured using
the comet and micronucleus tests in blood samples. Plasma ALT
was quantiﬁed with a commercial kit. Gene expression was determined by RT-PCR, and tissue histopathology after H&E staining. The
experiment was repeated twice.
Results: A signiﬁcant genotoxic effect was found only at the
highest coal dust concentration. Similarly occurred for Plasma ALT.
Real time PCR revealed an increase in hepatic Cyp1a1 mRNA in
animals on sand with coal dust concentrations greater than 2% compared to controls. Unexpectedly, for mice on coal dust-polluted
sand, Sod1, Scd1 and Nqo1 hepatic mRNA were downregulated.
Histopathology revealed inﬂammation in the lungs, and steatosis,
vacuolization and nuclei enlargements in liver sections from mice
exposed to greater coal dust concentrations (2 and 4% w/w).
Conclusions: The data suggest mice living on a soil polluted
with coal dust experiences molecular, cellular and histopathological changes compared to those non-exposed. This model could be
used to identify potential deleterious effects of coal dust in wildlife
populations from areas impacted by coal mining.
Financial support: Colciencias-University of Cartagena (Grants:
110756933952 and 567-2012).
http://dx.doi.org/10.1016/j.toxlet.2016.07.181
PP1.1
Wood combustion: Higher IL-8 release in THP-1
cells exposed to beech logwoods UFP (<100 nm)
compared to conifer UFP
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Introduction: Domestic biomass combustion can be an important emission source of air pollutants. Even if the combustion of
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woods can generate a huge variety of compounds, ﬁne and ultraﬁne particles are thought to be the best single indicator of the health
impacts of most combustion sources.
Objectives: We aimed to collect, characterize and compare proinﬂammatory effects of ultraﬁne particles (UFP) generated from
the combustion of wood pellets and logs (soft (conifer) and hard
(beech) wood), in THP-1 and A549 cell lines. Effects were compared
to diesel exhaust particles (DEP, <10 m).
Materials and methods: UFP generated by wood combustion
in a 11 kW pellet stove and in a 8 kW wood stove was sampled
with parallel multistage impactors. Cell viability was assessed by
lactate dehydrogenase leakage, and IL-8 was measured to evaluate
pro-inﬂammatory effects.
Results: Both A549 and THP-1 cells responded to UFP producing
IL-8, with logwoods UFPs being more active compared to pellet UFP.
With the exception of the higher effect observed with beech logwood UFP in THP-1 cells, the ability of soft or hard woods to induce
the release of IL-8 was similar. The higher activity of beech logwood UFP observed in THP-1 cells could not be explained by higher
uptake or to endotoxin contamination. We observed a qualitatively
different protein adsorption proﬁle, with less proteins bound to
beech logwoods UPF compared to conifer UFP or DEP, which may
provide higher intracellular availability of bioactive components,
such as levoglucosan and galactosan, towards which THP-1 were
more responsive compared to A459 cells.
Conclusions: Results indicate that pellets produce less active
UFP compared to logwoods. On a weight base, UFP-induced IL-8
release was similar or even lower compared to DEP, arguing against
a higher biological activity of UFP compared to particles with higher
size range.
Financial support: This project was funded by Fondazione
Cariplo (Project TOBICUP-Ref. 2013-1040).
http://dx.doi.org/10.1016/j.toxlet.2016.07.182
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Levels and toxicological effects of heavy and
trace metals in cigarette sidestream smoke
particulates
L.A. Li, L.C. Cheng, W.C. Chung, H.J. Liu
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Research Institutes, Zhunan, Miaoli, Taiwan, Republic of China
Introduction: Heavy and trace metals present in tobacco are
discharged as part of tobacco smoke during smoking. It has long
been known that excessive exposure to heavy and trace metals is
harmful to health. However, metals are one of the most understudied groups of substances in environmental tobacco smoke, the most
common indoor air pollutant encountered by nonsmokers.
Objective: Our previous study has demonstrated that cigarette
sidestream smoke particulates (CSSP) possess toxicological properties relevant to carcinogenicity and oxidative stress. In this study,
we further determine whether the toxicological effects of CSSP are
attributed to metals.
Materials and methods: The metal content of CSSP isolated
from a popular Taiwanese brand of cigarettes is determined by ICPmass. The carcinogenic risk is estimated according to inhalation
unit risk. In addition, the capacities of CSSP and the reconstituted
metal mixture in cytotoxicity, ROS formation, and AhR-Nrf2 activation are compared.
Results: 15 metals are detected in CSSP. Carcinogenic As, Cd,
Cr, and Ni are among them. The estimated total carcinogenic risk
from inhalation of these carcinogenic metals is 10 × 10−6 for one
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cigarette in a 60-m3 room. However, the reconstituted metal mixture are not responsible for oxidative stress detected with CSSP.
Conclusion: Although oxidative stress is an important mechanism underlying the carcinogenicity of environmental tobacco
smoke, metals present in the particulate phase of sidestream smoke
do not contribute to oxidant/antioxidant imbalance.
Financial support: The work is supported by an intramural
grant EO-104-PP06.
http://dx.doi.org/10.1016/j.toxlet.2016.07.183
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Experimental exposure to ozone induces
activation and translocation of NFkB and is
reverted by curcumin
S.D. Nery-Flores, J.J. Ramírez-Vázquez, M.L. Mendoza-Magaña,
M.A. Ramírez-Herrera, C.R. Cortez-Álvarez, M. Romero-Prado
Laboratorio de Neuroﬁsiología, Centro Universitario de Ciencias de la
Salud, Universidad de Guadalajara, Guadalajara, Jalisco, Mexico
Introduction: Ozone (O3 ) is one of the major urban air pollutants. O3 exposure generates the formation of reactive oxygen
species (ROS), leading to activation of speciﬁc transcription factors, such as Nuclear Factor Kappa B (NF-B), which is involved in
inﬂammatory processes. NF-kB modulators may reduce neuronal
damage, one of these modulators is curcumin (CUR).
Objective: Evaluate the effect of curcumin on NF-kB activation and translocation in rat hippocampus induced by exposure to
ozone.
Materials and methods: Experimental study. Male rats Wistar
were used (n = 5 per group). Three controls groups were used:
intact, curcumin and ozone group. Two experimental groups were
used: therapeutic (CUR diet after exposure to O3 ) and preventive
(CUR diet before O3 exposure). Intact and curcumin groups were
exposed to air stream free of ozone. Exposure to ozone was done
daily for 4 h with a dose of 0.7 ppm for 15 (acute exposition) or 60
days (chronic exposure). To determine the activation and translocation of NF-kB the electrophoretic mobility shift assay (EMSA) was
employed. The groups were compared with the Kruskal–Wallis test
followed by the U Mann–Whitney test. The signiﬁcance level was
set at p < 0.05.
Results: Ozone control group presented a higher activation of
NF-kB controls compared to the other controls groups (p < 0.001).
CUR treatment of both preventively and therapeutically groups
decreased translocation and activation of NF-kB (p < 0.001) in animals exposed to O3 compared to ozone group, this occur in both,
acute and chronic exposition.
Conclusions: The administering of CUR therapeutically and preventively is capable of decreasing the activation and translocation
of NF-KB after exposure to an oxidizing agent such as O3 .
Financial support: Proyecto Conacyt Doctorados No. 222854,
Fondo 113111.
http://dx.doi.org/10.1016/j.toxlet.2016.07.184
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An in vitro model of dry eye on conjunctival
cells combining exposure to low humidity,
airﬂow, and formaldehyde gas
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Inhalation of concentrated PM2.5 affects
pulmonary CYP450 activity in a guinea pig
model of asthma
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Introduction: Dry eye (DE) is a multifactorial ocular surface
disease whose incidence is continuously rising. Chronic environmental stress conditions are known to be involved in epithelial
alterations linked to ocular discomfort. Formaldehyde is the major
pollutant of indoors where we spend 80% of our lives. However,
there has never been any experimental study assessing the combined effects of dry and polluted atmospheres.
Objective: To evaluate in an in vitro DE model, the inﬂammatory responses and cellular death of a conjunctival cell line exposed
at the air-liquid interface (ALI) to various controlled atmospheres
combining low humidity (LH), airﬂow (AF) or formaldehyde gas
(FG).
Materials and methods: We investigated IL-6, IL-8, CCL2 and
MIF in this ALI model using the Vitrocell® exposure system. Cells
were exposed to LH conditions 1/without AF, 2/with AF or 3/with
FG ﬂow at 100 or 1200 g/m3 for 15–30 mn, followed by a recovery
period of 1 h for gene expression or 24 h for protein secretion. Cytotoxicity and cell viability (CV) were respectively evaluated using
lactate dehydrogenase activity and ATP quantitation.
Results: CV decreased in relation with the growing stress
conditions, ranging from LH alone, LH + AF to LH + AF + FG in a
FG concentration dependent manner, starting for LH alone after
30 mn-exposure, and for FG after 15 mn-exposure. Cells responded
by stimulating gene expression of pro-inﬂammatory cytokines
from 15 mn exposure for IL-6 and IL-8, and from 30 mn for CCL2, but
no gene stimulation was observed for MIF. The release of cytokines
into the extracellular medium was observed after 15 mn for IL-8
and 30 mn for IL-6, MIF and CCL2.
Conclusions: Formaldehyde aggravates dry condition-induced
cytotoxic and pro-inﬂammatory effects in this in vitro model of DE.
This model seems to be a relevant tool to study and explain the
inﬂammatory responses observed in some dry eye diseases caused
by combined environmental disturbances like low humidity, airﬂow, and the presence of pollutants.
Financial support: INSERM, CNRS.
http://dx.doi.org/10.1016/j.toxlet.2016.07.185

1

Posgrado en Ciencias Biológicas, UNAM, Mexico City, Mexico
Departamento de Investigación en Hiperreactividad Bronquial,
INER, Mexico City, Mexico
3 Facultad de Ciencias, UNAM, Mexico City, Mexico
4 Departamento de Toxicología y Medicina Genómica, Instituto de
Investigaciones Biomédicas, UNAM, Mexico City, Mexico
5 Departamento de Toxicología, CINVESTAV-IPN, Mexico City, Mexico
6 Centro de Ciencias de la Atmósfera, UNAM, Mexico City, Mexico
2

Introduction: Air pollution, especially particulate matter (PM)
contains a big amount of components such as: Polycyclic Aromatic Hydrocarbons (PAH’s), metals, nonmetals, metalloids and
internal transitional elements, as well as biological components.
PAH’s are inductors of CYP450, especially CYP1A1/2, but metals
can decrease or increase this activity. Meanwhile, the inﬂammation
process decreases this activity; however, this effect is not limited to
infections. Pulmonary CYP activity has been poorly studied during
air pollution event in allergic asthma.
Objective: To evaluate pulmonary CYP1A1/2 and CYP2E1
activity and Th1/Th2 inﬂammatory response after inhalation of
concentrated PM2.5 in a guinea pig model of allergic asthma.
Materials and methods: We used 20 male guinea pigs. Animals
were sensitized to ovalbumin plus adjuvant (OVA + AlOH3 ) and
exposed to ﬁltered air (FA) or concentrated PM2.5 (5 h daily/3days),
using an Aerosol Concentrator System (North of Mexico City,
CINVESTAV-Zacatenco). We evaluated lung function by plethysmography after OVA challenge. Animals were euthanized, and
broncho alveolar lavage (BAL) was performed to determine the
Th1/Th2 response by bioplex assay. The right lung was processed
to obtain microsomal fraction. CYP activity was determined with
EROD (CYP1A1), MEROD (CYP1A2), and 4-nitrophenol hydroxylation (CYP2E1) respectively.
Results: PM2.5 decreases CYP1A1/2 in control animals. Sensitization process did not decrease CYP activity, but sensitized
animals exposed to PM2.5 decreased all CYP isoforms evaluated;
the same occurred with INF-␥ and Ratio INF-␥/IL-4 did not show
differences, but it showed certain tendency to Th2 response.
Conclusions: Our asthma model showed two important characteristics; hypoxia caused by a bronchobstruction and inﬂammation,
both could decrease pulmonary CYP activity.
Financial support: SECITI 042/2013.
http://dx.doi.org/10.1016/j.toxlet.2016.07.186
PP1.6
Assessment of aldosterone synthase (CYP11B2),
mineralocorticoid receptor expression and
markers of fetal cardiac gene reprogramming in
rats exposed to ﬁne particles
R. Morales-Rubio, M. Uribe-Ramirez, O. Aztatzi-Aguilar, A. De
Vizcaya-Ruiz
Department of Toxicology, CINVESTAV, Mexico City, Mexico
Exposure to ﬁne particulate air pollution (PM2.5 ) has been
associated with morbi-mortality of cardiopulmonary diseases. In
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addition, during the pathological state of these diseases a localized
over-activation in the heart and lung of the renin-angiotensinaldosterone system (RAAS) and a “maladaptive” heart response has
also been reported. The aim of the present study was to investigate
whether short and long-term PM2.5 exposure may induce a localized over-activation of elements of RAAS as well as a consequent
cardiac gene reprogramming response. Male Sprague-Dawley rats
were acutely (3 days) and subchronically (8 weeks) exposed to
ﬁltered air (FA) or concentrated PM2.5 (≈496.81 g/m3 ) using
an aerosol concentrator system. Aldosterone synthase (CYP11B2)
protein, serum aldosterone, activation of the mineralocorticoid
receptor (MR) in the lung and heart, mRNA and protein of fetal
cardiac reprogramming genes (GLUT-4 and PPAR-␣), and blood
pressure was determined at the end of the exposure. Our results
showed that in the acute exposure to PM2.5 there were signiﬁcant changes in the blood pressure, and a signiﬁcant increase in
systolic and diastolic pressure was induced. Meanwhile, in the
subchronic exposure there was an increase in CYP11B2 protein levels in the lung, which probably contributed to the rise in serum
aldosterone observed (determined by ELISA). Activation of the MR
was established by its increase in the nuclear fraction in the lung
and heart, compared to the cytoplasmic fraction, after exposure
to PM2.5 . The activation of the MR in the heart was accompanied by changes in mRNA and protein expression determined
by qPCR and Western blot, respectively, of markers of fetal cardiac gene reprogramming, GLUT-4 and PPAR-␣. An increase in
the mRNA of both genes was observed, although protein levels
were lower compared to FA. An increase in systolic blood pressure was also observed, consistent with the over-activation of
RAAS components, which could consequently lead to the fetal
cardiac reprogramming. Our results suggest that over-activation
of the RAAS components accompanied by the fetal cardiac
reprogramming are mechanisms that can be related in the development of cardiac disease associated with long-term exposure
to PM2.5 .
Financial support: Conacyt Project No. 167778.
http://dx.doi.org/10.1016/j.toxlet.2016.07.187
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Effect of exposure to low doses of ozone on
signaling endoplasmic reticulum and the
generation of beta-amyloid 1-42 intraneuronal
in rat hippocampus
E. Rodríguez-Martínez, G. Borgonio-Pérez, S. Rivas-Arancibia
Departamento de Fisiología, Facultad de Medicina, Universidad
Nacional Autónoma de México, Ciudad de México, Mexico
Introduction: Repeated exposure for 4 h daily to low ozone
doses causes an increase in reactive oxygen species, leading to a
chronic state of oxidative stress. This state is present in chronic
degenerative diseases, and is an important factor that contributes
to the deterioration and progression of these diseases.
Objective: The aim of this work was to study the effect of
chronic exposure to ozone on changes in the endoplasmic reticulum signaling, associated with the increase in the production
of amyloid beta 1-42 in the hippocampus of rats exposed to this
gas.
Materials and methods: Thirty-six male Wistar rats were
divided into 6 groups randomly (n = 6), each group received one of
the following treatments: exposed to air without ozone (control
group), and exposed to ozone (0.25 ppm) for 4 h daily for 7, 15, 30,
60 and 90 days (groups 2, 3, 4, 5 and 6 respectively). The animals
were processed for immunohistochemistry and Western blot tech-
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niques, against the following antibodies: Activating transcription
factor 6 (ATF6), 78 kDa glucose-regulated protein (GRP78) and
amyloid beta 1-42 (Aß 1-42).
Results: The results indicate an increase in immunoreactivity,
for ATF6 and GRP78, and a signiﬁcant increase in the expression
of GRP78 and ATF6 (p < 0.005) at 60 and 90 days of treatment. In
addition, the results show a clear increase in immunoreactivity
and signiﬁcant increase in expression of Aß 1-42 at 60 and 90 days
exposure to ozone.
Conclusions: With the results we can conclude that chronic
exposure to low doses of ozone causes endoplasmic reticulum
stress, as well as, the intraneuronal accumulation of Aß 1-42, similar to what has been reported in patients with Alzheimer Disease.
Financial support: This work was supported by DGAPA
IN221114 to S R-A.
http://dx.doi.org/10.1016/j.toxlet.2016.07.188
PP1.8
PM10 chemical characteristics at the
Universidad Libre Bogotá
A. Rodríguez, L. Martínez, R. Catacoli
Department of Environmental Engineering, Institution Universidad
Libre, Bogotá D.C., Colombia
Introduction: Bogotá is on the sixth place of the most polluted
cities in Latin America, with respect to particulate matter (PM).
One of the important factors for such pollution is PM10 , which has
a constant trend; some places often exceed the allowable ranges
established by Colombian law. The Universidad Libre Bogotá, is a
locality with a considerable community of students and workers,
which could be exposed for long periods to these levels of PM10
within the campus. Thus, the identiﬁcation of the chemical characterization of PM10 in the air at the Universidad Libre, using a high
volume (Hi-Vol) sampler, in order to know whether the air quality is suitable for human health has been established as a relevant
issue.
Objective: Evaluate chemical characteristics of PM10 from the
Universidad Libre – sectional Bogotá.
Materials and methods: PM10 collection was performed using
a Hi-Vol sampler, according to the EPA Test Method 5. We used
quartz ﬁber ﬁlters for PM10 sampling, in an interval of 3 days a week
in a dry period of the year. Gravimetric analysis method was used
to determine PM10 concentrations. Chemical characterization will
include carcinogenic non-conventional pollutants. Atomic absorption spectrophotometry (AAS) will be used for the determination
of metals and VOCs will be analyzed by gas chromatography (GC)
method.
Results: Between November and December concentrations of
PM10 under standards conditions were obtained, 13 g/m3 to
66 g/m3 . A comparison between the concentrations obtained in
those dates with those recorded by the network of air quality in
Bogota in the nearest station to the site of study was performed
showing a similar trend.
Conclusions: PM10 concentrations are lower than values established in resolution 610 of 2010 – 24 h exposure, however
comparing these with the limits set by the WHO these concentrations could exceed permissible levels.
On the other hand, in order to obtain greater PM10 chemical
analysis reliability, the sampling period was deﬁned taking into
account the weather conditions at the place that is why the dry
period was adopted by the study.

S78

Abstracts / Toxicology Letters 259S (2016) S73–S247

Financial support: The study was realized with the ﬁnancial
support of Universidad Libre’s Environmental Engineering Department.
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PP1.9
Seasonal variations of DNA adducts in mothers
and newborns exposed to polycyclic aromatic
hydrocarbons in Mexico City
J.A. Maciel-Ruiz 1 , C. López-Rivera 1 , R. Robles 2 , M.G.
Veloz-Martínez 2 , P. Petrosyan 1 , M.E. Gonsebatt 1
1

Departamento de Medicina Genómica y Toxicología Ambiental,
Instituto de Investigaciones Biomédicas, UNAM, Mexico
2 Hospital de Gineco-Obstetricia 3 “Dr. Víctor Manuel Espinosa de los
Reyes Sánchez”, Centro Médico Nacional “La Raza”, Mexico

The inhabitants of Mexico City Metropolitan Area (MCMA)
are exposed to high levels of air pollutants such as particulate
matter (PM). The presence of polycyclic aromatic hydrocarbons
(PAHs) have been determined in the MCMA PM. Climate conditions in the MCMA can be characterized as having a dry season
(November–May) and a rainy season (June–October). During the
dry season PM and PAHs levels increase signiﬁcantly rising the
levels of PAH-DNA adducts in young volunteers. Some PAHs are
carcinogens and can cross the placenta and induce DNA damage
in newborns (NB). To document if, as seen in adults, the presence
of PAH-DNA adducts in NB cells could be associated to the PM, we
obtained blood samples from mothers and NB cord blood. At the
same time, we investigated if the levels of adducts were associated
to risk allelic variants such as CYP1B1*3, GSTM1*0 and MGMT L84F.
Mothers were recruited from the Hospital de Gineco-Obstetricia
3 at La Raza Medical Center. Quantiﬁcation of PAH-DNA adducts
was performed by 32 P-postlabeling assay. PCR-RFLP was used to
genotyping allelic variants of CYP1B1, MGMT genes and multiplex
PCR for GSTM1 gene. Preliminary results of 69 mothers and their
NB who remained in the MCMA for the last 3 months, show that
the levels of PAH-DNA adducts in NB and mothers were very similar. However, the levels of PAH-DNA adducts determined in blood
samples obtained during the dry season were signiﬁcantly higher
than during the rainy season, in both mothers and NB. The levels
of adducts in the NB are signiﬁcantly correlated with the levels of
DNA adducts in their mothers suggesting that the PAHs associated
to PM in the MCMA can cross the placenta inducing adducts in the
NB. Also, we observed a positive relationship between PAH-DNA
adducts and the PM levels in ambient air. In this preliminary analysis we do not ﬁnd an association between the levels of adducts and
the presence of risk polymorphisms alleles.
Financial support: PAPIIT UNAM: 208914 and CONACYT:
219887 & Children Environmental Health Network (Conacyt251229/271626).
http://dx.doi.org/10.1016/j.toxlet.2016.07.190

PP1.10
Association of chemical components and
endotoxin in PM2.5 with early kidney damage
O.G. Aztatzi-Aguilar 1 , E. Rojas-Lima 2 , O. Barbier 1 , A. De
Vizcaya-Ruiz 1
1
2

Department of Toxicology, CINVESTAV-IPN, Mexico City, Mexico
Faculty of Health Sciences, UATx, Tlaxcala City, Tlaxcala, Mexico

Introduction: Air pollution is associated with the development
of pulmonary and cardiovascular diseases. We recently demonstrated that subchronic exposure to PM2.5 , a reference pollutant of
air quality, induced the presence of early kidney damage biomarkers in urine. However, inﬂuence and association of PM2.5 chemical
composition in induced early kidney damage has not yet been
explored.
Objective: The present study focused on the statistical association of PM2.5 chemical characterization with urine early kidney
damage biomarkers (UEKDB).
Materials and methods: Sprague-Dawley rats were exposed for
8 weeks, 4 days/week, 5 h/day to ﬁltered air and PM2.5 . After the last
day of each exposure week, blood pressure (BP) was evaluated and
12-h urine was collected using metabolic cages. UEKDB were previously reported elsewhere. PM2.5 was collected weekly to determine
gravimetric analysis, and chemical composition (elemental and
organic carbon, anions, cations, metals and PAH). Also PM2.5 were
collected to determinate their intrinsic oxidative reactivity (DTT
assay) and endotoxin content. Statistical analysis consisted in normality test, Spearman correlations and Random Effects Generalized
Least Square Regression (REGLSR), which were performed with
Stata 14 software.
Results: Components of PM2.5 and UEKDB correlations show a
unique relationship with vanadium (V), naphthalene, and endotoxin. These three components showed multi-colinearity as well as
UEKDB. Multi-contaminant REGLSR analysis showed that V is the
principal component to explain UEKDB. Single contaminant analysis explained differences among UEKDB combination. Although BP
could contribute to UEKDB, no correlation was observed; endotoxin
and V showed a low correlation with BP. REGLSR analysis was performed with the three constituents and ﬁve UEKDB, using cardiac
rhythm as dependent variable. We observed that some UEKDB are
modiﬁer variables of dependent variables in the statistical model.
Conclusions: V, endotoxin and naphthalene contained in PM2.5
are associated with EKDB, but these changes are not associated with
BP.
Financial support: Conacyt project No. 167778.
http://dx.doi.org/10.1016/j.toxlet.2016.07.191
PP1.11
Mass median diameter of particulate matter of
Comarca Lagunera, Mexico
M.A. Diaz-May 1 , A. Campos-Trujillo 2 , E. Herrera-Peraza 2 , R.
Goytia-Acevedo 3 , C.A. Chan-Keb 1 , B. Ake-Canche 1 , R.A.
Perez-Balan 1
1 Facultad de Ciencias Químico Biológicas, Universidad Autónoma de
Campeche, Campeche, Mexico
2 Departamento de Medio Ambiente y Energía, Centro de
Investigación en Materiales Avanzados, Chihuahua, Mexico
3 Departamento de Investigación, Facultad de Medicina Gómez
Palacio, Universidad Juárez del Estado de Durango, Durango, Mexico

Introduction: Air pollution generated by particulate matter
(PM) has been deﬁned as a critical point for environmental health

Abstracts / Toxicology Letters 259S (2016) S73–S247

at major industrial cities in the world. Studying the distribution of
concentration in different-sized atmospheric particles gives information for studies of transport processes, effects of meteorology
and sources and it is vital in understanding the effects on human
health. According to the particle size, these can reach different
regions of the respiratory tract and deposit there. An indicator of
particle size distribution by mass is Mass Median Diameter (MMD)
or the diameter for which the half of the mass is contributed by
particles larger than the MMD and half by smaller than the MMD.
The calculus for this indicator can help us determine the amount of
mass that could deposit in the different regions of the respiratory
tract.
Objective: The aim of this study was to determinate the MMD
associated with PM of six different size fractions in a sampling
realized in two urban sites inside the Comarca Lagunera (CL)
metropolitan area, Mexico.
Materials and methods: PM was collected in two urban sites in
CL: urban centers in Gómez Palacio and Torreón. Sampling was carried out with Graseby-Andersen high-volume collectors equipped
with Tish environment cascade impactors with a 10 m inlet to
separate six size fractions of PM: <0.49, 0.49–0.9, 0.9–1.5, 1.5–3.0,
3.0–7.2 and 7.2–10 m in aerodynamic diameter, during the hot,
dry season (April 6 to July 1). The high-volume collectors, in both
sites, operated simultaneously each third day for 24 h. The PM were
collected with Whatman ﬁberglass ﬁlters. The mass and concentration of the PM were estimated by gravimetric methods according
to ofﬁcial Mexican standards. Mass Median Diameter was calculated from cumulative distribution percentages of PM mass for each
sampling date.
Results: For two sites sampled the MMD was 0.88 m, this
implicate that 50% of total mass of PM sampled are lower than 0.88
aerodynamic diameter size.
Conclusions: According to the mass distribution described in
this study, our results revealed that PM with aerodynamic diameter
smaller than 2.5 m represents 70% of the total mass of ambient PM,
this size is associated with particles that can be deposited in the
alveolar region of the respiratory tract which could be implicated
in many health issues in the population of Comarca Lagunera.
http://dx.doi.org/10.1016/j.toxlet.2016.07.192
PP1.12
Atmospheric agro-industrial sugarcane
emissions: It’s effect on health and properties of
the habitants
L.M. Guerrero-Carrera 1 , A. Soto-Estrada 1 , C. Landeros-Sánchez 1 ,
M.C. Vargas-Mendoza 1 , A.E. Carrillo-Ávila 2
1

Programa en Agroecosistemas Tropicales, Colegio de Postgraduados,
Campus Veracruz, Tepetates, Veracruz, Veracruz, Mexico
2 Programa en Agricultura Tropical, Colegio de Postgraduados,
Campus Campeche, Sihochac, Champotón, Campeche, Mexico
Introduction: In Mexico, the sugar agroindustry provides economic beneﬁts by generating direct and indirect jobs. However,
sugarcane burning and the agro-industrial process emit tons of
particulate pollutants of black carbon, PM10 , PM2.5 , and greenhouse gases (GHG), increasing the concentration of total suspended
particles (TSP). Consequently, these practices become not only a
problem of environmental character but also economical, political
and social that represents a phenomenon that affects surrounding
communities.
Objective: The objective of this research was to identify the
effect of atmospheric emissions from the sugarcane agro-industrial
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process, on the health and properties of habitants near to the sugar
mill La Gloria, in Veracruz, México.
Materials and methods: This work was carried out from January
to March 2016, in the localities La Gloria, J. Guadalupe Rodríguez,
El Limoncito, and Paso del Bobo that are near to the sugar mill
La Gloria, in Úrsulo Galván, Veracruz. A sample of 118 habitants was interviewed about their personal data and housing,
relationship with the agroindustry, and the damage that the burning and the agroindustry of sugarcane cause on their health and
properties. The locality, El Viejón Nuevo was considered as the
control.
Results: The 47% of the interviewees expressed that the agroindustrial process is the main source of pollution; meanwhile,
37% indicated that other anthropogenic activities are the cause.
The 42% of the sample responded that pollution, caused during
this process affects their health; while 37% indicated the opposite. The contestants insured and denied (49 and 41%, respectively)
that these ashes cause damage to their properties. The health
and properties of habitants from La Gloria were more affected
by these two emission sources. The control population had no
damage.
Conclusion: Pollution caused by the agro-industrial process of
sugarcane affects more the properties than the health of the inhabitants, depending on the proximity to the burning areas or the sugar
mills.
http://dx.doi.org/10.1016/j.toxlet.2016.07.193
PP1.13
Immunologic response to ozone and PM < 2.5
from Mexico City in a Guinea pig asthma model
C.I. Falcon-Rodriguez 1 , L.I. García-Alonso 1,2 , A. Osornio-Vargas 3 ,
N. Manzano-León 4 , I. Rosas-Pérez 5 , A. De Vizcaya-Ruiz 6 , P.
Segura-Medina 1
1

Depto. Inves. Hiperreactividad Bronquial, INER, Ciudad de México,
Mexico
2 Facultad de Ciencias, UNAM, Ciudad de México, Mexico
3 Deparment of Pediatrics, University of Alberta, Edmonton, Canada
4 Instituto Nacional de Cancerología, Ciudad de México, Mexico
5 Centro de Ciencias de la Atmosfera, UNAM, Ciudad de México,
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Introduction: Air pollution is a public health problem worldwide, particularly in Mexico City, where we found two persistent
pollutants: ozone, (O3 ), and ﬁne particulate matter (PM2.5 ) that
daily exceed the Mexican norms (0.095 ppm/h, and 45 g/m3 /24 h,
respectively). Several studies demonstrated that both contaminants exposure directly correlates with the development of asthma,
COPD-like symptoms and airway inﬂammation, both in animal
models and humans.
Objective: Our aim was to evaluate the immunological response
to O3 and PM2.5 in an in vivo real time exposure model
of allergic asthma in Guinea pigs, during a cold–dry season
(November–February), when both contaminants persist longer in
the atmosphere.
Materials and methods: Male Guinea pigs (n = 46) were divided
into 8 groups: asthmatic animals were sensitized with ovalbumin
(OA) and AIOH3. Control and asthmatic animals were exposed to ﬁltered air (FA) or PM2.5 (4 h/day) and/or ozone (1 h/day/9 days) using
an Aerosol Concentrator System at CINVESTAV-Zacatenco. Doseresponse curves to histamine were evaluated using a barometric
plethysmography (21 day). A day after a bronchoalveolar lavage
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(BAL) was performed to measure CC16, IL4, IL10, IL 17, TNF-␣, and
INF-␥ by ELISA assays.
Results: Histamine curves demonstrated airway hyperresponsiveness in asthmatic animals. CC16 increased in all experimental
groups as well as TNF-␣. IL-10 decreased in all the experimental groups respect to FA controls and IL-4 and INF-␥ levels were
equal between FA controls and sensitized animals exposed to PM2.5
and/or O3. Finally, the control group exposed to PM2.5 increased
INF-␥ and IL-4 levels, showing a Th0 response.
Conclusions: Our results suggest that, in the allergic asthma
model, PM2.5 individually or mixed with O3 presented three different inﬂammatory mechanisms (Th1, Th2, and Th0). It will be
important to evaluate the inﬂammation mechanisms and the temporality of the pollutants in the future.
Financial support: SECITI 014/2014.
http://dx.doi.org/10.1016/j.toxlet.2016.07.194
PP1.14
Anthropogenic environmental risk exposure
arising from an industrial activity and a city
with the highest rate of emissions, in relation to
particulate matter (PM2.5 and PM10 ) as the
etiology of cardiorespiratory mortality
C.A. Picazo 1 , N. Balagurusami 2 , M.N. Betancourt 1 , M.J. Morán 1 ,
H.O. Favela 1 , G.F. Solís 3 , H.J. Favela 4
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Introduction: Ambient air pollution is implicated in the mortality from cardiopulmonary diseases. There has been progress in
the evaluation of particulate matter (PM) health effects at different
time-scales of exposure and in the exploration of the shape of the
concentration-response function.
Objective: To compare one of the most polluted cities in the
country with high anthropogenic environmental risk exposure
coming from industrial activity (Mexico City) and a city with high
rate of emissions (Coahuila), in relation to particulate matter (PM2.5
and PM10 ) as the etiology of cardiovascular and respiratory mortality.
Material and methods: A descriptive and observational study
was conducted from January 2010–December 2014. According to
the International Classiﬁcation of Diseases CIE10-2 (1998–2014)
the respiratory and cardiovascular diseases were deﬁned. The cases
were based on the National Institute of Geography and Informatics, PM was quantiﬁed by the Automatic Atmospheric Monitoring
Network.
Results: The rate of deaths in Mexico City was 61 years by
cardiorespiratory diseases and 70 years in Coahuila. In months of
wet season, Mexico City had a concentration of PM higher than
72 g/m3 , which was associated with cardiovascular (38%), and
respiratory (9%) mortality; Coahuila showed 35 and 15%, respectively. Coahuila desertiﬁcation events, erosion and dust storms are
a constant risk factor, producing the greatest impact of PM10 in dry
seasons, resulting in 28% (p < 0.05) of respiratory diseases.
Conclusions: We found a signiﬁcant increase in cardiovascular mortality in wet seasons in Mexico City, and an increase

of respiratory diseases in Coahuila Mexico, each one related to
particular atmospheric conditions.
http://dx.doi.org/10.1016/j.toxlet.2016.07.195
PP.15
Acute in vivo treatment with ultraﬁne particles
form two different anthropogenic sources
P. Palestini, F. Farina, L. Botto, E. Lonati, G. Sancini, A. Bulbarelli,
C. Milani
Department of Medicine and Surgery, POLARIS Centre, University of
Milano-Bicocca, Monza, Italy
Introduction: Ultraﬁne particles (UFPs) translocation through
the air blood barrier has been demonstrated after particles instillation and inhalation; once in the bloodstream, particles could
deposit in other organs, such as the brain. Moreover, inﬂammatory and oxidative stress mediators could translocate themselves
from lung to vascular system.
Objectives: The goal of this project is to evaluate the activation
of oxidative stress and inﬂammation on mice exposed to UFPs from
different sources, in respiratory and cardiovascular system as well
as in brain regions.
Materials and methods: Single exposure to UFPs (50 g), collected from two anthropogenic sources (BC from biomass pellet
combustion in a domestic heater and DEP from EURO 4 diesel
vehicle emission), was performed on BALB/c mice by means of
intratracheal instillation. In parallel, sham mice have always been
considered. Three hours after treatment, broncho-alveolar lavage
ﬂuid (BALf), lung, heart, cortex, cerebellum and hippocampus were
screened for markers of inﬂammation and oxidative stress (total
proteins, cell counts, MPO, COX-2, HO-1, iNOS), cytotoxicity (LDH,
ALP), endoplasmic reticulum stress (Hsp70), endothelium activation (ET-1) and a putative pro-carcinogenic marker (Cyp1B1).
Results: After DEP instillation, in the BALf we observed an
increase of total protein content and of PMNs percentage, and
a parallel decrease of AMs percentage; concomitantly, a signiﬁcant increase in MPO levels has been noticed; moreover, ET-1 and
Hsp70 increased signiﬁcantly; both BC and DEP induced necrosis.
Lung parenchyma showed increased HO-1 levels after BC and DEP
treatment, while COX-2 increase has been observed only after DEP
treatment. Heart parenchyma showed increased Cyp1b1, Hsp70
and MPO levels after DEP treatment, while COX-2 variations were
induced by both BC and DEP. Finally, in all the brain regions considered, an increase in iNOS, HO-1 and Hsp70 levels has been
registered after both BC and DEP instillation.
Conclusions: Our results conﬁrm that UFPs induce effects on
different organs, such as lungs, heart and brain; DEP seems to be
more effective than BC.
Financial support: Foundation CARIPLO.
http://dx.doi.org/10.1016/j.toxlet.2016.07.196
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In vitro study of the interaction of particulate
matter with human brain-derived astrocytes:
Effect on the aryl hydrocarbon receptor
(AHR/CYP1A1) pathway
E. Garcia, A. Osornio-Vargas
Department of Pediatrics, University of Alberta, Edmonton, Alberta,
Canada
Introduction: Air pollution has recently been classiﬁed as a
human carcinogen. Epidemiological and toxicological studies have
pointed to particulate matter (PM) as the pollutant that explains
most of the health effects related to air pollution. PM is a mixture
of compounds and little is known about the relative participation
and speciﬁc toxicity of the chemicals present in the mixture [e.g.
polycyclic aromatic hydrocarbons (PAH).
Objectives: Our objective is to study the molecular mechanisms
by which differing sizes and compositions of PM may inﬂuence
tumorigenic effects. Speciﬁcally, we are interested in the Aryl
hydrocarbon Receptor (AhR)/CYP1A1 pathway in astrocytes.
Methods: We used PM2.5 and PM10 (2.5 and 10) m samples
of well characterized air-borne particles from a business (BUS)
and an industrial (IND) site in Mexico City. Human astrocytes
in culture were exposed to 10 g/m2 of PMs for 6 h. We determined the effect of PM size and site in the expression of the AhR
and CYP1A1 genes using Real-Time PCR. We also determined AhR
and CYP1A1 cellular localization by confocal immunoﬂuorescence
microscopy.
Results: After exposure to PMs, astrocytes exhibited an
increased expression of AhR and CYP1A1 as compared to the control (unexposed cells). When using PM2.5 there was a signiﬁcantly
higher expression of AhR and CYP1A1 induced by BUS as compared to IND. However, PM10 did not exhibit a signiﬁcant difference
between BUS and IND. We also observed the translocation of the
AhR receptor to the nucleus and an increased expression of CYP1A1
with PM2.5 and PM10 .
Conclusions: The level of expression of the AhR and CYP1A1
genes depended on the size and origin of PMs; PM2.5 BUS being
the most potent. These data demonstrate that PMs participate as
a xenobiotic in an AhR-mediated signal transduction pathway. We
are in the process of identifying the role of PM-related PAH in these
effects.
Financial support: Our work has been supported by the Hair
Massacure Grant.
http://dx.doi.org/10.1016/j.toxlet.2016.07.197
P2: Alternative Methods/In vitro Testing Methods
PP2.1
Can chromium in red blood cells be used as an
indicator of exposure to hexavalent chromium?
An in vitro investigation
J. Devoy, M. Melczer, G. Antoine, S. Müller, A.M. Lambert-Xolin, I.
Langonne, I. Sponne, E. Bonfanti, S. Grossmann, S. Michaux, H.
Nunge, S. Viton, A. Remy, F. Cosnier
Department of Toxicology, Institut National de Recherche et de
Sécurité, Vandoeuvre les Nancy, France
Introduction: Although exposure to chromium metal and Cr(III)
and Cr(VI) compounds may occur in the workplace, only Cr(VI)
compounds pose particular concern in terms of possible hazards.
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Medical surveillance and biomonitoring can help to protect workers’ health.
Objective: After uptake via ingestion, inhalation and/or percutaneous diffusion, Cr(VI) ions are carried in the blood and penetrate
the red blood cells (RBC). Due to intracellular reduction to Cr(III) and
concurrent intracellular protein-binding, RBC represent an easily
accessible target organ for quantitative determination of Cr levels
following occupational exposure to Cr(VI) compounds. Whereas Cr
in urine and whole blood (and plasma) is indicative of a recent
episode of chromium exposure, chromium in RBC is attributable
speciﬁcally to Cr(VI) exposure and covers the entire RBC lifespan
(up to 120 days). Before recommending Cr in RBC as a biological
indicator of Cr(VI) exposure, in vitro studies must be undertaken to
assess its reliability.
Materials and methods: Our study examines the relationship
between the chromium added to a blood sample and that subsequently found in the RBC, plasma and lymphocytes. 10 mL blood
samples were left for 40 min at room temperature to allow the
blood to separate into two fractions: fraction 1, the supernatant,
containing the plasma and the white blood cells; and fraction 2,
containing predominantly RBC. Cell counting and viability determinations were performed by V-Cell counter. Direct analysis of
chromium in whole blood, plasma, white blood cells and RBC was
conducted using Atomic Absorption Spectrometry.
Results: Cr(VI) (chromate and dichromate), but not Cr(III), were
seen to accumulate in the RBC. Because Cr(VI) but not Cr(III) penetrates RBC, RBC might therefore be a sensitive indicator of Cr(VI)
exposure. We also observed a strong correlation between the Cr(VI)
concentration added to a blood sample and the amount of Cr measured in RBC. This relationship appears to be independent of the
chemical properties of the human blood samples (different blood
donors or different reducing capacities).
Conclusions: Even though in vivo studies are still needed to
integrate our understanding of Cr(VI) toxicokinetics, our ﬁndings
reinforce the idea that Cr in RBC should be seriously investigated
as a biological indicator of Cr(VI) exposure. A single determination
of the chromium content in RBC would enable biomonitoring of
critical cases of Cr(VI) exposure.
http://dx.doi.org/10.1016/j.toxlet.2016.07.199
PP2.2
Differences between human and rat CYP1A1
active site residues involved in the chemical
interaction with inhibitors/PAHs
R. Santes-Palacios, R. Camacho-Carranza, J.J. Espinosa-Aguirre
Departamento de Medicina Genómica y Toxicología Ambiental,
Universidad Nacional Autónoma de México, Mexico City, Mexico
Introduction: CYP1 family has been shown to metabolize a wide
variety of carcinogenic xenobiotics, thus, it might play a role in the
carcinogenesis initiation step. Therefore, the availability of selective inhibitors of CYP1A1 will facilitate the study of the metabolic
role of this enzyme in cancer and toxicity, and potentially could lead
to the development of CYP1A1-targeted therapeutic and preventive
agents.
Objective: Human and rat CYP1A1 differ 21% in amino acid
sequence including the active site of the enzyme; these differences
may be an important factor when results obtained in animal models are interpolated to humans. Therefore, we studied the effects
of different ligands (inhibitors and substrates) on human and rat
CYP1A1 binding sites involved in the metabolism of carcinogenic
polycyclic aromatic hydrocarbons (PAHs).
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Materials and methods: We used computational simulations
in order to examine the binding of inhibitors (␣-naphthoﬂavone
and bergamottin) and PAHs to human and rat CYP1A1 catalytic site
to identify the involved amino acids. We also evaluated the effects
of inhibitors, PAHs or its combination on HepG2 (human) and C9
(rat) cells cultures treated for 24 h. Cell growth and cell cytotoxicity
were measured by MTT assay and LDH release, respectively.
Results: In human CYP1A1 binding site, the residues F123, F224,
F258, G316, A317, F319 and D320 participated in almost all of the
protein–chemical interactions, suggesting that these residues are
important for the regioselectivity and positioning of the ligand. The
same was observed for T87, F189, D278, G281, A282, D285, I351 and
T462 residues of rat CYP1A1.
Concentrations lower than 10 nM of the inhibitor, 1 M DMBA
and 100 M BaP had no effect on cell growth and cell cytotoxicity.
Co-treatment of the inhibitor and PAH decrease cell growth and
increase cytotoxicity in a concentration-dependent relationship.
Conclusions: This study helps to understand the structural basis
behind human and rat CYP1A1 interaction with its ligands. Thus,
it is important to consider the differences between species, when
results are extrapolated from animal models to human.
Financial support: DGAPA-PAPIIT IN206915.
http://dx.doi.org/10.1016/j.toxlet.2016.07.200
PP2.3
A new ﬂuorescence based method for the
characterization of in vitro aerosol exposure
systems
S. Frentzel, S. Steiner, S. Majeed, G. Vuillaume, S. Kleinhans, M.
Nordlund, C. Mathis, J. Hoeng
Philip Morris Products S.A., Neuchâtel, Switzerland (part of Philip
Morris International group of companies)
Introduction: Measuring the delivery and dilution of aerosols
used for the in vitro toxicological assessments is essential for
desired dosing of biological test systems. In vitro exposure systems
developed for exposing cells growing at the air–liquid interface
(ALI) such as the Vitrocell® 24/48 system, are highly versatile
for delivering undiluted as well as diluted aerosols. They share
limitations with regard to aerosol losses, for instance due to sedimentation, impaction and non-isokinetic particle sampling that
may hamper exact dosing. This being the result of the combined
properties of the test aerosol and the exposure system, aerosol speciﬁc characterization of an exposure system is required in order to
determine its suitability for a speciﬁc application and its dosing
behavior.
Objective: The objective of this work was to develop a fast,
robust and sensitive method to determine aerosol delivery in in
vitro aerosol exposure systems, with a strong focus on the particulate fraction of liquid aerosols such as the ones generated by novel
tobacco products.
Materials and methods: Glycerol aerosols are generated in a
condensation monodisperse aerosol generator (CMAG) with disodium ﬂuorescein crystals serving as condensation nuclei. The
disodium ﬂuorescein provides a high aerosol ﬂuorescence that can
be retrieved quantitatively from the exposure chambers. Based on
the retrieved ﬂuorescence intensity and the measured aerosol ﬂuorescence, aerosol mass deposition can be calculated. By adjusting
the saturator as well as screen ﬂow within the CMAG, aerosols of
different mean particle sizes were generated.
Results: The generation of ﬂuorescent glycerol aerosols of mean
particle sizes ranging from <0.5 m to 1.6 m was highly reproducible and stable over time. The ﬂuorescence label allowed high

sensitivity detection of aerosol delivery to the Vitrocell® 24/48.
Using this method, initial characterization of the Vitrocell® 24/48
aerosol exposure system revealed that reproducible exposures can
be conducted, however considerable run-to-run as well as well-towell variation in the exposure plate may occur. Although not fully
reﬂecting it, aerosol deposition in the exposure plate was clearly
dependent on the aerosol dilution applied to the system. The accuracy of built-in quartz crystal microbalances in determining liquid
particle mass deposition was found to be low.
Conclusion: The ﬂuorometric quantiﬁcation of aerosol mass
delivery proved to be a key advantage of this method, due to its
simplicity, sensitivity and robustness. The reproducibility of the
aerosol generation was found to be sufﬁcient for systematic characterization of the Vitrocell® 24/48 exposure system and we propose
its applicability for the investigation of aerosol delivery in other
cell culture exposure systems. This study was conducted by Philip
Morris International (PMI) employees with PMI funding.
http://dx.doi.org/10.1016/j.toxlet.2016.07.201
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An application of 3-D nasal cultures: Systems
toxicological assessment of a candidate
modiﬁed-risk tobacco product
A.R. Iskandar, C. Mathis, F. Martin, P. Leroy, A. Sewer, S. Majeed,
D. Kuehn, K. Trivedi, D. Grandolfo, M. Cabanski, E. Guedj, C. Merg,
S. Frentzel, N.V. Ivanov, M.C. Peitsch, J. Hoeng
Philip Morris International R&D, Philip Morris Products S.A. (a
member of the Philip Morris International group of companies), Quai
Jeanrenaud 5, 2000 Neuchâtel, Switzerland
Introduction: In vitro toxicology testing is currently aimed at
the understanding of toxicity-related mechanisms in systems that
closely resemble the in vivo environment. Three dimensional (3-D)
organotypic airway epithelial culture models offer a more physiologically relevant system for studying the effects of exposure
through inhalation, as compared with submerged 2-D monoculture
systems. Because cigarette smoke (CS) affects the inﬂammation of
the nasal mucosa, studying the pathophysiological impact of CS
exposure in the nasal cavity is relevant.
Objective: The present study examined further the application
of in vitro human 3-D nasal epithelial culture models for toxicological assessment of inhalation exposure. Aligned with 3Rs
strategy, this study assessed the relevancy of a human 3-D nasal
culture model to obtain toxicologically relevant ﬁndings in studying the biological impact of the aerosols generated from a candidate
modiﬁed risk tobacco product (MRTP)—the Tobacco Heating System (THS) 2.2—as compared with smoke generated from reference
cigarette 3R4F.
Materials and methods: To obtain reproducible measurements
for the understanding of the cellular/molecular changes occurred
following exposure, a series of experimental repetitions were
conducted in which human 3-D nasal cultures were exposed
to multiple concentrations of THS2.2 aerosol or 3R4F smoke.
Cytotoxicity, activity of cytochrome P450 1A1/1B1, secretion of
pro-inﬂammatory mediators, histology, cilia beating frequency,
and omics analysis were assessed following exposure.
Results: The results showed that for all tested concentrations,
the impact of THS2.2 aerosol was substantially reduced than that of
3R4F smoke in terms of cytotoxicity levels, alterations in the tissue
morphology, secretion of pro-inﬂammatory mediators, impaired
ciliary function, and less perturbed transcriptomes and miRNA
expression proﬁles.
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Conclusions: The systems toxicological assessment approach
using a human in vitro 3-D nasal model will further support studies
that enhance insights into the molecular biology mechanisms associated with the impact of exposure to CS and candidate modiﬁed
risk tobacco products, on the nasopharyngeal cavity of the human
respiratory system.
Financial support: This work was funded by Philip Morris
Product SA (a member of the Philip Morris International group of
companies).
http://dx.doi.org/10.1016/j.toxlet.2016.07.202
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cigarette smoke on organotypic buccal
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F. Zanetti, W.K. Schlage, A. Sewer, P. Leroy, S. Majeed, E. Guedj, K.
Trivedi, A. Elamin, S. Frentzel, A.R. Iskandar, R. Kostadinova, C.
Mathis, N.V. Ivanov, M.C. Peitsch, J. Hoeng
Philip Morris International R&D, Philip Morris Products S.A., Quai
Jeanrenaud 5, 2000 Neuchâtel, Switzerland (part of Philip Morris
International group of companies)
Introduction: Cigarette smoke (CS) is related to several pathological outcomes, including oral cancer and benign mucosal
disorders, such as gingivitis and periodontal diseases.
Smoking cessation is the best approach to reduce tobacco
related health risks. However, a new promising paradigm for harm
reduction consists in heating rather than burning tobacco without
modifying the nicotine uptake proﬁle.
Objectives: In this study we assessed and compared the effects
of exposure to the aerosol derived from a candidate modiﬁed risk
tobacco product (cMRTP), the Tobacco Heating System (THS) 2.2,
to smoke generated from the 3R4F reference cigarette. The model
system used was a human organotypic oral epithelial tissue culture
(EpiOralTM , MatTek Corporation).
Methods: EpiOral cultures were exposed for 28 min to 3R4F CS
and THS2.2 aerosol, both diluted with air to match nicotine concentrations, and a non-matched higher nicotine concentration for
THS2.2 only. A systems toxicology approach was employed, which
combined cellular assays (i.e. cytotoxicity assay, cytochrome P450
activity assay), measurements of secreted pro-inﬂammatory markers and histopathological analysis with computational network
biology based on molecular investigations of the buccal epithelial
transcriptome (mRNA and miRNA).
Results: We observed that the levels of cytotoxicity, morphological alterations and release of pro-inﬂammatory mediators were
reduced in THS2.2 aerosol exposed tissues when compared to
3R4F CS at all the concentrations tested. Moreover, the analysis
of the transcriptomic changes revealed signiﬁcant perturbations
after 3R4F CS exposure in biological networks such as apoptosis,
necroptosis, senescence as well as xenobiotic metabolism, oxidative stress and NFE2L2 signaling. The stress responses following
THS2.2 aerosol exposure were more markedly decreased with postexposure duration than those following 3R4F CS exposure.
Conclusions: This study demonstrates that an acute exposure
to THS2.2 aerosol had a signiﬁcantly lower toxicity than 3R4F CS
on human organotypic oral epithelial cultures biology and did not
cause gross adaptive responses.
Financial support: This study was funded by Philip Morris Products S.A.
http://dx.doi.org/10.1016/j.toxlet.2016.07.203
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Systems toxicology assessment of a
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Trivedi, E. Guedj, C. Merg, A. Iskandar, W. Schlage, S. Frentzel,
N.V. Ivanov, M.C. Peitsch, J. Hoeng
Philip Morris International R&D, Philip Morris Products S.A. (a
member of the Philip Morris International group of companies), Quai
Jeanrenaud 5, 2000 Neuchâtel, Switzerland
Introduction: Cigarette smoke (CS) is linked to oxidative stress
and inﬂammation in human bronchial epithelial cells. CS is a risk
factor for chronic obstructive pulmonary disease and bronchial carcinoma. With the growing development of novel tobacco products,
a reliable toxicity assessment must be performed. New risk assessment methodologies leveraging systems biology-based approaches
are aligned with the 21st Century Toxicology. In line with 3R strategy, 3-D organotypic human airway epithelial cultures have been
developed featuring a fully differentiated respiratory epithelium
closely resembling human airway tissues. Such models comprise
basal, goblet and ciliated cells, and are cultured at air–liquid interface. Thus, they are physiologically relevant for toxicity assessment
of smoke/aerosol.
Objective: This study assessed the biological impact of exposure to a candidate of modiﬁed risk tobacco products (MRTPs),
the Tobacco Heating System (THS) 2.2, on human organotypic
bronchial cultures, as compared with that of smoke from reference
cigarette 3R4F at comparable nicotine concentrations.
Materials and methods: Bronchial MucilAirTM and
EpiAirwayTM culture models were exposed to multiple concentrations of 3R4F smoke and THS2.2 aerosol. Various endpoints
(cytotoxicity, histology, CYP1A1/1B1 activity, pro-inﬂammatory
markers release, and gene expression) were measured after
exposure. Dose- and time-dependent effects were studied and
complemented by a systems toxicological assessment approach.
Results: At comparable nicotine concentrations, histological
evaluation shows a greater impact of 3R4F smoke than THS2.2
aerosol exposition. Greater cytotoxicity and secretion of proinﬂammatory markers were observed in cultures exposed to 3R4F
smoke than to THS2.2 aerosol, at comparable nicotine concentrations. The 3R4F-induced transcriptome changes demonstrated
more perturbed biological processes at all post-exposure time
points as compared with THS2.2-induced transcriptome changes.
Conclusions: The results supported a greater impact of an acute
exposure of 3R4F smoke on the human bronchial cultures than that
of THS2.2 aerosol.
Financial support: This work was funded by Philip Morris
Product SA (a member of the Philip Morris International group of
companies).
http://dx.doi.org/10.1016/j.toxlet.2016.07.204

S84

Abstracts / Toxicology Letters 259S (2016) S73–S247

PP2.7
Organochlorinated pesticides in opossums of
northern Yucatan, Mexico
H.A. Ruiz-Piña 1 , J. Rendón-von Osten 2 , A.D. Cuxim-Koyoc 1 , R.M.
Flores-Serrano 3 , E.A. Reyes-Novelo 1
1 Laboratorio de Zoonosis y Otras ETV’s, CIR Dr. Hideyo
Noguchi-Universidad Autónoma de Yucatán, Mérida, Yucatán,
Mexico
2 Instituto EPOMEX, Universidad Autónoma de Campeche, Campeche,
Mexico
3 Instituto de Ingeniería, Universidad Nacional Autónoma de México,
Ciudad de México, Mexico

Introduction: In Yucatan, Mexico, there is evidence of pesticide
contaminants in human population, synanthropic fauna, food items
and sinkholes, however, no data of the impact on human health
population are currently available. We report the preliminary
results of presence of organochlorinated pesticides in opossums
(Didelphis virginiana) from northern Yucatan, from a project aimed
to establish the geographic distribution of organochlorinated pesticides in opossum populations.
Objective: To identify and quantify organochlorinated pesticides in blood samples from opossums collected in northern
Yucatan.
Materials and methods: Opossums were captured from two
rural localities of the north area of Yucatan: Molas (June 2015) and
Komchen (December 2015). Blood samples were taken for pesticide analyses. For comparison reasons 10 blood samples per locality
were analyzed. Organochlorinated pesticides were identiﬁed and
quantiﬁed by GC-ECD.
Results: In all opossum samples residues of organochlorinated pesticides were detected. The concentrations (Mean ± SE,
ng/mL) of each family were DDT 22.67 ± 4.28 ng/mL,
Endosulfan
15.87 ± 3.74 ng/mL,
HCH
6.9 ± 2.5 ng/mL,
Drines 9.13 ± 3.04 ng/mL and Chlordanes 15.37 ± 3.53 ng/mL.
Only Endosulfan concentrations showed statistical differences (t = 1.79; p = 0.036) among opossums from Komchen
(21.9 ± 4.08 ng/mL) and Molas (9.83 ± 2.73 ng/mL).
Conclusions: Our preliminary ﬁndings suggest that pesticides
are commonly present in rural backyards of households from
Yucatan. Opossums are efﬁcient colonizers of rural backyards in
Yucatan, therefore they can easily be used as bio-monitor of contamination. Ongoing blood tests analysis of opossums from the 10
rural localities included in the project will support the role of these
organisms as pesticide bio-monitors.
Financial support: Project CONACYT-CIRB-2013-0007 and
Instituto de Ingeniería-UNAM’s research fund for internal projects.
http://dx.doi.org/10.1016/j.toxlet.2016.07.205
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carbamazepine in root meristem cells of Allium
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2 Facultad de Química, Universidad Autónoma del Estado de México,
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Introduction: Active pharmaceutical compounds are one of
the emerging groups of environmental pollutants most frequently
detected in surface water, groundwater and soil worldwide. Carbamazepine is an antiepileptic drug widely used to treat epilepsy and
bipolar disorder; it is one of the most frequently detected drugs
in water bodies. Allium cepa test is a plant bioassay that is now
considered one of the most efﬁcient approaches routinely used to
determine the toxic effects of chemical compounds in the environment.
Objective: Evaluate the possible cytotoxic and genotoxic effects
of carbamazepine in root meristem cells of Allium cepa.
Materials and methods: A. cepa onion bulbs, 25–30 mm diameter, without any treatment, and they are purchased from a local
supermarket, were cleaned and germinated in distilled water under
laboratory conditions, for 72 h. For Mitotic index (MI) and Comet
Assay assays three groups of seven bulbs of A cepa were placed
into water to root, where the control group remained in distilled
water and the bulbs from the other two groups were treated for 2, 6,
12, 24 and 48 h with two environmentally relevant concentrations
(1 g/L, and 1 mg/L).
Results: The average values of the MI of control group were
7.432 ± 0.992. The treatment with carbamazepine decreased significantly, the MI at the higher concentration at 12 h (5.058 ± 0.639).
For rest of treatment time and lowest concentration no signiﬁcant changes compared with the control group (6.088 ± 0.469). The
genotoxicity detected with the comet assay we observed a low and
homogeneous T/N index in the control cells along the tested schedule (1.022 ± 0.011), while a not signiﬁcant slight increase over such
value was observed in group to 1 g/L of carbamazepine at every
treatment times. The high concentration of carbamazepine (1 mg/L)
exhibited statistical signiﬁcance in comparison with the value of
the control group at 24 and 48 h, these times presented an increase
of 23, and 20%, respectively.
Conclusions: Carbamazepine at environmentally relevant concentrations induces genotoxicity and cytotoxicity. A. cepa test can
be used in the detection of hazards arising from pharmaceutical
compounds. This assay provided a practical application of cytotoxicity/genotoxicity test systems to real-world pollution problem.
Financial support: Research and Postgraduate Division of the
National Polytechnic Institute, Mexico (SIP-IPN, Project 20160692).
http://dx.doi.org/10.1016/j.toxlet.2016.07.206
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Modeling aerosol droplet deposition in an
in vitro exposure system
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2 Multiscale Modeling and Simulation, Faculty EEMCS, University of
Twente, Enschede, The Netherlands

Introduction: Multi-well in vitro exposure systems, as for example the Vitrocell® 24/48 system, allow to simultaneously expose a
large number of biological samples to various types of aerosols. The
exposed tissue inserts are thereafter analyzed by high-throughput
omics technologies and the results are often used in system toxicology studies. In the exposure system, the dosing of toxic substances
is usually controlled via subsequent dilution steps, potentially
altering the physical properties of the aerosol, i.e., droplet number density, composition and sizes, which in turn may inﬂuence
the droplet deposition in the system. It is therefore important to
investigate the inﬂuences of the exposure system and the operating conditions on the aerosol deposition on the biological inserts to
predict the delivered dose.
Objective: The aerosol droplet deposition in part of a multi-well
in vitro exposure system was numerically modeled to investigate
the inﬂuence of operating conditions, exposure system geometry
and sampling conditions on the effective dose reaching the inserts.
Materials and methods: The aerosol transport and deposition
were modeled using Computational Fluid Dynamics with an integrated Eulerian, sectional-drift model for polydisperse aerosols.
Results: The deposition patterns on the inserts will be presented
for different aerosol droplet sizes and operating conditions. The
dominating deposition mechanisms for different droplet sizes will
also be highlighted for a range of inhalable aerosol droplet sizes.
Conclusions: The sampled droplet distribution from the main
delivery unit mainly depends on the aerosol characteristics in the
boundary layer reaching the sampling pipes, due to signiﬁcant
ratios between the main and the sampling ﬂow rates. This highlights the importance of obtaining effective aerosol mixing during
the dilution and of controlling the ﬂow protocol to attain uniform
deposition on the inserts.
Financial support: All authors are employed by Philip Morris
Products S.A., which is the sole source of funding of this research.
http://dx.doi.org/10.1016/j.toxlet.2016.07.207
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Protective effects of taurine and coenzyme Q10
against perﬂuorooctanoic acid-induced
cytotoxicity in Vero cells: A preliminary study
A. Gürbay 1 , B. Ünlü Endirlik 2 , D. Paslı 1
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Introduction: Perﬂuorooctanoic acid (PFOA), a member of perfuorinated chemicals, has wide commercial applications and is
a persistent pollutant of toxicological importance. It is widely
detected in human serum, and has a number of adverse health
effects including renal diseases. However, its mechanism of toxicity
is still not well characterized.
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Objective: The objective of the present study was to determine
possible time- and dose-dependent cytotoxic effects of PFOA in
Vero cells (African green monkey kidney cells).
Materials and methods: For this purpose, the cells were
exposed to ten different concentrations (5–800 M) of PFOA for
24, 48 and 72 h, and cytotoxicity was determined by the MTT assay.
Possible protective effects of taurine and coenzyme Q10 were also
tested.
Results: Our results showed that following 24 and 48 h of incubation periods, PFOA did not induce any cytotoxic effect between 5
and 100 M concentrations. However, slight increases in cell proliferation were noted ≤100 M concentrations, especially at 48 h. On
the other hand, signiﬁcant decreases in cell survival were observed
at concentrations ≥200 M of PFOA for 24 and 48 h, and ≥100 M
following 72 h. Pretreatment of cells with three different concentrations of taurine or coenzyme Q10 for 4 h provided signiﬁcant
protection against cytotoxicity of 400 and 500 M of PFOA following 24 h incubation.
Conclusions: The results of this study indicate that PFOA has
a biphasic cytotoxic proﬁle in Vero cells. Protective effects of taurine and coenzyme Q10 against PFOA-induced cytotoxicity suggest
that reactive oxygen species might be involved in cytotoxicity
mechanism of this substance, and in accordance with literature,
mitochondria is a target for PFOA. Additional investigations are
required in order to elucidate exact cytotoxicity mechanism of
PFOA.
Financial support: This study was supported by Hacettepe University Research Foundation (013 D05 301 001).
http://dx.doi.org/10.1016/j.toxlet.2016.07.208
PP2.11
Evaluation of anticancer activity and cytotoxic
silver nanoparticles synthesized with
Petroselinum sativum, Rosmarinus ofﬁcinalis
and Mentha spicata
Y. Torres 1 , I. López 2 , I. Balderas 1 , E. Arredondo 1 , P. González 1 ,
M. Ramírez 1
1 Laboratorio de Ingeniería Genética y Genómica, División de Estudios
de Posgrado, Mexico
2 Laboratorio de Materiales I, Facultad de Ciencias Químicas,
Universidad Autónoma de Nuevo León, Nuevo León, Mexico

Introduction: Cancer is a worldwide disease with a high incidence and mortality; it is produced by alterations in the regulatory
mechanisms of cell cycle and differentiation and by modifying of
the genetic information. Due to an increment in the number of
cases and deaths, the searching of new anti-proliferative therapeutic agents is important. Nanotechnology is a novel research tool
with applications in wide amount of ﬁelds, among them, the health
area uses materials such as metallic nanoparticles and green synthesized nanoparticles, which are expected to be less toxic to the
human organism and to have a better anticancer activity, it is still a
growing research ﬁeld if these nanoparticles can be compared with
antineoplastic pharmaceutical drugs used nowadays.
Objective: To evaluate and compare the anticancer and cytotoxic activities of silver nanoparticles synthesized and stabilized
with aqueous extracts of Petroselinum sativum, Rosmarinus ofﬁcinalis and Mentha spicata.
Materials and methods: The evaluation of anticancer activity was carried out on a colon cancer cell line (HTB-38), and
the cytotoxic activity, on a liver cell line (Chang). Both cell lines
were exposed to silver nanoparticles in a concentration range of
1.56–200 g/mL. Vincristine and Triton X were respectively used
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as positive control for the anticancer activity and as negative control for the cytotoxic activity. The exposure time was of 24 h, and the
cell proliferation was determined by the WST-1 assay. The assays
were performed three times independently and in triplicate.
Results: Cell population of HTB-38 cells decreased in the
anticancer activity assay about 35% for all the extracts in a concentration of 1.56 g/ml. For the cytotoxic assay in Chang cells,
similar effects were observed for two of the extracts; while, the silver nanoparticles synthesized by means of Mentha spicata extract,
at the same concentration, reduced only the 20% of the population;
this percentage increased to 40% at a 25 g/mL concentration.
Conclusions: Silver nanoparticles synthesized by means of a
Mentha spicata extract showed to be cytotoxic to HTB-38 cell line, at
higher concentrations than 1.56 g/mL; while in the case of Chang
liver cell line, cytotoxicity was observed at concentrations higher
than 25 g/mL. The other plant extracts behaved similarly against
the two cell lines.
Financial support: CONACyT.
http://dx.doi.org/10.1016/j.toxlet.2016.07.209
PP2.12
Exposure to p,p -DDE induces the activation of
the PKC␣-p38-C/EBP␤ pathway in human
promyelocytic HL-60 cells
N.A. Torres-Aviles, D. Albores-García, E.S. Calderón-Aranda
Departamento de Toxicología, Centro de Investigación y Estudios
Avanzados, IPN, Ciudad de México, Mexico
Dichloro-diphenyldichloro-ethylene (p,p -DDE), the most persistent metabolite of dichloro-diphenyl-trichloroethane (p,p DDT), is still present in the human population. Both p,p -DDT and
p,p -DDE are present in the bone marrow of patients with bone
marrow disorders, but thus far there are no studies that assess the
capability of p,p -DDE to affect intracellular pathways of myeloid
cells. The aim of this study was to determine the effect of p,p -DDE
on intracellular pathways related to myelocytic cell differentiation.
The p,p -DDE effect on [Ca2+ ]i, C/EBP␤ protein levels, PKC␣ and p38
activation and the role of oxidative stress or PLA2 was assayed in
HL-60 cells. Exposure to 1.9 g/mL of p,p -DDE induced an increase
of [Ca2+ ]i, PKC␣, p38, and C/EBP␤ protein levels. The increase of
nuclear C/EBP␤ protein was dependent on p38. PKC␣ phosphorylation was dependent on PLA2 and p,p -DDE-induced oxidative stress.
p38 phosphorylation induced by p,p -DDE was dependent on PLA2,
PKC activation, and oxidative stress. Because C/EBP␤ is involved in
the early cell differentiation of myeloid cells, these ﬁndings offer
a putative molecular mechanism to partially explain the potential
consequences of having p,p -DDE in human bone marrow and suggest that exposure to this pesticide could potentially lead to the
development of bone marrow disorders in human. Further studies
are necessary to conclusively support this hypothesis.
This study was funded by a grant from the Mexican Council for Science and Technology (Conacyt 152491) and partially
supported by Conacyt Children Environmental Health Network
251229/271626.
http://dx.doi.org/10.1016/j.toxlet.2016.07.210
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Introduction: Traumatic brain injury (TBI) is an important cause
of death and disability in the USA. According with the Center for
Disease Control and Prevention, TBI-related deaths and hospitalizations are 823.7 per 100 000 individuals. Due to TBI prevalence,
it is important to understand the cellular events that take place
after TBI in the different cell types that form the neurovascular unit
(NVU) including brain endothelial cells (BECs), astrocytes and neurons, in order to develop new treatment options. Different animal
models have been used to study the effects of TBI; however, the use
of in vitro models offer the advantages of lower costs, fewer ethical
issues and better control of the experimental variables, including
the use of human cells.
Objective: The aim of this study is to develop an in vitro TBI-on
a chip model using the different cell types that constitute the NVU.
Materials and methods: Deformation due to biaxial stretch (BS)
was achieved by infusing pressurized gas into ﬂexible bottom culture plates using a commercially available system. Deformation due
to uniaxial high-speed stretch (HSS) was achieved by moving a linear actuator, coupled to a polydimethylsiloxane chip on top of a
silicone membrane at a strain rate of 100 s−1 . Live/dead cells, LDH
release, caspase 3/7 staining and nitric oxide (NO) production were
evaluated 24 h after a single stretch episode.
Results: BS affected the BECs under all conditions tested, inducing a deformation-dependent decrease in NO production, increase
in LDH release, cell death and activation of caspase 3/7, suggesting
the induction of apoptosis. On the other hand, HSS increased LDH
release only at 15% stretch and increased cell death and caspase 3/7
at 10 and 15%. For astrocytes BS induced an increase in LDH release,
cell death and activation of caspase 3/7 at 10 and 15% stretch, without changes in NO production. HSS increased LDH release, cell death
and caspase 3/7 only at 15% stretch, suggesting that the damage
induced by BS is achieved at lower percentages of stretch than that
induced by HSS.
Conclusion: In summary, some of the events that occur in the
BBB after TBI were successfully replicated in vitro using BS and HSS
and the severity of the TBI produced in vitro depends on the degree
and orientation of cellular deformation. These data support the use
of BS and HSS as valuable tools in the study of TBI in vitro by deﬁning
stretch intensities. This method may also be useful in evaluating
potential drug treatments for this condition.
Financial support: NCTR Protocol E7584.01.
http://dx.doi.org/10.1016/j.toxlet.2016.07.211
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Introduction: Many epidemiological studies have established
a link between respiratory diseases and some environmental pollutants. To help understand the mechanisms involved in such
diseases, the development of new in vitro tools is becoming essential because of the low biological relevance of existing models.
Recently more realistic 3D-models have been established. MucilAir
is a human reconstituted airway epithelium physiologically close
to the human respiratory epithelium and consists of 3 main types
of cells (ciliated, goblet and basal cells), has tight junctions and
mucociliary function combining ciliary beats and mucus secretion.
This model was used to assess the impact of environmental pollutants, such as volatile organic compounds (VOC) on biological
activity.
Objective: The purpose of this work was to enhance this
MucilAir© model by involving epithelium (Muci) and immune cells
(IC), a better combining to assess the effects of pollutants on the
inﬂammatory response.
Material and methods: To achieve this objective Muci was cocultured with IC (human monocytes THP1) on insert in deﬁned
culture conditions. Various designs were considered: “Muci” and
“IC” alone and co-culture “Muci-IC” and exposed 1 hour once a
week for 4 weeks to VOC mixture emitted by paints at the air–liquid
interface. Clean Air exposure was considered as a control. The
inﬂammatory response was assessed by cytokine production (IL-8,
GM-CSF) using ELISA assay.
Results: After 2 weeks of VOC-exposures a modulation of the
inﬂammatory response was showed for Muci-IC co-culture, with
an increase up to 2.7 and 1.5 respectively for IL-8 and GM-CSF,
while no variation was observed for Muci during this same time.
Neither damage of tissue integrity nor morphological changes
were observed after the 4-week-exposure whatever the scheme
tested.
Conclusion: Together with the cells constituting the epithelium
(ciliated and mucus cells), immune cells are essential to obtain a
realistic and relevant biological response. Our co-culture model is
original and relevant to evaluate the impact of air pollutants on the
respiratory tract at a low dose.
Financial support: ANSES (n◦ 2012-2-087).
http://dx.doi.org/10.1016/j.toxlet.2016.07.212
PP2.15
Advantages of 3D mini organ cultures for
inhalation toxicology with respect to the effects
of cigarette smoke total particulate matter
B. Schumann, J. Wiese, J. Besecke, H. Foth
Institute of Environmental Toxicology, Martin-Luther-University
Halle-Wittenberg, Halle (Saale), Germany
Introduction: Mini organ cultures of human lung (L-MOC) and
bronchial tissue (B-MOC) are a useful 3D in-vitro tool. The incorporation of these complex lung cell models can have a beneﬁcially
impact on inhalation toxicity testing.
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Objective: In this project we determined different toxicological endpoints in 3D and conventional 2D models: cellular viability,
intracellular glutathione (GSH) concentration and different gene
expression proﬁles. In both cell models, the parameters were
determined in untreated controls and after incubation with total
particulate matter (TPM).
Materials and methods: The primary lung cells and mini organ
cultures have the same origin. They are derived from healthy tissue
obtained from lung tumour resections of lung cancer patients and
are cultivated in special human epithelial airway medium. MOC are
additionally placed on plates covered with 1.5% agar. For characterization single specimens were ﬁxed and stained with H&E and
subjected to histological examination afterwards. As a marker of
oxidative stress the level of intracellular GSH was determined by
HPLC. Viability was measured by Resazurin assay and ﬂow cytometry (MUSE cell counter). In gene expression analyses with qPCR
manganese superoxide dismutase (SOD-2), interleukin-8 (IL-8) and
cytochrome P450 (CYP1A1) were determined.
Results: MOC can be cultivated for a long period (up to 74 days)
without losing their viability. In MOC the GSH-level was increased
slightly over time during normal cultivation. The GSH-level was
approximately 1.4 to 1.5 fold higher after 14 days in culture with
a maximum of 2 fold after 18 days. This might be explained by a
progressive epithelialization of the mini organ cultures. In further
experiments we modulated the intracellular GSH content. Therefore we used 50 M BSO to decrease GSH level to 20% compared
to untreated control. After treatment with TPM both cell culture
systems show a time and dose dependent decrease of viability.
Conclusions: According to our study both cell systems represent
suitable models for lung toxicity testing. 3D mini organ cultures are
more realistic and closer to the conditions in the human body than
cell lines or primary cells (2D models).
http://dx.doi.org/10.1016/j.toxlet.2016.07.213
P3: Analytical Toxicology
PP3.1
Development of a methodology to quantify
bromacil in hair using an animal model
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Introduction: Costa Rica has presented an increment on the
pineapple’s monocultives, in 2014 there was 490,809 ha dedicated
to crops. This caused an increment in the use of some pesticides,
specially bromacil. The problem with this herbicide is the high
mobility in the aquatic ecosystems. For this, it represents a risk for
the aquatic ﬂora and fauna and for the human health. That is why
the detection of bromacil in animals and humans, that are expose
to this substance, is important. The uses of non-invasive matrices,
like hair, are alternatives to monitorize the population, and decide
if they are in risk.
Objective: Develop a methodology for the identiﬁcation and
quantiﬁcation of bromacil in hair using and animal model. Furthermore, it is going to be the ﬁrst step into the analysis of pesticides
in hair in Costa Rica as a form of biomonitoring.
Materials and methods: Twelve Sprague Dawley rats in a block
design, were used. An amount of 3.84 mg/kg/day of bromacil in
fresh water, were given to the rats for 45 days, while the other rats
consumed normal water. Then, at 15 and 45 days into the respec-

S88

Abstracts / Toxicology Letters 259S (2016) S73–S247

tive treatment, the hair were cut of the back of each rat, and washed
to eliminate external contaminations.
After that, a bromacil extraction was performed and analyzed
with a LC–MS to quantify and identify the presence of bromacil.
The results were analyzed by a Kruskal–Wallis test.
Results: The quantity of the pesticide that could be determined
at 15 and 45 days of exposure was 14.32 g/kg for females and
17.30 g/kg for males, and for 45 days of exposure the quantity
of 67.63 g/kg for females and 32.985 g/kg for males. Control animals do not present an appreciate quantity. The Kruskal–Wallis test
reveals that there are signiﬁcant differences between treatments
and the control (p < 0.005).
Conclusions: A successful method was developed for the identiﬁcation and quantiﬁcation of bromacil in hair using an animal
model.
Financial Support: The project was ﬁnancially supported by the
Universidad de Costa Rica.
http://dx.doi.org/10.1016/j.toxlet.2016.07.215
PP3.2
Chemical characterization of vinclozoline M5
metabolite
F.A. Verdín-Betancourt 1 , M.L. López-González 1 , M.
Cruz-Hurtado 1 , C. Cerda 2 , M. Figueroa 3 , A. Sierra-Santoyo 1
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Introduction: Vinclozolin (V) is a fungicide with antiandrogenic properties and has been classiﬁed as an endocrine
disruptor. V is non-enzymatically hydrolyzed to M1 and M2
metabolites, these metabolites have been considered as main
responsible of inhibiting the androgen receptor. In vivo and in vitro
metabolism studies indicate that M5 is the most abundant and
chemically stable metabolite found in serum, organs and urine
and may be used as an exposure biomarker. There is no available
information about toxicological and anti-androgenic properties of
M4-M9 metabolites. Preliminary results suggest that V is metabolized in a similar way in humans, in addition, in silico studies
indicate that M5 may interacting with androgen receptor and could
generate anti-androgenic effects.
Objective: The aim of this study was to synthesize and chemically characterize the M5 metabolite.
Materials and methods: M5 was synthesized from V by the
Sharpless reaction with some modiﬁcations. V was incubated
in water:t-buthanol (1:1) containing OsO4, hydroquinidine-1,4ftalazinedil diether, potassium ferrocyanide, methyl sulfonamide
and potassium carbonate for 24 h at room temperature. M5 was
isolated, analyzed and characterized by UPLC/DAD/MSD through
tret , UV spectrum, mass spectrometry and RMN (1 H, 13 C, COSY and
DOSY).
Results: Results obtained of this product were compared with
those obtained from extracts of enzyme assays using V as substrates from rat liver microsomes or from V-treated rat organs.
These results indicate that the product generated by the Sharpless
reaction has the same spectral properties and molecular weight and
are in agreement to those reported in literature.
Conclusions: Sharpless reaction represents an excellent
method to produce enough amounts of M5 to carry out toxicological
studies. In addition, they could help to explain the anti-androgenic

effects on male reproductive system associated to this fungicide
and also will help to establish a monitoring method in human
populations using to M5 as a V exposure biomarker.
Financial support: Funded by Conacyt-Mexico #168384 and by
the Pesticide Toxicology Network #253789/271775.
http://dx.doi.org/10.1016/j.toxlet.2016.07.216
PP3.3
Preconcentration and determination of trace
amounts of inorganic arsenic present in water
samples reconstituted in the laboratory with a
Cloud Point Extraction – CPE – using tritón
X-100 and ammonium heptamolybdate with
atomic absorption spectrophotometry hydride
generation
M.G. Chaulón-Velez 1 , R. Véliz 2
1 Toxicology Department, Escuela de Química Farmacéutica, Facultad
de Ciencias Químicas y Farmacia, Universidad de San Carlos de
Guatemala, Guatemala
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Introduction: The most widely used technique for the quantitative analysis of Arsenic is atomic absorption spectrophotometry
hydride generation that detects concentrations in the range of g/L.
However, this analytical technique is not economically viable.
The CPE methodology is an effective alternative to extract
arsenic to an organic phase. This method is based on the phenomenon of phase separation of the nonionic surfactants in
aqueous solutions.
The results obtained create the basis for further exploration of
the CPE so as to be taught and therefore applied to the analytical
laboratories of Guatemala and allow for periodic analysis of total
inorganic arsenic in water bodies.
Objective: This research aims to implement the CPE in order to
assess the feasibility to extract and preconcentrate the total inorganic arsenic present in trace amounts in water samples by analysis
with atomic absorption spectrophotometry hydride generation.
Materials and methods: The CPE was used in this research for
aqueous samples contaminated with inorganic arsenic, reconstituted in the laboratory, the aqueous phases were analyzed with
an atomic absorption spectrophotometry hydride generation. The
variables studied included: concentration of surfactant, cloud point
temperature, ionic strength and pH, all aimed at getting the optimum extraction and preconcentration of arsenic in their water
matrix.
Results: In acidic and neutral conditions (pH 2.0 and 7.0) favorable and reproducible preconcentration results are obtained with
recovery range of 36% to 47%. Under alkaline conditions (pH 9.0)
the best percentage of arsenic extraction is obtained (58%), however, by increasing the concentration of the metal, the degree of
preconcentration signiﬁcantly decreases (8%).
Conclusions: The methodology resulted feasible, since it was
possible to preconcentrate and extract total inorganic arsenic
present in aqueous samples in trace amounts.
http://dx.doi.org/10.1016/j.toxlet.2016.07.217
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PP3.5
Pretreatment of human hair for the
determination of trace metals by ICP–MS
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Cloud point extraction method for
bio-accessible arsenic determination in corn
and rice samples
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Introduction: The principal pathway of exposure to arsenic (As)
for humans is oral ingestion. The health risk induced by presence of
As in food depends on its release from the food matrix. The health
risk evaluation is more critical for staple foods as rice and corn cereals. The bio-available As is a critical parameter for the estimation
of arsenic risk exposure through oral As intake. In vitro digestion
model is preferred rather than in vivo test for bio-accessible fraction determination, because it is straightforward, fast, inexpensive,
and reduces the use of experimental animals.
Objective: A new automatic method to determine trace bioaccessible As levels in corn and rice grains was developed based
on a multi-syringe ﬂow injection analysis (MSFIA) system coupled
to hydride generation-atomic ﬂuorescence spectrometry (HG-AFS)
using cloud point extraction (CPE) as As preconcentration method.
Materials and methods: The preconcentration protocol
includes the use o,o-diethyldithiophosphate as complexing agent
and polyethylene glycol tert-octylphenyl ether as extracting nonionic surfactant agent. MSFIA (Sciware System, Bunyola) system
was used to automatize the degradation of organic As species in
the CPE extract prior to its detection by HG-AFS. Critical parameters that affect the performance of the automated MSFIA system, as
well as, the involved in the preconcentration step were optimized
by exploiting a multivariate approach using a Doehlert design.
Results: A photo-oxidation step of the organic species prior to
HG-AFS detection was included for the accurate quantiﬁcation of
total As. The limit of detection was 1.34 g/kg and 1.90 g/kg for
rice and corn samples, respectively. The precision of the automated
MSFIA-HG-AFS system including the cloud point extraction step,
expressed as the relative standard deviation (RSD), evaluated for
2.5 g/L As spiked samples of rice and corn, was 8.0 and 9.3%,
respectively. The accuracy of the method was conﬁrmed by analyzing certiﬁed reference material ERM BC-211 (rice powder).
Conclusions: The method allowed low detection limit and wide
linear range. This versatile and low cost methodology can be used
for As determination at trace level as an alternative to ICP-MS
analytical tool. The proposed method was satisfactory applied to
corn and rice samples. The bio-accessible As content in corn and
rice grains samples was 72–88% and 54–96% of the total arsenic,
respectively; thus, this As fraction could accessed to the human
bloodstream and represent a human health risk.
Financial support: This study was supported by the Research
fund of CONACyT (CONACYT/CB/167372), and by the Spanish
Ministry of Economy and Competitiveness (MINECO, project
CTQ2013-47461-R), co-ﬁnanced by FEDER funds.
http://dx.doi.org/10.1016/j.toxlet.2016.07.219
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Hair metal content is used as a biomarker of chronic exposure
to toxic metals, opposite to urine or blood that reﬂect recent exposures. Sampling is a non-invasive easy technique that does not
require a preservation process, and is easy to transport. Inductively
coupled plasma–mass spectrometry (ICP–MS) is a multi-elemental
technique used to simultaneously determine several trace elements. Sample preparation is critical for the analytical protocol.
Wet digestion with oxidizing acids is the most common preparation
procedure for biological samples; however, factors as post digestion residual carbon content may affect the quantitation of trace
elements in organic materials as the hair.
The aim of this study is to establish the pre-treatment conditions
of hair samples using conventional closed-vessel microwave digestion to quantify the trace content of metals (biogenic and toxic).
Hair samples from a female donor were cut in short segments (∼1 mm), washed with 5 mL triton X-100 (0.1%), rinsed
with deionized water (DI) water, dried and kept in desiccator.
Later, it was subject to digestion along with the reference material of human hair, used for quality control (NCS DC73347a, China
National Analysis Center for Iron and Steel 2015). The best conditions for microwave digestion were: 0.1 g of hair placed in Teﬂon
vessels, and added 3 mL of suprapure HNO3 and 300 L of suprapure H2 O2 . Vessels were placed in a microwave digestion system
(ETHOS ONE, Milestone) at 1500 W, 25 bars, and 150 ◦ C for 75 min.
After the digestion, samples were diluted up to 10 mL with DI water.
Digested samples were analyzed by ICP–MS (NexION 350D). The
equipment was optimized with the manufacturer’s solutions, and
calibration graphs were obtained from multi-element standards
from 0.1–50 ppb (Perkin Elmer, Pure Plus).
Good recoveries (75–125%) were obtained for 20 elements
including: Be, B, K, Ca, Zn, As, Se, Cd, Sb, La, Ce, Pr, Tb, Ho, Lu, Hg, Tl,
Bi, Th, and U.
This standardized washing and digestion protocol for hair samples will allow the simultaneous determination of at least 20
biogenic and toxic metal ions at trace levels.
This study was partially support by PEI-Conacyt 222996
and Children Environmental Health Network (Conacyt251229/271626).
http://dx.doi.org/10.1016/j.toxlet.2016.07.220
PP3.6
Characterization by IR spectra of Loxosceles
laeta’s venom
M. Schulthess 1,3 , L. Börgel 2 , V. Silva 2 , J. Ipinza 1
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Introduction: There are several species of the genus Loxosceles in America, which highlights L. laeta, characterized by
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its aggressiveness. L. laeta is found in Perú, Ecuador, Argentina,
Uruguay and Brazil, and their presence in other parts of the world
is associated with globalization. In Chile, L. laeta is distributed in
most regions of the country since it is found in 1 house for every 3.
Loxoscelism presents clinically with local effects and, sometimes,
systemic effects, i.e. skin or cutaneous and visceral, characterized
by necrotizing effects of tissue, where the systemic effect depends
on the inoculated dose, followed by inoculation site.
Objective: Independently of the dose, there is always dermonecrotic injury. This mechanism has not been fully studied, so
it is proposed to identify the functional groups of poison in order
to approach to the mechanism and eventually new alternatives
antidote.
Materials and methods: Poison was identiﬁed by infrared spectroscopy, a method that aims to identify molecular identity of solids
and liquids, as well as functional groups. During 2014, 70 living
individuals were captured atraumatically, were taxonomically classiﬁed, and were stored under freezing conditions (−20 ◦ C) for at
least 10 days. From these individuals, 37 corresponded to L. laeta
(18 males and 19 females).
Results: No gender-related differences in venom composition
and size of the chelicerae were evident. There were only differences
between time of capture, usual phenomenon in poisonous species,
with the highest concentration of protein content in the fall-winter
period. Regarding the functional groups, L. laeta presents amides,
ﬂuorine and sulphur.
Conclusions: Of important functional groups, the combination
of amide-sulphur, is related to the presence of metalloproteins, low
mass fractions of venom, and the amide association and ﬂuorine,
as described in species with neurotoxic poisons, is related with the
capacity of penetration of the smaller molecular size fraction of
venom, searching calcium sources, either calcium channel or ionic
calcium, determining, in neurotoxic species, paralysis or muscle
spasms. In L. laeta, to date, it has not been described the presence
of ﬂuorine as part of the functional groups of poison. Fluorine, in its
appeal by calcium tissue, primarily bone, promotes penetrability
of venom components. This would explain the depth of the lesion,
often requiring grafts, but is also a contribution to further research
in ﬁnding the best antidote or neutralizer.
Financial support: This project received ﬁnancial support from
RITA-Chile Corporation.
http://dx.doi.org/10.1016/j.toxlet.2016.07.221
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Introduction: The development of analytical methods for pesticides determination in fruits is an important task due to the
toxicity of these compounds. To improve pesticides analysis in
food matrices alternative chromatographic techniques can be used.
Supercritical ﬂuid chromatography (SFC) has barely been applied
in this area.
Objective: Develop and validate an analytical method using SFC
coupled to diode array detector (DAD) for pesticides in papaya and
avocado samples.
Materials and methods: Atrazine (ATZ), ametryn (AME), carbofuran (CF), carbaryl (CAR) and methyl parathion (MeP). QuEChERS

DisQuE kit, column Viridis BEH 2-EP (100 mm × 4.6 mm, 5 m) and
SFC–DAD system Acquity UPC2 (Waters). Fruits samples were subjected to QuEChERS AOAC Ofﬁcial Method. For chromatographic
analysis, supercritical CO2 and MeOH were used as mobile phase.
The MeOH gradient was: 5% for 0.4 min, from 5 to 60% in 1.6 min
and 60% for 3 min. Pressure, ﬂow-rate and column temperature was
1500 psi, 1.5 mL/min and 40 ◦ C, respectively. MeP was detected at
265 nm and the others at 218 nm.
Results: Pesticides were separated in 2.2 min with a resolution
>1.5. The method was validated using papaya and avocado samples. From selectivity assess, interferences were no observed for
the studied pesticides in both fruits, except for CF. For papaya LODs
and LOQs ranged from 0.13–0.38 and 0.22–0.64 g/g, respectively;
recoveries varied from 72.8–94.6%; RSD was <3%; and the correlation coefﬁcient (r) values were >0.99. While for avocado LODs and
LOQs ranged from 0.12–0.45 and 0.28–0.80 g/g; respectively; RSD
was <11%; recoveries varied from 50.0 to 94.2%; and the r values
were >0.98. Matrix effect determined in both fruits was considered
medium signal suppression. The method applicability was assessed
for lime, banana, mango and melon samples. It was observed that
this method can be used for the analysis of MeP and ATZ in the four
fruits and for CAR and AME in mango and melon.
Conclusions: A SFC-DAD method for pesticides analysis in
papaya and avocado was developed. This method showed a good
performance and satisfactory validation parameters. This method
proved to be useful for other fruits.
http://dx.doi.org/10.1016/j.toxlet.2016.07.222
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Introduction: Pesticides are used to control pests to crops but
cause negative effects on environment and human health. GC–MS
is a very usefully technique employed for analysis of volatile pesticides combined with QuEChERS method to extract them from
food.
Objective: Develop a GC–MS method using QuEChERS extraction for ﬁve pesticides analysis in papaya and avocado samples.
Materials and methods: Stock solution of ﬁve pesticide standards: ATZ, AME, CF, CAR and MeP were prepared at 50 mg/L in
methanol and used to prepare the working solution. QuEChERS
DisQuE kit was used. A Varian 3900 GC coupled to a MS detector
operating in electron impact mode was used. A Crossbond column
Zebron ZB-5MS was used. Fruits samples were subjected to QuEChERS AOAC Ofﬁcial Method. The method was validated following the
SANCO European Guideline.
Results: Pesticides were baseline resolved under a gradient temperature elution in a total analysis time close to 6.5 min. Selectivity
was assessed by comparison of blank and spiked fruit samples
chromatograms. Correlation coefﬁcient (r) values were >0.99 in the
1–8 mg/L range. For papaya the LODs ranged from 30 to 350 g/kg
and LOQs ranged from 60 to 750 g/kg. For avocado the LODs
ranged from 140 to 280 g/kg and LOQs from 220 to 400 g/kg.
Recoveries ranged between 72 and 104.3% except for CF and ATZ
in avocado (69.7 and 60.6%) which are acceptable according to the
validation guideline. Precision (RSD) at two concentration levels
assessed in papaya and avocado samples was lower than 20% except
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for CAR in avocado at 1.0 mg/kg (27.3%). The RSD values obtained
are considered acceptable according to the validation guideline.
Matrix effect was observed in both fruits.
Conclusions: A GC separation using a Zebron ZB-5MS column
coupled to a MS detector for 5 pesticides in papaya and avocado was
developed. After applying QuEChERS as a sample treatment, the
method was validated using papaya and avocado samples, resulting
speciﬁc, accurate and reproducible.
http://dx.doi.org/10.1016/j.toxlet.2016.07.223
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Introduction: Methanol poisoning is an infrequent medical
emergency and may result in signiﬁcant morbidity and mortality. Also volatiles like ethanol, methanol, ether, toluen, chloroform,
isopropyl alcohol, and acetone can be used as solutions, paints,
gasoline additives and ethanol denaturants. Mix type volatile intoxication cannot be easily diagnosed by emergency medicine service.
Objective: A simple, cost-effective headspace gas chromatography (GC) method coupled with GC with ﬂame ionization detection
for simultaneous determination of volatiles was developed and for
clinical and toxicological purposes. By neglecting the matrix effect
and complex sample preparation, the headspace GC (HS-GC) is now
the most widely used technique for the detection of volatile organic
compounds in biological ﬂuids.
Material and method: Five concentration levels of the standards in aqueous solutions were prepared to yield the following
ﬁnal concentrations for ethanol, methanol, ether, toluen, chloroform, isopropyl alcohol, and acetone: 100, 200, 500, 1000, and
3000 mg/L. HS-GC measurements were carried out with an automatic headspace sampler. The samples were incubated in the
oven for 5 min at 80 ◦ C without shaking. The headspace injection was performed with a 2.5 mL gas-tight syringe that was
heated to 110 ◦ C. All analyses were performed on a Shimadzu GC2010 Plus. The chromatograph was performed with a Innowax
(30 m × 0.25 mm × 0.25 m) silica column with a FID. The oven
temperature was held at 40 ◦ C for 4 min following the injection,
and then raised to 250 ◦ C at 50 ◦ C/min. The instrument parameters
were as follows: 200 ◦ C inlet temperature, 250 ◦ C detector temperature, and carrier gas linear velocity 30 cm/s. All the injections were
done in the split mode (1:20). The equations for the standard curves
were obtained by plotting the analyte to internal standard peak area
ratios against the analyte concentrations.
Results and conclusions: This method was suitable for monitoring all of the analyte concentrations in a single measurement
during a multi chemical intoxication treatment. Also, the short time
of the analysis can help the clinicians for antidotal treatment.
http://dx.doi.org/10.1016/j.toxlet.2016.07.224

S91

PP3.10
Qualitative optimisation of the mostly used
synthetic cannabinoid, JWH-018 by liquid
chromatography–tandem mass spectrometry
M. Seyrek 1 , K.G. Ulusoy 1 , E. Macit 2 , T. Turbe 1
1
2

Gulhane Military Medical Academy Pharmacology, Ankara, Turkey
Toxicology Department, Ankara, Turkey

Introduction: JWH-018 (1-pentyl-3-(1-naphthoyl)indole) is
one of the mostly abused synthetic cannabinoids. There are
very few validated analysis method to identify it in biological
matrix. A qualitative method for the analysis of JW-018 by liquid chromatography-tandem mass spectrometry (LC–MS/MS) was
developed and optimised for some CE, DP, CXP and CEP values.
Objective: Some of the JW-018 metabolites m/z ion pair values
are predeﬁned in our library, thus we tried to determine only for
CE, DP, CXP, and CEP values for JW-08 and JWH-073 in positive-ion
mode.
Material and methods: For optimisation analyses, 40 ng/ml of
both JWH-018 and JWH-073 stock solutions (500 l) were prepared
and separately mixed with 5 mmol ammonium acetate solution
(500 l). By a Harvard syringe pump, 1000 l of prepared solution was continuously infused at a ﬂow rate of 3000 l/min to
an AB Sciex 3200 QTrap tandem mass spectrometer (Applied
Biosystems/MDS SCIEX) operated with a pneumatically assisted
electrospray ionization source in positive-ion mode. The method
was optimised ﬁrst for Q1 mode for major ion ﬁndings, and Q3 for
the compounds. The ranges chosen for CE were between 10 and 50
with an increase interval of 5, and DP 1-60, CXP 0-6, and CEP 5-25
were chosen. The total duration was 4.999 min for JWH-018T and
6.001 min for JWH-073, and cycles were 645 and 484, respectively.
Results: The CE, DP, CXP and CEP values for JWH-018, and JWH073 were found to be 30, 40, 2.4 and 12, respectively.
Conclusion: The determination of JWH-018, and its metabolites
is possible in biological materials with these optimisation values.
It must be known that this optimisation method can vary in other
analytical systems.
http://dx.doi.org/10.1016/j.toxlet.2016.07.225
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Introduction: Among the available chemical warfare agents,
sulfur mustard (SM), also known as mustard gas, has been a widely
used chemical weapon. Because of its devastating toxicity, its use
during the World War I earned it the sobriquet “king of the battle gases”. Other compounds such as nitrogen mustard (HN2) were
developed during the World War II, but found to be unsuitable as
a munition. Soon after the discovering of HN2, it became the ﬁrst
non-hormonal agent used in cancer chemotherapy.
Objective: A qualitative method for the analysis of HN2 by liquid chromatography–tandem mass spectrometry (LC–MS/MS) was
developed and optimised for missing m/z values.
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Material and methods: All chemicals were obtained from
Sigma, and were HPLC grade. For optimisation analyses, a 50 ng/mL
of HN2 stock solution (600 L) was prepared and separately mixed
with 5 mmol ammonium acetate solution (600 L). By a Harvard
syringe pump, 1,000 L of prepared solution was continuously
infused at a ﬂow rate of 3000 L/min to an AB Sciex 3200 QTrap
tandem mass spectrometer (Applied Biosystems/MDS SCIEX) operated with a pneumatically assisted electrospray ionization source
in positive-ion mode. The method was optimised ﬁrst for Q1 mode
for major ion ﬁndings, and Q3 for the compounds. The ranges chosen for CE were between 10 and 50 with an increase interval of 5,
and DP 1-60, CXP 0-6, and CEP 5-25 were chosen. The total duration
was 7.99 min for HN2.
Results: At the end of the automated optimisation method for
HN2, CE, DP, CXP, and CEP values were 25, 35, 3,5 and 13, respectively. Q3 ions were found as m/z 164, 130.5, 120.
Conclusion: The optimisation values found can be useful for
the determination of HN2 in biological materials, but it must be
known that these m/z and optimisation method can be vary in other
analytical systems.
http://dx.doi.org/10.1016/j.toxlet.2016.07.226
P4: Carcinogenicity
PP4.1
Imazalil induced constitutive androstane
receptor (CAR)-dependent liver tumor
development in mice
K. Tamura 1,3 , K. Inoue 1,† , M. Takahashi 1 , S. Matsuo 1 , Y.
Kodama 2 , M. Yoshida 4
1 Division of Pathology, National Institute of Health Sciences,
Setagaya-ku, Tokyo, Japan
2 Division of Toxicology, National Institute of Health Sciences,
Setagaya-ku, Tokyo, Japan
3 Toxicology Research Department, Pharmaceutical Development
Research Laboratories, Teijin Pharma Limited, Hino-shi, Tokyo, Japan
4 Food safety commission of Japan, Minato-ku, Tokyo, Japan

Introduction: Imazalil (IMA), an imidazole fungicide, is known
to increase an incidence of hepatocellular adenoma as well as liver
weight and cytochrome P450 (CYP) activity in mice. However, no
further mechanistic analysis of IMA-induced hepatocarcinogenesis
or the involvement of nuclear receptors in liver hypertrophy has
been conducted.
Objective: To clarify a major pathway of liver tumor development induced by IMA, we focused on CAR in the liver tumorigenesis
using CAR-knockout (CARKO) mice. We also examined involvement
of other nuclear receptors in liver hypertrophy induced by IMA in
a multiple-dose study.
Materials and methods: Male CARKO and wild-type (WT) mice
were treated with IMA at 500 ppm in the diet up to 27 weeks after
initiation by diethylnitrosamine. Analysis of hepatic drug metabolite enzymes was performed after administration of multiple doses
of IMA during a 1-week period.
Results: After 27 weeks of treatment, neither altered foci nor
adenomas were statistically signiﬁcantly increased in the liver of
CARKO mice compared to those in controls, whereas the treatment increased both eosinophilic altered foci and adenomas in
WT mice. After 4 or 13 weeks of IMA treatment, liver hypertrophy was induced in both genotypes without differences among

†
Present address: Food Safety Commission Secretariat, Cabinet Ofﬁce, Minato-ku,
Tokyo, Japan.

genotypes or durations. Analysis of CYPs expressions indicated that
pregnane X receptor was involved in liver hypertrophy based on
markedly elevation of Cyp3a11 and Cyp2b10 expression levels in a
dose-dependent manner in both genotypes by IMA.
Conclusions: Our results demonstrated that the CAR pathway
was the main mechanism of liver tumor development induced by
IMA. The carcinogenic pathway was different from that of liver
hypertrophy.
Financial support: This research was commissioned under a
Grant of Research for Assessment of Effect of Food on Human Health
2013, Food Commission of Japan, Cabinet Ofﬁce.
http://dx.doi.org/10.1016/j.toxlet.2016.07.228
PP4.2
Evaluation of the modifying effects of 1,2-DCP
on BOP-induced hepatobilliary and pancreatic
carcinogenesis in hamsters
H. Wanibuchi, M. Fujioka, S. Kawachi, K. Tatsumi, K. Kumada, M.
Gi
Department of Molecular Pathology, Osaka City, University Graduate
School of Medicine, Osaka, Japan
Introduction: A recent epidemiological study has indicated that
occupational exposure to paint stripers containing 1,2-DCP is associated with a marked increase in cholangiocarcinoma in Osaka,
Japan. However, biliary carcinogenicity of 1,2-DCP has not been
demonstrated experimentally.
Objective: The purpose of the present study is to determine the
modifying effects of 1,2-DCP on BOP-induced hepatobilliary and
pancreatic carcinogenesis in hamsters.
Materials and methods: Hamsters were injected subcutaneously with BOP four times during the week 1 at a dose of 10 mg/kg
bw. One week after the last BOP treatment, groups of hamsters were
given 1,2-DCP at doses of 0, 62.5 and 125 mg/kg bw by oral gavage,
5 times a week. There were no signiﬁcant differences in incidence
and multiplicity of proliferative lesions in intrahepatic bile duct
and pancreas between the 1,2-DCP treatment and control groups
at weeks 17 and 19.
Results: 1,2-DCP had no effects on the proliferative actives of
bile duct epithelial cells at week 19 regardless of BOP initiation.
Conclusions: These results demonstrate that 1,2-DCP lacks
promoting effects on BOP-induced cholangiocarcinogenesis and
suggest the possibility that 1,2-DCP is not cholangiocarcinogenic
to the hamster in the present model. In addition, 1,2-DCP also lacks
promoting effects on pancreatic, lung, and renal carcinogenesis. As
the occurrence of occupational cholangiocarcinomas in Japan might
be attributed to exposure to multiple chemicals, the results of the
present study indicate that it will be necessary to determine the
cholangiocarcinogenic effects of concurrent exposure of 1,2-DCP
and the other halogen solvents to which workers with cholangiocarcinomas were exposed.
Financial support: This work was supported by a Grant-in-Aid
for Scientiﬁc Research from Japan Society for the Promotion of Science (JSPS KAKENHI Grant Number 26340042)), and Health Labour
Sciences Research Grants (Research on Risk of Chemical Substances
H26-#25 and Research on Occupational Safety and Health H26#20) from the Ministry of Health, Labor and Welfare of Japan.
http://dx.doi.org/10.1016/j.toxlet.2016.07.229

Abstracts / Toxicology Letters 259S (2016) S73–S247

PP4.3
Toxicity of metabolised PhIP on colon cells
So Sik Yu Stephanie, Wan Lam Yim Murphy, Mingfu Wang,
El-Nezami Hani
School of Biological Sciences, Faculty of Science, The University of
Hong Kong, HKSAR, China
Introduction: The carcinogenic potential of meat consumption
has been a hot topic as processed and red meat has been classiﬁed as ‘carcinogenic to humans’ and ‘probably carcinogenic to
humans’ by IARC respectively. Heterocyclic amines (HCAs), a group
of compound produced from meat during food processing, has been
suggested to be a cause of colon cancer. Among different HCAs, PhIP
is of the highest interest due to its high abundance in well-done
meat.
To exert toxicity, PhIP has to be metabolised by CYP1A family enzymes into N-hydroxy PhIP, followed by the formation of
ester products, which release aryl nitrenium ions that form DNAadducts. As colon cells express limited level of CYP1A enzymes, it
has been difﬁcult to investigate the toxicity of metabolised PhIP
on colon cells, thus direct cytotoxicity of PhIP was studied in most
cases. Therefore, we aimed to investigated the toxicity of PhIP on
Caco-2, by inducing expression of CYP1A family enzymes in cells
with beta-naphthoﬂavone (BNF).
Objective: To investigate the toxicity of PhIP on Caco-2 cells
with the pre-treatment of beta-naphthoﬂavone, and to determine
whether CYP1A enzymes contribute to PhIP toxicity.
Materials and methods: Caco-2 cells were treated with
0–100 M BNF for 72 h, followed by 24- to 72-h treatment of
0–150 M PhIP. DMSO control was used as negative control for
BNF treatment, PhIP treatment or both of them. After the treatment period, MTT assay was used to measure cell viability of cells
and 50% DMSO was used as positive control.
Results: Results showed that the cytotoxicity of PhIP in Caco-2
cells was replaced by cell proliferation effects when cells were pretreated with BNF. Without BNF pre-treatment, PhIP decreased the
cell viability to 66%. Yet, with the induction of enzymes by BNF, cell
viability was increased to about 140% in a dose-response manner.
Conclusions: The toxicity of PhIP on BNF-treated Caco-2 cells
was different from that on untreated cells. This suggests that
metabolism of PhIP may change the effects of the compound on
colon cells, thus further investigation of metabolised PhIP on colon
cancer development should be done.
http://dx.doi.org/10.1016/j.toxlet.2016.07.230
PP4.4
Chemopreventive effect of chickpea (Cicer
arietinum) protein hydrolysate on colon cancer
in mouse
G.I. Álvarez 1 , C.L.S. Muñoz 1 , G.A. Pérez 1 , E. Madrigal 1 , M.C.
Jiménez 2 , O.G. Dávila 2 , T.S. Villa 3 , C.X. Sánchez 2
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Introduction: Colon cancer is one of the most important causes
of death worldwide. In Mexico is the fourth type of cancer with
the highest incidence. Oxidative stress causes damage to intra-
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cellular molecules, including DNA, lipids and proteins. However,
there are natural or synthetic agents who are able to reduce
such damage called chemopreventive agents. Some legumes have
shown important activities in regard to the prevention of chronic
degenerative diseases, including cancer. Moreover, chickpea protein hydrolysates (CPH) have shown preventive effect over the
amount of colon preneoplastic lesions in mouse, as well as in vitro
antioxidant activity.
Objective: The purpose of this report was to evaluate the chemopreventive effect of CPH on colon cancer, and its antioxidative
effect.
Materials and methods: CPH was obtained from the plant, and
then, two diets were designed (0.5 and 2.5% of CPH). The induction
of colon cancer was performed with an intraperitoneal injection
of azoxymethane (10 mg/kg) followed by the consumption of 2%
sodium dextran sulfate for a week. The duration of the experiment was 14 weeks. At the end, the mice were sacriﬁced, the colon
dissected and histological determination was carried out with the
hematoxilin/eosin staining. Besides, we determined the oxidized
content of proteins and lipids, as well as the level of nitric oxide.
Results: Carcinogenesis induced animals showed diarrhea,
intermittent bleeding, and anal prolapse. Histological analysis in
this group showed an adenocarcinoma. However, mice under the
experimental diets were free of tumors. A low degree of inﬂammation was observed in all groups. Antioxidant determinations
indicated a signiﬁcant increase of oxidized lipids and proteins in
the carcinogenesis induced mice, while a signiﬁcant decrease was
found in animals consuming CPH diets. However, no variation was
determined respect to the level of nitric oxide.
Conclusions: Mouse colon carcinogenesis was reduced with the
consumption of CPH, a ﬁnding probably related with its antioxidant
potential.
http://dx.doi.org/10.1016/j.toxlet.2016.07.231
PP4.5
Organochlorine pesticide modulates
TGF-␤1/aryl hydrocarbon receptor crosstalk
in vitro, and enhances hyperplasia and
branching morphogenesis in mouse mammary
gland
N. Miret 1 , E. Rico-Leo 2 , C.A. Pontillo 1 , E. Zotta 3 , P.
Fernández-Salguero 2 , A.S. Randi 1
1

Laboratorio de Efectos Biológicos de Contaminantes Ambientales,
Departamento de Bioquímica Humana, Facultad de Medicina,
Universidad de Buenos Aires, Buenos Aires, Argentina
2 Laboratorio de Biología Molecular del Cáncer, Departamento de
Bioquímica y Biología Molecular y Genética, Facultad de Ciencias,
Universidad de Extremadura, Badajoz, Spain
3 Laboratorio de Fisiopatogenia, Sección Patología, Departamento de
Ciencias Fisiológicas, Facultad de Medicina, Universidad de Buenos
Aires, Buenos Aires, Argentina
Hexachlorobenzene (HCB) is one of the most widespread environmental pollutants and an endocrine disruptor in animal models.
HCB is a dioxin-like compound and a ligand of the Aryl Hydrocarbon
Receptor (AhR). We have demonstrated that HCB induces proliferation, migration and invasion in human breast cancer cells, as well as
tumor growth and metastasis in vivo. AhR is highly expressed and
constitutively active in breast cancer and its activity correlates with
tumor aggressiveness. Transforming Growth Factor-␤1 (TGF-␤1)
is critically important in mammary morphogenesis and is notoriously activated during breast cancer development. AhR and TGF-␤1
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converge to regulate signaling pathways such as cell proliferation,
migration and apoptosis.
The aim of this study was to evaluate HCB action on TGF-␤1
and AhR signaling pathways in mammary gland in vitro and in vivo.
Mouse mammary epithelial cell line (NMuMG) and immortalized
ﬁbroblast (FGM) cells were treated with HCB (0.005, 0.05, 0.5 and
5 M). AhR+/+ and AhR−/− mice were exposure to HCB (3 mg/kg
body weight) by intraperitoneal injection four times a week for 21
days. Our results showed a biphasic effect in NMuMG cells, inducing
cell migration (21%, p < 0.05) and TGF-␤1 signaling (p-Smad3, 480%
p < 0.01 and p-ERK1/2 1800%, p < 0.001) at 0.05 M HCB, whereas
5 M HCB reduces migration (25%, p < 0.01) and stimulates AhR
pathway (CYP1A1 mRNA 1540%, p < 0.01). Besides, the pesticide
promotes cell cycle arrest (p < 0.01) and loss viability (17% p < 0.001)
in NMuMG, without an effect in FGM. HCB 5 M enhances ␣-SMA
expression (500%, p < 0.001) and decreases T␤RII mRNA levels (50%,
p < 0.05) in FGM AhR+/+, resembling a phenotype similar to that of
transformed cells. Conditioned medium from FGM AhR+/+ exposed
to HCB (5 M) was able to increase NMuMG cell motility (84%,
p < 0.05). Finally, we found that HCB enhances ductal hyperplasia
(55%, p < 0.05), cell proliferation (PCNA expression 100%, p < 0.01),
branch density (15%, p < 0.05) and the number of terminal end buds
(18%, p < 0.05) in mammary gland from AhR+/+ mice. Interestingly,
AhR−/− mice showed an increase in ductal hyperplasia and growth
in absence of HCB treatment, thus revealing the importance of AhR
in mammary development. Our ﬁndings show for the ﬁrst time,
that environmental HCB concentrations induce alterations in AhR
and TGF-␤1 signaling that could contribute to altered mammary
branching morphogenesis, likely leading to preneoplastic lesions
or enhanced malignancy.
Financial support: Ministerio de Economía y Competitividad
[SAF2014-51813-R], España; Consejo Nacional de Investigaciones
Cientíﬁcas y Técnicas, CONICET [PIP0654], Argentina; and Universidad de Buenos Aires [PID 20020130100631BA], Argentina.

epithelial and endothelial cells, acts on tumor endothelial cells to
increase their proliferation, survival, migration and permeability.
Cyclooxygenase-2 (COX-2) promotes carcinogenesis, tumor proliferation, angiogenesis and prevention of apoptosis. Nitric oxide
synthase 2 (NOS2) is implicated as a component in many aggressive
tumor phenotypes, including breast cancer.
The aim of our work was to examine the HCB action on breast
cancer angiogenesis. We studied the effects of in vivo exposure to
HCB (0.3, 3 and 30 mg/kg body weight) for 30 days, in a xenograft
model with the human breast cancer cell line estrogen receptor
␣ positive (+ER␣) MCF-7 on: (a) number of vessels/mm2 (angiogenic switch) and (b) VEGF expression in mice skin. Besides, we
examined HCB (0.005, 0.05, 0.5 and 5 M) action in vitro, for 24 h
in MCF-7 on: (c) VEGF secretion (Western Blot), (d) VEGF expression levels, (e) COX-2 and (f) NOS2 protein levels (Western Blot).
Our results showed that HCB (3 mg/kg body weight) stimulates
the angiogenic switch (71%, p < 0.001) and increases VEGF expression (80%, p < 0.01) in a xenograft model in mice. When MCF-7
(+ER␣) were exposed to HCB, we found that the pesticide increases
COX-2 protein levels at all assayed doses (120% and 130%, p < 0.01;
110%, p < 0.05 and 190%, p < 0.001, respectively). Furthermore, we
observed that HCB 0.005 and 0.05 M stimulates VEGF secretion
(100%, p < 0.05 and 180%, p < 0.001), however at 0.5 and 5 M
increases VEGF protein levels (60%, p < 0.05 and 70%, p < 0.01) in
MCF-7 lysates. Besides, we found that HCB does not affect NOS2
protein expression. In conclusion, our results demonstrate that HCB
stimulates VEGF secretion in vitro and in vivo, promoting angiogenesis in a xenograft model with MCF-7. Altogether, these data
highlight that HCB stimulates cellular angiogenic processes promoting mammary carcinogenesis.
Financial support: Consejo Nacional de Investigaciones Cientíﬁcas y Técnicas, CONICET [PIP0654]; Universidad de Buenos Aires
[PID 20020130100631BA]; and Agencia Nacional de Promoción
Cientíﬁca y Tecnológica, ANPCyT [PICT 2012, 1830], Argentina.
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PP4.6
Hexachlorobenzene stimulates vascular
endothelial growth factor secretion in the
human breast cancer cell line MCF-7, promoting
the angiogenic switch

PP4.7
Long-term (24 months) carcinogenicity study of
D-004, a lipid extract from Roystonea regia
fruits, in Sprague Dawley rats
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Exposure to environmental pollutants may alter proangiogenic
ability and promotes tumor growth. Hexachlorobenzene (HCB) is
an organochlorine pesticide found in maternal milk and it is a
ligand of the aryl hydrocarbon receptor. We have demonstrated
that HCB induces proliferation, migration and invasion in human
breast cancer cells, as well as tumor growth and metastasis in vivo.
Furthermore, we have reported that HCB enhances migration and
neovasculogenesis in mammary endothelial cells. Angiogenesis
plays a central role in both local tumor growth and distant metastasis. Vascular endothelial growth factor (VEGF), which is secreted by
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Introduction: D-004, a lipid extract of the royal palm
(Roystonea regia) fruits, contains oleic, lauric, palmitic and
myristic acids as major components. Experimental studies have
demonstrated that D-004 has been effective to ameliorate
experimentally-induced prostate hyperplasia and to produce
antioxidant effects in rodents. Clinical studies have conﬁrmed
such effects, making D-004 a promise substance for managing
Benign Prostate Hyperplasia (BPH). Since BPH is a chronic disease,
the long-term effects of administering orally D-004 should be
investigated.
Objective: This study investigated the long-term oral toxicity
and potential carcinogenicity of D-004 in rats.
Materials and methods: Sprague Dawley rats of both sexes
were randomized into four groups (50 rats/sex/group): a control
group treated with Tween 65 and three groups treated with D-004
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(500, 1000 and 1500 mg/kg). Treatments were administered orally
by gastric gavage for 24 months.
Results: Mortality (survival analysis), clinical symptoms, food
consumption, bodyweights, organ to bodyweight ratios, timeto-tumour and tumour incidence data did not show signiﬁcant
differences or trends between control and treated groups. D-004
did not increase the frequency of neoplastic and non-neoplastic
lesions as compared to the control group. The lesions observed were
consistent with spontaneous lesions reported in this species.
Conclusions: Oral administration of D-004 (500–1500 mg/kg)
for 24 months was not toxic or carcinogenic in Sprague Dawley rats,
and the highest dose (1500 mg/kg) was a non-observable adverse
effect level (NOAEL).
http://dx.doi.org/10.1016/j.toxlet.2016.07.712
P5: Ecotoxicology
PO5.1
Acute copper effect on antioxidant system
response of the freshwater pond snail (Lymnaea
stagnalis) tissues
G. Atli 1 , M. Grosell 2
1
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Introduction: Elevated copper concentrations have been
demonstrated to cause deleterious effects including dysfunction
of biochemical and physiological mechanisms of freshwater organisms. Antioxidant system is one of the most important key
mechanism of metabolism can be disrupted by reactive oxygen
species followed by metal toxicity.
Objective: The present study aimed to examine the enzymatic
(superoxide dismutase, SOD; catalase, CAT; glutathione peroxidase, GPX and glutathione reductase, GR) and non-enzymatic
(glutathione, GSH, oxidized glutathione, GSSG and GSH/GSSG)
antioxidant responses of the foot muscle and the mantle following
Cu exposure to understand the potential physiological and biochemical role of this system in the relatively tolerant adult life
stages of this otherwise sensitive species.
Materials and methods: Adult snails were obtained from an inhouse culture (Miami). Snails were separated into 6 groups (N = 9
for triplicate treatment) as control (0) and nominal 2, 5, 13, 38 and
90 g Cu/L (CuSO4 ) and exposed for 96 h. At the end of the exposure period, dissected tissues were homogenized (1:5, w/v) in a
phosphate buffer (pH 7.4) at 9500 rpm for 1.5 min and centrifuged
at 10,000 × g (30 min, +4 ◦ C). Supernatants were stored at −80 ◦ C
until the analysis. One-way ANOVA was used to compare data
(mean ± SE) after which individual means were compared using
Duncan’s test (P < 0.05).
Results: The most responsive antioxidant enzyme was CAT
while GR showed any alteration. In general antioxidant enzymes at
higher though GSH levels at lower Cu concentrations in some cases
exhibited the greatest changes. Foot muscle was more responsive with the mantle showing only subtle responses at the highest
Cu concentrations. All mantle enzymes except GR increased after
exposure to the highest concentration. Foot muscle GSH levels
decreased at all Cu concentrations though variations were observed
in mantle. Results show that antioxidants respond to acute Cu exposure at concentrations as low as 2 g Cu/L in adult L. stagnalis with
variable responses in different tissues.
Conclusions: Antioxidant system parameters may partly
account for the high tolerance to acute metal exposure observed
in adult L. stagnalis and could form suited biomarkers to evaluate
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the metal toxicity in aquatic environment even at relatively low
level short term exposure.
Financial support: Gülüzar Atli was supported by a postdoctoral research grant from Turkish Council of Higher Education.
http://dx.doi.org/10.1016/j.toxlet.2016.07.238
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Relevant, sensitive, non-standard sublethal
tests as aquatic ecotoxicity biomarkers
S.R. Gooneratne 1 , C. Drewes 2 , M. Wellby 1
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Introduction: Standard test data are still preferred and recommended for regulatory aquatic risk assessments of chemicals even
though data generated by simple, more humane, less time consuming non-standard sub-lethal tests could improve the scientiﬁc
basis of risk assessments by providing relevant and more sensitive
endpoints.
Objective: To evaluate the usefulness of four reproducible
methods to evaluate the sublethal toxic effects of 2 pyrethrins
[commercial preparations and pure compounds of permethrin
(PMT) and fenvalerate (FEN)] on the nervous and vascular system of the freshwater oligochaete, Lumbriculus variegatus following
exposure to (<6 h) aqueous concentrations ranging from 1 ppb to
10 ppm.
Materials and methods: Nerve conduction velocity (CV) of the
medial giant ﬁbers (MGF), helical swimming, body reversal, and
blood pulsation counts in tail segments were measured.
Results: Both PMT and FEN induced a signiﬁcant (P < 0.05)
dose-dependent decrease in the CV of the MGF, loss of swimming
and reversal reﬂexes, and increased frequency of blood pulsations in the tail. Results indicated that FEN was more toxic than
PMT and commercial preparations of both pyrethrins were more
toxic than the respective pure compounds. Effects due to commercially prepared FEN occurred at doses as low as 1 ppb and
usually within 3 h of exposure. Several ecologically relevant and
deleterious morphological changes were observed at higher doses,
including reduced responsiveness to touch, body coiling, loss of
body turgidity, and constriction of some body segments leading to
self-amputation.
Conclusions: The battery of non-invasive tests described above
provides a rapid and sensitive means of detecting a range of sublethal effects in the nervous and vascular system of L. variegatus
exposed to PMT and FEN. It is proposed that these tests could be
used as biomarkers in aquatic pollution monitoring.
Financial support: From the Brian Mason Trust is gratefully
acknowledged.
http://dx.doi.org/10.1016/j.toxlet.2016.07.239
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PO5.3
Metals and metallothioneins in Morelet’s
crocodile (Crocodylus moreletii) from Rio Hondo

PO5.4
Removal of organochlorine pesticides (OCs)
using constructed wetlands in a northwestern
Mexican agricultural valley

A.M. Buenﬁl-Rojas 1 , T. Alvarez-Legorreta 1 , J.R. Cedeño-Vazquez 2
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Introduction: Studies in Rio Hondo, a transboundary river
between Mexico and Belize, have reported heavy metals in water
and sediments. Metallothioneins are heavy metal binding proteins
that have been related to heavy metal detoxiﬁcation in mammals.
However, there is a signiﬁcant lack of information regarding MTs
in crocodilians.
Objective: The aim of the study was to determine concentrations of heavy metals (Cd and Hg) and metallothioneins (MTs) in
blood plasma and caudal scutes of Morelet’s crocodile from Rio
Hondo.
Materials and methods: Three transects of the river were surveyed in September 2012 and April 2013, and samples from 24
crocodiles were collected. Samples were analyzed by graphite furnace and hydride generation atomic absorption spectrophotometry
for Cd and Hg, respectively. MTs assay was performed following
the silver saturation method. Silver was measured by ﬂame atomic
absorption spectrophotometry.
Results: In blood plasma, Cd (7.6 ± 9.6 ng/ml) was detected in
69% of samples (n = 9), Hg (12.2 ± 9.2 ng/ml) was detected in 46%
of samples (n = 6), and MTs (10900 ± 9400 ng/ml) were detected in
92% of samples (n = 12). In caudal scutes, Cd (31.7 ± 39.4 ng/g) was
detected in 84% of samples (n = 12) and Hg (374.1 ± 429.4 ng/g) in
83% of samples (n = 20). No MTs were detected in caudal scutes.
Hg concentrations in scutes from the Rio Hondo were 2–5-fold
greater than those previously reported in scutes from northern
Belize. Mean concentrations of Cd and MTs in size classes suggest
MTs may be related to Cd exposure.
Conclusions: This study demonstrated Morelet’s crocodile is
exposed to heavy metal pollution and MTs may be an indicator of
recent exposure. As this is the ﬁrst report of heavy metals and MTs
in plasma of Morelet’s crocodile, long-term monitoring is essential
to assess health and quality of habitat in the basin.
Financial support: Consejo Nacional de Ciencia y Tecnologia (CONACyT), El Colegio de la Frontera Sur (ECOSUR), and
Comisión Nacional para el Conocimiento y Uso de la Biodiversidad
(CONABIO).
http://dx.doi.org/10.1016/j.toxlet.2016.07.240
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The Colorado River delta is located in the northwestern corner
of Mexico; it has been deeply altered by human activities over the
past one hundred years. In the 1970–1980 crops were commonly
sprayed with organochlorine pesticides (OCs) DDT and Toxaphene)
which are highly persistent, lipophilic and bioaccumulable chemicals that still remain in water, sediment and biota from the Colorado
River delta. After the ban on OCs pesticides, organophosphate,
carbamate and pyrethroid pesticides are intensively used in the
valley. Constructed wetlands are considered low-cost alternatives
for treating municipal, industrial and agricultural efﬂuents. There is
little research on the mitigation of pesticide-associated agriculture
runoff, although, studies have shown high removal efﬁciencies of
pesticides.
Our goal was to determine nutrient, metals and OC pesticide
volumetric concentrations from an agricultural runoff in the Mexicali valley, and design a wetland to mitigate these contaminants
before they are discharged into the estuary.
Three sampling stations were established along an important
drain in the Mexicali valley at the inﬂow, middle and outﬂow. These
stations were sampled every ﬁfteen days beginning in February
2016. At each station, water discharge (m3 /s) was measured using
a Son Tek ﬂow tracker system and water samples were collected
(composite) for the analysis of nutrients, metals and OCs pesticides.
Vegetation of the drain was described using satellite imagery and
aerial photography.
This is an ongoing project, preliminary results indicate that the
drain has a ﬂow of 0.7 m3 /s. Nutrient concentrations were high:
1.8 mg/l N-NO3 , 0.4 mg/l phosphates, 0.14 mg/l nitrites, 0.9 mg/l
ammonia. Pesticide analysis in a nearby drain showed the presence
of 18 mg/l of endosulfan, which is an extremely high concentration of this contaminant. Vegetation of the drain is characterized as
aquatic emergent, with the presence of the invasive salt cedar.
The presence of OCs pesticides in preliminary analysis indicates
the need to treat these efﬂuents before they reach the upper Gulf of
California. With collaboration of the local irrigation district, we are
designing a wetland that maximizes the contact of water with root
plants, without blocking the ﬂow, to improve pesticide removal.
Financial support: We would like to thank CONACY-University
of Arizona grant no. CRSP-26155 for funding this research, and
also to the “Red Temática de Toxicología de Plaguicidas”, CONACYT
project 253789/271775 for their travel support.
http://dx.doi.org/10.1016/j.toxlet.2016.07.241
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PP5.1
Presence of emergent pollutants in sediments
of a tropical coastal lagoon in Baja California
Sur, Mexico
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A.J. Marmolejo-Rodríguez 1 , G.M. Rodríguez-Figueroa 1
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Introduction: Since the last decades, human needs and technology development allowed synthesis of new substances, of which is
not well understood the probable environmental risks. These new
substances had been referred as emerging pollutants (EC), and in
this group of pollutants we can ﬁnd different compounds: ﬂame
retardants, pharmaceuticals and personal care products (PPCPs),
detergents, and new types of herbicides and pesticides. Particularly in Mexico, there are few studies for PPCPs because of the
high cost-time for developing analytical methods for determining
them. According to several studies, PPCPs on freshwater and marine
environments, can affect the organisms living in these ecosystems.
These compounds can affect some biological processes as growth
and reproduction in some ﬁsh and mussels, moreover can cause
signiﬁcantly stress processes. There are some marine organisms of
commercial interest that could be on threat by being exposed to
PPCPs on this coastal lagoon.
Objective: The aim of this study is to know the actual situation
of PPCPs in sediments of the tropical lagoon of La Paz.
Materials and methods: An extraction with methanol was performed to obtain the PPCPs from sediments. The determination of
this compound was conducted by HPLC-MS.
Results: The expected results of this study show the existence
of PPCPs on sediments of coastal lagoon of La Paz. The marine
species of commercial interest (clams, mussels, and scallops) may
be threatened by these PPCPs, due to possibly modifying biological
processes as growth and sexual behaviour.
Financial support: CONACYT, COFAA-IPN, CSIC, SIP20160046
given to A. Sánchez.
http://dx.doi.org/10.1016/j.toxlet.2016.07.242
PP5.2
Toxicity assessment of mixture Cr(VI)/Fe(II) on
Artemia franciscana under pH variations
A.A. Cortés Téllez 1 , G. Estévez Delgado 1 , S. Sánchez-Fortún 2 , C.
Bartolomé Camacho 2
1 Laboratory of Toxicology, School of Chemistry-Pharmacobiology,
UMSNH, Morelia, Michoacan, Mexico
2 Toxicology & Pharmacology Department, Faculty of Veterinary,
UCM, Madrid, Spain

Introduction: The industrial wastewaters contain combinations of metals at high concentrations that which be released into
seawater. Within this context, chromium is found at contaminated
sites, and exists in two main oxidation states Cr(VI)/Cr(III) characterized by different chemical behavior, bioavailability and toxicity.
It is well known that the toxicity of metals is greatly inﬂuenced
by water parameters like pH with effects on speciation, solubility,
bioavailability and mobility. However, the form of Cr is changed by
natural processes or through redox methods that involves injecting
reducing agents like Fe(II) to reduce Cr(VI)–Cr (III). Nevertheless,
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these metal interactions in pH changes conditions can represent a
danger for aquatic organisms belonging to the ﬁrst trophic levels
with synergistic effects.
Objective: Prediction of the combined effects on the mixture
toxicity of Cr(VI)/Fe(II) under pH variations on Artemia franciscana.
Materials and methods: To predecit the effect of interaction
between Cr/Fe, the substances were FeSO4 /K2 Cr2 O7 . Artemia franciscana were exposed to exponential concentrations and a pH range
of 4.5–8.5 to determine LC50(24) and synergism and antagonism
through Combination Index (CI) using the software package CompuSyn v 1.0.
Results: It was found that, the interaction of Cr/Fe at low pH
(4.5, 5.5) and 6.5 the effect produced was synergistic at low concentrations, but at high levels it resulted in the addition. However,
the control pH tested (8.5) the antagonism was intensiﬁed at low
concentration and this behavior decline at higher level.
Conclusions: The present study indicate that the combined
application with Fe(II) to reduce Cr in waters can intensify the
toxicity response in mixture at low pH on marine organisms, and
emphasize the pH determine the speciation and hence toxicity of
these metals in the aquatic environment.
Financial support: Coordinación de la Investigación Cientíﬁca.
http://dx.doi.org/10.1016/j.toxlet.2016.07.243
PP5.3
Response of antioxidant and detoxiﬁcation
enzyme activities in Cydia pomonella
(Lepidoptera: Tortricidae) exposed to
acetamiprid
L.B. Parra Morales 1,2 , R.A. Alzogaray 3,4 , L. Cichón 5 , S. Garrido 5 , F.
D’Hervé 6 , M. Montagna 1,2
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Introduction: Control strategies used against Cydia pomonella
(L), includes application of neonicotinoid insecticides such as
acetamiprid. In the valleys of Río Negro and Neuquén, non-target
adults of the codling moth may be exposed to sublethal concentrations of pesticides. The stress, caused by this exposure might
activate antioxidant and detoxiﬁcation systems to maintain the
redox homeostasis which are essential for the physiological health
of the insect.
Objective: The objective of this study was to evaluate the effects
of different sublethal concentrations of acetamiprid on cytochrome
P450 monooxygenases (CYP450) activity and the antioxidant system in adults of C. pomonella.
Materials and methods: One-two days-old adult moths from a
ﬁeld population (FP) and a laboratory susceptible strain (LSS) were
exposed for 24 h to dry residues of acetamiprid applied to glass cups
and their lifts (1 mL of insecticide dissolved in acetone: 6.25, 25, 50,
100 and 200 ppm) or acetone alone. The enzymatic activities were

S98

Abstracts / Toxicology Letters 259S (2016) S73–S247

quantiﬁed in the supernatant of body homogenates: (a) CYP450,
assessed by a ﬂuorometric protocol using 7-ethoxycumarine (7-EC)
as substrate (ECOD); (b) glutathione S-transferases, with 1-chloro2,4-dinitrobenzene (CDNB) and GSH as substrates; and (c) catalases
(CAT), determined by recording the decomposition of H2 O2 . GSH
content was measured using the Ellman reagent (5,5 -dithiobis(2
nitrobenzoic acid-DTNB). Protein concentration was quantiﬁed
using Lowry assays.
Results: In untreated adults, ECOD activity was signiﬁcantly
lower in LSS than in FP (P < 0.05). In adult exposed to acetamiprid,
ECOD activity was signiﬁcantly higher in the FP at 50 and 100 ppm
respectively. None of the concentrations applied modiﬁed the ECOD
activity in the LSS respect to untreated ones. GST activity in FP
adults exposed to 25 ppm of acetamiprid was signiﬁcantly higher
than untreated adults (P < 0.05). LSS individuals were not affected
by any of the concentrations of acetamiprid tested. CAT activity
from adults of both LSS and FP were unaffected by the concentrations of acetamiprid evaluated. The GSH content from FP adults was
signiﬁcantly higher at 25 ppm and 100 ppm respect to the control
group (P < 0.05). LSS adults showed a signiﬁcant increase of GSH
content at 100 ppm compared to the control group (P < 0.05).
Conclusion: CYP450 activity increased in a concentrationdependent manner (6.25–100 ppm) in FP. A similar proﬁle was
observed for the GSH content in both FP and LSS. These results suggest that the increase of GSH content is a response to the oxidative
stress generated by CYP450 or acetamiprid.
Financial support: It was provided by the Universidad Nacional
del Comahue (Proyect 04/I004).

The collected blood was subjected to the standard procedure for
micronucleus test. Data normality was tested by the Shapiro–Wilk
test and the signiﬁcance between the groups was obtained by the
nonparametric Kruskal–Wallis and Dunn’s post hoc with signiﬁcance p < 0.05.
Results: After analysis and quantiﬁcation of the micronucleus
and nuclear abnormalities slides it was observed low values of
micronuclei and nuclear abnormalities for the phytorremetiated
vinasse for 7 days similar to the control values. After 15 days of
phytoremediation was observed a statistically signiﬁcant further
decrease of nuclear abnormalities, this value was lower than those
observed in control.
Conclusion: Taking into account the high toxicity that the
vinasse in natura presents the results obtained in this study indicate that the phytoremediation of vinasse by water hyacinth was
effective in reducing its toxicity, being more effective after 15 days
of treatment.
Financial support: FAPESP 2012/50197-2, 2014/23919-2,
2015/26157-9.
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UNESP, Department of Biology, São Paulo State University, Av. 24A,
1515, Bela Vista, Rio Claro, São Paulo, Brazil

PP5.4
Evaluation of phytoremediated sugarcane
vinasse toxicity by micronucleus test in tilapia
(Oreochromis niloticus)
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Introduction: Brazil is considered one of the largest producers of sugarcane in the world; it has approximately 350 operant
plants, with capacity to produce 16 billion liters of ethanol/year.
This shows that this great production certainly generates a lot of
waste and puts the country in worrying situation on the disposal
of waste that production entails. The vinasse main waste generated by sugar industry is generated in a proportion ﬁfteen times
greater than ethanol; due to its high organic load and toxicity it
was necessary to create alternative use of the same, as previously
considerable amounts were released into water resources causing
serious pollution problems. However, the indiscriminate spraying of this waste as fertilizer in the sugarcane crop still worries
researchers for the possible effects that it can provide in organisms.
In this sense it is necessary pretreatment of vinasse to reduce their
toxicity. The use of biomarkers linked to micronucleus test has been
an important tool in studies of toxicity of different residues and
contaminants.
Objective: The objective of this study was to evaluate the toxicity of phytorremediated vinasse by water hyacinth (Eichhornia
crassipes) through the micronucleus test and nuclear abnormalities
in tilapia.
Materials and methods: Fifteen specimens of O. niloticus were
used which they were exposed to the control group and phytorremediated vinasse for 7 and 15 days diluted to 5% for 96 h.

http://dx.doi.org/10.1016/j.toxlet.2016.07.245
PP5.5
Reduction of BOD values of sugarcane vinasse
through bioremediation by water hyacinth
(Eichhornia crassipes)
A.C.C. Marcato, C.P. Souza, C.S. Fontanetti

Introduction: The vinasse is a major waste of transformation of sugarcane into ethanol. It is usually acidic and with
high content of dissolved organic carbon. The polluting power of
this residual liquid derives from its richness in organic matter,
low pH, high power of corrosion and high levels of biochemical
oxygen demand (BOD), and high temperature in output of distillers. Thus, the vinasse is considered highly harmful to fauna,
ﬂora, microfauna and microﬂora of water resources. Due to the
large amount of vinasse produced by the ethanol industry several alternatives for its reuse and reduced toxicity have been
tested. The activity of some micro-organisms and plant species
are useful in the recovery of polluted environments and are the
basis of the concept of bioremediation. Considering the two processes, bioremediation may be deﬁned as the process by which
living organisms degrade or transform and detoxify hazardous
organic and inorganic contaminants or residues in natural conditions into innocuous compounds, such as carbon dioxide and
water, or less toxic forms. These transformations of environmental
pollutants occur by the reactions that are part of their metabolic
processes.
Objective: Thereby, the present study aimed at evaluating the
effectiveness of using bioremediation with water hyacinth (Eichhornia crassipes) in the treatment of sugarcane vinasse.
Materials and methods: The vinasse was submitted to a period
of decantation, after this period was ﬁltered and submitted to phytoremediation with water hyacinth.
Results: Through physicochemical analysis was possible to
monitor the progress of changes related to bioremediation. The
most evident change was the reduction in the value of BOD. All
samples had higher than 90% reduction. The possible factor responsible for the decrease in BOD is the oxidation of organic matter
which provides energy for microbial metabolic processes and can
be synthesized and incorporated into the cell mass. The organic
matter present in the wastewater provides a substrate for the aero-
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bic microbial metabolism as well as growth of aquatic plants, which
favors the assimilation of nutrients and, consequently, improves
the quality of the treated efﬂuent.
Conclusions: Therefore, bioremediation with water hyacinth
used in sugarcane vinasse showed to be effective in reducing the
BOD and is an alternative for the treatment of this waste.
Financial support: FAPESP 2014/23919-2, 2012/50197-2.
http://dx.doi.org/10.1016/j.toxlet.2016.07.246
PP5.6
Evaluation of the toxicity and genotoxicity of
percolated from sugarcane vinasse in
Oreochromis niloticus (PISCES) by micronucleus
test
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niﬁcant differences between the erythrocytes of ﬁsh exposed to
samples of VB and VP.
Financial support: Support Foundation of São Paulo State
Research (FAPESP). Processes: n◦ 2015/16138-7, 2012/50197-2.
http://dx.doi.org/10.1016/j.toxlet.2016.07.247
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Introduction: Brazil is a leading producer of alcohol and consequently, the largest producer of vinasse, residue derived from the
distillation of ethanol. The use of this waste as fertilizer is an alternative to the reuse of the same, as well as being rich in organic
matter, is an important source of replacement water and minerals to the soil. However, the substances present in this residue
can undergo leaching and/or percolation and reach ground and/or
surface water.
In this context, before use of large-scale vinasse in the sugarcane
crops, it is necessary to evaluate the effects of percolated vinasse
on aquatic organisms. Therefore, the micronucleus test is an effective tool in pollution monitoring of aquatic environments; when
applied on ﬁsh, for example, demonstrates the ability of pollutants
cause damage to genetic material. Oreochromis niloticus was chosen
because it is one of the species most commonly used to evaluate
the environmental contamination.
Objective: In the present work, micronucleus and nuclear
abnormalities tests in erythrocytes of Oreochromis niloticus (Perciformes, Cichlidae) were performed to diagnose the toxicity and
genotoxicity of percolated from sugarcane vinasse.
Materials and methods: A total of 40 specimens of Oreochromis
niloticus (Perciformes, Cichlidae) were used. The bioassay was
performed in replica, with exposure of the specimens to a pure
groundwater (NC), crude vinasse (CV) and percolated vinasse (PV).
The blood collected by cardiac puncture with heparinized syringes
was subjected to the standard procedure for micronucleus test. Statistical analysis was performed by Kruskal–Wallis and Anova tests
(p < 0.05).
Results: The main changes were micronucleated erythrocytes
(MN), binucleated cells and in cell death. Among the nuclear abnormalities, the most noted were the nuclei type: “notched”, “blebbed”
and “lobed”. The sample PV, although shown micronucleated erythrocytes, statistical values demonstrated a signiﬁcant reduction in
this endpoint when compared to CV; however, such values were
also statistically signiﬁcant compared to the NC. Samples of CV
showed statistically signiﬁcant values in relation NC for nuclear
abnormalities and PV samples also showed signiﬁcant values only
in relation to CV.
Conclusions: It can be concluded that the soil can minimize the
genotoxic effects of crude vinasse, acting as a ﬁlter, due to the sig-

Introduction: Several defense mechanisms against oxidative
stress and damage have been used as biomarkers. Single biomarker
response is often difﬁcult to interpret; therefore the use of
integrated biomarker data into indexes for the evaluation of
contaminant-induced stress has increased.
Objective: The aim of this study was to apply the integrated
biomarker response (IBR) to a set of antioxidant biomarkers in order
to assess their response in female green turtles, Chelonia mydas,
nesting in the southern coast of Campeche, Mexico.
Materials and methods: From July to September 2014, blood
samples (6–10 mL) were collected from 29 female C. mydas nesting
in three sites along southern coast of Campeche: Isla Aguada (18◦ 47
N, 91◦ 29 W), Isla de Carmen (18◦ 41 N, 91◦ 42 W) and Sabancuy (18◦ 59 N, 91◦ 11 W). The antioxidant parameters measured
included SOD, GPx, GST, GSH, lipid peroxidation and cholinesterase
activity. Total variation of the biomarkers was calculated applying
the IBR.
Results: Only GPx and SOD activity varied signiﬁcantly among
nesting sites. Nor did biomarker activity of the turtles correlate
signiﬁcantly with their length or curved carapace width. The IBR
values and the star plots indicated signiﬁcant differences in antioxidant biomarkers responses among nesting sites. The IBR values
showed the arrangement of the nesting sites: Isla de Carmen
(13.39) > Sabancuy (2.121) > Isla Aguada (1.278). The largest star
plot area was obtained for Isla de Carmen as well as the highest
scores by biomarkers (GPx, GST, SOD and lipid peroxidation).
Conclusions: The IBR allowed visual comparison of nesting sites
indicating spatial variability of the biomarkers response. The IBR
values and the star plots areas suggest that some factors triggered
a higher oxidative stress and damage in the nesting C. mydas from
Isla de Carmen.
Financial support: This study was supported by funds
from UNAM-PAPIIT-DGAPA IA200214 grant and the Universidad
Autónoma del Carmen, México.
http://dx.doi.org/10.1016/j.toxlet.2016.07.248
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PP5.8
Elasmobranchs as sentinel species in the
Southern Gulf of Mexico

PP5.9
Tributyltin chloride induces imposex in females
of the purple snail (Plicopurpura pansa)
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Introduction: In the southern Gulf of Mexico, one of the principal groups of pollutants is the persistent organic compounds, which
include organochlorine pesticides. Due to the important ecological
role played by elasmobranchs in the marine environment, those
present in the area can be taken as sentinel species for biomonitoring purposes.
Objective: To analyze the concentrations of organochlorine
pesticides in the liver of three species (Rhizoprionodon terraenovae, Sphyrna tiburo and Dasyatis americana) with high commercial
importance in Campeche and Yucatan.
Materials and methods: Samples portions of livers of the
species were collected and analyzed by gas chromatography
to determine the concentrations of organochlorine pesticides,
grouped in nine chemical families. For the comparison of the
concentrations, we used multivariate and univariate techniques
considering species, sex and size as factors.
Results: Only 31 (53.3%) of the samples showed some
organochlorine residues. The main pollutants were HCH, chlordane,
dieldrin, endosulfan, endrin and heptachlor. The highest total concentration was found in R. terraenovae, while the highest average
concentration was found in S. tiburo. We did not ﬁnd statistical
evidence of signiﬁcant differences in multivariate average concentrations; however, we were able to detect differences between
species in terms of heptachlor concentrations. With the exception
of DDT, conﬁdence intervals (at 95%) for each pollutant exceed the
maximum tolerance values, as stated by the Mexican NOM-004ZOO-2001 and the FDA in the USA.
Conclusions: Ranking the species by the highest values of total
concentration, R. terraenovae was ﬁrst (81.73 ppm), followed by S.
tiburo and D. americana. Conﬁdence intervals for concentrations
of aldrin, chlordane, dieldrin, endrin and endosulfan exceeded the
maximum tolerance limits in Mexico and the United States. This is
the ﬁrst reference on the use of elasmobranchs in biomonitoring
of organochlorine compounds in this particular area of the Gulf of
Mexico.
http://dx.doi.org/10.1016/j.toxlet.2016.07.249
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Introduction: Tributyltin (TBT) and its derivatives are widely
used as antifouling paints, resulting in their release into the
marine environment. Aquatic invertebrates, particularly marine
gastropods, are extremely sensitive to TBT and undergo changes
in the imposition of male secondary sex characteristics in response
to exposure.
Materials and methods: This study aimed to evaluate the development of imposex and the expression of the retinoid X receptor
(RXR) in tissues of Plicopurpura pansa (males and females) exposed
to TBTCl (10 g Sn/L).
Results: The histological results showed a penis-like structure
in imposexed females and an undeveloped vas deferens that lacked
circular muscular layers. TBTCl treatment increased the messenger
RNA (mRNA) of RXR in females with imposex. The highest level of
mRNA of RXR was found in the digestive gland, and penis-forming
area in females under in vivo exposure compared with control
females.
Conclusions: These results indicate that TBTCl modulates mRNA
levels of RXR in females. The mRNA level of RXR in imposex females
and females exposed to TBTCl was similar to that of males, indicating that RXR might contribute to the development of imposex. To
our knowledge, this study is the ﬁrst to show that TBTCl induces
imposex and biphallia in this snail species, and that this effect is
accompanied by an increase in RXR expression.
Financial support: This research was made possible through
NAYARIT 2008-C01-83389 grants.
http://dx.doi.org/10.1016/j.toxlet.2016.07.250
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Oxidative stress and histopathology responses
in Danio rerio exposed to anionic surfactant
P.C. González, B.A. Zamora, G.I. Pérez, L.R. Mena, V.J. Pérez, P.M.
Amendola, C.R. Rodríguez
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Studies of the National Polytechnic Institute, Merida, Yucatan, Mexico
Introduction: Dioctyl sodium sulfosuccinate (DOSS), an anionic
surfactant is the main active component of the oil dispersant
COREXITTM , widely used in oil spills disasters such as the Deepwater Horizon. The effect of this chemical compound exposure
on aquatic organisms and its potential impact on human health
is urgently needed.
Objective: The aim of this study was to evaluate the effect of
DOSS exposure in gene expression and its histological damage on
Zebraﬁsh Danio rerio.
Materials and methods: A static bioassay of acute exposure to
DOSS (10, 50 and 80 mg/L) was performed during four days without
water exchange, and samples were collected at 24, 48, 72 and 96 h.
Then, for each sampled individual, gene expression by RT-qPCR was
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evaluated using a gill portion and multiple organs were used to
detect histological damage by Hematoxylin and Eosin staining.
Results: Analyses of mRNA levels revealed that changes in gene
expression occurred after 48 h of exposure, and it was at 72 h
when most of the genes analyzed were up-regulated. The expression of the SOD, IL-8 and XPF increased in all DOSS concentrations
levels tested, while GPX and XPA were up-regulated only at 10
and 80 mg/L. Tumor-necrosis factor ␣ did not have any signiﬁcant
change in its expression at none concentration (p > 0.05).
Conclusions: The data show unidirectional response between
oxidative stress, nucleotide excision repair pathway and immune
system genes in the test performed.
Financial Support: This study was supported by the Secretariat
of Energy-National Council of Science and Technology (SENERCONACyT) Project and CONACyT Mixed Funds (FOMIX-Yucatán).
http://dx.doi.org/10.1016/j.toxlet.2016.07.251
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Aquatic systems are continually disturbed by many xenobiotics,
which are released by different human activities, producing deleterious effects on species living on these contaminated environments.
Many species of ﬁsh represent a signiﬁcant role for toxicological
tests in polluted areas. The use of molecular analysis, such as gene
expression and epigenetic changes, warn us on time about the damage caused by exposure to pollutants. The objective of this study
was to evaluate the expression and variation of six genes that are
sensitive to exposure of toxic substances (GST, GPx, GR, CAT, VTG y
CYP1A), in the shoal ﬂounder (Syacium gunteri) collected in front of
the northwest (Tamaulipas-Veracruz), south (Tabasco-Campeche)
and southeast (Yucatan) of the Gulf of Mexico. These genes were
quantitatively measured by real time reverse transcription polymerase chain reaction (qRT-PCR). At the same time, we measured
the global DNA methylation by a competitive ELISA essay. Results
showed that the expressions of genes in S. gunteri, related to oxidative stress (GST, GPx and GR), from southeastern of the Gulf of
Mexico, are higher than those of the other two regions. Another
oxidative stress gene (CAT) showed an opposite behavior, with the
highest expression on northwest and south of the Gulf of Mexico.
The VTG expression, a gene related to endocrine disruption, was
present in males; this could mean that the population in those
places is presenting reproductive impairments. The CYP1A expression, related to biotransformation and detoxiﬁcation, was erratic in
all study area, with its highest expression on the southeast of the
gulf. A low level of DNA methylation was present in all the sampled zones (∼4% to ∼2%) compared with previous reports about
other ﬁsh species (∼7% to ∼9%), suggesting that the genome of the
collected organisms are hypomethylated. This study is the ﬁrst in
Mexico evaluating gene expression and changes in epigenetic factors such as DNA methylation from an ecotoxicological point of
view using very sensitive and speciﬁc molecular techniques.
http://dx.doi.org/10.1016/j.toxlet.2016.07.252
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Introduction: Aquatic ecosystems near to urban areas undergo
persistent deterioration as a result of human activities. The Laguna
de las Ilusiones, located in Tabasco, Mexico, is a natural aquatic
system declared as a protected area, and it is considered as a regulator of the microclimate, as well as an area of refuge, nesting and
breeding of various species including birds, mammals and reptiles.
Further, the Laguna is considered as a tourist and recreational space.
Objective: We evaluated whether water from Laguna de las Ilusiones, Villahermosa, Tabasco is a potential source of genotoxicity,
using the ﬁsh devil as bioindicator.
Materials and methods: Two sampling were performed
(2013–2014). Weight and height of each organism were determined. Physicochemical parameters in water, including pH,
temperature, DO, COD and TDS were determined using a multiparametric instrument. Frequency of micronuclei (MN) in devil ﬁsh
erythrocytes was assessed as a genotoxicity indicator.
Results: The pH of lagoon water samples were 9.6 units and
8.4 units for ﬁrst and second samplings, respectively. In both
samplings, the OD was above the reference limit established for
protection of aquatic life. COD were above 121.5 mg/L, indicating contamination in water lagoon. Fish weights ranged from 380
to 2200 g, and heights ranged from 32.5 to 82.0 cm. As for ecotoxicological assessment, in 2013 the median MN frequency in
devil ﬁsh erythrocytes was 4.0 ± 3.6 MN/2000 cells, ranging from
1.0 MN/2000 cells to 18.5 MN/2000 cells, whereas in 2014, the
median MN frequency was 63.0 ± 7.3 MN/2000 cells, ranging from
51.5 MN/2000 cells to 97.5 MN/2000 cells. Finally, morphometric
parameters and MN frequency were not correlated.
Conclusions: The increase in MN frequency reveals that water
lagoon may represent a potential source of genotoxicity. Further,
our data suggests the presence of chemicals that targets DNA, representing a latent risk to the biota of the lagoon ecosystem, and
even to humans. In addition, our data suggests that ﬁsh devil may
be used as a biomonitor for assessing genotoxicity of pollutants in
water bodies.
Financial support: Promotion Program Research. UJATabasco,
Project UJAT-2013-1A-05.
http://dx.doi.org/10.1016/j.toxlet.2016.07.253
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Atmospheric depositions of metals in soil and
their bioaccumulation in ﬁeld and laboratory
earthworms
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Evaluation of the effect of chlorpyrifos ethyl on
survival bullfrog tadpoles “Lithobates
catesbeianus”
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Introduction: Anthropogenic emissions of metals to atmosphere can contribute to deposition of these compounds in surface
soils. Earthworms have demonstrated are useful organisms to identify contaminated soils by metals and other substances. These
organisms have the capacity to ingest high quantities of soil and
absorbing through their skin many pollutants present in soils.
Sometimes earthworms cultured in laboratory are incubated in soil
samples to identify polluted soils, metals can be bioaccumulated in
these organisms. In recent years one of the most important pollutants identify in Metropolitan Zone of Toluca Valley (MZTV) is
Particle Matter, part of the components of these PM are metals and
they can be deposited in soils of this zone.
Objective: The aim of this study was to compare the bioaccumulation of metals like Mn, Zn, Cu and Pb in earthworms collected from
urban gardens with the bioconcentration in earthworms incubated
in samples of soils from the same places in laboratory.
Materials and methods: Soil and adult native earthworm samples were collected from 7 natural areas and urban gardens of MZTV
to determine the concentration of metals (Mn, Fe, Cu, Zn and Pb).
These concentrations were compared with concentration of metals
founded in earthworms (Eisenia andrei) incubated in laboratory
during 14 days in soils collected from the same areas. Metals were
determined by X ray ﬂuorescence. Earthworms collected in ﬁeld
were identiﬁed in three different species.
Results: A t student analysis show no differences in content of
metals and Enrichment Factor (EF) between ﬁeld and laboratory
soil samples. Signiﬁcant differences with ANOVA analysis (p < 0.05)
were observed in metal concentrations (Mn, Fe and Zn) among the
different species collected and Eisenia cultured in lab. A higher level
of Mn and Fe was detected in native eartworms in comparison with
Eisenia but Zn concentration was low (p < 0.01) in Eisenia in comparison with native earthworms. There were no differences for Cu
and Pb concentrations. Bioconcentration factor to Mn was major in
earthworms cultured in lab compared to native earthworms. But
to Zn this factor was lower in earthworms incubated in lab.
Conclusions: Although earthworms are very useful to identify
polluted soils, our results suggest that is important develop ﬁeld
studies to know with more detail the mechanisms of metal bioconcentration phenomena in these organisms.
Financial support: This work was supported partially by COMECyT project EDOMEX-2009-C02-132003.
http://dx.doi.org/10.1016/j.toxlet.2016.07.254

Introduction: Pesticides are some of the most widely used
industrial chemicals in modern society. Chlorpyrifos ethyl is an
organophosphate pesticide that is widely used in agriculture
because its acetylcholinesterase inhibition of insects. Phosphorylation on acetylcholinesterase by chlorpyrifos is irreversible causing
tissue accumulation of acetylcholine in cholinergic synapsis. Tadpoles are aquatic organisms commonly exposed to contaminants
from agriculture zones. In this development phase are more vulnerable than others.
Objective: The objective of this study was to evaluate the acute
and sub lethal toxicity of ethyl chlorpyrifos and its effects on oxidative stress and acetylcholinesterase activity in bullfrog tadpoles
“American Bullfrog”.
Materials and methods: A toxicity evaluation of ethyl chlorpyrifos was conducted to determinate LC50 in tadpoles; an acute
toxicity test for 48 h using six different concentrations was performed. The intoxication using sub lethal concentrations (0.1 mg/L
for 48 h) to evaluate acetyl cholinesterase activity was performed.
Results: The concentration showing death in half of the exposed
population corresponds to 0.1605 mg/L of ethyl chlorpyrifos at 48 h.
The tadpoles showed oxidative stress at 12 h of exposure (0.1 mg/L
of chlorpyrifos). In addition, it observed an inhibition of acetylcholinesterase activity mostly at 6 h exposure against a decrease
of the inhibition at 12 and 24 h.
Conclusions: The pesticide ethyl chlorpyrifos generated oxidative stress and inhibited the acetylcholinesterase activity in
sublethal concentration in bullfrog tadpoles.
http://dx.doi.org/10.1016/j.toxlet.2016.07.255
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Detection of estrogenic and dioxin-like
activities in sewage sludge by means of
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Introduction: Due to the intense and increasing world production of sewage sludge (SS), the ﬁnal disposal of this waste has been
considered one of the main environmental problems. A more sustainable alternative to the destination of SS is its application in
agriculture as soil reconditioner. However, the presence of toxic
substances, such as estrogenic and dioxin-like ones, can cause serious impacts to the environment and associated organisms, even
when present in low concentrations.
Objective: The aim of this study was to verify the biological
activity of domestic SS samples regarding the presence of emerging
contaminants (endocrine disruptors and dioxin-like compounds),
using recombinant yeast assays.
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Materials and methods: Aqueous and organic extracts of anaerobic SS from a domestic Wastewater Treatment Plant located in
state of São Paulo, Brazil, was evaluated and their respective toxicity was tested for estrogenic and dioxin-like activity by yeast-based
bioassays (ER-RYA and AhR-RYA, respectively).
Results: Yeast-based assays showed signiﬁcant dioxin-like
activity in the aqueous extract and a more pronounced activity
in the organic extract. The ER-RYA exhibited low values of estrogenicity for aqueous extracts. However, the organic extract was
toxic to yeasts, precluding evaluation of an estrogenic response.
The disposal of SS without performing a treatment to remove its
toxic contaminants can directly contribute to soil contamination,
as well as to the dispersion of pollutants to surface and groundwater, since the aqueous extract obtained from SS samples indicated
the presence of substances capable of inducing the activation of the
AhR.
Conclusions: Our data stresses the need for identiﬁcation of
emerging compounds in SS before its disposal in the environment.
Thus, since SS may contain many compounds and a chemical identiﬁcation of all them is not feasible, the use of biological assays
(e.g., yeast-based bioassays) for the detection of biologically active
substances can help to better deﬁne the potential human and environmental risks associated to SS.
Financial support: FAPESP 2014/14123-0.
http://dx.doi.org/10.1016/j.toxlet.2016.07.256
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Perchlorate tolerant bacteria from saline
environments at the Caribbean region of
Colombia
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Introduction: Perchlorate is widely used in several industrial applications, and is frequently detected in environmental
matrices at concentrations relevant to human health, in particular the inhibition of the thyroid hormone synthesis. Perchlorate
decontamination of the environment using halophyte bacteria is
a promising bioremediation strategy.
Objective: To isolate and characterize halophyte bacteria with
potential for perchlorate bioremediation.
Materials and methods: Sediment samples were collected
from Galerazamba-Bolivar, Manaure-Guajira and SalamancaMagdalena, Colombia. Bacterial strains were isolated and inoculated in modiﬁed seawater LB. Microscopic identiﬁcation was
carried out using Gram stain and electron microscopy. Strains were
genotyped by sequencing of 16S ribosomal gene. NaCl and KClO4
were employed for susceptibility testing.
Results: Strains BBCOL-023 to BBCOL-033 were isolated. Phylogenetic analysis showed that these strains belong to the genus
Bacillus, Vibrio, Salinivibrio and Nesiotobacter. BBCOL-023, BBCOL024, BBCOL-028, BBCOL-029, and BBCOL-033 presented 99%
similarity with Nesiotobacter sp, Bacillus vallismortis, Bacillus cohnii,
Bacillus spp and Bacillus ﬂexus respectively; BBCOL-025, BBCOL-026,
BBCOL-027 and BBCOL-031 had 99% homology with Salinivibrio costicola, Vibrio alginolyticus, Vibrio harveyi and Vibrio sp, respectively.
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BBCOL-032 presented 99% similarity to Staphylocccus spp. Strains
grew up to 7.0% NaCl and optimally at 3.5% NaCl, suggesting that
they are moderately halotolerant bacteria. The isolates tolerated
pH variations (6.5–10.0), and relatively high KClO4 concentrations
(100–1500 ppm).
Conclusions: Isolated bacteria are moderately halophilic and
tolerant to KClO4 , making them promising tools for bioremediation.
Financial Support: The authors gratefully acknowledge
Colciencias-University of Cartagena (Grant RC-758-2011/1107521-29360), and the Program to Support Research Groups (UdeC,
2014–2016).
http://dx.doi.org/10.1016/j.toxlet.2016.07.257
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Introduction: Cancer is the leading cause of death worldwide
and the research efforts are turning to the search of chemopreventive/chemoprotective compounds.
Objective: Assess the apoptosis-induction activity of bioactive
triglycerides isolated form white shrimp.
Materials and methods: A bioactive triglyceride was isolated
from shrimp muscle by chloroformic extraction followed by solvent
partition, RP-HPLC fractioning, and open chromatographic column.
M12.C3F6 murine cell line was subjected to the effect of bioactive
triglyceride, with an IC50 of 55.02 ± 7.66 g/mL. The effect of bioactive triglyceride on cell apoptosis was analyzed by ﬂow cytometry
and ﬂuorometric caspase analysis where apoptosis induction was
observed.
Results: Both, early and late apoptosis signals, had a signiﬁcant
increase from 10.45 ± 4.88 to 17.65 ± 5.02 percent and 9.01 ± 2.12
to 15.05 ± 3.04, respectively. On the other hand, caspase activation
was detected in both, executer and initiator groups. The activation
of caspase 3 had a signiﬁcant increase compared to the negative
control, and the signaling pathway activated was the extrinsic via
caspase 8.
Conclusions: These results suggest that the bioactive triglyceride isolated from chloroformic extract of white shrimp muscle
induces the apoptosis of murine cancer cells via caspase activation.
Financial support: CONACYT grant proposal 241133.
http://dx.doi.org/10.1016/j.toxlet.2016.07.258
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Introduction: Gulls are birds that are present in most aquatic
and terrestrial ecosystems. These birds are excellent bio-indicators
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of anthropogenic pollution, because they are opportunistic, omnivores and coexist with the man. They are particularly important
to assess the ecosystem’s health and can reﬂect the environmental levels of pollutants. Arsenic is toxic for being a non-essential
trace element and is a common trace contaminant in the global
environment.
Objective: The goal is to understand the distribution of arsenic
in the biological matrix gulls and the geographical location.
Materials and methods: We reviewed the As levels (dry weight)
in different species of gulls, focused on the biological matrix analyzed and the geographical location.
Results: The highest As concentrations were reported in Larus
audouinii (3.01 g/g, n = 2), whereas the lowest levels were in
Larus glaucescens (0.14 ± 0.01 g/g, n = 120). The highest As concentrations were reported in blood (0.79 ± 1.26 g/g, n = 270),
and the lowest were found in the brain (0.05 ± 0.0047 g/g,
n = 40). With regard to the geographic location, the highest As
concentrations were reported from the Southern Hemisphere
(0.65 ± 0.34 g/g, n = 157) and in the lowest As levels from the
Northern Hemisphere (0.32 ± 0.69 g/g, n = 1146). Considering all
the matrices together, the following relations among As levels were
observed: bone > liver > salt gland > lung > kidney > muscle > heart >
eggs > brain.
Conclusions: These ﬁndings suggest that blood does reﬂect the
actual levels of As exposure in gulls. Blood can be a good biological matrix for studying As bioaccumulation and its effects on gulls.
Since most of the data at a global scale are from the Northern
Hemisphere, more studies are needed on gulls from the Southern
Hemisphere. Standardized methodology for As detection in biological matrices is quite needed in order to compare more accurately
data at global.
Financial support: W. Espejo had a scholarship CONICYTChile for PhD studies. This study was ﬁnancially supported by
FONDECYT-Chile 1140466.
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Introduction: Benzo(a)pyrene [B(a)P] is aN ubiquitous, carcinogenic and mutagenic polycyclic aromatic hydrocarbon (PAH) of the
aquatic environments. It is known that B(a)P is oxidized to reactive
and toxic species within target cells, and CYP1A1 can metabolize this contaminant to carcinogenic metabolite 7,8-dihydroxy-9,
10 epoxy-7,8,9,10-tetrahydrobenzoapyrene (BPDE). In the nucleus,
BPDE is capable to break DNA chain, producing faults in the replication, mutations and block cell cycle. These damages induce the
accumulation of p53 and BRCA1-BRCA2 proteins.
Objective: To assess the responses on the mRNA expression levels of cytochrome P450 1A (CYP1A), p53 and BCRA2, after exposures
of a fresh water species (Nile tilapia, Oreochromis niloticus) to a
highly toxic PAH, B(a)P.
Materials and methods: The effect of B(a)P was evaluated
with respect to the exposure time (Et) as follows: Tilapia (n = 30)
were injected i.p. with a single dose of corn oil (vehicle) with B(a)P
(20 mg kg−1 of body weight). At each Et (0, 3, 6, 9, 12, 24, 48, 72,
96, 120 and 124 h), tilapia (n = 3) were sacriﬁced and ﬁsh liver
were removed and frizzed at −120 ◦ C. Total RNA was extracted
from tissue samples using Trizol reagent (Invitrogen, USA).

First-strand cDNA synthesis was performed using the ImProm-II
RT Kit (Promega). Real-time PCR with SYBR Green was used to
quantify the mRNA expression levels. Quantiﬁcation of target gene
transcription was based on the comparative cycle threshold (Ct)
method.
Results: Exposure to B(a)P resulted in changes of transcription
of CYP1A, p53 and BRCA2 genes. In general, the most pronounced
changes were observed for CYP1A and p53. A decrease on the induction of these genes was observed after 24 h of exposure. Despite
the transcription of BCRA2 remained in general unaltered along
the experiment, a dramatically elevated transcription was recorded
only at 9 h of exposure, which experienced a 52-fold increase.
Conclusions: The results reveal that B(a)P induced the expression of CYP1A, p53 and BRCA2. The mRNA assays presented in this
study provide additional information of the toxic effects of B(a)P on
the aquatic biota, as well as, supplementary tools for researchers
interested in expanding their biomarker battery.
http://dx.doi.org/10.1016/j.toxlet.2016.07.260
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Introduction: Marine environments have a great impact on
human welfare since they provide essential elements such as water
and represent a good source of food supply. Unfortunately many
toxic xenobiotics entering the marine environment exert adverse
effects on ecosystems and various aquatic life forms. In order to
evaluate the toxicological effects on the aquatic environment, the
use of living organisms and the assessment of gene expression
biomarkers contributes to the understanding of the real impact that
pollutants have in the wild.
Objective: Evaluate, analyze and compare the expression levels
of genes involved in the cellular detoxiﬁcation (cytochrome P450,
glutathione S-transferase and catalase) and reproductive systems
(vitellogenin) in Syacium gunteri and Ariopsis felis in the Gulf of
Mexico.
Materials and methods: For this study, total RNA was extracted
from liver tissues of S. gunteri and A. felis sampled at 46 different
points of the northern Gulf of Mexico. Sample collection was carried
out during an oceanographic campaign in the month of November
2015. Gene expression levels were determined by absolute quantiﬁcation using real time PCR assays.
Results: In this study, we were able to observe signiﬁcant differences in expression levels of speciﬁc molecular biomarkers in S.
gunteri and A. felis sampled at different points of the northern Gulf
of Mexico. Transcriptional changes observed in these molecular
biomarkers suggest the presence and possible levels of contamination that may be present in different parts of the studied area.
Conclusion: Using molecular biomarkers, whose gene expression is associated with the effect of pollutants in S. gunteri and
A. felis, we identiﬁed sites in the northern Gulf of Mexico with the
probable presence of xenobiotics as a result of a possible event of
contamination.
http://dx.doi.org/10.1016/j.toxlet.2016.07.261
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Introduction: The determination of Polycyclic Aromatic Hydrocarbons (PAH) metabolites in bile can provide essential information
for assessing environmental PAH exposure in ﬁsh. Ultra-violet ﬂuorescence spectroscopy (UVFS) has proved to be a fast and sensitive
technique to obtain information of the presence and relative concentration of metabolites in bile from ﬁsh. Most volatile organic
compounds ﬂuoresce at speciﬁc excitation and emission wavelengths so their identiﬁcation is readily available.
Objective: To monitor the environmental distribution of PAH
pollution by studying relative differences in PAH metabolite levels
between samples obtained at different sites.
Materials and methods: Fluorescence spectra were collected by
scanning simultaneously on both excitation and emission wavelengths in order to show a well deﬁned peak at the wavelength
pair suggested for each metabolite. The following wavelength
pairs were found suitable for screening bile samples from ﬁsh:
260/335 nm for hydroxyphenanthrene, 290/335 nm for hydroxynaphthalene, 341/383 nm for hydroxypyrene and 380/430 nm for
benzo[a]pyrene. The diluted bile sample was analyzed in a quartz
cuvette using a ﬂuorescence spectrometer and 2D Emission Spectra
was compiled.
Results: Data shows a dominating ﬂuorescence corresponding to conjugated l-OH naphthalene and 4-OH phenanthrene at
260/335 nm and 290/335 nm respectively, for all samples examined. Considering that this contribution is remarkably signiﬁcant,
results appoint to an increase in the ﬂuorescence due to the presence of other similar molecules in the biliary matrix that emit at
the same wavelength pairs.
Conclusions: Metabolite levels in ﬁsh bile serve as excellent
markers for the assessment of exposure to PAH as these are
readily metabolized by ﬁsh. PAH pollution almost always involves
a complex mixture of species and this holds true for metabolite
composition in the bile from exposed ﬁsh. This fact makes quantiﬁcation less accurate and precise for real bile samples which may
fall out of the level of analytical detection.
http://dx.doi.org/10.1016/j.toxlet.2016.07.262
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Introduction: The marine environment is a potential source of
new natural molecules that can be used for therapeutic purpose;
the marine organisms have evolved in a physical and chemical
environment different from the land so that the sea provides an

S105

important source of biodiversity. Cnidaria Phyllum organisms have
stinging cells with organelles that contain toxins able to carry out
speciﬁc actions at the level of ion channels and forming pores in the
cell membrane. In recent decades there have been reported various
species of sea anemones containing cytolytic peptides with antitumor, anti-parasitic and dermonecrotic effects, among others. The
active principles of the sea anemone Lebrunia danae represent a
possible alternative to the use of drugs with cytotoxic activity and
for the treatment of various diseases.
Objective: Isolate, purify and characterize the cytolytic activity
of the Lebrunia danae extract.
Materials and methods: The organisms were collected manually by scuba diving and taken to the laboratory where they were
frozen and then macerated to obtain the crude extract (CE), which
is then lyophilized. CE was dissolved in deionized water, protein
concentration was obtained through the Bradford assay, the presence of proteins was conﬁrmed by SDS-PAGE electrophoresis on
acrylamide gel, and neurotoxicity was evaluated in crab species
Ocypode quadrata.
Results: The protein concentration in the crude extract was
0.1024 mg per mg of CE, in the acrylamide gel were found medium
and high molecular weight proteins. In the toxicity assay with O.
cuadrata crabs were observed tremors, paralysis, death and darkening, specimens were dissected and internal damage was found
in the tissues.
Conclusions: The active principles in the sea anemone L. danae
suggest cytotoxic activity that can represent a possible alternative
to the use of drugs with cytolytic activity and for the treatment
of various diseases such as cancer, hemolytic and infectious diseases, so it is important to continue the investigation of this
toxins.
Financial support: CONACyT CVU 71055 and PAPIIT Proyect
202714.
http://dx.doi.org/10.1016/j.toxlet.2016.07.264
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3 LANGEBIO CINVESTAV-Campus Guanajuato, Irapuato, Mexico
Introduction: CYP450 genes are involved in the transformation
of more than 80% of organic compounds, increasing their solubility
and its elimination from the organism. Even though the detoxiﬁcation in marine crustaceans has been studied, only a few CYP genes
have been identiﬁed. Thus, the functions of these genes are poorly
known in these organisms.
Objective: This study aims to determine the presence of
CYP330A1 gene in Callinectes sapidus (blue crab) and demonstrate
the participation of this gene on polycyclic aromatic hydrocarbons
(PAH) transformation.
Materials and methods: The blue crab mRNA was extracted and
cDNA was ampliﬁed by RT-PCR with speciﬁc primers designed from
CYP450 genes of different organisms, and then the ampliﬁcation
was isolated, cloned, sequenced and conﬁrmed on the GenBank.
Blue crabs were exposed to 39 and 79 mM benzo[a]pyrene concentrations, and 78 and 156 mM naphthalene concentrations. The
CYP330A1 gene expression was evaluated using relative expression

S106

Abstracts / Toxicology Letters 259S (2016) S73–S247

by qPCR, while the concentrations of 1-naphtol and metabolites
equivalents of benzo[a]pyrene were determined by ﬂuorescence
spectroscopy.
Results: We found a sequence that matched 78% with the
CYP330A1 gene of Carcinus maenas (shore crab) supporting the
presence of the CYP330A1 gene in blue crab. There was an
increase in CYP330A1 gene expression at organisms exposed to
benzo[a]pyrene; there was also an increment on the metabolites
equivalents of benzo[a]pyrene concentration. With regard to the
naphthalene, there was a gene expression inhibition and an absence
of metabolites of 1-naphthol concentration.
Conclusions: The blue crabs do have the CYP330A1 gene, this
gene could be involved in the process of high molecular weight
PAH transformation, such as benzo[a]pyrene. In contrast, this gene
could not be implicated in the process of low molecular weight
PAH transformation, as naphthalene. Nevertheless, further studies
are needed about the regulation of the CYP450 genes that may be
involved in the transformation of high and low molecular weight
PAH in crustaceans.
http://dx.doi.org/10.1016/j.toxlet.2016.07.266
PP5.24
Benzo[a]pyrene induces ANP gene expression in
the heart of Nile tilapia
A. Reyes-Chaparro 2 , R.C. Colli-Dulá 1 , C. Osorio-Yáñez 3 , C.A.
Puch-Hau 1 , A. Albores 2 , O. Zapata-Pérez 1
1

Departamento de Recursos del Mar, Cinvestav Unidad Mérida,
Mérida, Yucatán, Mexico
2 Departamento de Toxicología, Cinvestav, Ciudad de México, Mexico
3 Department of Epidemiology, Harvard T. H. Chan School of Public
Health, Harvard University, MA, Boston, MA, USA

Introduction: Nile tilapia (Oreochromis niloticus) can habit environments with high concentrations of hydrocarbons, like petrol
derivatives, and low concentrations of dissolved oxygen. Tilapia’s
heart can keep the cardiac output in anoxic environments and tolerate high concentrations of hydrocarbons, such as benzo[a]pyrene
(BaP) that causes heart hypertrophy in mammals. ANP is known as a
biomarker of hypertrophy and heart damage due to increase mRNA
levels in response to stress of myocardium wall. In addition, ANP
increases in patients with myocardium infarct sizes greater than
30%.
Objective: The objective of this work is evaluate the temporal
response to only one dose of BaP on mRNA level of ANP in the Nile
tilapia heart.
Materials and Methods: Thirty three tilapias of 70 ± 8.3 g were
injected (i.p.) with BaP dissolved in corn oil (40 mg/kg of body
weight), then ﬁsh were sacriﬁced with MS-222 at 24, 48, 72
and 120 h (n = 4 per group). ANP mRNA was isolated, cloned and
sequenced, and then speciﬁc primers were designed. Therefore, we
studied ANP mRNA expression by absolute real time PCR in the
heart of tilapia. We use bacterial plasmid dilutions as standards for
validation curve of qPCR.
Results: Results show that ANP mRNA increased twice after
120 hours of exposure respect to control injected only with corn
oil. The experiment did not show effect at 24, 48 or 72 h.
Conclusions: This study suggests that BaP causes stress on the
heart which induces increases of ANP expression; however, the
offsetting effects of this gene may prevent the development of
hypertrophy in the heart.
http://dx.doi.org/10.1016/j.toxlet.2016.07.268

PP5.25
The utility of QSARs in predicting acute ﬁsh
toxicity of pesticide metabolites: a retrospective
validation approach
N. Burden 1 , S.K. Maynard 2 , L. Weltje 3 , J.R. Wheeler 4
1

NC3Rs, Gibbs Building, 215 Euston Road, London NW1 2BE, UK
Syngenta Ltd., Product Safety, Jealott’s Hill International Research
Centre, Berkshire RG42 6EY, , UK
3 BASF SE, Crop Protection - Ecotoxicology, Speyerer Strasse 2,
D-67117 Limburgerhof, Germany
4 Dow AgroSciences, 3B Park Square, Milton Park, Abingdon,
Oxfordshire OX14 4RN, UK
2

Introduction: EC Regulation 1107/2009 requires that registrants establish whether pesticide metabolites are potentially
harmful to the environment. Fish acute toxicity assessments may
therefore be carried out. The number of metabolites can be considerable, thus this could use many vertebrates. EFSA’s recent “Guidance on tiered risk assessment for plant protection products for
aquatic organisms in edge-of-ﬁeld surface waters” outlines opportunities to apply non-testing methods, e.g. Quantitative Structure
Activity Relationship (QSAR) models. A scientiﬁc evidence base
supporting the use of QSARs in predicting acute ﬁsh toxicity
of pesticide metabolites could reduce the numbers of animals
used.
Objective: This work aims to provide this evidence base through
retrospective data analysis.
Materials and Methods: Experimental ﬁsh LC50 values for
150 metabolites were extracted from the Pesticide Properties
Database (http://sitem.herts.ac.uk/aeru/ppdb/en/atoz.htm). QSAR
calculations were performed for these metabolites using the US
EPA’s ECOSAR software. The most conservative predicted LC50
value was compared with experimental LC50 values. The relationship between the predicted and experimental values was
assessed.
Results: There is a signiﬁcant correlation between predicted and experimental ﬁsh LC50 values (Spearman r = 0.6253,
p < 0.0001). For 61% of metabolites, predicted values are equal to
or lower than their experimental values. Applying data quality
and experimental variation considerations increases the proportion of sufﬁciently predictive estimates to 90%. For all outliers
except one there is a plausible explanation for the poor ECOSAR
prediction.
Conclusions: Based on this analysis, there is value in further
reﬁning the QSAR approach, to improve the method and enable its
future incorporation into regulatory guidance.
Financial Support: None other than the invested time of the
authors.
http://dx.doi.org/10.1016/j.toxlet.2016.07.728
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P6: Educational & Social Aspects in Toxicology
PO6.1
The European TOX-OER project: Learning
toxicology through open educational resources
L. Vicente-Vicente 1,2,3 , M. Prieto 1,2,3 , M. Pescador 1,2,3 , A.G.
Casanova 1,2,3 , M.T. Hernández-Sánchez 1,2,3 , A.I. Morales 1,2,3
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PO6.2
Development of a medical Toxicology
Curriculum in Spanish with content informed
by a population survey for medical trainees in
the Dominican Republic
R. Kairus 1 , C. Santos 2,3 , Z. Kazzi 4 , S. Bentley 5 , R. Olmedo 5
1

1

Toxicology Unit, University of Salamanca, Spain
2 Group of Translational Research on Renal and Cardiovascular
Diseases (TRECARD), Salamanca, Spain
3 IBSAL, Spain
Toxicology is a multidisciplinary and transversal science in the
Human and Environmental Health. It is also important for general community as basic knowledge of the ﬁeld can prevent risks
associated to chemical exposure at home, in workplace and open
environment. At present there is no accredited online course of
this subject. For this reason, it has been designed and developed an
international Massive Open Online Course (MOOC) called TOX-OER
(Learning Toxicology through Open Educational Resources). It
is implemented in the framework of Erasmus+ program. TOX-OER
aims to enhancing digital integration in learning, teaching, training
and youth work at various levels by developing scientiﬁc, pedagogical, informative and formative materials in Toxicology, which will
be available through open educational resources. Seven institutions
are involved in this project: the Universities of: Salamanca (Spain),
Porto (Portugal), Bologna (Italy), Charles (Czech Republic), Kymenlaakso (Finland), Transilvania (Romania) and the Space Research
and Technology Institute (Bulgaria). A MOOC platform has been
developed, where different modules can be found, with which 4
courses have been generated. The MOOC are being translated in
all partner-country languages and English. It will be potentially
addressed to a plurality of target groups with different learning needs as scholars, undergraduate and PhD students, post-docs
(pharmacy, medicine, environmental protection, food safety, and
forensic), interested professionals in the ﬁeld and police forces. It
is also being created conditions to recognize and certify the learning
outcomes carried out by participants through the Toxicology MOOC
fruition. The development of this project represents an improvement in the study of Toxicology among different target groups.
The preparation of uniﬁed studying materials by experts on different areas will increase the quality of learning. Moreover, the fact
that the material will be available in 8 languages will facilitate the
spread to a large number of countries. For more information, visit:
toxoer.com
Financial support: Erasmus+ program: Action KA2Cooperation for Innovation and the Exchange of Good Practices
Strategic Partnerships for Higher Education.

Pontiﬁcia Universidad Católica Madre y Maestra, Santiago,
Dominican Republic
2 Emory University School of Medicine, Centers for Disease Control,
Atlanta, GA, USA
3 Icahn School of Medicine at Mount Sinai, New York, NY, USA
4 Emory University School of Medicine, Atlanta, GA, USA
5 Mount Sinai School of Medicine, New York, NY, USA
Introduction: Substance abuse is a leading cause of death and
disability in the Dominican Republic (DR), yet there are no formal
training in toxicology, no poison centers, and relatively little access
to laboratory testing, antidotes, and specialty referral centers.
Objective: The aim of this study was to develop a curriculum
based on the American Board of Emergency Medicine (ABEM) core
content toxicology category with emphasis on exposures prevalent
in the Dominican Republic (DR) as informed by a population survey.
Materials and methods: A survey was designed to identify
common toxicological exposures, practices, and perceptions in
community members and medical trainees in Santiago, DR. A
toxicology curriculum was taught to medical residents using a
curriculum made available online through the Global Educational
Toxicology Uniting Project (GETUP).
Results: A total of 175 people completed the survey and 34
medical residents completed the course. The average percent of
students/residents and community members reported the following, respectively: frequent substance abuse (12.2%, 44.0%), safe
storage practices (21.7%, 13.7%), and traditional remedy use (15.2%,
21.8%). Community members answered 44%, medical students
answered 61%, and residents answered 73% of the basic knowledge questions correctly. The mean pretest and posttest scores in
the medical residents who took the toxicology course was 61% and
83%, respectively.
Conclusions: The results suggest that this population would
beneﬁt from education regarding safe-storage practices, the potential dangers of traditional remedy use, as well as education on the
sources and effects of common exposures like lead and pesticide
poisoning. Many practice high risk behaviors including substances
of abuse, unsafe remedy use, as well as the use of products that are
either illegal or improperly labeled/handled. The long-term goals
of this project are to raise awareness and implement expanded
toxicology training in this country.
http://dx.doi.org/10.1016/j.toxlet.2016.07.271

http://dx.doi.org/10.1016/j.toxlet.2016.07.270
PO6.3
North American Society promotes advances in
in vitro and in silico Toxicology
K.S. Sullivan 1 , E. Hill 2
1 Physicians Committee for Responsible Medicine, Washington, DC,
USA
2 Institute for In Vitro Sciences, Gaithersburg, MD, USA

Introduction: As industry and regulatory toxicologists
encounter changes in chemical and pharmaceutical safety
assessment method and regulations, the need for international
communication and outreach grows. The American Society for
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Cellular and Computational Toxicology (ASCCT) has, since 2010,
provided a venue for collaboration by scientists representing
regulatory agencies and industries, as well as non-proﬁt, method
developer, and contract research organizations, to collaborate in
order to facilitate the cooperative development and use of in vitro
and in silico methods.
Materials and methods: The ASCCT offers traditional and innovative ways for members and others to collaborate and share
information, including an annual meeting, an online newsletter,
and an e-mail discussion list. The ASCCT’s webinar program provides in-depth presentations by experts in their ﬁelds, covering
relevant new in vitro or in silico tools, concepts, and policy efforts
and simultaneously providing a venue for interested members to
share their research with colleagues.
While focusing on North American events and activities, the
ASCCT also endeavors to collaborate with international societies
with similar missions. Finally, the ASCCT offers discounted memberships, travel awards, and annual meeting registration waivers to
students in order to encourage the involvement of young scientists
in its activities.
Conclusions: In ﬁve years, the ASCCT has grown to represent
the needs and interests of members working in toxicology at regulatory agencies, companies, academic institutions, and nonproﬁt
institutions. The society has formed working relationships and held
cooperative sessions with other similarly-focused scientiﬁc societies, and broadcast more than twenty educational webinars. It is
recent 5th Annual Meeting was held in Research Triangle Park and
provided an opportunity for early- and late-career scientists alike to
share their research using in vitro and computational methods. As
toxicology incorporates more of these as well as systems biology
methods and concepts, collaborative interaction, discussion, and
education, which forms the foundation of the ASCCT’s mission, will
be essential to successful chemical safety assessments and public
health protection.
http://dx.doi.org/10.1016/j.toxlet.2016.07.272
PO6.4
State Center advisory in toxicology and
pharmacology experience in Boyacá, Colombia
N. Rodríguez Cortés, C.C. Sierra de Mayorga
Boyacá Health Department, CITOXBOY Tunja, Colombia
Introduction: Agriculture in Colombia is fundamental in the
economy; Boyacá is no exception, therefore the population is
exposed to different amounts of substances that can be used for
voluntary intoxications.
The guidelines were organized in accordance with national
standards for monitoring and control of intoxications by chemical substances, necessary for establishing the Center for Research,
Information and Consultancy in Clinical Toxicology of BoyacáColombia (CITOXBOY) in partnership with the Pedagogical and
Technological University of Colombia (UPTC), to strengthen information and training in medication use, individual and collective
poisoning, prevention of acute and chronic poisoning; research and
case analysis; education to the general population about handling
toxic substances and promoting healthy habits.
Objective: To create and implement CITOXBOY, ensuring access
to services of clinical toxicology and pharmacology by permanent,
timely and comprehensive phone attention to health users of public
and private network.
Materials and methods: A descriptive case study: implementation and operation of CITOXBOY.

Results: A bibliographic review of the information centers in the
area of toxicology in Colombia, in Boyacá there where no centers are
found. Since the creating of the project for the creation and operation of the information center in toxicology; which was inaugurated
in November 2013, there have been 153 telephone consultancies,
56% by accidental poisoning, 43% voluntarily; 66% of advisory were
made for people between 15 and 45 years, 27% of pesticide poisoning and 21% for drug. To date, training on general handling of
pesticide poisoning, poisonous animals and phytotherapy to medical and paramedical staff of public and private health institution
providers in the department with approximately 500 attendees has
been provided.
Conclusions: CITOXBOY contributes in the improvement of
clinical practices in the initial care of handling acute and chronic
poisoning.
Financial support: Resources from Boyacá Department and
UPTC.
http://dx.doi.org/10.1016/j.toxlet.2016.07.273
PP6.1
Prevention campaign for poisoning in children
in the municipality of Zaragoza Chimaltenango
H. Santos, C. Guzmán, M. Hernández
Department of Toxicology, School of Pharmaceutical Chemistry,
Faculty of Chemistry and Pharmacy, University of San Carlos of
Guatemala, Ciudad de Guatemala, Guatemala
Introduction: Poisoning in children can be life-threatening,
caused by their curiosity or even by careless parents; therefore this
investigation researched on the causative agents of this poisoning
at the National Hospital of Chimaltenango. Teaching materials of
books “Mikey Learns about Poison Safety” and “Poison prevention”
distributed in the United States by the Poison Control Centers was
adapted to this country for the prevention of poisoning in children
and validated in an establishment of primary education in Zaragoza
Chimaltenango.
Objective: Design a prevention campaign for poisoning in children with validated material through the Ministry of Education in
Zaragoza Chimaltenango.
Materials and methods: Resources: Investigators, Teachers,
Students and Parents, Information and Advisory Toxicology Center (CIAT), National Hospital and Ofﬁcial Mixed Urban School of
Zaragoza Chimaltenango. Review the registry of the National Hospital of Chimaltenango to learn the predominant poisoning in
children from 2005 to 2011. Design, adapt, updated prevention
materials with technical information.
Results: The 2005–2011 records of patients at the Chimaltenango Hospital were reviewed, obtaining a total of 487 cases
with percentages according to toxic agent: 36.76% food, 27.10%
insects/arachnids, 7.39% pesticides, 5.34% snake, 5.34% ﬂuorine,
4.93% drugs, 3.90% fungi, 2.87% unknown agents and 6.37% other
agents.
The evaluation of the activities in “Mickey learns about toxic”
done by 74 children resulted with an average of 11.45 for the initial
evaluation and 15.91 for the ﬁnal. The “activity Book” evaluated 81
children, obtaining an average of 11.36 for the initial and 14.36
for the ﬁnal evaluation; both cases had a signiﬁcant difference
(p < 0.00001).
During 2005 to 2011, the higher number of poisonings in
children of the Chimaltenango Hospital was caused by food,
insect/spider bite and pesticides.
Materials used for this campaign were validated by teachers
and students indicating its effectiveness for teaching-learning pro-
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cess because of signiﬁcant difference between the initial and ﬁnal
evaluations.
Financial Support: University of San Carlos of Guatemala.
http://dx.doi.org/10.1016/j.toxlet.2016.07.274
PP6.2
An integrative toxicology in education and
research: Summary of systematic investigations
E. Neu, M.C. Michailov, T. Senn, D. Martin, E. Gornik, H.W. Bauer,
A. Hofstetter
Inst. Umweltmedizin c/o ICSD/IAS e.V., München, Germany
To create a model for integrative toxicology we summarize recent related to long-term investigations (2016–1970). This
includes:
A-Philosophy of pharmaco-toxicology (epistemology/ethics,
psychophysiology): Scientiﬁc & ethical limits of toxicological
observations on patients, human relevancy, reduction of animal
experiments by application of human surgical-tissue & animal prep.
(ﬁsh heart, etc).
B-Cellular Level: Vascular myocytes (guinea-pig portal vein
n = 120): Complex electrical reactions (intracellular-rec) after Caantagonists/nifedipin, anaesthetics/pentobarbital, procain include
a change of burst-patterns into spikes-discharges, etc. Detrusor myocytes: After critical stretch (3–80 mN) & toxicants
(pyrethroids-PCP) spike activity (63.29 ± 4.96/min) is transformed
into burst-plateaus (1.54 ± 1.18/min) via mechanosensitive ion
channels (Ca-activated-K).
C-Organ & system levels of Cardiovascular System: Fish
heart (salmo gairdneri n = 55), also human blood vessels/renal,
umbilical, etc as pathophysiological indicator: generation of various motor-patterns by drugs/toxicants (alcohols/methanol–
ethanol–butanol 0.0001–0.5%, heavy metals/Cd, Hg, Mn,
pyrethroids 10 nM–100 M). Rat blood pressure (n = 65):
High complex hormonal pressor-depressor biphasic reactions
(acetylcholine/vasopressin/5-HT) after nicotine & 2-mercaptoethylguanidine/MEG indicate toxic inﬂuences on CNS/formatio
reticularis/hypothalamus, spinal sympathetic neurons (cholinergic-nicotinic) & vascular effector/myocytes, endothel.
D-Urogenital System (guinea-pig n = 125): Generation of
slow tonic contractions in-vivo (isovolumetric cystotonometry) after critical pressure (>20 mmHg) & in-vitro (stretch
>3–5 mN) from vesical trigone (0.28 ± 0.15/min): Pyrethroids
(cyper-/deltamethrin), chlorophenols, herbicides (0.1–100 M)
inhibited, heavy metals (HgCl2 1 pM–1 M) increased spontaneous phasic pyeloureter contractions. These toxicants had
inhibitory effects on neurogenic contractions to electrical stimulation 10/100 Hz/0.3 ms/3 s.
Conclusions: An integrative toxicology supporting UNOAgenda21 for better health on global level needs very sensitive
indicators, e.g. excitable systems to prevent cardiovascular (e.g.
arrhythmia/hypertension) and urogenital (incontinence, overactive bladder & myometrium, etc.) functional disturbances.
http://dx.doi.org/10.1016/j.toxlet.2016.07.275
PP6.3
An integrative toxicology in context of
philosophy and psychology
M.C. Michailov, E. Neu, T. Senn, G. Weber
Inst. Umweltmedizin c/o ICSD/IAS e.V., München, Germany
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Introduction: Presently toxicology is an independent interdisciplinary science. Creation of an integrative toxicology with
approaches
to
moral-philosophy/epistemology/psychologypsychosomatics & pharmaco-chemo-toxicology counteracting
enormous health problems of humanity related to medicalizationpharmaceuticalization, etc. is necessary supporting holistic
medicine founded by HIPPOCRATES-GALENUS-HUA T’UAAVICENNA-PARACELSUS. This is possible by new toxicological
policy.
ON PHILOSOPHICAL TOXICOLOGY. An integrative toxicology in the context of philosophy, science of science/KANT
should include ethical toxicological codex/obligations & rights
of toxicologists-interdisciplinary toxicological education/research
acc. to epistemology. ON PSYCHOLOGY IN TOXICOLOGY. During the
Opening-Ceremony of World Congr Psychosomatic Medicine (ICPM
2005 Kobe) were presented their majesties Emperor&Empress
of Japan, Prime&Ministers for Science-Education-others. Emperor
AKIHITO honoured congr by strategical ideas, available for all
health sciences, “total symptoms of mind & body, seeking ways
of holistic care . . . it is extremely important for patients . . . my
hope contributes . . . the progress of medical science and people’s
happiness in the entire world”. Future tox education & research
need also new psychological fundamentals leading to socialscientiﬁc responsibility & higher efﬁcacy by integration of oriental
somatopsychic theory & self-regulation (Y.IKEMI) with occidental psychosomatics (Th.von UEXKÜLL). Tox & philos & psychol
societies IUTOX-FISP-IUPsyS etc could establish Committees Integrative Toxicology preparing scientiﬁc-political proposals about
future toxicology. An INTERNATIONAL ACADEMY FOR TOXICOLOGY (IAT), similar to Eur Acad Neurology (EAN) founded 2015
in Berlin, could promote integrative toxicology created by network of institutes (philos-psychol/pharm-tox/ecology, etc.) from
selected countries e.g. America/Bolivia-Mexico-USA, Asia, Europe,
Afro-Asia/Ethiopia-Israel, etc with common educational/research
programmes, personnel/int employees e.g. int professors, etc. to
UNESCO-WHO.
Conclusions: New kind of education & research in toxicology by philosophical-psychological holistic & multidimensional fundamentals could open new dimension in healthprophylaxis/medicine/ecology in context of UNO-Agenda21 for
better health/ecology/economy on global level.
http://dx.doi.org/10.1016/j.toxlet.2016.07.276
PP6.4
Evaluation of the socio-environmental problem
and of health in the school-age children
population exposed to agrochemicals
B.O. Camarena 1 , B. Ochoa 1 , A.I. Valenzuela 1 , S.A. Sandoval 1 , L.
Yáñez 2 , M. Meza 3
1

Centro de Investigación en Alimentación y Desarrollo, A. C.,
Hermosillo, Sonora, Mexico
2 Facultad de Medicina, Universidad Autónoma de San Luis Potosí,
Mexico
3 Instituto Tecnológico de Sonora, Mexico
Introduction: The presence of agrochemicals in the State of
Sonora, Mexico has been shown in various studies in biological and
environmental samples. However, little has been studied from a
gender perspective, and how does the socio-environmental context affect the problem of health in children born and living in these
rural areas.
Objective: To assess the health problem associated with
agrochemicals in children of school-age (by gender), in relation
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to the socio-environmental context that prevails in the rural
communities.
Materials and methods: The methodology consists of three
instruments: (1) the USEPA model (Integrated Risk Information System), which assesses the risk presented in the areas, to select those
in which the study will take place; (2) the application of a questionnaire survey to mothers about the health issue and social situation
of their children problem; and (3) the Progressive Matrices Test
Raven, to assess the intellectual abilities of the population of interest, the children.
Results: We have made the pilotage of the instruments and
estimated the risk index of the agricultural ﬁelds of the Central,
Northern and Southern part of the state, based on available data
(agrochemicals in soils).

PFOS could stimulate FSH secretion by activating the glutamatergic system in the pituitary gland, and the inhibited LH secretion
induced by PFOS could lead to this aminoacidergic activation. Further studies would be necessary in order to know the different
mechanisms involved in the PFOS effects in LH and FSH secretion.
This work was supported by grants from the Ministry of Science and
Innovation, Spain (AGL200909061) and from the Xunta de Galicia
(INCITE09383314PR).

(a) The risk index is higher in the agricultural areas from the South
of Sonora.
(b) The 20% of women have struggled to become pregnant.
(c) According to the results of the RAVEN Test, the intellectual
capacity of 59% of the children population is below the average.

M.K. Manibusan 1 , L.W. Touart 2 , E. Freeman 1

Conclusions: Pilot tests validate the proposed methodology.
The socio-environmental context that prevails in the rural communities with proven presence of agrochemicals, accentuates the
health problem in children population, and apparently, with differences by gender. It is expected that the resulting information will
guide the design of strategies of public and social politics to address
this problem.
http://dx.doi.org/10.1016/j.toxlet.2016.07.278
P7: Endocrine Disruption
PO7.1
Perﬂuorooctane sulfonate (PFOS) can alter
gonadotropins secretion by modifying
glutamate concentration and
N-methyl-d-aspartate receptors (NMDAr) in the
pituitary gland
A. Lafuente, R. Salgado, S. López-Doval
University of Vigo, Laboratory of Toxicology, School of Sciences,
Orense, Spain
Perﬂuorooctane sulfonate (PFOS) is an endocrine disruptor
declared as a persistent organic pollutant. Although its production
in Europe and North America has decreased, countries like China
have scaled up its production considerably. On the other hand,
numerous studies have reported diverse effects in the reproduction
exerted by this chemical. Consequently, this study was undertaken
to evaluate whether PFOS exposure could disrupt the gonadotropin
secretion through changes in the glutamate concentration and Nmethyl-D-aspartate receptors (NMDAr) in the pituitary gland in
adult male rats. For that, 12 adult male rats Sprague-Dawley per
experimental group were orally treated with 0.5, 1.0, 3.0 and 6.0 mg
of PFOS/kg/day for 28 consecutive days. At the end of the treatment,
glutamate concentration was determined in the anterior pituitary
by using High Performance Liquid Chromatography (HPLC) with
ﬂuorescence detection; the gene and protein expressions of NMDAr
were quantiﬁed by quantitative Polymerase Chain Reaction (qPCR)
and Western Blot analysis respectively; while serum LH and FSH
levels were determined by ELISA technique. Globally, PFOS-treated
rats showed an increase of the glutamate concentration in the anterior pituitary, the gene and protein expressions of the NMDAr in this
same gland, as well as the serum FSH levels, while LH secretion was
decreased. The obtained results in the present study suggest that

http://dx.doi.org/10.1016/j.toxlet.2016.07.280
PO7.2
Adequacy of current test methods to identify
adverse effects caused by endocrine disruptors

1 Center for Chemical Regulation and Food Safety, Exponent Health
and Environmental, Washington, DC, USA
2 Equiparent Consulting, Woodbridge, VA, USA

Introduction: Development of relevant test methods to identify endocrine disruptors has been achieved through signiﬁcant
research efforts over the past several decades. While scientiﬁc
understanding and test methods have advanced, questions remain
as to whether the currently available methods adequately address
the complexities of the endocrine systems for regulatory decisions.
Objective: To perform a comprehensive, detailed evaluation of
the adequacy of current test methods to inform regulatory risk
assessments of whether a substance has the potential to perturb
endocrine related pathways resulting in adverse effects associated
with human diseases or disorders.
Materials and methods: 42 test guidelines were evaluated for
their ability to identify endocrine related adverse effects, including
the USEPA validated test methods coded in 40 CFR Part 158, captured under OCSPP series 890, 870 and 850; OECD harmonized test
guidelines and test methods developed by the Japanese Ministry of
Environment. In addition to the evaluation of whether test methods
are adequate to determine endocrine activity and adverse effects,
enhancement to current test methods and the need to develop
novel test methods to address possible data gaps were considered.
Results: From this evaluation, approximately 27-35 different test methods are capable of informing whether a chemical
substance perturbs the following endocrine related biological pathways: Steroid synthesis (31) Retinoid (29), PPAR (29), Vitamin D
(29), Somatotropic (29), HPA (29), HPT (27), HPG/Androgen (34),
and HPG/Estrogen (35). In addition, 15-34 available assays identify
endpoints informative of endocrine related human diseases or syndromes, with over 50% of the pathways informed by ≥25 different
validated test methods.
Conclusions: Current validated test methods are fully adequate
to identify substances that have the potential to adversely affect
the endocrine system. The currently available test methods form
the core data requirements of a typical pesticide registration submission.
Financial support: CropLife International sponsored the evaluation. Views expressed are solely those of the authors.
http://dx.doi.org/10.1016/j.toxlet.2016.07.281
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PO7.3
Alterations in the menstrual cycle of teenagers
not occupationally exposed to a mixture of
pesticides in an agricultural area of San Luis
Potosi, Mexico
A.G. Rodríguez-López 1 , R.L. Mejía-Saucedo 1 , J.
Calderón-Hernández 2 , L. Llamazares-Azuara 3 , L.G.
Yáñez-Estrada 1
1

Facultad de Medicina, Laboratorio de Género, Salud y Ambiente, San
Luis Potosí, Mexico
2 Coordinación para la Innovación y la Aplicación de la Ciencia y a
Tecnología, San Luis Potosí, Mexico
3 Facultad de Medicina, Laboratorio Renal, Universidad Autónoma de
San Luis Potosí, San Luis Potosí, Mexico

The Persistent Organic Pollutants (POP’s) are a group of chemical
compounds of global concern due to the health damage caused by
the exposure to them, in which stands the capacity as endocrine
disruptor.
Objective: Evaluate the effect of the exposure to organochlorine and organophosphate pesticides in the menstrual cycle and
the hormonal proﬁle of teenagers living in a community whose
main activity is agriculture.
Methodology: The study population was composed of 32 female
teenagers aged 11 to 17 years old. Blood samples were collected to
analyze sexual hormones in serum and 12 organochlorine pesticides in plasma, also urine samples were collected to quantify the
dialkylphosphates metabolites (DAP’s). The teenagers were taught
to keep a strict record of the characteristics of their menstrual cycle,
such as: length, discomfort symptoms and ﬂow abundance.
Results: 80% of the families use agrochemicals. 41.6% of the
teenagers had a hormonal disorder, principally of FSH and progesterone. Of this percentage DDE and lindane were detected in the
90% of them and all DAP’s metabolites in 66.4%.
Conclusions: This study demonstrates the scene complexity
of no occupational exposure to mixtures of organochlorine and
organophosphates pesticides in teenagers of an agricultural community. This shows the necessity of having an ambiental and
reproductive educational program in order to prevent long-term
harm to next generations, and as protective measures for populations living under this scenario.
Financial support: This work was supported by Commission for
Environmental Cooperation, IMES (Women’s Institute of San Luis
Potosí) and the CONACYT-scholarship with number 484878 and the
Pesticide Toxicology Network 253789/271775.
http://dx.doi.org/10.1016/j.toxlet.2016.07.282
PO7.4
Perinatal exposure of rat pups to the
HexaBromoCycloDoDecane (HBCDD) ␣-isomer
affects sexual maturation and copulatory
behavior at the adult stage
B. Olivier, L. Zalka, J.C. Olry, C. Jondreville, P. Bouillaud-Kremarik,
H. Schroeder
URAFPA, INRA UC340, Université de Lorraine, Vandoeuvre-lès-Nancy,
France
Introduction: A daily exposure to ␣-HBCDD during gestation
and lactation through ingestion of contaminated hen’s egg was
shown recently to induce early disturbances in locomotor maturation, exploratory activity and anxiety of rat pups.
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Objective: The present study aimed to investigate the developmental neurotoxicity of the same early ␣-HBCDD exposure on
sexual maturation and copulatory behavior at the adult stage
because of the potency of this compound to act as an endocrine
disruptor.
Materials and methods: Female rats were daily administered
p.o. with an appropriate volume of hen’s egg contaminated with ␣HBCDD from the day of fertilization (GD0) to the weaning day for
pups (PND21) to ensure a continuous exposure to the contaminant
over a whole 42-day period including both gestation and lactation.
The administered egg volume was calculated to correspond to the
daily human egg consumption and led the animals to be exposed
to ␣-HBCDD at levels of 22 or 66 ng/kg/day. Ano-genital distance
(AGD) was measured in males at PND21 whereas 55 KHz ultrasonic
vocalizations and sexual behavior were investigated at PND270 in
the same animals.
Results: A signiﬁcant AGD reduction was measured in males
exposed to 22 ng/kg/day of HBCDD compared to controls, whereas
the distance remained the same in animals highly exposed to the
contaminant. At the adult stage, HBCDD-exposed male rats performed signiﬁcantly less sexual behavioral acts including mounting
and intromission. Concomitant increases in mounting and intromission latencies were observed in all HBCDD-exposed rats but
it was signiﬁcant only in males early exposed to the dose of
22 ng/kg/day. In the same time, no signiﬁcant variations in the
duration and the number of ultrasonic vocalizations were observed.
Conclusions: These results indicate the potent delayed neurotoxicity of an early chronic exposure to the HBCDD ␣-isomer and
the ability of this contaminant to impair sexual and copulatory
behavior of male rats, suggesting this compound to be considered
as a potent endocrine disruptor. Sexual behavior of females from
the same litters is presently under investigation to study the sex
dependency of the effects of ␣-HBCDD.
http://dx.doi.org/10.1016/j.toxlet.2016.07.283
PP7.1
Effects of chronic versus alternate abusive
alcohol consumption on metabolic hormones in
male rats
G. Pinat 1 , P. Fernandez-Mateos 1 , V. Jimenez-Ortega 2 , P.
Cano-Barquilla 2 , L. Virto 2 , A.I. Esquiﬁno 2
1

Department Biología Celular, Universidad Complutense, Madrid,
Spain
2 Department Bioquímica y Biología Molecular III, Universidad
Complutense, Madrid, Spain
Introduction: Examination of the effect of an abusive discontinuous versus chronic ethanol regime in pubertal rats could give
valuable information on differential neuroendocrine responses
found in adolescent and young adults.
Objective: This work was designed to analyze the effects of abusive chronic versus alternate alcohol consumption on glucose and
metabolic hormones.
Materials and methods: Animals received an ethanol liquid diet
(6.2%, w/v) starting on day 35 of life. Every week for 4 weeks, the
discontinuous ethanol group received the ethanol diet for 3 consecutive days and the control liquid diet for 4 days. At the 4th week, rats
under chronic ethanol intake were killed at 09:00 h or 01:00 h; also,
half of the group of rats receiving the alternate schedule of alcohol
intake was killed at 09:00 h or 01:00 h under ethanol consumption
and the other half, 48 h after the last ethanol administration.
Results: Plasma from the trunk blood was analyzed for insulin,
leptin, gastrointestinal peptide (GIP), pancreatic peptide (PP), and
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peptide YY (PYY) by LUMINEX X-MAP. Also blood glucose levels
were measured. Blood levels of glucose, and plasma insulin, GIP and
leptin were signiﬁcantly higher at night as compared to light values. 48 h after alcohol administration, the values of glucose, insulin
GIP and leptin tended to be similar or even higher than those found
in controls. Plasma PP and PYY levels were not modiﬁed at 09:00 h
with any of the alcohol administration schedules used. However,
during the dark period there was a signiﬁcant increase in either
plasma PP and PYY with the chronic administration of alcohol. During the dark period, there was an increase in plasma levels of PP in
alternate administered alcohol and 48 h after leaving its consumption. Also, control rats showed a decrease in plasma PP and PYY
when comparing light versus dark values.
Conclusions: The ethanol chronically fed animals showed the
opposite results. These results may suggest that abusive alcohol
consumption either chronically or alternating consumption modiﬁes metabolic hormones thus contributing to disrupt the regulation
of feeding behavior and energy balance.
http://dx.doi.org/10.1016/j.toxlet.2016.07.284
PP7.2
The endocrine disruptor hexachlorobenzene
induces cell migration and enhances aromatase
expression levels in human endometrial
stromal cells
F. Chiappini 1 , L. Ceballos 1 , C.A. Pontillo 1 , N. Miret 1 , M. Farina 2 ,
A.S. Randi 1
1 Laboratorio de Efectos Biológicos de Contaminantes Ambientales,
Departamento de Bioquímica Humana, Facultad de Medicina,
Universidad de Buenos Aires, Buenos Aires, Argentina
2 Laboratorio de Fisiopatología Placentaria, Centro de Estudios
Farmacológicos y Botánicos (CEFYBO), CONICET-Universidad de
Buenos Aires, Buenos Aires, Argentina

Experimental studies indicate that exposure to organochlorines
can interfere with both hormonal regulation and immune function
to promote endometriosis. Hexachlorobenzene (HCB) is a pesticide that induces toxic reproductive effects in laboratory animals.
Endometriosis is characterized by the presence of endometrial tissues outside the uterine and is a major cause of infertility in women.
Aromatase transforms androgen to estrogen, and its expression
is increased in eutopic and ectopic endometrial of women with
endometriosis. Aromatase expression in endometriosis cells is
induced via cyclooxygenase-2 (COX-2)-prostaglandin E2 (PGE2 )
pathway. The ﬁnding that estradiol (E2 ) stimulates COX-2 expression suggests that E2 and COX-2 exist in a positive feedback loop.
Biological effects of E2 are mediated through two functional estrogen receptors (ER), ER␣ and ER␤. ER␣ is the major mediator of
estrogenic effects on stimulation of proliferation and induction of
progesterone receptor (PR) expression. PRA and PRB serve an antiinﬂammatory role in the uterus by antagonizing COX-2 expression.
Degradation of extracellular matrix by metalloproteinases is a basic
step in the migration and invasiveness in endometriosis. Recent
studies from our laboratory have demonstrated that HCB enhances
COX-2 expression, metalloproteinase 2 and 9 activation and PGE2
secretion in human endometrial stromal cells.
Our aim was to investigate the HCB effect in human endometrial stromal cell line T-HESC on: (a) cell migration (scratch motility
assay), (b) aromatase expression (Western Blot), (c) estrogen receptor and (d) progesterone receptor protein levels (Western Blot).
T-HESC cells were exposed to HCB (0.005, 0.05, 0.5 and 5 M) or
vehicle for 24 h. The results showed that the pesticide increases the
cell migration ratio (47%, p < 0.05; 81%, 77% and 96%, p < 0.001) in a

dose response manner (0.005, 0.05, 0.5 and 5 M HCB). In addition,
we observed that HCB (0.005, 0.05 and 0.5 M) induces enhanced
expression of aromatase enzyme (82%, p < 0.01; 56%, p < 0.05 and
67%, p < 0.01). Besides, we found that only 0.5 M of the pesticide increases ER␣ protein levels (89%, p < 0.05), while PRA protein
expression was decreased at 5 M HCB (55%, p < 0.05). In conclusion, our results indicate that HCB exposure could contribute to
endometriosis development, affecting fertility by changes in cell
migration, aromatase expression, and alterations in ER␣ and PRA
protein levels in human endometrial cells T-HESC.
Financial support: National Council of Scientiﬁc and Technological Research, CONICET [PIP0654; University of Buenos Aires
[PID 20020130100631BA]; and National Agency of Scientiﬁc and
Technological Promotion, ANPCyT [PICT 2012, 1830], Argentina.
http://dx.doi.org/10.1016/j.toxlet.2016.07.285
PP7.3
Arsenic impairs glucose transporter
translocation
P. Pánico, E. Iturriaga, M. Sordo, P. Ostrosky-Wegman, A.M.
Salazar
Department of Genomic Medicine and Environmental Toxicology,
Instituto de Investigaciones Biomédicas, Universidad Nacional
Autónoma de México (UNAM), Mexico City, Mexico
Introduction: Exposure to arsenic in drinking water has been
associated with an increased risk for the development of type 2 diabetes. Calpain-10 (CAPN10) regulates insulin-stimulated glucose
uptake through GLUT4 externalization in adipocytes and skeletal
muscle. Calpain-2 (CAPN2) is involved in GLUT4 and GLUT1 stability, and calpain-1 (CAPN1) is implicated in the vesicular trafﬁcking
of insulin within ␤-cells. We found that calpains are activated by
high glucose extracellular in leukocytes from non-diabetic subjects,
but not in the diabetic patients, suggesting that the calpain activity
is implicated in the glucose metabolism in leukocytes.
Objective: The aim of this study was to evaluate if sodium arsenite inhibits the activation of calpains induced by an extracellular
high-glucose pulse, and if the effects on the calpain system could
be related with the glucose uptake alterations through GLUT1 in
human lymphocytes.
Materials and methods: Lymphocytes were isolated from
peripheral blood samples of healthy subjects. The lymphocytes
were treated with 0.1 and 1 M of sodium arsenite for 72 h.
After arsenite treatment, lymphocytes were stimulated with 3.9
or 11.1 mM of glucose pulse and calpain activity and GLUT1 abundance in the plasma membrane were evaluated by ﬂow cytometry.
The protein abundance of CAPN1, CAPN2, CAPN10 and GLUT1 was
evaluated by Western blot.
Results: The calpain activity induced by high glucose pulse
was inhibited by arsenite and it was correlated with a decrease
in the CAPN1 protein abundance. In contrast, neither CAPN2 nor
CAPN10 were altered by arsenite. Whereas GLUT1 internalization
was observed with the high glucose pulse, the translocation of
GLUT1 was inhibited by arsenic treatment. Interestingly, the total
GLUT1 protein abundance was not altered. Our data suggest that
arsenite induced alterations in GLUT1 trafﬁcking, probably through
calpain inhibition.
Conclusions: Arsenite inhibited the activation of calpains
induced by glucose, and is related with the impairment in GLUT1
translocation.
Financial support: CONACyT 254305 and PAPIIT (UNAM)
201914. Pablo Pánico is doctoral student from Program of Doc-
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torado en Ciencias Biomédicas (UNAM), and has fellowship from
CONACyT.
http://dx.doi.org/10.1016/j.toxlet.2016.07.286
PP7.4
The mechanism of inﬂuences on the
next-generation of mice caused by prenatal
Bisphenol F exposure
N. Ohtani, H. Iwano, N. Hozumi, H. Inoue, H. Yokota
Laboratory of Veterinary Biochemistry, Rakuno Gakuen University,
Ebetsu, Hokkaido, Japan
Introduction: Bisphenol A (BPA) is one of the famous endocrine
disruptors. Several reports have suggested that perinatal BPA exposure causes adverse effect to behavior of the offspring. Recently,
BPA substitutes have been used because of concern with the inﬂuence on children of BPA. Especially, consumption of Bisphenol F
(BPF) and quantity of detection have increased. Although the safety
of BPF has been measured with estrogenicity, none of reports studied its actual inﬂuence on next-generation.
Objective: In this study, we conducted behavioral studies with
mice whether perinatal BPF exposure cause the behavioral change
to offspring. Besides, we conducted same experiments with BPA to
compare the inﬂuence of BPA and BPF.
Materials and method: C57BL/6 mice were orally administered
daily BPA or BPF (0 mg/kg, 10 mg/kg body weight) from gestation
day (GD) 11.5 to 18.5. The open-ﬁeld, the elevated plus maze, and
the forced swim test were performed at post-natal week 10 (PW10).
Results: BPF exposure altered behavior of offspring signiﬁcantly
in all three behavioral tests, resulting the increase of anxiety and
depression.
Conclusions: We showed the behavioral alteration caused by
BPF for the ﬁrst time and revealed that behavioral adverse effects
of BPF were larger in magnitude than BPA, suggesting the risk of
using BPF as substitute to BPA. More investigations are necessary
to determine whether BPF is a safe substitute for BPA.
Financial support: This study was supported in part by the
Health Science Research Grant H23-Kagaku-004 from the Ministry of Health, Labour and Welfare, Japan, and a Feasibility Study
among Fundamental Studies under the framework of EXTEND 2010
(Extended Tasks on Endocrine Disruption 2010) funded by the Ministry of the Environment, JAPAN.
http://dx.doi.org/10.1016/j.toxlet.2016.07.287
PP7.5
Pharmacokinetic study of adverse effects in
offspring caused by prenatal Bisphenol F
exposure
H. Iwano, N. Ohtani, N. Hozumi, H. Inoue, H. Yokota
Laboratory of Veterinary Biochemistry, Rakuno Gakuen University,
Ebetsu, Hokkaido, Japan
Introduction: Bisphenol F (BPF) is being used worldwide as
a substitute of BPA, however, none of reports studied its actual
inﬂuence on next-generation. We found that prenatal BPF exposure caused behavioral changes to mice offspring as increasing of
anxiety-like and depression-like behavior.
Objective: In this report, to elucidate the mechanism of adverse
effect in offspring behavior, we examined pharmacokinetics of BPF
during perinatal period by tissue perfusion method.
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Methods: We examined the pharmacokinetics of BPF in rat
liver perfusion and uterine perfusion. We performed uterine perfusion using gestation day 18 of SD rat. BPF-GA (10 M), BPF-GA/S
(10 M), or BPF-S (10 M) was perfused into the uterine. The
perfusate were collected from a vein every 5 min until 90 min.
After perfusion, concentration of BPF-GA, BPF-GA/S, and BPF-S was
examined by HPLC and LC-ESI-TOF/MS.
Results and discussions: BPF was metabolized to conjugated metabolites (BPF-gulcuronide (BPF-GA), BPF-sulfate (BPF-S)
and BPF-glucuronide/sultate (BPF-GA/S)) in maternal liver. BPF
metabolite with sulfate was easy to pass to the embryo through the
placenta in uterine perfusion. These results demonstrated that BPFS is easy to pass to the embryo through the placenta. These results
suggested that fetal risk of BPF toxicity might be higher than BPA
because of its drug-metabolizing system (metabolite with sulfate)
during perinatal period.
http://dx.doi.org/10.1016/j.toxlet.2016.07.288
P8: Environmental Epigenetics
PO8.1
AhR drives active demethylation and
transcriptional memory of the Cyp1a1 gene
H.Z. Amenya, C. Tohyama, S. Ohsako
Laboratory of Environmental Health Sciences, CDBIM, Graduate
School of Medicine, University of Tokyo, Japan
Introduction: AhR is a highly conserved nuclear receptor that
mediates toxic response to halogenated aromatic hydrocarbons.
However, there is limited information on the potential role of epigenetic mechanisms in AhR signalling. We hypothesized that dioxin,
a potent AhR ligand, may elicit robust epigenetic switching at the
AhR target gene Cyp1a1.
Objective: To elucidate the epigenetic changes at the Cyp1a1
promoter after dioxin exposure and the role of epigenetic mechanisms in the development of Cyp1a1 transcriptional memory.
Materials and methods: Adult C57BL6J mice were initially
treated with 2,3,7,8 tetrachlorodibenzo-p-dioxin (TCDD) at an oral
dose of 3 g/kg b.w. A second dose of 100 ng/kg b.w. TCDD was
given 40 d after the initial dose. The liver was sampled at 24 h for
Cyp1a1 gene expression analysis. In the second experiment, AhR
WT and AhR null mice were dosed with TCDD at 3 g/kg b.w. and
liver samples were collected at 6 h, 12 h, 24 h, 7 d, 20 d and 40 d.
DNA methylation was analyzed by methylation-sensitive enzyme
restriction-qPCR and histone modiﬁcations by ChIP assay. Artiﬁcial
methylation of the Cyp1a1 reporter plasmid and siRNA knockdown
were utilized for the in vitro demethylation assay.
Results: Dioxin elicited Cyp1a1 transcriptional memory in the
adult mouse liver. Evidently, there was three-fold super-induction
of Cyp1a1 mRNA in the liver upon repeat administration of TCDD, 40
d after the ﬁrst TCDD dose. Notably, dioxin induced AhR-dependent
Cyp1a1 promoter DNA demethylation, increases in H3K4me3, H4ac
and a loss of H4K20me3. These epigenetic changes persisted to 40
d post TCDD treatment, and constituted the epigenetic memory of
initial TCDD exposure. The demethylation was coincident with a
gradual decrease of 5hmC, AhR-dependent association of Tdg with
the Cyp1a1 promoter and a trend of increment of Apex1 and Tet3
binding at the Cyp1a1 promoter. Our in vitro demethylation assay
revealed that AhR, Tet2, Tet3 and Tdg are required in the initial DNA
demethylation.
Conclusions: Our study presents the ﬁrst evidence of AhR driven
active demethylation and epigenetic memorization. These epige-
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netic alterations inﬂuence the response to subsequent chemical
exposure and imply an adaptive mechanism to xenobiotic stress.
http://dx.doi.org/10.1016/j.toxlet.2016.07.291
PO8.2
MicroRNA-126 is dysregulated in endothelial
cells exposed to silver nanoparticles
A.K. González-Palomo 1,2 , J.A. Jiménez-Avalos 1,2 , K.
Saldaña-Villanueva 1,2,3 , F.J. Pérez-Vázquez 2,3 , M.J. Yacamán 3 ,
I.N. Pérez-Maldonado 1,2
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Introduction: Silver nanoparticles (AgNPs) are of interest for
its antimicrobial properties, so it has become one of the most used
nanomaterials in consumer products. AgNPs have small size, can
easily enter the blood circulation and thus endothelial cells would
be more likely to be exposed to AgNPs. MicroRNA-126 is highly
expressed in endothelial cells and plays an important role on vascular function, regulating cellular adhesion and angiogenesis.
Objective: Investigate microRNA-126 expression in endothelial
cells (EA.hy926) exposed to AgNPs.
Materials and methods: Endothelial cells (EA.hy926) were cultured in DMEM medium supplemented with 10% FBS at 37 ◦ C in
a humidiﬁed incubator. To determinate the cytotoxicity of AgNPs,
resazurin assay was used. MicroRNA extractions was carry out from
cultures of EA.hy926 cells exposed to 0.1, 0.5, 1.0, 5.0 and 10.0 M
AgNPs for 3 h and were isolated using the TRIzol/chloroform
method. Later, the analysis of the expression of microRNA-126 was
performed by real time PCR. Finally, VCAM-1 expression (target
protein of microRNA-126) was analyzed at different times 3, 6, and
12 h by ﬂow citometry.
Results: The expression of microRNA-126 signiﬁcantly
decreased in comparison to the control (p < 0.05), at concentrations of 0.5 and 5 M AgNPs. Interestingly, VCAM-1 expression
was observed enhanced at 12 h.
Conclusion: Exposure to AgNPs could induce injury and dysfunction of the endothelium, because it promotes changes in the
expression of microRNA-126 and target protein VCAM-1, which
plays an important role in monocyte adhesion to endothelial cells.
http://dx.doi.org/10.1016/j.toxlet.2016.07.292
PO8.3
Multigenerational effects of chronic low-dose
natural uranium contamination: Epigenetic
inheritance of methylation signature
G. Elmhiri, C. Gloaguen, D. Kereselidze, S. Grison, A. Legendre, C.
Elie, K. Tack, M. Benderitter, M. Souidi
Institut de Radioprotection et de Sûreté Nucléaire, Direction de la
Radioprotection de l’Homme, Service de RadioBiologie et
d’Epidémiologie, Laboratoire de Radiotoxicologie Expérimentale,
Fontenay-aux Roses Cedex, France
Introduction: In industrialized countries the high prevalence
and incidence of certain diseases are important topics to social and

media actuality. Scientiﬁc data suggest that the gradual deterioration in the quality of our environment may be due to pollution,
the increasing use of radioelements, especially nuclear power
plants. The health consequences of epigenetic alterations and
its heritability, caused by the chronic ingestion of radionuclides,
remain unknown. That creates concerns regarding the effects of
chronic low dose environmental contamination. Indeed, recently,
a paradigm shift in the perception of risk of radiotoxicology has
emerged. It is now investigated the possibility of transmission of
biological effects over generations, in particular by epigenetic pathways. These processes are known for their crucial role associated
to the development of several diseases.
Objective: Our hypothesis is that exposure to a chronic lowdoses of radionuclides, such as uranium, could affect the epigenetic
proﬁle and, therefore, could be transmitted across generations.
Materials and methods: The ﬁrst generation (F0) of male and
female rats was contaminated during 9 months via drinking water
using a non-toxic concentration (40 mg L−1 ) of natural uranium.
The second generation F1 was exposed only until weaning. The
third generation (F2) was not exposed to uranium. The uranium
effects on DNA were evaluated on the three generations by analyzing the DNA methylation proﬁle and DNMT genes expression in the
ovaries and in the testes.
Results: Here we report a signiﬁcant hypermethylation (F0 17%,
F1 41% and F2 42%) of testes DNA (p < 0.005). However, ovaries DNA
was hypomethylated (F0 18%, F1 41% and F2 21%) (p < 0.005). Interestingly, this DNA methylation proﬁle was signiﬁcantly maintained
across generations. Quantitative RT-PCR demonstrates a modiﬁcation in DNA methyltransferase genes (DNMT 1, DNMT3a/b and
DNMT3L).
Conclusion: All in all, our work demonstrates for the ﬁrst time,
that the outcome of the exposition to low doses of uranium on
male and female rats was signiﬁcantly different. This suggests that
methylation changes are sex- and tissue-dependent mechanisms.
Therefore, our results indicate the involvement of an epigenetic
mechanism as a biological response to the exposure to chronic low
doses of uranium. The biological signiﬁcance of these results and
which are the uranium effects on reproductive cells is still to be
answered.
Financial support: This study was supported by grants from
IRSN.
http://dx.doi.org/10.1016/j.toxlet.2016.07.293
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DNA methylation changes in Mexican children
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areas in San Luis Potosí
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Introduction: Arsenic is a carcinogenic and epimutagen that
threatens the health of exposed populations worldwide.
Objective: To examine the methylation status of Alu and LINE1 and its association with levels of urinary arsenic in 84 Mexican
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Children between 6 and 12 years old from two historical mining
areas in the State of San Luis Potosi, Mexico.
Materials and methods: Urinary arsenic levels were determined by atomic absorption spectrophotometry and DNA methylation analysis was performed by pyrosequencing for three CpG
positions in Alu and three sites in LINE-1 elements.
Results: The geometric mean of urinary arsenic was 26.44 g/g
Cr (range 1.93–139.35), and a positive association was found
between urinary arsenic and the percentage of methylated
cytokines in Alu sequences (Spearman correlation coefﬁcient
r = 0.459, P < 0.001), while a trend of LINE-1 hypomethylation
was observed in this element. No signiﬁcant differences in
urinary arsenic or methylation pattern due to gender were
observed.
Conclusions: Despite the low-level arsenic exposure, an epigenetic imbalance measured as methylation was detected on
the leukocytes of Mexican Children living in historical mining
areas.
Financial support: This work was supported by the Children
Environmental Health Network (Conacyt-251229/271626).
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capacity and the expression levels of PARP1, OGG1, and XPC
(p < 0.05).
Conclusions: Our results suggest that newborns from a highly
polluted area such as MAMC show genetic damage, which was
greater in children with low global methylation; also showed a low
DNA-repair capacity but higher expression levels of PARP1, OGG1,
and XPC genes, suggesting a post-transcriptional oxidative effect.
This may represent a risk factor for children for developing DNA
damage-related diseases later on.
Financial support: Study partially supported by Children Environmental Health Network (Conacyt-251229/271626).
http://dx.doi.org/10.1016/j.toxlet.2016.07.295
PP8.2
Comparative urinary miRNAs expression and
cystatin C level in adults chronically exposed to
ﬂuoride through drinking water
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PP8.1
DNA methylation increases genetic damage in
cord blood cells from newborns exposed to
atmospheric pollutants
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N. Montes-Castro 1 , I. Alvarado-Cruz 1 , I. García-Aguiar 2 , M.J.
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In several regions of the world, drinking water exceeds safe
limits of ﬂuoride dissolve in water. Kidney is the major excretory
organ of ﬂuoride through the urine. Proximal tubule (PT) is the
main segment of the nephron involved in ﬂuoride reabsorption and
chronic exposure can affect its redox status and structure. Recently,
evidence of renal damage by ﬂuoride exposure has increased in
literature. miRNAs can interact with almost 60% of the mRNA in
cells, playing a key role in physiological and pathological processes. miRNAs can modulate the protein transcription and serve
as biomarkers for early damage in cells. Human PT cells have been
evidenced for being the source of miRNAs in urine. Thus, miRNAs emerge as potential non-invasive biomarkers for diseases.
In this study, we examined changes in the expression proﬁle of
44 mature urinary miRNAs in combination with urinary cystatinC for the assessment of early impairment of renal function. We
extracted urinary miRNAs from 47 males (45.7 ± 11.0 years old)
with non-renal disease diagnosis. Participants were residents of
semirural communities of Chihuahua, Mexico: 24 exposed to low
levels and 23 to high level of ﬂuoride in drinking water. Concentrations of ﬂuoride in water and urine were determined by a
potentiometer, using a ﬂuoride ion-selective electrode. Cystatin-C
was evaluated by microsphere immunoassay. Changes in miRNA
expression were evaluated by qRT-PCR. Our results showed a different expression in urinary miRNAs (CT value) between low and
high ﬂuoride exposure groups in 14 miRNAs (21, 23, 26, 27, 30,
192, 194, 200a, 200b, 200c, 204, 205, 215, 4640). miRNAs change
expression was found in 7 miRNAs with an increase >2-fold in the
high exposed group, accompanied with a signiﬁcant increase of
cystatin-C. Our study identiﬁed a set of miRNA whose expression
levels are affected by ﬂuoride exposure and could be potential noninvasive biomarkers for early renal dysfunction. Partially
supported by Conacyt 239689, Thematic Network Collaborative,
PRODEP-SEP.
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Background: Atmospheric pollution is a mixture of compounds
including metals, polycyclic aromatic hydrocarbons (PAHs) and
benzene that are considered oxidizing compounds. The Metropolitan Area of Mexico City (MAMC) is a highly polluted area; it is
estimated that 5065 deaths per year are due to air pollution.
The eexposure to environmental pollutants has been associated
with genetic damage in newborns, as well as with alterations in
DNA methylation proﬁles, which modulates gene expression. This
suggests that DNA methylation may be involved in changes on
DNA-repair mechanisms.
Objective: We were interested on evaluating the relationship
between global DNA methylation and gene expression of DNA
repair genes with the genetic damage and repair capacity in umbilical cord blood cells from newborns of MAMC.
Materials and methods: A cross-sectional pilot study was performed in 57 umbilical cord blood samples from newborns (mean
gestational age of 39 ± 1 week) from North of MAMC. The global
DNA methylation in the repetitive element LINE-1 was evaluated
by pyrosequencing and the expression of DNA-repair genes (PARP1,
OGG1, and XPC) by qRT-PCR; the genetic damage and DNA-repair
capacity were evaluated by the comet assay in mononuclear cells.
Results: The geometric mean of DNA damage (“Olive tail
moment”-OTM parameter) was 17.61. We observed a negative
relationship between LINE-1 methylation and the genetic damage
(p < 0.05), which in turn showed a marginal positive association
with OGG1 (p = 0.06) and PARP1 (p = 0.08) expression. Furthermore,
negative relationships were observed between the DNA-repair
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Assessment of the expression of circulating
miR-126, miR-145 and miR-155 in women
exposed to polycyclic aromatic hydrocarbons
(PAHs) from wood smoke
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Introduction: PAHs are products of incomplete combustion,
being the domestic burning of solid fuels such as wood one of
their main sources. Exposure to PAHs has been associated with
ischemic cardiovascular diseases, which in turn are preceded by
vascular dysfunction and atherosclerosis. In this regard, three circulating miRNAs have been identiﬁed playing an important role in
maintaining vascular homeostasis (miR-126, -145 and -155).
Objective: To evaluate the relationship between exposure to
PAHs and circulating miR -126, -145 and -155 in women who cook
with wood.
Materials and methods: (1) Selection of the study population and sample collection. (2) Quantiﬁcation of 1-hydroxypyrene
(1-OHP) in urine as a biomarker of PAHs exposure. (3) Analysis of the expression of miR-126, -145 and -155 in plasma by
qRT-PCR; (4) Quantiﬁcation of proinﬂammatory cytokines (TNF␣, IL-6 and IL-8) in plasma by ELISA. 5) Measurement of clinical
parameters (anthropometry, blood pressure and blood chemistry
tests).
Results: To date, we have data for 1-OHP, TNF-␣ and miR-126 of
30 samples from women of three communities (A, B, C) of San Luis
Potosí, Mexico. The median of 1-OHP (mol/mol creatinine) was:
A, 0.1 (0.05–0.9); B, 1.3 (0.5–8); C, 1.8 (0.4–9.4). The median of TNF␣ (pg/mL) was: A, 15 (9.5–38); B, 31 (24–38); C, 4.2 (4.1–15). The
expression of miR-126 was the highest in community C (p = 0.002),
and a slightly signiﬁcant positive correlation was found between
1-OHP and miR-126 (Spearman r = 0.35, p = 0.07). Also, a negative
correlation was found between miR-126 and TNF-␣ (Spearman
r = −0.53, p = 0.003).
Conclusions: The results suggest a relationship between the
exposure to PAHs and circulating miR-126, however, it is necessary to have the outstanding parameters and perform a multivariate
analysis to conclude with greater certainty.
http://dx.doi.org/10.1016/j.toxlet.2016.07.297
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Oxidative DNA damage and inﬂammatory
responses in children exposed to arsenic in
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P. Phukphan 2 , M. Ruchirawat 1,2
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Introduction: Early life exposure to inorganic arsenic is associated with a wide range of diseases and cancers in later life. Our
previous study on the consequences of arsenic exposure in utero
was conducted in pregnant women living in Southern Thailand.
Arsenic exposed newborns had signiﬁcantly increased expression
of a set of genes associated with various biological pathways,
including cell signaling, stress and inﬂammatory response. Inﬂammatory genes such as COX2 and EGR1 were up-regulated.
Objective: To assess oxidative DNA damage and to investigate
the alterations of DNA methylation and mRNA expression of inﬂammatory genes including COX2 and EGR1 in the same cohort of
children who were prenatally exposed to arsenic.
Materials and methods: Arsenic concentration in water and
biological samples was analyzed by ICP-MS. Oxidative DNA damage
was measured as 8-hydroxydeoxyguanosine (8-OHdG) by HPLCMS/MS. DNA methylation and gene expression were determined
by pyrosequencing analysis and real-time RT-PCR, respectively.
Results: A follow-up study was carried out in arsenic-exposed
and matched-control children at the age of 5–7 years old. Arsenic
exposure, assessed as arsenic concentrations in drinking water and
in various biological samples (saliva, urine, ﬁngernails and toenails), was signiﬁcantly higher in arsenic-exposed children. Levels
of salivary 8-OHdG in exposed children were signiﬁcantly higher
(4-fold, P < 0.01), whereas levels of urinary 8-OHdG excretion and
salivary hOGG1 expression were signiﬁcantly lower in exposed children (3-fold, P < 0.05), suggesting a defect in hOGG1 resulting in
ineffective repair of 8-OHdG. For inﬂammatory responses, exposed
children had promoter hypomethylation of COX2 and EGR1, while
mRNA expression of these genes was signiﬁcantly increased.
Conclusions: Children exposed to arsenic in utero and continued
exposure during early childhood resulted in increase in oxidative
DNA damage and inﬂammatory responses which may lead to development of cancer and other diseases later in life.
Financial support: Chulabhorn Research Institute.
http://dx.doi.org/10.1016/j.toxlet.2016.07.298
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5 -UTR speciﬁc methylation differences in blood
DNA of workers exposed to volatile organic
compounds
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Introduction: Exposure to chemical can alter methylation in
functional (coding) and regulatory regions (e.g. Enhancer, Promoter, 5 Untranslated Regions) of genes. Previously, we reported
modiﬁcation in methylation levels in promoter regions of genes due
to exposure to mixture of Occupational Volatile Organic Compound
(VOC). In current study, we investigated VOC exposure associated
DNA methylation in 5 Untranslated Regions (5 UTR) of genes.
Objective: To compare the DNA methylation level in 5 -UTR
region of genes in human populations exposed to Occupational VOC
with reference population.
Materials and Methods: PCR-pyrosequencing was performed
to measure methylation in CpG’s located at the 5 -UTR region of
genes involved in immune response pathways (TOP2A, SOD1, IL6,
TNF-alpha and CYP2E1) of leukocytes from Mexican workers laboring at four different VOC exposure scenarios (tanneries, leather
shoe factories, plastic shoe factories and gas stations) and a reference non-exposed group (administrative workers). Exposure was
measured by GC/MS using Individual diffusive samples.
Results: The study found lower mean methylation levels associated to toluene exposure at the 5 -UTR region of CYP2E1 gene
compared to reference group. Decreased mean methylation levels
in 5 -UTR region of IL6 and TOP2A genes and increased methylation
levels in TNF-alpha were found in population exposed to VOC mixture. No difference was found in methylation in SOD1 gene between
populations.
Conclusions: DNA methylation screening of blood can give
evidence of exposure to individual chemical and its biological consequence. The study suggested, 5 -UTR methylation status should
be considered in as an early biomarker of chemical toxicity.
Financial support: Dr. Barupal is thankful for University Grant
Commission, Government of India, for the PostDoctoral Fellowship.
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mental effects, there are still exposed populations due to living in
contaminated areas.
Objective: To establish the clinical situation of the exposed population related to the exposure to asbestos.
Materials and methods: We performed a descriptive study
of cases conﬁrmed for asbestosis or mesotheliomas from a population related to a company of asbestos cement and insulating
material that was classiﬁed as contaminated area. In Chile, Health
and Environment authorities assessed the situation of this company and its environment in 2002. In that time, they performed a
remediation procedure in the school and its gardens, but this remediation did not include the surface of open places in the garden.
Also, it was not possible to perform the remediation procedure
in houses, persisting thin layers of asbestos as light pavement or
insulating material, and thus keeping the population at risk of
developing pathologies, even when asbestos is classiﬁed as ovarium
carcinogen.
Results: A total of 78 cases were reviewed, 56% corresponding
to asbestosis and 44% to mesotheliomas, 77% of them were related
to occupational exposure, 14% with environmental exposure (open
places, in door contamination and cloth washing) and 9% with both
sources. At the time of this assessment, 78% of the cases correspond
to deceased, with average ages between 61-80yr-old. Also, these
cases were more common in males than females (94%). According
to ATSDR criteria, 45% of the cases were beyond 2 Km from the
company at the diagnosis time, and 38% of the cases are in the
2 Km area of inﬂuence of the company. Most cases are or were at
the court, even when the patient is deceased.
Conclusions: In the assessed group, there were no ovarium
cancer cases, suggesting that there are not real cases or that this
pathology may be sub diagnosed. Therefore, it is important to consider this emergent pathology as associated to asbestos exposure.
http://dx.doi.org/10.1016/j.toxlet.2016.07.301
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Integrating chemical and nonchemical stressors
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Asbestos, asbestosis, mesotheliomas: non
solved problems
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Introduction: Asbestos has been used since 2,500 BC, and it is
still prevalent due to some asbestos-related industrial processes.
It is mainly used in navy, ﬁreproof cloth and ﬁlter material, insulating board, asbestos cement, and brake pills, among others. Even
though use of asbestos is currently restricted due to its known detri-

Introduction: The relationship between exposure to environmental contaminants during development and adverse health
outcomes across the life course includes both individual susceptibility factors, such as lifestage and genetics, and exposure to
chemical and nonchemical stressors.
Objective: In our Center for Children’s Environmental Health
Risks Research, we have characterized longitudinal exposure to
pesticides in a cohort of families living in a rural, agricultural community. We found that occupational status and agricultural season
were associated with pesticide exposure.
Materials and methods: Recently, we conducted an extensive
assessment of nonchemical stressors, including cortisol measured
in hair, saliva and blood, ﬁve different stress questionnaires and
socioeconomic status and neighborhood factors. One challenge
in these types of assessments is integrating questionnaires and
biomarkers. To do this, we developed biokinetic models, compared
biomarker and questionnaire results across seasons and used geographic information systems to identify neighborhood trends in
nonchemical stressors.
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Results: By linking cortisol concentrations in blood, saliva and
hair, we were able to integrate measures of acute and chronic stress.
We found that blood, saliva and hair cortisol were signiﬁcantly
different between agricultural seasons, suggesting that seasonal
variation in agricultural communities may impact nonchemical
stressor exposures. We also tested the associations between Latino
residential segregation and hair cortisol while considering the roles
of perceived community discrimination and social disorder among
Latinas.
Conclusions: Greater Latino residential segregation was associated with greater hair cortisol concentrations. These studies have
allowed us to gain a better understanding of the potential impacts
of chemical and nonchemical stressors on a vulnerable population.
Financial support: This work is supported by the National
Institute of Environmental Health Sciences (Award Number
5P01ES009601) and the United States Environmental Protection
Agency (Grant #RD83451401).
http://dx.doi.org/10.1016/j.toxlet.2016.07.302
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Introduction: Polybrominated diphenyl ethers (PBDEs) and
polychlorinated biphenyls (PCBs) are Persistent Organic Pollutants
(POPs), which are released to the environment during the treatment
of electronic waste; they have been classiﬁed as endocrine disruptors. Children are more vulnerable to this exposition and they may
be the most altered in thyroid hormone levels.
Objective: Assessing exposure to PBDEs and PCBs and thyroid
hormone levels in Mexican children whose parents are or not
engaged in recycling of electronic waste.
Methods: The study population consisted of 181 children aged
6–12 years old residents of State of Mexico. Blood samples were
collected to analyze 5 congeners of PBDEs and 17 congeners of
PCBs by GC/MS and thyroid hormone levels (fT3, fT4 and TSH)
by immunoassay. Nonparametric statistical tests were applied for
comparisons.
Results: The most abundant congeners were the BDE153, PCB28,
PCB52, PCB81, PCB105 and PCB114. The children were classiﬁed in
two groups: children whose parents worked recycling electronic
waste and whose not, serum concentration of pollutants were
higher in the ﬁrst group. It was observed that higher concentration of PCB28, PCB52 and PCB81 increased the levels of fT3. Instead,
PCB105 behaved reversely, its serum concentration increased but
levels of fT3 were decreased.
Conclusions: Recycling activity is an exposition factor to PBDEs
and PCBs for children of this community. It was important to study
how the behavior of each congener respect to the thyroid hormones
levels is. Probably, there is a new challenge of the effect of these
contaminants on hormonal homeostasis.
Financial support: Was provided by CONACyT, Project: Salud2011-1-162255 and scholarship number 439391.
http://dx.doi.org/10.1016/j.toxlet.2016.07.303
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Introduction: The cardiovascular diseases (CVDs) are the principal cause of death in the world. The World Health Organization
(WHO) recognizes that every year nearly 17.3 million people die
as a result of CVDs, behavioral factors and genetic susceptibility
are the principal risk factors in the development of this kind. In
this context recent studies indicate that exposure to polycyclic aromatic hydrocarbons (PAHs) is a very important risk factor for the
development of this kind of diseases. On the other hand, there is an
increasing need for identifying molecular targets to predict CVD.
In this regard, adipocyte-fatty acid binding protein (FABP4), has
been proposed as a new, biomarker to predict metabolic and cardiovascular diseases because plays an important role in mediating
intracellular fatty acid trafﬁcking.
Objective: Assess the association of serum FABP4 concentration
in Mexican women exposed to PAHs.
Materials and methods: We evaluated anthropometry, serum
concentrations of blood chemistry analyses, FABP4 concentrations
by a commercially ELISA kit and Urinary 1-hydroxypyrene (1-OHP),
exposure biomarker for PAHs, by high performance liquid chromatography (HPLC) in 86 Mexican women.
Results: The concentration of 1-OHP in women assessed was
1.30 ± 1.10 mol/mol creatinine, the mean of serum FABP4 concentrations was 18.8 ng/mL moreover, a signiﬁcantly association
(p < 0.001) was found between urinary 1-OHP levels and serum
FABP4 concentrations after adjust for potential confounding variables.
Conclusions: In our knowledge, this is the ﬁrst outcome study
demonstrating elevated circulating FABP4 levels in Mexican people exposed to PAHs. However, our exploratory study has several
limitations, the most notable of which is the small sample size
therefore, more studies are necessary in order to evaluate the real
signiﬁcance of our data. However, the data showed in our study
it can be considered as a starting point to implement programs to
prevent CVD incidents in people exposed to PAHs.
http://dx.doi.org/10.1016/j.toxlet.2016.07.304
PP9.1
Even short-term smoking can cause lower lung
function and bronchial hyperresponsiveness in
young adult-onset patients with asthma
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H. Hayashi, Y. Kamide, T. Tsuburai, Y. Fukutomi, A. Mori, M.
Taniguchi
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Introduction: Cigarette smoking for a long-term among asthma
patients is associated with worsening symptoms, accelerated
decline in pulmonary function, and greater small airway remodeling. In severe asthma patients, worsening symptoms leads to
smoking cessation, but mild asthma patients continue to smoke
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owing to less respiratory tract symptom. We often have the opportunity to treat smokers with mild asthma, however little is available
on the harmful effect of relatively short-term smoking on lung
function and bronchial hyperresponsiveness (BHR) particularly in
young adult smokers with mild asthma.
Objective: To clarify the effect of short-term smoking on lung
function and BHR in young adult smokers with mild asthma.
Materials and methods: We examined mild asthma patients
aged 20–34 and who visited Sagamihara National Hospital for the
ﬁrst time from January 2004 to March 2011. We excluded the
patients with childhood-onset asthma. Two hundreds ninety two
patients underwent a test on bronchodilator change in FEV1 and
two hundreds twenty one patients underwent a test of BHR to
histamine. These patients were classiﬁed as current smokers and
never smokers. Moreover, we divided the current smokers into
three groups on the basis of their smoking history (pack-years: p-y,
0 < p-y < 3, 3 ≤ p-y ≤6, and 6 < p-y ≤10).
Results: A negative correlation was observed between pack
years and pulmonary function. 3 ≤ p-y ≤6 group and 6 < p-y ≤10
group had signiﬁcant lower FEV1%, compared with asthmatic never
smokers. A negative correlation was observed between pack years
and BHR to histamine, but no signiﬁcant differences were found in
BHR between never smokers and 3 smoker groups.
Conclusion: Short-term smoking (<10 pack years) is associated
with the lower lung function even in the mild asthma patients.
Our ﬁndings provide the evidence for all patients with asthma to
discontinue smoking.

and SJR (691.8, 575.4 ng/glipid) followed by CUA and TC (363.9,
269.1 ng/glipid respectively), with similar levels, as TOC and SAM
(191.8, 181.9 ng/glipid respectively). Finally, PCB 101 concentration
levels were found higher in ALP (1032.7 ng/glipid) followed with
similar levels of SJR, IND (567.5, 327.3 ng/glipid) and TC, MN with
109.1 and 144.5 ng/glipid. The evidence found in this study could
be used as a trigger for generating public policy on environmental
exposure to POPs in Mexico.
Financial support: Fondo Sectorial de Investigación en Salud y
Seguridad Social. No. 234111.
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Introduction: Polybrominated diphenyl ethers are considered
emerging contaminants and they are present in biotic and abiotic
samples around the world. These compounds are worrying due to
its increasing levels of contamination and the several toxic evidences to different organisms. Brazil is one of biggest consumer
countries of PBDEs around the world, and studies about their
release to the environment and the level of contamination in most
environmental compartments are poorly explored. Brazil also has
an enormous amount of underground water, from where hundreds
of cities get their water supply.
Objective: This study aimed to investigate the presence of PBDEs
on sediments from a recharge point of Guarani Aquifer, an important underground water reservoir, located in Ribeirao Preto-SP,
Brazil.
Materials and methods: Samples of sediments of the Saibro
Lagoon, located in Ribeirao Preto, SP were collected from three different points, packaged in clear glass amber bottles and stored in
a refrigerator at temperatures below 4 ◦ C. Initially, samples were
dried by lyophilization followed by the solvent extraction (pentane: acetone (1:1)) of the compounds using an ultrasonic bath. The
clean-up step of the obtained extract was realized with a tri-AD column (acidic silica, basic silica, silica and anhydrous neutral sodium
sulfate as drying agent) using pentane as eluent. Quantiﬁcation of
PBDEs was performed by gas chromatography coupled to electron
capture detector (GC-ECD). The peaks on the chromatogram were
compared to the standard solution “PBDE Lake Michigan” (Accustandard).
Results: In two of the points, BDEs -28, -47, -66, -85, -99 and
-100 were detected in concentration values ranging from 0.16 to
2.7 ng g−1 , being BDE-47 present in the higher concentration.
Conclusions: Our results showed that different PBDEs are
already found in an important recharge area of the Guarani Aquifer
in Brazil. This ﬁnding is relevant when we consider the possibility of
the Aquifer contamination; from where millions of people receive
their water supply. It is also needed to point out that this is a class
of compound with bioaccumulation potential on environment and
organisms. In addition, BDE-47 which was found in higher concen-
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In developing countries, exposure to POPs in contaminated
sites is a public health concern. Children are exposed to high
levels of contaminants and are one of the most susceptible
populations in which health hazards are found. The aim of this
study was to conduct a POP biomonitoring program in highrisk areas. We evaluated 247 children aged between 6 and 12
years from nine communities in Mexico. Exposure to HCB (84.5%),
␤ endosulfan (76.8%), ␣ endosulfan (76.5%), endosulfan sulfate
(76.5%) and DDE (70%) were most frequently found. Additionally, our results showed that ␣ endosulfan was similar to CUA,
TOC, SAM, TC and MN (178.6–306.9 ng/glipids). ␤ endosulfan
levels were higher in ALP (901.5 ng/g lipid) followed by CUA
(139.9 ng/glipid) and TOC, SAM, TC and MN which had similar
levels (55.4–64.5 ng/glipid). For endosulfan sulfate, ALP concentration levels were higher in the communities (1096.4 ng/glipid)
and CUA, TOC (212.3 and 289 ng/glipid respectively) had similar
concentrations as SAM and TC (99.5, 119.1 ng/glipids respectively).
DDE levels were found in malaria endemic areas SAM, CUA and
TOC (1782.2, 1358.3 and 57.0 ng/glipid), followed by MN (35.1 ng/g
lipid). For HCB, concentration levels were found higher in MN

http://dx.doi.org/10.1016/j.toxlet.2016.07.306
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tration is also the congener that has shown the greatest evidences
of toxicity.
Financial support: Fundação de Amparo à Pesquisa do estado de
São Paulo - FAPESP (Project N◦ 2012/06464-6); Conselho Nacional
de Pesquisa Cientíﬁca -CNPq.
http://dx.doi.org/10.1016/j.toxlet.2016.07.307
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Introduction: The aim of the present work was to complete
an exposure assessment in three Mexican indigenous communities
using the community-based health risk assessment, which is the
ﬁrst step in the CHILD framework.
Materials and methods: We used 1-hydroxypyrene (1-OHP) as
an exposure biomarker to polycyclic aromatic hydrocarbons (PAHs)
and trans, trans-muconic acid (t,t-MA) as an exposure biomarker
to benzene, persistent organic pollutants (POPs), lead, manganese,
arsenic and ﬂuoride. Anthropometric measurements were also
taken.
Results: In these communities, high percentages of children
with chronic malnutrition were found (28–49%) based on their
weight and age. All communities showed a high percentage of children with detectable levels of four or more compounds (70–82%).
Additionally, our results showed that in indigenous communities,
children are exposed to elevated levels of certain environmental pollutants, including manganese with 17.6, 16.8 and 7.3 g/L
from SMP, TOC and CUA, respectively. Lead and HCB levels were
similar in the indigenous communities (2.5, 3.1 and 4.2 g/dL and
2.5, 3.1 and 3.7 ng/mL, respectively). 1-OHP and t,t-MA levels were
higher in TOC (0.8 mol/mol of creatinine, 476 g/g of creatinine,
respectively) when compared with SMP (0.1 mol/mol of creatinine, 215.5 g/g of creatinine, respectively) and CUA (0.1 mol/mol
of creatinine, 185.2 g/g of creatinine, respectively). DDE levels
were 30.7, 26.9 and 9.6 ng/mL in CUA, SMP and TOC, respectively.
Conclusions: The strength of this study is that it assesses exposure to pollutants with indications for the resultant risk before an
intervention is made by the CHILD program to manage this risk
in the indigenous communities. Considering the large number of
people, especially children, exposed to multiple pollutants, it is
important to design effective intervention programs that reduce
exposure and the resultant risk in the numerous indigenous communities in Mexico.
Financial support: Study partially supported by Children Environmental Health Network (Conacyt-251229/271626).

Introduction: Arsenic is a common element in the earth’s crust.
This metalloid can be found in its different oxidation states present
in a wide range of concentrations in air, water, soils, plants and
animals. Arsenic is an element with a high mobility and transformation capacity, due to environmental interactions or the action
of microorganisms. The Federal Law of Rights (Provisions Applicable in the Field of National Waters) in Mexico, indicates that the
maximum permissible level (MPL) of Arsenic in water of agricultural use is 0.1 mg/L (CONAGUA, 2014), and the MPL of Arsenic in
soil is 22 mg/kg for agricultural use, established on the NOM-147SEMARNAT/SSA1-2004.
Objective: Determinate Arsenic in water samples of underground sources and soil from irrigation District 005 in Chihuahua
State, Mexico.
Materials and methods: The sampling was made according
to NOM-014-SSA1-1993 in boreholes of irrigation District 005.
Two sampling were executed, the ﬁrst one during summer (56
samples) and other one during autumn-winter (54 samples). All
samples were ﬁltered with a 0.45m ﬁlter and prepared according
to the analysis technique for water samples established in NMXAA-051-1981 by hydrides generation coupled to atomic absorption
spectrometry.
Soils sampling procedure was according to the methodology
established in the NMX-AA-132-SCFI-2006, in agricultural zones
where MPL of Arsenic for irrigation water were exceeded. Sample
digestion for soil analysis was the indicated on EPA-3052 method;
the analysis was performed as the procedure for Arsenic in water.
Results: The results of this research indicate that six boreholes
of the ﬁrst sampling were higher than the MPL established in local
regulations for water used in agriculture irrigation (0.12–0.34 ppm)
and in the second sampling the total boreholes that show highest levels than the one stablished by the federal regulations (The
federal Law of Rights) were seven (0.1–0.57 ppm). The Arsenic
quantiﬁcation in soil is in process for one hundred and forty samples from the zones with the highest water concentration of Arsenic
in the ﬁrst sampling.
Conclusions: The results from water analysis exhibit that
there are zones that exceed the permissible levels for agricultural
irrigation. An evaluation of Arsenic content in soil and crops will be
important to stablish its distribution and possible risk of dispersion
of this metalloid to the food chain.
Financial support: Sectorial Fund of CONACYT-SEP.
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Arsenic metabolism proﬁle in an adult
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Introduction: Inorganic arsenic (iAs) and ﬂuoride (F− ) are the
two major environmental toxicants in drinking water. Studies have
shown that the iAs metabolism is determinant of its toxic effects,
and experimental data suggest that F− can inhibit the activity
of several enzymes. The concomitant exposure to iAs and F− is
common. However, the information about the effect of their coexposure is limited and controversial.
Objective: The aim of this study was to evaluate the relationship between F− exposure and the arsenic metabolism proﬁle in
an adult population when levels of As in drinking water are lower
than 55 g/L.
Material and methods: A cross-sectional study was conducted in 239 adults (18–77 years old) residents of three
municipalities of Chihuahua, Mexico who drank water containing 0.07–4.28 mgF− /L and 0.01–54.3 gAs/L. Concentration of F−
was assessed by potentiometry, using an F− ion-selective electrode.
Concentrations of iAs and its metabolites (MAs and DMAs) were
assessed by hydride generation-cryotrapping-atomic absorption
spectrometry.
Results: Our results showed a positive correlation between
urinary F− and total speciated As in urine concentrations
(r = 0.85, p < 0.0001), which were ranged in 0.34–22.7 g/mL and
2.68–190.58 ng/mL, respectively. The multiple regression analysis
showed a positive association between urinary F− and the relative
proportions of iAs and MAs, accompanied by negative association
between F− exposure and DMAs proportion in urine.
Conclusions: These results suggest that F− exposure alters iAs
methylation and may affect the toxicity related to iAs exposure.
Financial support: This study was supported by Conacyt SSA/IMSS/ISSSTE 180847 and Conacyt bilateral cooperation
204276.
http://dx.doi.org/10.1016/j.toxlet.2016.07.310
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Objective: To evaluate the relationship between PON1 activity (CMPase activity) and some lifestyle factors in patients with a
cardiovascular disease.
Materials and methods: A transversal, descriptive, and analytical study was conducted in 49 patients referred with chronic
ischemic disease. This study was approved by the Institutional
Ethics Committee, Nayarit, Mexico. The purpose and procedures of
the study were explained to all of the participants, and a signed
informed consent was obtained from each participant. The participants received questionnaires to gather information regarding
their sociodemographic and anthropometric characteristics, and
others. Blood samples were obtained to evaluate clinical parameters and PON1 activity measured in plasma (4-[chloromethyl]
phenyl acetate as substrate).
Results: The anthropometric characteristics of the study population showed an average age of 64.6 years. The study group
consisted of 79.6% males and 20.4% females. The patients’ Body
Mass Index was 28.2, according to World Health Organization criteria, 44.9% of the population was overweight, and 34.69% obese. The
clinical history showed that 77.5% are dyslipidemic and hypertensive and 42.9% are diabetics. Regarding harmful habits, 8.2% are
smokers and 28.6% consume alcohol. Regarding PON1 activity, the
average was 14.43 U/L, with the lowest activity at 5 U/L and the
highest activity at 30 U/L. It was also found that one half of patients
had lower activity than the average.
Conclusions: These preliminary results showed that PON1
activity (CMPA hydrolysis) was low in one half of the patients. This
might suggest that the quality of the PON1 enzyme is an important
factor in cardiovascular diseases in this study population. However,
more studies are required to establish a relationship between PON1
activities and a cardiovascular risk.
Financial support: This work was support by CONACyT
grant 233745 and Pesticide Toxicology Network (Conacyt253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.311
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PON1 activity in patients with cardiovascular
disease
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Introduction: Serum paraoxonase 1 (PON1) is a high-density
lipoprotein-associated enzyme capable of hydrolyzing a wide spectrum of substrates. Evidence indicates that the serum concentration
of PON1 is related with plasma lipid and lipoprotein concentrations,
and possibly with development of cardiovascular diseases.

Introduction: Paraoxonase 1 (PON1) is an A-esterase synthesized mainly in the liver and secreted into the serum, where it is
associated with high-density lipoproteins (HDL). PON1 detoxiﬁes a
wide range of substrates including organophosphate compounds,
lactones, and cyclic aromatic carboxylic aromatic compounds.
PON1 prevents the formation of oxidized low-density lipoproteins,
thus the development of atherosclerosis. Low PON1 activity has
been linked with risk for major cardiovascular disease development.
Objective: The aim of this study was to determine the PON
activity (PONase) in chronic ischemic patients with cardiovascular
disease.
Materials and methods: A transversal, descriptive, and analytical study was conducted in 49 patients who referred chronic
ischemic disease. This study was approved by the Institutional
Ethics Committee (Hospital Antonio González Guevara, Tepic,
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Nayarit, Mexico). After signing informed consent, the participants received questionnaires for gathering information on their
sociodemographic and anthropometric characteristics, educational
level, lifestyle and others. Blood samples were obtained to evaluate clinical parameters and PONase activity (using Paraoxon as
substrate).
Results: The study population consisted of 79.6% males and
20.4% females. According to lifestyle, 8.2% are smokers and 28.6%
consume alcohol. The clinical history of the group studied showed
that 42.8% were diabetics and that 77.5% were hypertensive and
dyslipidemic. The patients’ Body Mass Index (BMI) mean was 28.2,
according to World Health Organization (WHO) criteria, 44.9%
of the population is overweight, and 34.69% is obese. Regarding
PONase activity, the average was 201 units U/L. It was also found
that 50% of patients had low average activity.
Conclusion: These preliminary results showed that PON1aseactivity was low in the patients studied. These results might
suggest that the PON1 activity comprises an important factor in
cardiovascular disease in this study population. However, this is
a preliminary study, and more patients and control samples are
needed in order to arrive at a ﬁnal conclusion.
Financial support: This work was supported by CONACyT
grant No. 233745 and the Pesticide Toxicology Network (Conacyt253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.312
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the Municipality of Guatemala, Department of
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F. Prado, M.E. González, M. Hernández, C. Guzmán, M.G. Chaulon,
S. Cóbar, M. Donis, C. Rivera
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Introduction: Arsenic is a metalloid widely distributed on our
planet and is highly toxic in its inorganic form. Humans can be
exposed to high levels of inorganic arsenic from drinking contaminated water, using it during food preparation, irrigating food crops,
or through other sources of exposure. In some regions, the groundwater contains arsenic concentrations that may constitute a threat
to public health. The current limit recommended by the World
Health Organization for arsenic in drinking water is 10 g/L and
according to Guatemalan Technical Standard 29001 1st. Rev. 1999,
this limit has also been adopted by Guatemala.
Chronic arsenic exposure affects various systems of the body.
The most visible effects of exposure to arsenic are found in the
skin. The International Agency for Research on Cancer -IARC- has
classiﬁed arsenic as category 1, carcinogenic to humans. In humans,
chronic arsenic intake can cause liver, skin, lung, prostate, kidney
and bladder cancers (ATSDR 2007). It has also been associated with
developmental effects, neurotoxicity, diabetes and cardiovascular
disease.
Objective: To determine the level of dissolved arsenic in drinking water from different areas of the Municipality of Guatemala,
Department of Guatemala.
Materials and methods: The analytical method used was
atomic absorption spectrometry with hydride generation Spectrometer Perkin Elmer Model 700.
Results: The results showed that 75% of the analyzed samples
are within the permitted range for arsenic in drinking water while

the remaining 25% had more than the allowed level, of which 50%
came from the water well and 50% of the municipal network.
Conclusions: Further study, involving larger samples, is necessary.
http://dx.doi.org/10.1016/j.toxlet.2016.07.313
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Introduction: Fish and seafood constitute an important source
of beneﬁcial nutrients. However, it is seafood through which most
individuals are exposed to the toxic element–mercury (Hg). Hg is
a very potent toxicant for the nervous system, particularly developing nervous system. Selenium (Se) is an essential element with
important biological functions, including antioxidative and antiinﬂammatory functions. Recent studies have shown that Se can
have protective effects against Hg toxicity.
Objective: The aim of the study was to check whether increased
intake of ﬁsh would increase Hg in the whole blood, plasma and
hair, and Se level in plasma and urine in a sub-population after
10 days of intervention. It was also to verify if any relationship
exist between Hg and Se level in biological materials of the subjects
under the study.
Materials and methods: A total of 67 volunteers, recruited
among healthy men from Central Poland, were evaluated. The
intervention research was based on a 10-day ﬁsh consumption
frequency. Hair, blood and urine samples were collected within
appropriate time intervals. Hg content was determined by the TDAAAS method. An ICP-MS was used for determination of Se in plasma
and urine. Reference materials were used to monitor accuracy of
mercury and selenium levels. Questionnaire data including detailed
dietary habits were collected.
Results: We found, that Hg and Se levels were statistically elevated after the 10th day of consumption of ﬁsh as compared to the
value obtained in the initial values. No signiﬁcant changes were
shown in Hg concentration in urine during the whole period of the
experiment, while differences between mean Se content in urine
in different time points of the examination were statistically signiﬁcant. Signiﬁcant relations were found between Hg level and
consumption of certain groups of products.
Conclusion: We found that increased ﬁsh consumption significantly elevated Hg content in WB and Se in plasma. However,
the increase in Se level in the intervention group was lower than
expected.
Financial support: This study was supported by the Ministry of
Science and Higher Education; Grant No. 2013/11/B/NZ7/04934.
http://dx.doi.org/10.1016/j.toxlet.2016.07.314
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Introduction: Pottery activity is an environmental risk factor for
the population of Tlaxcala, where there are still 13 towns engaged
in this labor; it has several exposure routes such as the occupational exposure related to the application of lead-based enamels
(greta, litharge and albayalde), the inhalation of smoke emitted by
furnaces during the cooking of earthenware, and the use of glazed
clay pots to cook, store and consume foods.
Objective: The ﬁrst interest of this work was to assess blood
lead level (BLL) in paired samples from potters in order to verify the precision and reliability of the LeadCare II® System (LCS)
in comparison to the results from the Graphite Furnace Atomic
Absorption Spectrometry (GFAAS) with the principal goal to use
the LCS in individuals without any occupational or environmental
exposure history to pottery. Another aim was quantifying lead in 3
foods cooked in lead-glazed clay recipients.
Materials and methods: BLL in pottery-glaze workers (25–50
years old; n = 25) from the municipality of San Pablo del Monte
were quantiﬁed by GFAAS and LCS, this last method was used in the
general population (adults: 22 to 36 years old, n = 9; and children:
3–14 years old, n = 38). The lead levels in Mexican food (rice, beans,
and mole) cooked in lead-glazed clay recipients were quantiﬁed
through GFAAS.
Results: The paired data showed a signiﬁcant correlation
(r = 0.976; p < 0.001), a mean difference of 3.3 g/dL (CL = −2.4 to
9), and an intraclass correlation coefﬁcient value of 0.928; these
results indicate a good concordance between both methods. The
BLL in the pottery-glaze workers (32.0 g/dL; IR = 16.1) was higher
than the general population (children = 5.4 g/dL; IR = 5.9, and
adults = 8.3 g/dL; IR = 2.7). Lead in food exceeded the maximum
level include in the Codex Alimentarius.
Conclusions: The use of pottery persists as a potential risk in
Tlaxcala State population. It is therefore important that the inspection programs verify the changeover to enamel without lead and
the compliance with the Mexican regulations are permanent and
ongoing, as well as reinforcing the public health program of the
State to reduce the exposure to this metal and to protect the population.
http://dx.doi.org/10.1016/j.toxlet.2016.07.315
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Introduction: Health Centers are an important source of mercury emissions to the environment. Under the “Project for the
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Sound Management of Mercury Products”-FB/URU/10/001 in JulyAugust 2012 a survey of mercury-containing products in 6 health
care centers of Montevideo was performed.
Objective: To ﬁnd out quantitatively mercury inputs and spill
management protocols existence.
Materials and methods: Descriptive study. Considering representative metropolitan area centers with different complexity
and query volume, we chose four Primary Health Care Centers,
a General Hospital and the Pediatric Hospital. Information arose
from interviews, previous records and direct observation. The
amounts of mercury were calculated based on the number of existing mercury-containing products at the time of the survey. Data
processing was carried out with Excel.
Results: From 2006 to 2008, mercury technology in all centers was gradually replaced. Total contributions of mercury
(10.6 kg) according to different sources were, in use/stored respectively: clinical thermometers 40.5/494.5 g; sphyngomanometers
3000/5125 g; stock/waste mercury amalgams 1550/110 g; chemicals and pharmaceuticals 24.46/92 g; lamps 92.64/32.85 g. In use
only: laboratory and equipment thermometers 57 g, button batteries (936 units) 5.05 g. In all centers sphyngomanometers were
the primary mercury source. These and luminaire (25,490 units)
were mainly found in hospitals. As second mercury source, 20–300
amalgams were prepared per year. No spills were reported. Only
one Center had a written protocol for spills. Disposal was irregular
in almost all cases.
Conclusions: As in other studies the main contribution of mercury was sphyngomanometers (76.5%). Amalgams were the second
source. Despite the large number of lamps and button batteries,
their contribution in mercury was low. Mercury waste management programs and spill protocols are still needed.
Financial support: Global Environment Facility (GEF) funds.
http://dx.doi.org/10.1016/j.toxlet.2016.07.316
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L. Jarquín-Yáñez 1 , J. Mejía-Saavedra 1 , N. Molina-Frechero 2 , A.
Pozos-Guillen 3 , G. Álvarez 3
1

Centro de Investigación Aplicada en Ambiente y Salud, Facultad de
Medicina Universidad Autónoma de San Luis Potosí, S.L.P, Mexico
2 División de Ciencias Biológicas y de la Salud, Universidad Autónoma
Metropolitana, México D.F., Mexico
3 Laboratorio de Ciencias Básicas, Facultad de Estomatología,
Universidad Autónoma de San Luis Potosí, S.L.P, Mexico
Introduction: Fluoride is one of the most common contaminants in water and high and prolonged consumption causes various
diseases. Not all exposed individuals develop a medical conditions
or symptoms related to the consumption of ﬂuoride, suggesting
that genetic variability is important.
Objective: The aim of this study was to evaluate the health risk
from exposure to ﬂuoride through drinking water by determining
biomarkers of susceptibility and effect on child population of San
Luis Potosi.
Materials and methods: A cross-sectional study was carried out
that included 111 children residing in a community with high concentrations of ﬂuoride in the drinking water. Fluoride exposure was
determined by measuring urine ﬂuoride concentration using the
potentiometric method with an ion selective electrode. Samples of
epithelial cells in the mouth, for the determination of polymorphic
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variants associated with the health effects caused by ﬂuoride, were
taken. Ampliﬁcation by PCR was performed for COL1A2 gene. The
diagnosis of dental ﬂuorosis was performed by clinical examination
using Thylstrup-Fejerskov index.
Results: The results showed an average concentration of ﬂuoride in drinking water of 4.54 mg/L, an average exposure level
of 3.14 mg/L, the prevalence of dental ﬂuorosis of 100% and a
prevalence of polymorphism in the COL1A2 gene of 47.5% in the
population.
Conclusions: The level of contamination is very high ﬂuoride,
dental ﬂuorosis in the population is a serious public health and the
presence of the polymorphism in the COL1A2 gene associated with
the health effects of ﬂuoride is an important ﬁnding in the Mexican
population. More studies are needed to conﬁrm the association of
the polymorphism with dental ﬂuorosis and to evaluate the health
impact that the presence of the polymorphism causes.
Financial support: Fondo sectorial SS/IMSS/ISSTE y CONACyT.
http://dx.doi.org/10.1016/j.toxlet.2016.07.317
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Introduction: The environmental degradation caused by the
inadequate managing of wastewater, manure, excessive use of
fertilizers and pesticides have increased the levels of nitrate in
drinking water. Ingested nitrate is reduced to nitrite promoting the
formation of methemoglobin, as alterations at biochemical parameters as levels of glucose, cholesterol and triglycerides. Through
the metabolism of nitrate reactive species that can damage DNA
and proteins are generated, or even disrupt the operation of target
organs.
Objective: Analyze the alterations in biochemical parameters
and the genotoxic damage in a population exposed to nitrates in
drinking water.
Materials and methods: 148 volunteers (5 males and 143
females, age range 18–45 years) that are exposed to 12.5 mg/L
N–NO3 − in drinking water. All volunteers had been living in Lerdo,
Durango, Mexico for more than 1 year and shared similar dietary
habits. Levels of NO2 /NO3 in plasma, methemoglobin percentage
and biochemical parameters were determined by spectrophotometry. Genotoxic damage was determined by the cytokinesis-block
micronucleus method. All individuals gave informed consent to
participate in this study.
Results: Exposure to nitrate increases the percentage of methemoglobin (2.6%) and was positively correlated with levels of
NO2 /NO3 in plasma (r2 = 0.20, p = 0.01). The biochemical parameters levels of glucose, cholesterol and triglycerides exceed reference
levels (around of 35%). In genotoxic damage, the frequency of
micronucleus was increased (39%); nuclear buds and nucleoplasmic bridges to (∼23%), all these values are out of the ranges
reference.
Conclusions: This study suggests an association between the
intake of high concentrations of nitrates and the alterations in biochemical parameters and genotoxic damage.
http://dx.doi.org/10.1016/j.toxlet.2016.07.318
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Introduction: Mercury is a widespread environmental contaminant and well-known to be a neurotoxin. In particular, dopaminergic neurons are more susceptible to mercury compounds-induced
cytotoxicity due to high amounts of uptake and accumulation in
brain. The increased concentrations of mercury compounds in the
brain accuse to contribute to the glutamate dyshomeostasis and
oxidative stress. However, the exact mechanism remains to be elucidated.
Objectives: The modulation of glutamate signal-transmission
through the NMDA or AMPA receptors via caffeine and interferongamma on inorganic and organic mercury induced cell death were
evaluated.
Materials and methods: SH-SY5Y neuroblastoma cells were
exposed to 1–5 M of mercury chloride and methylmercury
at 24 and 48 h period in the absence or presence of glutamate and/or interferon-gamma. Additionally, mercury exposed
cells were incubated with 10–50 M caffeine. The mitochondrial
metabolic activity was determined by MTT assay, while the cells
were count after treatment with trypan blue dye. Nitric oxide levels
were measured spectrophotometrically.
Results: In the glutamine-free medium, mercury-induced
oxidative stress was not signiﬁcantly altered in neither ﬁrst nor
second 24 h, whereas toxic effects of mercury compounds were signiﬁcantly increased in L-glutamine containing medium especially
during the second cell cycle. More importantly, we demonstrated
that caffeine substantially inhibited mercury-induced oxidative
stress. IFN-gamma addition to microglia-free culture resulted in
decreased SH-SY5Y cells survival and increased oxidative stress.
Conclusions: These data suggest that mercury-induced neuronal death is dependent on glutamate-mediated excitotoxicity.
Adenosine receptors blockage by caffeine equivalent doses of daily
coffee consumption may reduce the vulnerability to mercuryinduced oxidative stress. IFN-gamma addition to microglia-free
culture resulted in decreased SH-SY5Y cells survival and increased
oxidative stress.
Financial support: Supported by The Scientiﬁc and Technological Research Council of Turkey, 214S112.
http://dx.doi.org/10.1016/j.toxlet.2016.07.319
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PP9.16
Prenatal stress modiﬁes the neurotoxic effect of
gestational exposure to lead in 24-month old
mexican children
M. Tamayo y Ortiz 1,2 , M.M. Téllez-Rojo 2 , B. Trejo-Valdivia 2 , L.
Schnaas 3 , E. Osorio-Valencia 3 , R.J. Wright 4 , B. Coull 5 , R.O.
Wright 6
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4 Dept of Pediatrics, Icahn School of Medicine at Mount Sinai, New
York, NY, USA
5 Dept of Biostatistics, Harvard T.H. Chan School of Public Health,
Boston, USA
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Background: Lead and psychosocial stress have been found to
independently alter neurodevelopment by disrupting similar, but
not completely overlapping mechanisms. However, little is known
about the association that stress may have on the neurotoxicity of
lead.
Methods: We used a structural equations modeling approach
with a bivariate response to evaluate cognitive and language scores
of the Bayley Scales of Infant Development-III in 24-month old
children (n = 361) from the PROGRESS birth cohort in Mexico City.
Prenatal lead exposure was assessed by maternal gestational blood
lead levels at the 2nd and 3rd trimester. Maternal psychosocial
stress during pregnancy was assessed using a negative life events
scale (NLE) derived from the CRYSIS questionnaire.
Results: Lead and stress were negatively associated with cognitive and language scores. Stress modiﬁed the effect of lead and
differed by sex. Higher stress (NLE = 6) resulted in lower cognitive
scores for both sexes, and in lower language scores in girls but not
boys. No prenatal stress (NLE = 0) resulted in higher cognitive and
language scores when lead was low (<2 g/dL), however as lead
increased, cognitive scores for both sexes decreased as much as
scores for moderate stress (NLE = 4). Likewise, with no stress and
higher lead levels language scores for boys (but not girls) decreased
more than those for moderate or high stress.
Conclusions: Our work adds to the existing evidence pointing
at the importance of studying non-chemical exposures. Speciﬁcally, of considering the emotional environment of children at early
developmental stages of life. To our knowledge, this is the ﬁrst
prospective study to examine prenatal stress exposure as a modiﬁer
of the well-known neurotoxic effects of prenatal lead.
Financial support: Children Environmental Health Network
(Conacyt-251229/271626).
http://dx.doi.org/10.1016/j.toxlet.2016.07.320
PP9.17
Environmental health diagnostic in Yucatán,
México
J. Perera-Rios 1 , N. Pérez-Herrera 1 , G. Uicab-Pool 1 , F. May-Euán 1 ,
F. Díaz-Barriga 2
1
2

Autonomous University of Yucatan, Mexico
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Introduction: The complex scenario of Environmental Health
(EH) involves health, socio-demographic and environmental indi-
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cators, which are increased by urbanization, climate change effects
and toxic presences. Yucatán has an important economic, industrial
and demographic development, which impact the EH. The EH deterioration is perceived in Yucatán, due to an increase of hazardous
waste (HW) and its improper disposal, toxics present in drinking
water (DW) and its poor quality.
Objective: This study performed a diagnosis of EH in the state of
Yucatán and identiﬁed the main environmental problems in each
municipality. This diagnosis will be useful future research.
Materials and methods: The ﬁrst step of “The methodology of
Identifying and Assessing Health Risks in Contaminated Sites” of
the Pan American Health Organization was used. The indicators
of EH that were considered are: open dumpsite presences (OD),
HW sources (HWS), swine contamination (SC), cadmium (Cd) and
presence, chloride (Cl− ) in DW. The information was obtained from
governmental databases and local research. The exposure index (EI)
was subsequently conducted.
Results: A total of 70 communities have OD. We found 9 communities with 38-91 HWS, 4 communities with 92 and 175, and 1
community with more than 1000 HWS. In SC, 9 presented between
347 and 766 kg/km2 , 5 between 767 and 1547 and 1 between
1548 and 2,538 kg/km2 . In regard to Cd, 82 presented between 0
and 0.021 mg/L and 22 between 0.021 and 0.062 mg/L. For Cl− , 22
presented between 251 and 665 mg/L, 22 showed a concentration
between 101. In Relation to EI, 29 had a high EI and 52 moderate.
Conclusions: 66% of the communities have OD, the total number of HWS was 3945, of which 3030 are in 14 communities. 98%
and 21% of the communities exceeded the reference limits in regard
to Cd and Cl− in DW respectively. The state had a high SC. 27% of the
communities have a high EI. The indicators have an environmental
impact important in the state, considering them as major environmental problems in Yucatán. It is suggested to perform toxic,
environmental and population monitoring and to establish their
relationship.
Financial support: Children’s Environmental Health Network
CONACyT México 251229/271626.
http://dx.doi.org/10.1016/j.toxlet.2016.07.321
PP9.18
Transcription factor-mediated induction of
gene expression and their association with the
prevalence of antimicrobial-resistant
Escherichia coli in wastewater
K.S. Guruge 1 , N. Yamanaka 1 , M. Yoshioka 1 , M. Akiba 1 , T.
Yamamoto 1 , T. Tsutsui 1 , K. Balakrishna 2
1
2
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Introduction: The wastewater from sewage treatment plants
(STPs) has revealed that they contain a diverse range of micropollutants and can also release antimicrobial-resistant bacteria (ARB)
into the environment. Wastewater may be inherently toxic due
to the presence of complex chemical mixtures and thus may alter
diverse modes of action in biological systems. However, the effects
of chemical mixtures in wastewater have not been integrated with
other variables to determine their combined roles in the prevalence
of ARB.
Objective: We investigated the associations among multiple
environmental variables such as STP type, treatment step, climatic
effect, gene regulation potency, and presence of antimicrobialresistant Escherichia coli in wastewater samples.
Materials and methods: Water samples were collected from
four STPs located in South India. They were extracted and treated
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with primary cultured rat hepatocytes. Then expression levels of
selected genes such as cytochrome P450 (CYP) 1A1, 1A2, 1B1, 2B15,
3A1 and 3A2 were analyzed. The E. coli isolates were randomly
selected from wastewater samples and tested for antimicrobial
susceptibility against 12 antimicrobials.
Results: Hospital wastewater exhibited signiﬁcantly greater
induction potency of all 6 CYP genes examined, whereas the domestic sewage showed signiﬁcantly diminished levels of induction of
3 CYP genes when compared to the levels of CYP induction at
mixed wastewater. The multivariable logistic regression analysis
demonstrated that the prevalence of isolates resistant to cefotaxime, imipenem and streptomycin was signiﬁcantly correlated
with the levels of induction of at least three CYP-isozymes in STP
wastewater.
Conclusions: The identiﬁcation of receptor-mediated gene
regulation capacities offers important data not limited to the synergistic physiological role of chemicals in biological systems but
may provide new insight into the link between the effects of
known/unknown drugs and prevalence of antimicrobial-resistant
bacteria in wastewater.
http://dx.doi.org/10.1016/j.toxlet.2016.07.322
PP9.19
Organochlorine pesticides in sediments of the
coastal ecosystems from Veracruz, Mexico
G. Ponce-Vélez, A.V. Botello, C. García-Ruelas
Laboratorio de Contaminación Marina, Instituto de Ciencias del Mar
y Limnología, Universidad Nacional Autónoma de México, Ciudad de
México, Mexico
Coastal sediments of different ecosystems from Veracruz in
the Gulf of Mexico were evaluated using the UNEP/IAEA (1982)
validated method and internationally certiﬁed for the identiﬁcation and quantiﬁcation of 16 organochlorine pesticides (OCs): HCH
(alpha, beta, gamma and delta), DDT and its metabolites (p,p’DDT, p,p’-DDD and p,p’-DDE) and the cyclodienic group (heptachlor,
heptachlor epoxide, aldrin, dieldrin, endrin, endrin aldehyde, endosulfan I, endosulfan II and endosulfan sulphate); this method has
been used in several international studies with good detection
and reliability (LMD 0.01 ng g−1 dry weight; CV 3–15%; recovery
90–101%). OCs data obtained in ng g−1 dry weight, pointed ﬁrst
to the coastal lagoon of Alvarado (2013), in the Southern state, with
36.23, followed by sediments of Tampamachoco in Northern Veracruz with 13.33 in 2009; in descending order were: La Mancha, a
RAMSAR site with 6.81 in 2015, again Tampamachoco with 4.12 in
2012, La Mancha in 2012 too with 3.13, El Llano with 2.29, Tampamachoco in 2010 with 2.20, Farallon with 2.01 and Verde lagoon
with 1.94 in 2012. The most frequent pesticides were delta-HCH,
heptachlor, endosulfan sulphate, beta-HCH and endrin aldehyde;
the OCs with the highest concentrations were, delta-HCH, endosulfan sulphate, heptachlor, heptachlor epoxide, beta-HCH, aldrin
and endrin aldehyde. It is worth noting the presence of p,p’-DDE in
sediments from Alvarado with a concentration of 11.91 ng g−1 . In
the sediments analyzed, data of OCs banned in Mexico since 1991
as drines (aldrin, endrin, dieldrin) and restricted as p,p’-DDT and
Lindane (gamma-HCH) were obtained, indicating an illegal use of
them, and the persistence of residues of legal applications, with the
risk to the benthic community, this is, their possible transfer to the
ﬁnal consumer and the possibility of damage to health in vulnerable
populations.
http://dx.doi.org/10.1016/j.toxlet.2016.07.323
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Mitochondrial DNA copy number in Mexican
children co-exposed to inorganic arsenic and
ﬂuoride from Zacatecas, Mexico
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Introduction and objective: Variations in mitochondrial DNA
have been suggested to be involved in pathogenesis of complex
diseases. Inorganic arsenic (iAs) and ﬂuoride (F− ) exposure is an
important public health problem in the world. The children are
a risk group susceptible to damage by these inorganic pollutants.
The co-exposure could induce effects stronger than those already
reported for each pollutant. Therefore, in this study we used the
mitochondrial DNA copy number (mtDNAcn) as an early biomarker
to assess As and F− co-exposure in children.
Materials and methods: A cross-sectional study was carried out
in 105 children aged 6–12 years, in the winter of 2013. We selected
two public elementary schools located in two communities from
Zacatecas, Mexico: Ojo de Agua and Ojocaliente, where As and F−
have been detected in elevated levels in tap water (iAs > 10 g/L;
F > 1.5 mg/L). Urinary iAs and its metabolites (MAs and DMAs) were
quantiﬁed using a hydride generation-crytrapping-atomic absorption spectrometry, while an ion selective electrochemical method
was used to determine urinary F− . Relative mtDNAcn was determined by real-time quantitative polymerase chain reaction (qPCR)
assay using beta-globin as a reference gene. Univariate and multivariate linear regressions were conducted as well as Student’s t and
the Mann–Whitney U tests to compare means between groups.
Results and conclusion: Urinary geometric means of speciated
arsenic were 38.95 ng/mL, and 72.08 ng/mL (p < 0.001) in Ojo de
Agua, and Ojocaliente, respectively; while urinary geometric means
of F− were 1.51 g/mL, and 3.13 g/mL (p < 0.001) in Ojo de Agua,
and Ojocaliente, respectively. The geometric mean of relative mtDNAcn was 4.27, and 2.28 (p < 0.001) in Ojo de Agua, and Ojocaliente,
respectively. After adjusting for age, the total urinary arsenic was
negatively associated with mtDNAcn (ˇ = −0.355, p = 0.02) and the
interaction of co-exposure to iAs and F− was negatively associated
with mtDNAcn (ˇ = −0.068, p = 0.04). This study was a ﬁrst approach
to determine an early effect associated with iAs and F− co-exposure
in children.
Financial support: Fondo Mixto Conacyt- GODEZAC project
ZAC-2011-C01-170692 and Conacyt-251229/271626).
http://dx.doi.org/10.1016/j.toxlet.2016.07.324
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An estimation of the population of children
exposed to arsenic in water in Mexico and its
implications in health
I.M. Sánchez Retana, I.A. Guzmán Silva, A. Briones-Venegas, J.
Martínez Díaz, A.X. Reyes Aguilar, A. Bouzas Monroy, M.E.
Gonsebatt, J.H. Limón Pacheco
Departamento de Medicina Genómica y Toxicología Ambiental,
Instituto de Investigaciones Biomédicas, Universidad Nacional
Autónoma de México, Ciudad de México, Mexico
Introduction: Exposure to arsenic (As) by drinking water is
an environmental health problem worldwide. As can cause health
problems such as bladder, lung and skin cancer and diseases such as
skin lesions, cardiovascular alterations and neurological disorders.
As crosses the placental barrier thus, exposure starts in intrauterine
life and continues during childhood increasing the risk of severe
diseases in adulthood. In Mexico, the real impact of human As
exposure may be underestimated due to the lack of data on the
number of people exposed. No data regarding the exposure of the
most vulnerable groups such as children and pregnant women are
available.
Objective: To estimate the number of children exposed to As in
water in Mexico and its potential implication in health.
Materials and methods: PubMed database was search for
reports from Mexico where As concentration in water had been
reported in either wells or in the water distribution systems to identify the states and their municipalities (MP) where children could be
exposed to As. All MP that exceeded the As water limit established
by the Ofﬁcial Mexican Standard of 25 g/L of As were included. The
exposed population size was estimated taking into consideration
children younger than 9 years old in each state. These data were
obtained from the population census of the Mexican National Institute of Statistic and Geography. Exposure dose and Hazard Index
(HI) for non-carcinogenic effects were calculated for each MP and
adjusted for standard values for children.
Results: Eleven states have MP where As concentrations in
water were higher than the limit of the Mexican standard. Water
As concentrations were between 25.2 and 1024 g/L. The exposure dose interval was between 0.0025 and 1.024 mg/kg-day.
For chronic HI, the interval was between 0.18 and 7.52 mg/kgday. In a descending order, the HI (2.17–7.52) for these states
are: Hidalgo > Guanajuato > Chihuahua > Durango > Baja California
Sur > Sonora. A preliminary estimation showed 324,477 children
exposed in Durango, Coahuila, Sonora, Jalisco, Hidalgo, Guanajuato,
Guerrero and San Luis Potosí.
Conclusions: There is an important health risk for children in
the states with higher HI due to As exposure, which shows the
urgency on developing permanent prevention programs for As
water monitoring in Mexico.
Financial support: This work was supported by CONACYT
219887, PROTEGE program IIB-UNAM and the Children Environmental Health Network (Conacyt-251229/271626).
http://dx.doi.org/10.1016/j.toxlet.2016.07.325
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Introduction: Rivers in urban areas are complex ecosystems
that get exposed to variable environmental conditions, including
harmful human ﬁngerprint. Microbial communities play a vital role
in all aquatic ecosystems but the microbiota associated with urban
rivers has not been deeply investigated.
Objective: The primary objective of this work was to analyze
microbial communities in an urban river.
Materials and methods: Water samples (5 l each) were
obtained from the Santa Catarina River (Nuevo Leon, Northeastern
Mexico) along a distance of more than 20 km (4 sites were sampled).
Water samples were passed through a 0.2 m nylon membrane ﬁlter that was later used to extract genomic DNA. PCR was used to
amplify a semi-conserved region of the 16S rRNA gene and the
resulting amplicons were sequenced using a MiSeq instrument
(Illumina).
Results: Genomic DNA was successfully obtained from all samples. Over 200,000 raw sequences were obtained and analyzed.
Two phyla (Proteobacteria and Bacteroidetes) predominated in all
samples with the exception of one site (Site 3) that received conspicuous amounts of human waste. This site 3 contained a very high
proportion of Firmicutes (mostly the genus Fictibacillus, a group
with phosphorus-degrading properties). Proteobacteria was composed mainly by the genus Curvibacter (family Comamonadaceae),
a group containing microbes capable of phthalate ester degradation; and Bacteroidetes was composed mainly by Flavobacterium
(family Flavobacteriaceae), which contains several ﬁsh pathogens.
None of the water samples reached toxic endpoints using a Hydra
bioassay.
Conclusions: This study revealed for the ﬁrst time the microbial composition in an important urban river of Northeast Mexico.
Regardless of the water composition, we did not observe toxic
effects using a toxicological bioassay.
http://dx.doi.org/10.1016/j.toxlet.2016.07.326
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Toxicity of river water polluted by urban
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Introduction: The urban wastewaters derived from daily
domestic activities are plenty of compounds, including pharma-
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ceuticals, personal care products, pathogens and heavy metals. In
Mexico, the presence of pollutants in water bodies from several
sources is common. The release of pollutants to the aquatic systems
can cause toxic effects to the organisms.
Objective: The aim of this study was to assess the toxic effects
of river water and urban wastewater samples from the San Marcos River (Northeast of Mexico), on the algae Pseudokirchneriella
subcapitata, the crustacean Daphnia magna and the ﬁsh Danio rerio.
Materials and methods: The San Marcos River is located in
the state of Tamaulipas and is affected by the release of municipal wastewater. A water sampling was done upstream of the
urban area, a municipal efﬂuent and downstream of the efﬂuent
inside the urban area. The water samples were analyzed through
physico chemical parameters. Immediately after the sampling, toxicity assays were carried out with the exposure of the samples on
P. subcapitata, D. magna and Danio rerio by 72, 48 and 96 h, respectively.
Results: The lowest and highest values of the physico chemical parameters corresponded to the site before the urban area and
inside the urban area, respectively. The toxic assays also revealed
toxicity in all sites and species tested, although the municipal efﬂuent registered the highest toxicity.
Conclusions: The toxicity of the municipal wastewater collected seems to be the cause for the toxicity found in the urban
area. The cause for toxicity in the upper area seems to be due to
other pollutants in the water. This study demonstrates that the
mixture of compounds in the municipal wastewater released on
the aquatic ecosystems represents an ecological risk for the species.
Other studies are needed to follow this investigation.
Financial support: Consejo Nacional de Ciencia y Tecnología
(CONACYT) for the scholarship (number: 304597).
http://dx.doi.org/10.1016/j.toxlet.2016.07.327
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Introduction: The immune system can be targeted by many
chemicals and deregulation of the production of inﬂammatory
markers (e.g., cytokines and chemokines), is involved in several
diseases. The scarce epidemiological studies available are inadequate to draw conclusions on the immunotoxic risk associated with
pesticide exposure.
Objective: This study assessed the association between serum
levels of organochlorine compounds (OCs) and changes in
immunology biomarkers in children.
Material and methods: A cross-sectional study was conducted on 115 school children from an agriculture community
(Almería, Spain). Serum levels of 8 OCs (HCH, endosulfan-␣,
endosulfan-ether, HCB, mirex, oxichlorane, DDE, PCB138, PCB153,
and PCB180) were measured by GC-ECD. A microsphere-based
multiplexing luminex system was used for the simultaneous quantiﬁcation of multiple human immunological proteins in serum
samples (Bio-Plex human 27-Plex cytokine panel, Bio-Rad). The

cytokines/chemokines studied included: IL1␤, IL1ra, IL2, IL4,
IL5, IL6, IL7, IL8, IL9, IL10, IL12 (p70), IL13, IL15, IL17␣, basic
FGF, eotaxin, G-CSF, GM-CSF, IFN␥, IP10, MCP1, MIP1␣, MIP1␤,
PDGF-BB, RANTES, TNF␣ and VEGF. Linear or logistic regression
models were adjusted to assess the association between OCs levels and biomarkers of immune function with serum lipids as
covariates.
Results: DDE, mirex and HCH were signiﬁcantly associated with
the largest number of cytokines studied; however, most of associations found for DDE were inverse, suggesting an anti-inﬂammatory
role. In contrast, the three PCBs studied showed associations only
with a few cytokines, indicating a lower potential of disturbing the
immune system. Three cytokines (IFN␥, IL9 and eotaxin) failed to
be signiﬁcantly associated with OCs.
Conclusions: Exposure to OCs may have an impact on the
immune system of children, although the direction of the effect
(either pro or anti-inﬂammatory) depends on the particular compound since a non-homogeneous proﬁle was observed.
Financial support: Research funded by Consejería de Salud,
Junta de Andalucía, Spain (PI-0682-2013) and Pesticide Toxicology
Network (Conacyt-253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.699
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Survey of thyroid diseases and exposure to
excessive nutritional iodide
Y. Xianping, Q. Kelei, Y. Juan, D. Jinwu
Department of Toxicology, Shanghai Municipal Center for Disease
Control & Prevention, Shanghai 200336, China
Introduction: Information on health effects of iodine existed
and ATSDR has derived chronic oral minimal risk level (MRL) of
0.005 mg/kg/day. Salts only iodized have been allowed to sell on
market since 1994 in China. The Chinese population excretion of
median urinary iodine (MUI) ran up to 330.2 g/L in 1997 from
164.8 g/L in1995. Prevalence of thyroid diseases increased on
public health assessment should consider excess iodide intake.
Objective: To evaluate the prevalence of thyroid disorders
iodine-induced autoimmune thyroiditis, hypothyroidism, hyperthyroidism, and thyroid papillary cell tumors in a population
exposed to excess iodide intake for 20 years (table salt iodine concentration 20–60 mg/kg salt).
Materials and methods: A population-based retrospective
study with participants randomly selected from the district with
MUI > 300 g/L and suffered from thyroid diseases. Hypothyroidism with serum TSH above 4.78 mUI/L and free T4 below 11.5
and/or free T3 below 3.5 pmol/L. Autoimmune thyroiditis with antiTPO and/or Tg antibodies were positive (>60 U/mL) and grade 3 or
more thyroid hypoechogenicity was concurred. Hyperthyroidism
with low TSH and high free T4 and/or T3 levels. Cancer was determined by Color Doppler Ultrasound and biopsy diagnosis. Urinary
iodine:creatinine ratio was reported. IntakeI = UI/Cr * ECr .
Results: A total of 617 individuals with thyroid diseases
between the ages 30 and 65 years were evaluated during the
last quarter of 2015 and the urinary iodine:creatinine ratio was
173–262 g/g creatinine. 90.4% (558/617) of the participants iodine
intake was excessive (above 5 g/kg/day). 433 were women (70.2%)
and 184 were men (29.8%). 435(70.5%) were diagnosed hypothyroidism. 536 (86.9%) including 253 of hypothyroidism were diagnosed autoimmune thyroiditis. 31(5.0%) were diagnosed hyperthyroidism. 263(42.6%) including 228 of hypothyroidism or thyroiditis
were diagnosed cancer and 97.3% (256/263) was papillary.
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Conclusions: Nutritional iodine supplementation should be
maintained at safe levels or not above the MRL. This survey supports
that the higher prevalence of thyroid diseases, especially papillary cell tumors in China, on public health assessment may be the
consequence of excess iodide intake.
http://dx.doi.org/10.1016/j.toxlet.2016.07.329
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Introduction: The Atoyac River, located in the border of the
Tlaxcala and Puebla states in Mexico, receives domestic and industrial discharges without the proper treatment, causing a dramatic
deterioration of the environment; various diseases have been
reported like leukemia and renal failure on the Atoyac zone habitants that could be related to industrial water pollution.
Objective: The goal in this project was to study a group of
children (age 8–13) from the settlements near the Atoyac River
that have been chronically exposed to volatile organic compounds
(VOC) carried by the river (toluene, benzene, chloroform), to
determine biomarkers of exposure, genetic susceptibility and the
oxidant status index (OSI).
Materials and methods: A total of 91 children were studied
in the area near the river Atoyac (age range: 8–13, non-diagnosed
with chronic diseases), and 61 children in a control site (age range:
8–13, non-diagnosed with chronic diseases). OSI was measured
in plasma samples using the total antioxidant capacity (TAC) and
the total oxidant status (TOS) based on the Erel’s method. Health
parameters and anthropometric data were also determined. VOC
metabolites were measured in urine. Quality of the river water was
determined, including chemical oxygen demand and heavy metals:
chrome VI, zinc, nickel, and aluminum in several points along the
Atoyac River. Furthermore, the genetic polymorphisms of enzymes
involved in the metabolism of VOCs were determined: cytochrome
P450-2E1*5, glutathione transferases (T1 and M1), and NQO1*2.
Results: Exposed children presented a signiﬁcantly lower TAC
response than the control group, while TOS did not differ between
the two groups, and a signiﬁcantly higher OSI (5.23 ± 0.357) was
found in exposed children than in the control group (2.62 ± 0.187).
In the case of VOC metabolites, children presented a concentration above the biological exposure index established by the ACGH.
Finally, the polymorphisms that were determined showed a high
frequency in our population, so we can expect a relationship with
OSI levels.
This research provides results indicating a signiﬁcant increase
in an important biomarker of health risk for children living in localities affected by industrial pollution and should serve as a reference
for future research in other parts of the country under similar conditions.
http://dx.doi.org/10.1016/j.toxlet.2016.07.330
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Introduction: Previous studies suggest a delay of the Intelligence Quotient (IQ) distribution curve in children exposed to
ﬂuoride (F) through drinking-water. In Mexico, there is evidence
of high F concentrations in groundwater that are affecting millions
of people.
Objective: The objective of this study was to calculate an exposure dose for cognitive damage (IQ scores) in children exposed to F
through drinking water evaluated using the Monte Carlo analysis.
Materials and methods: The sample size included 132 children
residing in three rural communities of Mexico with contrasting
levels of FW, IQ was evaluated using the Revised version of the
Wechsler Intelligence Scale for Mexican Children (WISC-RM). F in
urine (FU) concentration (mg F/g crt.) was stratiﬁed in four exposure groups (<1.5 (reference group); 1.5–3.0; 3.0–5.0 and >5) to
observe the IQ distribution among them and estimate the risk of
cognitive damage within each group. A water exposure dose of F for
cognitive damage was calculated through Monte Carlo simulation.
Results: A linear trend was observed among the risk of low IQ
scores (below 89 points) and FU strata 1.0, 1.7, 2.4, and 4.1. A logistic
regression analysis was conducted to model the relationship among
FU and IQ scores adjusted by arsenic and lead, as well as nutritional
and socioeconomic factors. A signiﬁcant association between FU
and IQ was observed in the highest exposure group (>5 mg F/g crt.)
OR = 4.1 (95% CI 1.3–13.2), the calculated exposure dose for this
group was 0.25 ± 0.15 (mg/kg/day).
Conclusions: This study supports evidence stating that exposure to F increases the risk of cognitive damage measured as IQ
decrease, urging public health measures to be undertaken in order
to reduce the exposure levels of the population to F.
http://dx.doi.org/10.1016/j.toxlet.2016.07.331
PP10.4
Expression of genes associated with
hematological malignances in children exposed
to benzene
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Introduction: Benzene, an aromatic hydrocarbon with widely
industrial use is associated with multiple adverse health effects
such as myeloid leukemia and probably other hematological malignances. AHR, PTEN, RUNX1 and BCL2 are genes that play a role in the
hematopoietic regulation and some as PTEN, RUNX1 and BCL2 are
implicit in hematological malignances. In Mexico, the leukemia is
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the major malignance in children and the ﬁrst cause of death. However, there are few studies about the relationship between benzene
and high rate of childhood leukemias.
Objective: To assess the association between benzene exposures with the expression of genes associated with hematological
malignances in children living close to a petroleum reﬁnery in
Mexico.
Material and methods: Urine and blood samples were collected from 2 to 17 year-old-children (n = 94) living in Cadereyta de
Jimenez, community of Nuevo Leon State. The analysis of urinary
trans,trans-muconic acid (t,t-MA, a benzene metabolite) was performed by HPLC-UV/Vis, and the expression of genes was realized
by real time RT-PCR.
Results: Levels of urinary t,t-MA were organized in four categories according to the exposure level. Data revealed that 28% of
the population exceeded the Biological Exposure Index (500 g/g
Cr). The category with the highest level of exposure to benzene
(502–1969 g/g Cr) presented an overexpression of RUNX1 gene;
the rest of the genes that were assessed (AHR, PTEN and BCL2) did
not present differences on the expression between the categories
of lower exposure.
Conclusion: Our results indicate that a high exposure to benzene is related with an overexpression of RUNX1, a gene that
regulates various genes involved in the hematopoietic regulation
and implicated in myeloid malignances. These data are important
to assess hematological malignances risks in child living close to
areas with petrochemical activity.
Financial support: SSA/IMSS/ISSSTE, S000-2013-1, 2002736.
CONACYT, México.
http://dx.doi.org/10.1016/j.toxlet.2016.07.332
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Introduction: Tramadol is a drug widely used for the treatment
of pain, when NSAIDs and acetaminophen fail to handle the patient
symptoms. Tramadol is an analgesic with a narrow therapeutic
toxic ratio in adults and its use is not recommended in children.
In Chile, the Poison Center of the Pontiﬁcia Universidad Católica de
Chile, receives about thirty thousand inquiries annually. Over the
years it was perceived an increasing number of cases involving tramadol, especially in children, who are not users of this analgesic,
so we wanted to learn more about these exposures.
Objective: To describe cases registered by CITUC whose etiologic agent is tramadol, between 2014 and 2015, involving children
under 5-years-old.
Materials and methods: An observational, descriptive and retrospective study was conducted. Data was collected between 2014
and 2015 from the center’s manual records. Values for categorical
variables were obtained.
Results and discussion: During the 2014–2015 period, 275
cases were received. In relation to the interlocutor, 92.4% were
health professionals and 7.3% family members. Regarding the time
between exposure and consultation time, 79.6% were made within

the ﬁrst 6 h after intake with 33.4% of them in the ﬁrst hour after
exposure. Of the total exposed 45,5% were women and 52.7% were
men. 54.9% of these cases were accidental exposures while 42.5%
were therapeutic mistakes.
Of all cases, 55.3% of children developed symptoms. In the
symptomatic group, 49.5% developed neurological, 3.6% respiratory, 14,9% gastrointestinal and 3.6% anaphylactic-type symptoms.
8% of the children who developed symptoms were classiﬁed as
severe (coma, seizures, cyanosis, respiratory depression, desaturation, bradycardia, hypotension, multi organ failure).
Conclusions: Tramadol poisoning cases have been increasing
throughout the years, with a high proportion of exposed children
developing symptoms. These accidents and therapeutics mistakes
in children are completely preventable, so it is crucial to concrete
actions for minimizing such occurrences.
http://dx.doi.org/10.1016/j.toxlet.2016.07.333
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Introduction: South Africa has three Poison Information Centres of which two are located in the Western Cape: the Red Cross
Children’s Hospital Poisons Information Centre and the Tygerberg
Poisons Information Centre. The activities of the two units differ,
but their telephone services overlap. Collectively the two centres
have a small group of highly skilled staff with knowledge of poisonings which is unique on the African continent.
Objective: Collaboration between two poison centres to
enhance the efﬁcacy of the poison telephone service in South Africa.
Methods: Due to important technological developments (telephonic and computing) the two centres combined their poisons
telephone services and created a single poisons helpline serving
the whole of South Africa. The Poisons Information Helpline (PIH)
was initiated on 1 June 2015 and a dedicated telephone line with a
single share call telephone number 0861 555 777 was introduced.
Data from poisoning cases are entered in real-time, while a call is in
progress, on a live server-based data system called Afritox Telelog.
The Telelog system uses a FileMaker application, licensed through
Apple Inc., and is set up for multiple users on a Microsoft platform.
Users can be logged on simultaneously and can perform data entry
or run reports at the same time.
Results and discussion: The new PIH received an average of
880 calls per month. The service has expanded from just over 600
calls in June 2015 to a peak in December 2015 of over 1000 calls.
This greater number of calls may well reﬂect the new share call
number that is more economic for the lay public. The new service
has several advantages: (1) Simpliﬁed access to poisoning advice
with a single national number to call, (2) Pharmacists and doctors
run the after-hours service with medical specialists providing Tier
2 support, (3) Pooling of call data provides better understanding
of poison exposures in South Africa, (4)Improved and harmonized
poisoning information provided to healthcare professionals and the
general public, (5) Staff of the poisons information centres have
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expertise in different aspects of toxicology and the joint service
gives an opportunity for experts to share their knowledge.
Conclusion: The joint Poisons Information Helpline has resulted
in a better-quality service. This service is unique to Africa and other
developing countries should be encouraged to use a similar model
for networking and sharing of resources and expertise.
http://dx.doi.org/10.1016/j.toxlet.2016.07.334
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Introduction: The city of Salamanca is part of the industrial corridor of the state of Guanajuato (Mexico). In the area are located
industries related to petrochemical and chemical production. These
activities cause the release of environmental pollutants such as
Benzene, Toluene and Xylene that may impact in the health status
of the population especially children as a vulnerable group.
Objective: Evaluate the levels of metabolites of benzene, toluene
and xilene, trans, trans-muconic acid (ttMA), hipuric acid (HA) and
metil hipuric acid (MHA) respectively in urine samples from children residents from Salamanca, Mexico.
Materials and methods: The sample included 112 children
(6–12 years old) from 4 different schools around the city of Salamanca. All the children answered a survey with the aim to obtain
information about their habits and how they are exposed to these
compounds. The levels of ttMA, HA and MHA were measured in
urine samples. The extraction of ttMA was performed by Solid Phase
Extraction following Ducos’ methodology and for the HA and MHA
was following the NIOSH 8301 methodology. The quantiﬁcation of
the three metabolites was by HPLC.
Results: For Toluene and Xylene metabolites, the levels founded
were lowest to Mexican and International Laws. For benzene,
18.75% of population exceeds the 170 g/g of creatinine (expected
value in urban population according reported studies in other
cities), while 5.36% exceed the 500 g/g of creatinine (maximum allowed level for occupational exposition). The levels found
for each compound was 135.37 (±16.83) g/g of creatinine, 0.04
(±0.003) g/g of creatinine and 0.013 (±0.0004) g/g of creatinine for
ttMA, HA and MHA respectively.
Conclusions: The results obtained for HA and MHA show that
exposure of the population to these compounds corresponds to
normal levels for a urban population; however, the levels found
for ttMA despite being a minimum percentage which exceeds the
norm, it is of concern because this is occupational exposure.
Financial support: CONCyTEG, (2014); DAIP (2015); CONACYT
(Children Environmental Health Network (251229/271626).
http://dx.doi.org/10.1016/j.toxlet.2016.07.335
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Introduction: Inorganic ﬂuoride (F− ) is widely distributed in
the environment. It has been estimated that more than 200 million
people worldwide are exposed to elevated levels of F− (>1.5 mg/L)
through drinking water. Children are a risk group susceptible to
health effects by F− exposure. Experimental data and some epidemiological studies have shown renal toxic effects induced by
F− exposure. However, the information in susceptible populations
such as children is limited.
Objectives: The aim of this study was to evaluate in a children population the association between F− exposure and early
biomarkers of kidney injury using urinary levels of Kidney Injury
Molecule 1 (KIM-1), Cystatin-C (Cys-C) and estimated glomerular
ﬁltration rate (eGFR).
Material and methods: A cross-sectional study was conducted
in 417 Mexican children (5–13 years old) selected from two public
elementary schools located in two communities from Chihuahua
state: Hidalgo del Parral which were exposed to 0.32 ± 0.5 mgF- /L
and Aldama with 1.38 ± 1.1 mgF- /L in drinking water. Concentration of F− in water and urine were measured by potentiometry,
using an F− ion-selective electrode. We assessed kidney function
measuring urinary concentrations of KIM-1 and Cys-C by a microsphere immunoassay (Luminex technology), and determined the
eGFR using creatinine serum concentrations.
Results: Our results showed a positive correlation between
urine and water F− concentrations. Urinary levels of Cys-C in
the control and exposed populations were 41.07 ± 32 ng/mL and
50.6 ± 33 ng/mL, respectively, and KIM-1 concentrations were
230 ± 455 pg/mL and 278.9 ± 329 pg/mL, respectively. While eGFR
were very similar between both populations. Also we evaluated the
association between urinary F− levels and the excretion of KIM-1
and Cys-C as well as eGFR by multiple regression analysis.
Conclusion: This data helps in the assessment of F− exposure
and kidney injury in childhood. This early exposure may contribute
to the development of diseases in adultness.
Financial support: This study was partially supported by Children Environmental Health Network (Conacyt-251229/271626).
http://dx.doi.org/10.1016/j.toxlet.2016.07.336
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Introduction: Arsenic (As) is one of the metalloid most studied
for its ability to produce toxicity by oxidative stress and production of reactive oxygen species (ROS), this induces DNA damage.
Arsenic through ROS directly induces single strand breaks (SSB) and
the interaction of UV and As as a cocarcinogen can induce double
strand breaks (DSB). Environmental As exposure can be minimized
by a genotoxic biomonitoring. Assessing DNA fragmentation is an
important parameter for genotoxicity of environmental pollutants.
Two tailed comet assay (TTC) evaluates SSBs and DSBs in the same
cell.
Objective: The aim of this study was the evaluation of fragmentation SSB and DSB in a population exposed to As in water compared
to a control group.
Materials and methods: Design: an exposed and unexposed
populations. To evaluate the genotoxic effect of environmental pollution by As, a biomonitoring and blood samples were obtained
by venipuncture into BD Vacutainer tubes® . For the analysis of
the concentration of As in water, we used the procedure of WagWE10500 commercial portable kit Wagtech Digital Arsenator. The
tails of comets oriented in the X axis represent the DSBs, and tails
of comets oriented in the Y-axis represent SSBs.
Results: The results of the frequency of DNA fragmentation
DBS and SSB according to visual analysis classiﬁcation of 500 cells
per slide and image processing showed a statistically signiﬁcant
difference between the exposed and control group (p < 0.05). We
observed an increased frequency in the type of comet “high DSB”
and “low SSB” on the values in the exposed group.
Conclusions: The use of biomarkers of genotoxicity has importance in the relationship of diseases related to environmental
genotoxic compounds, allowing the development of new effective
techniques to reduce the risk, which could reduce the exposure and
primary toxic effects, with the establishment of a health biomonitoring to assess the individual risk.
Financial support: Grant CONACyT # 268684.
http://dx.doi.org/10.1016/j.toxlet.2016.07.337
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Introduction: INTOX system, an international harmonized system, is used in toxicological information centers for recording

calls and provides detailed information to apply for human cases;
whereas animals are considered movable property and are grouped
together with advisory services of use of chemical products.
Objective: In order to establish the role and importance of animal exposures, the following descriptive study is proposed.
Materials and methods: This study includes calls made
between 2011 and 2014, records from the documentation center of RITA-Chile Corporation. From these data, the corresponding
characterization and statistical analysis was performed.
Results: Of all calls annually received on average, 98.25% corresponds to human consultations and 1.75% to animals. Of all
the causal agents involved in animal poisonings, Coumarin group
holds 79.09% of cases, followed by Mercaptans with 10.67% and
Glyphosate with 4.31%. Canine group reaches 81.43% on the species
concerned.
Conclusions: Canines is the most affected group, which agrees
with the ethology of the species, characterized by little discriminative regarding food, similar to young children behavior. Coumarin is
the most frequent poisoning agent, this is related to its widespread
use as domestic pest control. On the other hand, pellet and bait formulation make it more palatable and attractive to pets. Second and
distant is Mercaptan, associated to massive accidents with a signiﬁcant number of ﬁsh deaths. This happened after an earthquake
that generated leaking gas from networks to the air. It’s important
to consider this case in comparable situations and countries with
similar seismic characteristics to Chile. Based on these conclusions,
it can set priorities as to made specialized courses of veterinary
toxicology for small and large species; consider the role of the
veterinarian in situations of accidents and disasters, because like
people, animals are likely to be involved, as well as serving as an
early warning, as in such cases like Mercaptan. Moreover, this study
revealed the need to improve the registration system established by
INTOX and incorporate other variables of epidemiological importance for better decision-making, improve the labelling of products,
new devices for pest control, which will also give the value animals
as sentient beings. Another proposal is to separate, in the label, the
risk phrases regarding the danger of children and pets to improve
hazard communication.
Financial support: This project received ﬁnancial support from
RITA-Chile Corporation.
http://dx.doi.org/10.1016/j.toxlet.2016.07.338
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Introduction: To know the epidemiological behavior of poisonings, it allows to evaluate the characteristics of the affected
population to determine strategies for prevention and education
necessary for vulnerable groups, propose plans for training emergency personnel, evaluate how to prevent complications, know
what needs there are human resources and infrastructure, availability of antidotes, besides conﬁrming or improve protocols and
supportive behaviors.
Objective: To describe the epidemiological characteristics of
patients admitted to the emergency department with diagnostic
impression of poisoning by exogenous substances during 2015.
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Materials and methods: Retrospective descriptive analytic
study of patients who visited the emergency department with diagnostic impression of poisoning by exogenous substances. In this
study, analyzed demographic variables, type and form of poisoning,
complications, mortality, management guidelines.
Results: In a sample of 100 patients, predominates male gender consultation associated with voluntary consumption of ethanol
alone or in combination with other substances. Criminal purposes
predominated the use of benzodiazepines. The main alterations in
general presented at a neurological level, with a short hospital stay.
Emergency care was mainly for the general practitioner.
Conclusions: The results are clear and conclusive based on the
results. Alcohol consumption is a social problem that affects not
only the individual but also their families and evidence that is
the leading cause of poisoning in the male gender. Drunkenness
encourages criminal behavior by association with benzodiazepines,
which were the preferred substances when administered involuntarily. A specialist does not perform the attention of intoxication.
Do not consulted the medical toxicologist in the emergency department.
http://dx.doi.org/10.1016/j.toxlet.2016.07.339
PP10.12
Polymorphism of PON1 192 was not associated
with atherogenic marker in rural communities
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Introduction: The presence of environmental ﬂuoride (F− )
and its impact on human health is well documented. Renal
and atherogenic effects have been reported, among others, in
areas with ﬂuorosis. Chronic oxidative stress is associated with
ﬂuoride-induced alterations. Paraoxonase1 (PON1) is associated
with plasma high-density lipoproteins (HDL) and plays a protective
role in diseases associated with oxidative stress such as atherosclerosis
Objective: To evaluate the relationship between the polymorphism PON1Q192R (rs662) and blood lipid levels in adults exposed
to ﬂuoride.
Materials and methods: A cross-sectional study was conducted
in 239 residents of three communities in the state of Chihuahua
with different concentrations of F− in drinking water, Guadalupe
Victoria (3.94 ± 0.012 mg/L), Aldama (1.56± 0.14 mg/L) and a nonexposed community El Sauz (0.21 ± 0.08 mg/L). We analyzed lipid
levels in plasma using an automatized method and dental ﬂuorosis using the Dean Index. Concentrations of F− in water and urine
were quantiﬁed using a F− ion selective electrode. Whole blood
DNA was extracted using a commercial kit and genotyping of rs662
was performed by RT-qPCR.
Results: The results show a positive correlation between F− concentrations in water and urine, with a range of concentrations of
0.07-4.28 mg/L and 0.34-22.7 mg/L, respectively. The frequency of
dental ﬂuorosis in the exposed population was 89.4%. Participants
presented dyslipidemic effects reﬂected in hypertriglyceridemia
(56%), hypercholesterolemia (42%), and HDL depletion (55%). A neg-
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ative association between F- concentrations and cholesterol, LDL
and triglycerides was observed (p < 0.01); allele frequencies for the
rs662 were 52% for the Q allele and 48% for the R allele; however,
this polymorphism was not associated with HDL or dyslipidemia
associated to F− exposure.
Conclusions: Water is the main source of F− exposure. There
is a public health problem of dental ﬂuorosis in the studied population, and PON1Q192R polymorphism is not a risk factor in this
population.
Financial support: This study was supported by project of
Thematic collaborative PRODEP-SEP and Children Environmental
Health Network (Conacyt-251229/271626).
http://dx.doi.org/10.1016/j.toxlet.2016.07.340
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Introduction: Exposure to ﬂuoride (F− ) and arsenic (As) occurs
mainly through drinking water. Chronic exposure to these elements is associated with diseases such as hypertension, diabetes,
cardiovascular, where oxidative stress and inﬂammation play an
important role with cytokine production. Some populations in
Mexico have been identiﬁed with F− and As in elevated levels in
drinking water (dw).
Objective: To determine the serum levels of total antioxidant
status (TAS) and lipid peroxides (malondialdehyde, MDA) in people
co-exposed to F− and F-As.
Methods: We performed a cross-sectional study in 239 adults
(18–77 years old) from 3 communities of Chihuahua: El Sauz (control, 0.22 ppm F− and 0.33 ppb As in dw), Aldama (F-exposed,
1.99 ppm F− and 12.45 ppb As) and Guadalupe Victoria (F-As
co-exposed, 5.16 ppm F− and 71.6 ppb As). Concentrations of
F− in water and urine were quantiﬁed by potentiometry using
F− ion-selective electrode whereas, urinary inorganic As and
its metabolites (MAs and DMAs) were quantiﬁed by hydride
generation-cryotrapping-atomic absorption spectrophotometry.
TAS (ABTS incubation with H2 O2 as substrate for the formation of
the cation ABTS) and MDA were evaluated using colorimetry in a
spectrophotometer at 600 nm and 532 nm, respectively.
Results: MDA levels did not show a signiﬁcant difference
between exposed and control groups. However, using a simple regression analysis, TAS levels were higher in the exposed
group (ß = 90.81, p = 0.04). Based on these results, exposed participants were comparatively evaluated according to urinary
BEI® (F- > 2 ppm and As >35 ppb) as F- exposed and F- -As coexposed groups. TAS levels in serum did not show signiﬁcant
difference in the F- exposed group (ß = 81.53, p = 0.125), but the
F- -As co-exposed group showed a marginally signiﬁcant increase
(ß = 100.91, p = 0.065).
Conclusions: The marginal increases of TAS in concomitant F- As exposure suggests and increment of oxidative stress without
lipid oxidative damage.
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Introduction: Aﬂatoxins (AF) are a group of difuran coumarins
compounds produced by the Aspergillus spp. fungi. AF contaminate the agricultural commodities destined for human and animal
consumption. AF ingested are bio-transformed in highly reactive
epoxides and developing adducts with DNA and proteins. The AF are
carcinogenic, mutagenic and teratogenic substances; in addition,
they exhibit immunosuppressive, hepatotoxic and nephrotoxic
effects. AF present in diet might be excreted through milk or urine
as AFM.
Objective: The aim of this review is to highlight and discuss our
data on the occurrence of aﬂatoxins in dairy food chain in Mexican
Highland Plateau.
Materials and methods: Samples of feedstuffs, milk (raw, pasteurized and ultra-pasteurized), and white cheese were obtained
in dairy farms and local markets (2010–2015). Samples of breast
milk and urine were obtained with informed consent of mothers
(8–10 days postpartum) in a public hospital. The fungi were isolated
and identiﬁed by PCR, optical and scanning electron microscopy. AF
were tested by TLC, ELISA and HPLC.
Results: Although 99% of feedstuffs samples were AF contaminated, only 21% presented Aspergillus spp. isolation and 17% showed
aﬂatoxicogenic capacity. The dairy feed reach an AF contamination (12.4 ± 1.0 g/kg) lower than local action levels. The cows
were exposed to AF (627 ± 0.43 g/cow/d), but only a marginal
amount (0.93%) of original AF ingested was eliminated in milk
(30–60 ng/L) in 27% of the milk samples; while all brands and 87%
of cheese samples had AFM1 detectable levels (12.9 ± 5.4 ng/kg). In
woman, 40% of milk samples and 72% of urine samples had AFM1 .
However, AFM1 levels were not show signiﬁcantly correlated with
mother’s dairy-eating patterns (r2 = 0.1; P > 0.05), suggesting other
main exposure sources like corn products.
Conclusions: These results suggest that occurrence of aﬂatoxins
in dairy food chain is relevant to human and animal health in order
to reduce the risk of exposure and damage.
http://dx.doi.org/10.1016/j.toxlet.2016.07.343
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Introduction: The most important Fusarium toxins that may
affect human and animals’ health are trichothecenes e.g. nivalenol
(NIV), deoxynivalenol (DON), zearalenone (ZEA) and fumonisin
B1 (FB1). Combined effects of mycotoxins are of great concerns
because of their wide co-occurrence in foods. Yet, their combined
effects on intestinal immunological defense mechanisms are poorly
understood. Also, in recent years, there has been an increasing
interest in using probiotic bacteria e.g. Lactobacillus rhamnosus GG
(LGG) in inhibiting the absorption of mycotoxins in the gastrointestinal tract.
Objective: To study in vitro individual and combined effects of
Fusarium toxins on antimicrobial peptide, cytokine and mucin production; and in vivo the potential protective capacity of probiotic
bacteria to counteract adverse effects of Fusarium toxins.
Materials and methods: The effects of individual and mixtures
of DON, NIV, ZEA and FB1 on ␤-defensin, proinﬂammatory cytokine
and mucin production were evaluated on intestinal epithelial cells.
The potential capacity of LGG against adverse effects induced
by mycotoxins through modulation of intestinal barrier function,
mucus secretion and inﬂammation in mice were also examined.
Results: In vitro studies demonstrated that DON, NIV, ZEA
and FB1 differently modulated antimicrobial peptides, proinﬂammatory cytokines and mucin production. Toxicity effects were
shown to be additive in most of toxin mixtures. In vivo studies
showed that chronic ingestion of DON/ZEA mix regulated mucus
secretion, accompanied by a moderate increase in plasma D-lactate
level. Plasma IL8/CXCL8 and serum Ig levels were also differentially regulated. LGG partially prevented/treated adverse effects of
DON/ZEA in mice by regulating mucus secretion, improving plasma
d-lactate, IL-8/CXCL8 and serum Ig levels.
Conclusions: Results show that DON, NIV, ZEA and FB1
responded differently on intestinal immunological defense mechanism, which are of signiﬁcant relevance to risk assessment. LGG
can beneﬁcially modulate mycotoxin-compromised enterocytesmediated defense responses, which offers a potential dietary
intervention strategy against intestinal exposure to mycotoxins.
http://dx.doi.org/10.1016/j.toxlet.2016.07.344
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Effects of quercetin on cardiovascular risk of
ovariectomized rats treated with tamoxifen
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Introduction: The incidence of cardiovascular disease (CVD)
increase in women that reach menopause, and affect directly the
risk factors of CVD such as dyslipidemia, demonstrated by the
abnormal levels of high density lipoprotein (HDL), low density
lipoprotein (LDL) and triglycerides (TG) that may also be altered by
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the oxidative stress. In post-menopausal women, there is also an
increase of breast cancer, where the chosen treatment is tamoxifen
that causes alterations like hypertriglyceridemia. Studies indicate
that some antioxidant properties, such as quercetin, can minimize
the adverse effects caused by the antineoplastic drugs and has a
positive relation with CVD.
Objective: Analyze the inﬂuence of quercetin on tamoxifen
action in an organism susceptible to cardiovascular disease.
Materials and methods: For the study, healthy rats were
ovariectomized and divided into ﬁve groups: one control group
treated with tamoxifen 5 mg kg−1 (TAM group), and four groups
treated with tamoxifen 5 mg kg−1 and quercetin at different concentrations (2.5 mg kg−1 , 7.5 mg kg−1 , 22.5 mg kg−1 and
67.5 mg kg−1 ), called T + Q2.5 ; T + Q7.5 ; T + Q22.5 ; and T + Q67.5 ,
respectively. The rats were treated orally during 14 days. Lipid
proﬁle was determined. The results were considered statistically
signiﬁcant when p < 0.05.
Results: When comparing TAM group with those with different
concentrations of quercetin, it was observed a decrease in the levels of triglycerides in the T + Q2.5 and T + Q67.5 groups, with 23.21%
and 32%, respectively, followed by a decrease in total cholesterol of
15.7% in T + Q2.5 group, and 10.86% in T + Q67.5 group; in the T + Q2.5
group, it was also observed a reduction of HDL levels (20%). Levels of LDL decreased 68.78% in T + Q7.5 group, and 75% in T + Q67.5
group.
Conclusions: The alterations observed were dose dependent,
not related with the gradual increase of the quercetin concentrations and probably due to the action of quercetin that assists in
eliminating free radicals keeping the values of the lipid proﬁle in
almost normal levels.
Financial support: From Higher Education Personnel Improvement Coordination (CAPES).
http://dx.doi.org/10.1016/j.toxlet.2016.07.345
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Introduction: Mycotoxins are natural toxins that affect a variety of agricultural commodities, being aﬂatoxins of special interest
in this study. Aﬂatoxins B1, B2, G1 and G2 are secondary metabolites produced by fungi Aspergillus. Ingestion and later metabolism
leads to toxic effects involving hepatic damage and liver cancer
(IARC, 1993). Aﬂatoxin B1 (AFB1) is considered a carcinogen agent
in humans (IARC, 2002) and has been detected in many studies
made in maize and other crops worldwide. It is of concern the quantiﬁcation of these toxins in tortillas, since this maize product is part
of the staple diet of Mexico. Aiming to detect low concentrations of
aﬂatoxins, it is then proposed the use of immunoafﬁnity columns
prior to HPLC-FLD analysis.
Objective: The determination of aﬂatoxins B and G in tortillas
from a rural community in the Huasteca region in San Luis Potosi,
Mexico, in order to compare the results with the maximum levels
allowed by the Mexican and European regulation.
Materials and methods: HPLC analyses were carried out with
an Agilent 1260 Inﬁnity LC System coupled with FLD, after
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immunoafﬁnity extraction. The derivatization was carried out by
the UVE Post column UV derivatization module, from LCTech. The
tortillas were donated by women from Tocoy, a small community
located in the Huasteca zone in San Antonio, San Luis Potosi.
Results: When compared to the EU regulation, 50% of samples analyzed exceeded the limit level for AFB1 and 20% of them
exceeded the total aﬂatoxin level.
Conclusions: This methodology was useful to quantify low
concentrations of aﬂatoxins in tortillas prepared by a traditional
procedure. Despite of sharing the same origin, the samples analyzed showed different concentrations from each other. Though
the climate conditions were the same, the differences can be partially explained by two factors: (1) variations in the preparation
procedures and (2) storage conditions.
Financial support: The authors acknowledge the ﬁnancial
support provided by CONACYT (project: Red Tematica de Salud
Ambiental Infantil).
http://dx.doi.org/10.1016/j.toxlet.2016.07.346
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Individual and combined effects of
deoxynivalenol and zearalenone on modulation
of mucin expression on intestinal epithelial
cells
K.K. Lo, L.Y.M. Wan, P.C. Turner, H. El-Nezami
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Introduction: Humans and animals are frequently exposed to
individual and mixture of Fusarium mycotoxins from contaminated
wheat, triticale and maize grains. The intestinal tract represents the
ﬁrst barrier to ingested food contaminants, including mycotoxins.
Local immune defense response could be provoked upon exposure to mycotoxins. Previous data from our laboratory have shown
that upon ingestion of Fusarium mycotoxins, deoxynivalenol (DON)
and zearalenone (ZEA), intestinal epithelial cells (IEC) responded
by mucin production and secretion which forms a physical barrier
against pathogen invasion. However, the underlying mechanism
of individual and combined effects of DON and ZEA on intestinal
mucin production remains unclear.
Objective: To evaluate the effects of DON and/or ZEA on
secretory mucins (i.e. MUC5AC and MUC5B) mRNA expression at
different time intervals, by using a human colon adenocarcinoma
cell line (Caco-2).
Materials and methods: Caco-2 cells were incubated for 5 min,
15 min, 30 min, 1 h, 2 h, 4 h, 6 h, 12 h and 24 h in the absence
or presence of individual and combination of 2 M DON and
40 M ZEA. Quantitative real-time PCR was performed to quantify
MUC5AC and MUC5B mRNA expression level relative to 18S rRNA
expression level.
Results: Up-regulation of MUC5AC and MUC5B expression level
was more profound at 15 min than at 2 h of incubation of DON
and/or ZEA, which may be explained, at least partly, by activation of
MAPK signaling pathway. At 4, 6 and 12 h of treatments, DON alone
up-regulated MUC5AC level whereas ZEA alone and DON/ZEA mix
down-regulated such level, which suggests an antagonistic interaction between DON and ZEA.
Conclusions: This study demonstrates that DON and/or ZEA
differently modulated mucin expression level. An antagonistic
interaction was found between DON and ZEA. All of these may
provide a better understanding of the possible effects of Fusarium
toxins, alone or in combinations on the immunological defense
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mechanisms of IECs, which will contribute to improved toxin risk
assessments.
http://dx.doi.org/10.1016/j.toxlet.2016.07.347
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In vitro biotransformation of ochratoxin A using
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Introduction: Ochratoxin A (OTA) is a mycotoxin produced
by several species of the Aspergillus and Penicillium genera. OTA
occurrence has been worldwide reported in food and feed products derived from cereals, as well as in other foodstuffs as beer,
dried fruits and spices. OTA exhibits toxicological properties such
as cytotoxicity, genotoxicity, immunotoxicity, and generates oxidative stress.
Objective: The aim of this study was to assess the cytotoxicity, permeability and OTA biotransformation in a transwell system
using Caco-2 and HepG2 to mimic the passage through the intestine
and the hepatic metabolism.
Materials and methods: OTA concentrations assayed were 5,
15 and 45 M for 3 h. MTS assay showed that OTA did not induce
cytotoxicity either to Caco-2 or HepG2 cells. UPLC/MS–MS was used
for the detection and conﬁrmation of OTA and its metabolites in
cell culture medium from the apical and basolateral chambers of
the system.
Results: After 3 h of exposure, OTA concentration decreased in
the apical chamber, 39.3% 53.3% and 46.5% respectively, regarding
the initial concentrations. Low OTA concentrations were detected
in all samples, while the metabolites identiﬁed were the Ochratoxin
B and OTA methyl ester.
Conclusion: The standardized protocol used allows us to perform a co-culture using Caco-2 and HepG2 cells to carry out an
evaluation of the in vitro OTA biotransformation, by this way we
have observed a proﬁle of metabolites different from other studies.
Financial support: This research work was ﬁnancially supported by the Secretaria de Universitats i Recerca del Departament
de Economia i Coneixement de la Generalitat de Catalunya.
http://dx.doi.org/10.1016/j.toxlet.2016.07.349
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disrupting effects of the mycotoxins
Zearalenone and Aﬂatoxin B1 on breast cancer
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Yip Ka Yiu, Wong A.S.T., El-Nezami Hani
School of Biological Sciences, The University of Hong Kong, Hong
Kong Special Administrative Region
Introduction: Despite the medical advance, the woman breast
cancer incidence rates keep rising in the past few decades. Scientists have proposed the increased exposure to endocrine disrupting
chemicals as a possible factor for the rises. Zearalenone (ZEA)

and Aﬂatoxin B1 (AFB1) are common mycotoxins that are present
in cereal crops worldwide. ZEA has long been recognized as a
xenoestrogen, while the endocrine disrupting effects of AFB1 on
steroidogenesis have been identiﬁed recently. Due to the cooccurrence and the endocrine disrupting potentials of ZEA and
AFB1, the hypothesis of this project was proposed as exposure to
low doses of ZEA and AFB1 might affect the growth of hormonal
dependent breast cancer.
Objective: To examine the ultimate effects on growth and cell
cycle progression in breast cancer MCF-7 cell line, following low
dose exposure to ZEA and AFB1 individually and in combination and
to reveal the modulation of breast cancer genes and the underlying
pathways directly affected by ZEA and AFB1.
Materials and methods: The effects of low doses of individual
and mixtures of AFB1 and ZEA on MCF-7 were evaluated. The effects
on viability, cell growth, DNA synthesis, cell cycle progression and
cyclin gene expressions were determined. Pathways analysis of the
effect of AFB1 and ZEA on MCF-7 was achieved by using real time
reverse transcription polymerase chain reaction array.
Results: Signiﬁcant interactions were detected for their effects
on viability and DNA synthesis. While ZEA promoted growth, DNA
synthesis and cell cycle progression in MCF-7 cells, AFB1 was cytotoxic and counteracted the effects of ZEA. ZEA was capable of
altering the expressions of a large number of breast cancer related
genes, whereas AFB1 had minimal effects on the breast cancer gene
expressions. With the use of speciﬁc inhibitors, estrogen receptor ␣,
G protein-coupled estrogen receptor 1, and mitogen-activated protein kinases (MAPKs) were found to be responsible for ZEA’s effects
on cell growth and MYC gene activation; while MAPK pathways
might be involved in the cytotoxic effects by AFB1.
Conclusions: This study conﬁrmed the growth promoting properties of ZEA, and is the ﬁrst to report the combined effects of
ZEA and AFB1 on breast cancer cell growth, suggesting endocrinedisrupting mycotoxins that co-occur in human food and can
interact and modulate the effects of each other on human health.
http://dx.doi.org/10.1016/j.toxlet.2016.07.350
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Introduction: PBDEs are a type of ﬂame retardants, which are
released to the environment during their synthesis, incorporation
into polymers, manufacture of consumer products, or the use of
products as a result of the ﬁnal disposal or recycling. According to
many studies, it is well known that food of animal origin constitutes
an important route of human exposure. Particularly, cow’s milk is
an important matrix for monitoring PBDEs.
Objective: The purpose of this study was to determine the levels
of six PBDEs in commercial cow’s milk from 11 cities in Mexico and
in tuna ﬁsh from three cities from Mexico and one sample of tuna
ﬁsh from Spain.
Materials and methods: The samples of eleven cities were
selected according to their bovine milk production. For tuna ﬁsh
samples, the sites selected were two from the paciﬁc side and one
from the gulf side. From each selected site, four samples were collected during seven months. PBDEs concentrations in milk and tuna
ﬁsh were analyzed by GC–MS.
Results: Aguascalientes, Salamanca and San Luis Potosí are cities
with the highest concentrations of PBDEs, upper than the percentile
75, with values of 63.7, 52.6, and 52.2 ng/g of lipid, respectively.

Abstracts / Toxicology Letters 259S (2016) S73–S247

Cities with values below the percentile 25 were Cd. Obregón, Tuxpan and Pachuca (37.1; 32.8, and 24.6 ng/g of lipid, respectively).
In tuna ﬁsh, PBDEs were detected only in one sample of Tuxpan,
Veracruz (54.5 ng/g lipid).
Conclusions: Some of the studied cities are industrialized like
Aguascalientes, Juarez, Gómez Palacio, Pachuca, and Toluca, unlike
as expected, the highest PBDEs concentrations were not only in the
industrialized cities, since we obtained high levels in urban cities
and low levels in industrialized cities, with signiﬁcant statistical
differences (p ≤ 0.05). Therefore, we can conﬁrm that the source of
exposure of PBDEs is not only the industry, and that these types of
compounds are moving long distances from where they are produced. Added to this, in our country, there are no suitable sites
for ﬁnal disposal of products containing ﬂame retardants, whereas
municipal landﬁlls are still another possible source of exposure to
PBDEs.
http://dx.doi.org/10.1016/j.toxlet.2016.07.352
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Introduction: Natural and anthropogenic sources contribute to
arsenic contamination in water and human food chain in Andean
countries. However, very little is known about As exposure in
Ecuador and limited information is available about As contamination on rice, the dominant staple food in this country.
Objectives: The objectives of this study were to determine the
total arsenic content in samples of rice from provinces of Guayas
and Los Ríos, main rice wetlands in Ecuador, and to estimate the
dietary intake of As for Ecuadorian population.
Materials and methods: Forty rice samples purchased in
Ecuadorian markets, were analysed. Of the total samples, 10 white
(W), 10 brown (B) and 10 parboiled white (PW) rice were produced
in Guayas, whereas 10 white rice samples were produced in Los
Ríos. Total arsenic was determined by a hydride generation-atomic
absorption spectrometry and data were performed using statistic
software (SPSS v. 19.0 and Unscrambler v. 9.7).
Results: For samples from Guayas, concentrations in
white, brown and parboiled rice were 0.174 ± 0.014 mg kg−1 ,
0.232 ± 0.021 mg kg−1 and 0.186 ± 0.017 mg kg−1 respectively,
whereas samples of white rice from Los Ríos showed a total
arsenic level of 0.258 ± 0.037 mg kg−1 . The results showed that
t-As contents from Los Ríos white rice exceeded the FAO/WHO
recommended maximum permissible limit and the estimated
Ecuadorian dietary exposure revealing the impact of arsenic in
population.
Conclusions: The Ecuadorian scenario indicates clearly that
bioavailability of arsenic in rice must be addressed to understand
the importance of human arsenic exposure from this source taking into account the possibility of an important health risk for the
population. The results of this work provide the ﬁrst data about As
content in Ecuadorian rice and contribute to the lack of knowledge
in the Andean countries.
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Introduction: Fungal contamination of maize seeds with
Aspergillus and Fusarium fungi can cause economical losses and risk
of mycotoxin contamination. Neutral Electrolyzed Water (NEW) is
a promising strategy to reduce fungal contamination.
Objective: To evaluate the effectiveness of NEW to reduce the
presence of Aspergillus and Fusarium in maize seeds.
Materials and methods: Maize seeds AS900 were obtained
from ASPROS, S.A. de C.V. Aspergillus ﬂavus, A. parasiticus and Fusarium verticillioides reference strains were donated by FES Cuatitlán,
UNAM. NEW at 10, 40 and 60 mg/L of available chlorine were
obtained from Esteripharma, S.A de C.V. Distilled water and sodium
hypochlorite (NaClO) at the same respective concentrations were
used as controls. For infection of seeds, a conidial suspension containing 2–2.5 × 106 conidia per mL was prepared. Treatment groups
included: Water, NaClO 10, NaClO 40, NaClO 60, NEW10, NEW40,
and NEW60. Each group consisted of groups of 20 seeds with 4
replicates per treatment. Treatments were tested at four different
times (5, 10, 15 and 20 min). Seeds were immersed in conidial suspension for 20 min previous to the treatments. Then seeds were
incubated in agar plates containing Sabouraud dextrose media for
Aspergillus growth during 3 days (at 35 ◦ C) and on potato dextrose
media for Fusarium during 7 days (at 25 ◦ C). After incubation, conidia were collected with Tween 80 [0.1%] to proceed with counting
in a Neubauer chamber. Additionally, proximal and germination
analyses were done to evaluate the safety of the treatments. Data
were analyzed with nonparametric methods.
Results: NEW and NaClO treatments resulted in variable
effectiveness on fungal control. A trend of reduction of the contamination with NEW was noted in some cases. No effect of time was
observed for Aspergillus but the opposite was documented for Fusarium. NEW was safe according to germination assays and proximal
analyses.
Conclusions: NEW was able to reduce fungal contamination in
some cases and resulted safe for seeds.
Financial support: CONACYT-PROINNOVA 212523.
http://dx.doi.org/10.1016/j.toxlet.2016.07.354
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Evaluation of citriculture sludge toxicity
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Christofoletti
FHO/UNIARARAS, Araras, Sao Paulo, Brazil
Introduction: The process for obtaining the concentrated
orange juice consists in a series of large-scale industrial operations.
There is a large production of sludge by the efﬂuent treatment
plant, which has a high organic load and d-limonene, and one of
the alternatives is its disposal in agriculture. However, due to the
presence of numerous contaminants, its application in agricultural
soil must be carefully performed. Furthermore, toxic and genotoxic
tests could reduce uncertainties about the quality of this sludge,
aiming its suitable application.
Objective: This study aimed to evaluate the citrus industry
sludge toxicity, through germination and root length tests, using
Lactuca sativa seeds.
Materials and methods: The experiment was conducted with
30 g of soil reference, collected at Araras-SP, characterized as
Red-Yellow Dystrophic Latosol, to which 25, 50, 75 and 100% of
citrus industry sludge in natura was added. Physicochemical and
metal analyzes were performed for different samples. For toxicity bioassays, 25 lettuce seeds were distributed in Petri dishes and
moistened with distilled water. Concurrently, the negative (NC) and
positive (PC) controls were carried out, using soil reference and triﬂuralin (0.019 ppm), respectively. The bioassay was performed in
triplicate, in BOD, at 22 ± 2 ◦ C, for 120 h. After the exposure, the
number of germinated seeds was quantiﬁed. Root length, using
calipers from the node to the root apex was also measured. The
results were statistically analyzed with the aid of Bioestat 5.0, by
ANOVA, p < 0.01.
Results: The data obtained by physico-chemical analysis
showed the presence of P and K, Cu, Fe, Mn, Zn, Al and high levels of
Na. The results obtained by the seed germination test and evaluation of root length showed that the PC inhibited root development;
however, the NC and the 25% sludge sample were not statistically different; 50, 75 and 100% samples inhibited seed germination
completely, which still showed dehydration.
Conclusions: The chemical analyses carried detect the presence
of potentially toxic metals. Citrus sludge application in concentrations of 50%, 75% and 100% proved to be unfeasible. However,
further studies are needed in different types of soil, ﬁeld trials
and the use of other bioindicators, which can predict its practice
is beneﬁcial.
http://dx.doi.org/10.1016/j.toxlet.2016.07.355
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Introduction: Star anise (Illicium verum Hook f.) infusion is traditionally used as carminative for the treatment of infant colic.
This seed contains many bioactive compounds, including the major
component anethole, an essential oil with anticholinesterase activity. Other compounds reported to have convulsant activity are the
sesquiterpene lactones veranisatin A and B. Infant intoxication with
star anise is not uncommon and results from the administration of
infusions containing several seeds in a cup of boiling water. Manifestations include neurological effects such as seizures, jitteriness
and rapid eye movement. The acute neurotoxicity of the aqueous
extract in experimental animals has not been described.
Objective: To identify and quantify bioactive components of
aqueous extracts of star anise and characterize the acute neurotoxicity in rats.
Materials and methods: Three star anise infusions were prepared containing 2, 4 or 6 seeds in 250 ml of boiling water. The
seeds were allowed to steep for 5 min and then removed from the
cups. Once cold, the infusions were administered to the rats at a
dose of 2 ml/animal by gavage. Each treatment group had 6 animals. A control group administered with water was also included.
Essential oils in infusions were analyzed by GC–MS. Components
of the essential oils were identiﬁed by matching their mass spectral fragmentation patterns with patterns in the GC–MS library. The
veranisatins were evaluated by HPLC–MS on a C-18 column, using
a H2 O and CH3 CN solvent system.
Results: All star anise infusions caused transient behavioral changes consistent with neurological effects. A generalized
increase in activity was observed in all treatment groups, with
type of activity being dose-dependent. Animals treated with the
2-seeds infusion developed rapid circular movements with some
grooming behavior, while animals dosed with the 4- and 6-seed
infusions showed evident rearing and extensive face, head and
whole body grooming. Additionally, animals in the 6-seed infusion
group developed some limb tremors. These effects lasted no longer
than 10 min with rapid normalization. E-anethole was the most
abundant compound in Illicium verum Hook f. infusions. Sesquiterpenoids lactones were also identiﬁed.
Conclusions: Aqueous extracts of star anise contain compounds
capable of causing neurotoxicity.
Financial support: Laboratorio de Toxicología y Farmacopea
Chilena intramural funds.
http://dx.doi.org/10.1016/j.toxlet.2016.07.356
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Aﬂatoxins, frequent mutagen and carcinogen of
human and animal foods
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Introduction: Aﬂatoxins (AF), bis-dihydrofurane cumarins, are
toxins produced by moulds Aspergillus spp., they are the most
frequent mutagens and carcinogens present in foods of humans:
cereals, oilseeds, dairy products, and spices. They are considered
a Carcinogen Group I, proved for humans. They can be stored for
years in the DNA and initiate a cancer by punctual mutations in the
proto-oncogens that can be activated as oncogenes
Objective: The purpose of this presentation is to present the
different AF contaminations in foods for humans and the presence
of AFB1–DNA adducts in some kinds of human cancer.
Materials and methods: Aﬂatoxins in foods are extracted with
metanol/water and concentrated by total aﬂatoxin immunoafﬁnity columns. Later they are quantiﬁed by high performance liquid
chromatography (HPLC). In the case of aﬂatoxins linked to DNA
guanine (formamide pyrimidine adducts = FAPY adducts) these are
extracted from human tissues (cancer tumors) or ﬂuids (urine or
milk) and quantitated by ELISA inhibitory indirect ELISA.
Results: We will show the presence of aﬂatoxin contamination
in different edible plants and derived products are: 1) maize tortillas, rice from Spain and Mexico, chili peppers, pistachios, nuts,
black, white and green peppers. The biotransformation in the liver
to aﬂatoxin hydroxylates (AFM1, AFM2, AFP1, AFL) from animal
origin foods such as milk, human powder milks for babies, eggs,
chicken tissues, etc. And ﬁnally the recovery as aﬂatoxin adducts in
human malignant tissues (Papanicolau) or tumors (hepatocarcinomas, cervical, colorrectal cancer) and ﬂuids (urine of patients with
hepatitis B, C and cirrhosis) in Mexico.
Conclusions: Aﬂatoxins are carcinogens that are frequently
consumed by humans and they have been found from vegetable
foods to derivatives of animal origin and have been recovered as
adducts in cancer tumors of humans.
Financial support: Universidad Nacional Autónoma de México,
British Council, Conacyt.
http://dx.doi.org/10.1016/j.toxlet.2016.07.357
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PO12.1
Mortality from venomous animals in Mexico
(2001–2012)
C.T. Badillo-Castañeda 1 , O. González-Santiago 2 , L.G.
Cantú-Cárdenas 2 , S.L. Montoya-Eguía 1 , L. Garza-Ocañas 1
1

Departamento de Farmacología y Toxicología, Facultad de
Medicina, Universidad Autónoma de Nuevo León, Monterrey, Nuevo
León, México
2 Postgraduate Division of the Faculty of Chemical Science,
Universidad Autónoma de Nuevo León, Monterrey, Nuevo León,
México
Introduction: Venomous and poisonous animals are a signiﬁcant cause of global morbidity and mortality. Millions of
injuries, hundreds of thousands of emergency department visits,
and thousands of hospitalizations, at a cost of hundreds of millions
of dollars, occur yearly because of animal encounters.
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Objective: Describe the mortality from venomous animals in
Mexico during the period from 2001 to 2012.
Materials and methods: Mortality data were obtained from the
ofﬁcial web of the National Institute of Statistics and Geographic.
We utilized the codes X20–X29 of ICD10. Frequencies and percentages were determined according to gender, age group and speciﬁc
cause.
Results: A total 2699 deaths occurred during the period of the
study with an annual average of 224.9 (SD = 30.6) deaths. The major
percentage of these deaths occurred in males (73.4%) rather than
in females (26.6%). The annual average was 165 (SD = 22.7) deaths
for males, and 59.9 (SD = 12.7) deaths for females. According to
the different age groups, individuals <20, 20–39, 40–59, and >60
years old presented an annual average of 12.93 (SD = 11.9), 5.94
(SD = 2.5), 11.5 (SD = 4), and 14.88 (SD = 3.9) deaths, respectively.
The venomous animals with major number of fatalities during all
periods were hornets, wasps and bees with 1122 cases, scorpions
with 553 cases, snake and lizard with 484 cases, spiders with 256
cases, unspeciﬁed with 133 cases, and other arthropods with 108
cases. All they represented 98.4% of all fatalities due to venomous
animals.
Conclusions: In Mexico, deaths due to venomous animals
occurred with major frequency in males, and in individuals >60
years old. Hornets, wasps and bees produce the major number of
fatalities.
http://dx.doi.org/10.1016/j.toxlet.2016.07.592
PO12.2
Drug intoxications reported by the Laboratory
of Toxicology of the Department of Toxicology
of the University of San Carlos of Guatemala
from 2011 to 2015
M. Hernández, M.E. González, C. Guzmán, M.G. Chaulon, M.
Donis, S. Cóbar, F. Prado, C. Rivera
Department of Toxicology, Facultad de Ciencias Químicas y Farmacia,
Universidad de San Carlos de Guatemala, Guatemala City, Guatemala
Introduction: The abuse of drugs is a serious social and health
problem. Over the years, the number of people who consume drugs
in the world is increasing; especially in the younger population.
The younger kids are starting to try them, sometimes just to feel
accepted by other kids of their age, while others to escape from
problems at home. The use of drugs is not only a health problem because they can cause illnesses and injuries, but also a social
problem because it can destroy lives and families. People who consume drugs are more bound to have problems in their personal
lives, school and at work. Some of the most widely used drugs
are cocaine, heroin, nicotine, alcohol, and marihuana among others. The Department of Toxicology provides service to the general
public by analyzing biological samples for drugs.
Objective: To know the cases of intoxication related to drugs
of abuse by the Laboratory of Toxicology of the Department of
Toxicology from 2011 to 2015.
Materials and methods: Presumptive tests and conﬁrmation
analysis in urine samples of the patients. Information from patients
and doctors. Database to store the information and to generate
statistical information.
Results: From 110 cases of intoxications analyzed in the laboratory for the year 2011, 6 were intoxications related to drugs
of abuse. In 2012, from 90 cases reported, 10 were drug-related
intoxications. From 108 cases analyzed in 2013, the number of
drug-related intoxications increased to 15. For the year 2014,
there were 22 drug-related intoxications from a total of 231 cases
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and ﬁnally, in 2015 the reported drug-related intoxications were
30 from 237 cases reported by the Laboratory of Toxicology of
the Department of Toxicology of the University of San Carlos of
Guatemala.
Conclusions: Over the years, the number of intoxications
reported by the Department of Toxicology is increasing, as well as
the number of intoxications related to drugs of abuse.
http://dx.doi.org/10.1016/j.toxlet.2016.07.593
PO12.3
Incidence of hypersensitivity reactions
following copperhead snakebites treated with
Fab AV or placebo
M.E. Mullins 1 , C.J. Gerardo 2 , E.J. Lavonas 3 , for the Copperhead
Envenomation Study Group12
1

Emergency Medicine, Washington University, St. Louis, MO, USA
Emergency Medicine, Duke University, Durham, NC, USA
3 Rocky Mountain Poison and Drug Center, Denver, CO, USA
2

Introduction: Risk of adverse reactions to antivenom is a
concern for many clinicians. A meta-analysis of patients given
ovine-derived Crotalidae polyvalent immune Fab AV (CroFab® ,
BTG International) conservatively attributed all reactions to the
antivenom and estimated immediate hypersensitivity reactions or
serum sickness were 8% and 13%, respectively. The comparative
incidence of reactions between patients with snakebites of similar
severities treated with FabAV or no antivenom remains unknown.
Objective: To compare the incidence of hypersensitivity reactions following copperhead envenomation treated with FabAV or
placebo.
Materials and methods: Patients with copperhead snakebites
received treatment and follow-up in a prospective, multicenter,
randomized, controlled trial of Fab AV or placebo (ClinicalTrials.gov Identiﬁer NCT01864200). The treatment allocation ratio
Fab AV:placebo was 2:1. All patients had 24 h of observation with
follow-up at 0, 3, 7, 14, 21, and 28 d from discharge. We included all
patients who had at least 1 dose of study treatment. We reviewed
all treatment-emergent adverse events (TEAEs). We used a previously published scale to classify likely hypersensitivity reactions as
mild (skin, subcutaneous tissues only), moderate (respiratory, cardiovascular or gastrointestinal), or severe (hypoxia, hypotension,
or neurological compromise).
Results: Out of 74 patients (39 M, 35 F) at 12 sites, 45 patients
(23 M, 22 F) received FabAV and 29 patients (16 M, 13 F) received
placebo. Five of 45 Fab AV patients and 4 of 29 placebo patients
had moderate envenomation; all others were mild. There were
25 FabAV patients and 8 placebo patients who had ≥1 TEAE. Mild
skin reactions occurred in 11/45 FabAV patients and 1/29 placebo
patients. Moderate GI TEAEs occurred in 7/45 FabAV patients and
2/29 of placebo patients. Respiratory TEAEs occurred in 3/45 of
FabAV patients and 0 placebo patients. One patient in each group
had Hypotension (severe reaction).
Conclusions: The incidence of FabAV hypersensitivity reactions
is low. Most reactions were mild skin reactions.
Financial support: BTG.
http://dx.doi.org/10.1016/j.toxlet.2016.07.594

PO12.4
Intentional poisonings: Report from the
Catholic University Poison Information Center
2006–2015
C. Reinike 1 , L. Silva 1 , P. Cerda 1 , J.J. Mieres 1 , J.M. Del Campo 1 , E.
Paris 1 , J.C. Ríos 1,2
1 Centro de Información Toxicológica, Facultad de Medicina,
Pontiﬁcia Universidad Católica de Chile, Santiago, Chile
2 Department of Clinical Laboratory, Facultad de Medicina, Pontiﬁcia
Universidad Católica de Chile, Santiago, Chile

Introduction: According to ﬁgures from the World Health Organization (WHO), every year, one million people commit suicide
worldwide, reaching 1.4% of world morbidity, being one of the leading causes of death in some countries. Suicide attempt by ingestion
of toxic substances is a public health concern that requires urgent
attention because of the serious consequences that these exposures
can cause on health. These exposures include those with suicidal
intent which have been increasing in recent years according to
international statistics.
Objective: The aim of this work was to describe epidemiologically cases involving intentional poisonings in Chilean population
received by Centro de Información Toxicologica de la Universidad
Católica (CITUC) during the 2006–2015 period.
Materials and methods: A descriptive, retrospective study was
conducted which included all intentional poisonings received by
the center during the given period. The variables analyzed were
age, sex, route of exposure, causal agent and interlocutor.
Results: A total of 78,330 cases of intentional poisoning (29% of
the total cases) were received. Of these, 93% were suicide attempts
which involved mainly women (76%), in the adults and adolescents
groups (43% and 19%, respectively). The main agent involved were
pharmaceuticals products (87%), specially those acting at central
nervous system level (27% and 26% antidepressants and anxiolytics,
respectively). Females had a 3.3 times higher risk for suicide than
males (OR: 3.3; CI95% : 3.2–3.4; p < 0.001). It was noted that between
2006 and 2015 the incidence of suicide attempts increased from
23% to 28%.
Conclusions: Intentional poisoning represents a public health
concern in Chile. The highest percentage of cases corresponds to
suicide attempts. Pharmaceutical products were the main cause
specially those active at central nervous system level the main risk
group was females.
http://dx.doi.org/10.1016/j.toxlet.2016.07.595
PP12.1
Suicides and suicide attempts by antidepressant
drug poisonings reported in Costa Rica from
2007 to 2014
M.M. Castillo-Guerrero 1 , M. Gómez-Vargas 1 , B. Scarpa 2 , F.
Arias-Mora 1
1 Department of Pharmacology, Toxicology and
Pharmacodependence Universidad de Costa Rica, San José, Costa Rica
2 Department of Statistical Sciences, University of Padua, Padua, Italy

Introduction: According to information from the World Health
Organization, more than 800,000 people in the world die each
year from suicide and many more make suicide attempts. 2012
data, place suicide as the second leading cause of death worldwide
among the population aged 15–29 years old. According to the PanAmerican Health Organization, in Central America there has been
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an increase in suicide rates. Medications are the main causes of poisoning in Costa Rica, followed by pesticides. Antidepressants are
one of the main groups of drugs related to poisonings.
Objective: This work aims to analyze the suicides and suicide
attempts between 2007 and 2014 in Costa Rica.
Materials and methods: Assessment of the protocols was conducted by means of a tabular database as to the following criteria:
province, canton, gender, age, type of antidepressant, and type of
intoxication. For statistical analysis, a logistic regression analysis
was conducted to determine the probability of a person to die
because of a suicide attempt by antidepressant drug poisoning.
Results: Most cases of poisoning with antidepressant drugs
were caused by suicide attempts. Selective serotonin reuptake
inhibitors antidepressants (SSRIs) were reported in 1156 cases
(52%) of suicide attempts by antidepressant drug poisonings in
Costa Rica from 2007 to 2014. The highest number of suicide
attempts occurred in females between 15 and 29 years old. Most
deaths occurred similarly in women, but mainly in the age range of
30–44 years old.
There is a higher probability of committing suicide with an SSRI
antidepressant poisoning given all other relevant variables, than
with other types of antidepressants. The probability of suicide by
poisoning with antidepressants given all other relevant variables,
is higher in males than in females. Furthermore, given all other
variables, the likelihood of suicide increases with age.
Conclusions: It was found that men have a higher probability
of dying from a suicide attempt by antidepressant drug poisoning.
The risk of dying from a suicide attempt by antidepressant drug poisoning increases with age and it tends to be lower if the poisoning
occurs with an antidepressant of the selective serotonin reuptake
inhibitors (SSRIs) type.
Financial support: Universidad de Costa Rica, Costa Rica.

for 90 days in this open-label, randomized, controlled, 3-arm parallel group study. The study was conducted in Japan according to GCP
and is registered in ClinicalTrials.gov (NCT01970995). The average
daily product use was stable in the mTHS arm (BL = 13.1 mCC; Day
90 = 12.7 mTHS) and slightly increased in the mCC arm (BL = 12.5
mCC; Day 90 = 15.2 mCC) over the exposure period. Nicotine exposure measured as nicotine equivalents were comparable in both
arms (mTHS:mCC ratio of 104% [95% CI: 66, 163]). The levels of
BoExp, except S-BMA, were signiﬁcantly reduced at Day 5 in the
mTHS arm compared to mCC, approaching results obtained in the
SA arm and were sustained throughout the exposure period (Day
5: −49% to −94%; Day 90: −41% to −94%). Initial shifts of monitored
CREs in the direction of SA were observed.
Conclusions: mTHS showed signiﬁcant, sustained reduction in
exposure to HPHCs after 90 days of mTHS use, as compared to
CC, approaching levels observed upon smoking abstinence. Initial
favorable shifts of monitored CREs were observed.
Financial support: Philip Morris Products S.A., Neuchâtel,
Switzerland.

http://dx.doi.org/10.1016/j.toxlet.2016.07.596

Introduction: Large international programs (e.g., Tox21, ToxCast in USA; EUToxRisk, SEURAT in Europe, and TG-GATEs in Japan)
increasingly generate large and complex toxicology-relevant data
sets. These data sets are analyzed by the scientiﬁc community with
the aim to develop new hypotheses, predictive models and testing
strategies. Moreover, industrial R&D endeavors may generate even
larger amounts of data but are not as proactive in the area of data
sharing. Therefore, data and results sharing by industries represent
a great opportunity for the scientiﬁc community as a whole.
Data science is crucial in extracting mechanistic knowledge
from these data sets, which are often generated with diverse methods and standards. It is therefore of utmost importance that the data
sets and the methods used for their production are both traceable
and well described.
Objective: Develop a Systems Toxicology Data Repository for
Tobacco Harm Reduction.
Material and methods: Building on the experience gained by
Douglas Connect during the OpenTox project (www.opentox.net),
a proof of concept database and website (‘the SysTox Portal’) have
been developed to share results from in vivo inhalation studies as
well as in vitro studies conducted by Philip Morris International
R&D that assess candidate Modiﬁed Risk Tobacco Products (MRTP).
Data modeling took into account the latest standards in terms of
data sharing and reproducible research.
Results: The data and methods used to generate it have been
curated and prepared in ISA-TAB format which are stored in a
database that can be accessed via a “search portal” in the SysTox portal website. Moreover, the portal allows to browse the
data either by study or by mechanism (e.g. inﬂammation, oxidative
stress) and to get the relevant information related to study design,
material and methods used, as well as a view of the most important results obtained in the study. The established infrastructure
and standards used will be summarized in the poster.

PP12.2
Reduced exposure to harmful and potentially
harmful constituents after 90 days of use of
tobacco heating system 2.2 in Japan: A
comparison with continued combustible
cigarette use or smoking abstinence
P. Picavet 1 , C. Haziza 1 , N. Lama 1 , A. Donelli 1 , G. Baker 1 , J.
Ancerewicz 1 , M. Benzimra 1 , Franzon M 1 , M.D. Masahiro Endo 2 ,
F. Lüdicke 1
1
2

Philip Morris International R&D, Neuchatel, Switzerland
Osaki Hospital Tokyo Heart Center, Tokyo, Japan

Introduction: This study is part of a clinical program to assess
the Tobacco Heating System (THS), a candidate modiﬁed risk
tobacco product.
Objective: The study was designed to assess exposure reduction
to selected harmful and potentially harmful constituents (HPHC)
after 5 days of ad libitum use of THS 2.2 menthol (mTHS) in conﬁnement and 85 days in an ambulatory setting compared to continued
smoking of conventional menthol cigarettes (mCC) and smoking
abstinence (SA).
Materials and methods: Biomarkers of exposure (BoExp) to sixteen HPHCs were evaluated and selected Clinical Risk Endpoints
(CRE) were monitored. Twenty-four hour urine and blood samples
were collected to evaluate levels of BoExp and CRE using validated
analytical methods.
Results: After 2 days of baseline (BL) (mCC), 160 healthy smokers, aged 23 to 65 years, were randomized to continue to smoke
mCC (n = 40), to switch to mTHS (n = 80), or to stop smoking (n = 40)

http://dx.doi.org/10.1016/j.toxlet.2016.07.597
PP12.3
Sharing systems toxicology data for inhalation
toxicology
S. Boué 1 , B. Hardy 2 , W. Hayes 3 , V. Belcastro 1 , T. Exner 2 , J.
Dokler 2 , J. Hoeng 1 , M.C. Peitsch 1
1
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Conclusions: Given the successful development of the initial
infrastructure, the goal is to grow this initiative to establish a public
repository for 21th century pre-clinical systems toxicology MRTP
assessment data.
Financial support: This project is funded by Philip Morris Products S.A.
http://dx.doi.org/10.1016/j.toxlet.2016.07.598
PP12.4
Clinical–toxicological and epidemiological
aspects of suicide attempt in adolescents
treated at the Pediatric Hospital of National
Medical Center XXI Century, Mexican Social
Security Institute
E. Castell, J. Viquez
Department of Emergency and Toxicology, Pediatric Hospital of
National Medical Center XXI Century, Mexican Social Security
Institute, Mexico City, Mexico
Introduction: Suicides have increased in adolescents in the last
decade and it is now the third leading cause of death. Mexico has
the second highest mortality rate in adolescents between 10–14
years old. The primary method for suicide attempts is medication
overdose.
Objective: To identify the clinical- toxicological and epidemiological aspects of suicide attempt in adolescents.
Materials and methods: A retrospective and descriptive study
was performed in adolescents with attempt to suicide considering: age, gender, origin, previous pathology, reason of attempt
suicide, toxic dose, toxicological treatment, toxicological diagnosis, psychiatric diagnosis and treatment. The patients were treated
at the Department of Emergency and Toxicology, Pediatric Hospital of National Medical Center XXI Century, Mexican Social Security
Institute. The study period was in the year 2015.
Results: A total of 20 adolescents were studied in the period
of one year, the median age was 15 years old, with female predominance, most patients came from their homes, half of patients
had a previous chronic pathology, the main risk factors to carry
out the suicide attempt were conﬂicts with their parents, the main
toxic compounds were medication overdose, in most cases toxic
doses were used. The general treatment consisted of gastric lavage,
activated charcoal and speciﬁc antidotes. The main psychiatric
diagnosis was depression and most required psychiatric treatment.
Conclusions: We had a predominance of females, the most frequently used drugs were analgesics, and the chronic pathology was
a risk factor for suicide attempt. Most patients were treated with
decontamination methods and antidotes. The results of this study
will carry out prevention strategies in the age group.
http://dx.doi.org/10.1016/j.toxlet.2016.07.599

PP12.5
Intoxication of pediatric patients reported from
2011 to 2015, by the Toxicology Department of
the University of San Carlos of Guatemala
M.E. González, C. Guzmán, M. Hernández, M.G. Chaulon, S. Cóbar,
M. Donis, F. Prado, C. Rivera
Toxicology Department, Facultad de Ciencias Químicas y Farmacia,
Universidad de San Carlos de Guatemala, Guatemala City, Guatemala
Introduction: The Department of Toxicology is an institution
where people can analyze different substances such as medicines,
drugs, pesticides, etc., to ﬁnd out if they are intoxicated after being
exposed. The Department also has the Toxicology Information and
Counseling Center. This Center offers telephone service twentyfour hours a day, seven days a week. People can call to the free
number and ask questions regarding the ﬁrst steps to follow in case
of an intoxication. Most of the calls received are done by mothers
asking what to do after they or their kids have been accidentally
exposed to domestic products, and calls from workers who have
been occupationally exposed to chemicals and pesticides. Children
are the most susceptible to intoxications, which is why we have to
pay close attention to these speciﬁc populations.
Objective: To know the intoxication cases of pediatric patients
that were reported from 2011 to 2015, by the Department of Toxicology of the University of San Carlos of Guatemala.
Materials and methods: The information was obtained from
the doctors, patients or patient’s family, then stored in a database,
which was used to produce statistical information.
Results: The statistical information of the pediatric intoxication
cases reported 38 intoxicated patients for the year 2011, with 8
intoxicated patients from 0–3 years, 6 from 4–7 years, 7 from 8–11
years and 17 from 12–15 years. In 2012, 29 intoxication cases were
reported with 10 intoxicated patients from 0–3 years, 8 from 4–7
years, 4 from 8–11 years and 7 from 12–15 years. In 2013, 31 intoxication cases were reported with 15 intoxicated patients from 0–3
years, 4 from 4–7 years, 2 from 8–11 years and 10 from 12–15 years.
In 2014, 95 intoxication cases were reported with 39 intoxicated
patients from 0–3 years, 22 from 4–7 years, 15 from 8–11 years
and 19 from 12–15 years. There were 62 intoxication cases reported
in 2015, with 14 intoxicated patients from 0–3 years, 7 from 4–7
years, 14 from 8–11 years and 27 from 12–15 years.
Conclusions: The year 2014 reported the most cases of intoxication with 95 intoxicated patients.
http://dx.doi.org/10.1016/j.toxlet.2016.07.600
PP12.6
Effect of paraoxonase-1 Q192R (rs662) sequence
variant with cardiovascular risk in coffee
harvesters of central Colombia
R.B. Gutiérrez-Pérez 1 , B.M. Toro-Osorio 1 , F. Siller-López 1,2
1

Grupo de Investigación en Enfermedades Infecciosas, Universidad
Católica de Manizales, Manizales, Caldas, Colombia
2 Grupo de Investigación en Biomedicina, Fundación Universitaria
Autónoma de las Américas, Pereira, Risaralda, Colombia
Introduction: Paraoxonase 1 (PON1), a high-density
lipoprotein-associated antioxidant enzyme, is capable of hydrolyzing several organophosphate insecticides and oxidized lipids.
Single nucleotide variants of the PON1 gene affect PON catalytic
efﬁciency and have been implicated as risk factors for pesticide
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intoxication and cardiovascular diseases but the results are not
consistent between populations.
Objective: To study the association of a common PON1 Q192R
(rs662) gene variant with cardiovascular risk in coffee harvesters
exposed to several grades of pesticides in the Coffee Belt of
Colombia.
Methods: The study population was composed of 205 subjects, including 128 subjects with cardiovascular (CV) risk and
77 healthy controls. Participants were recruited from january2014 through december-2015. CV risk status was considered when
subjects presented >200 mg total cholesterol/dl. Data on demographics, medical history and occupational characteristics were
collected via standardized questionnaires. Body mass index, lipid
proﬁles and plasma butyrylcholinesterase (BChE) were measured
by standard procedures. PON1 Q192R genotype was determined by
real-time PCR using TaqMan probes.
Results: BChE levels were in the normal range at the time of
analysis for all participants; however a signiﬁcant difference was
observed between subjects with CV risk (9,826 ± 1,882 IU/L) and
healthy controls (8,822 ± 1,929 IU/L). The genotype frequencies for
the Q192R polymorphism were 18% (QQ), 44% (QR) and 38% (RR).
The corresponding allele frequency was Q = 40% and R = 60%. We
found neither an association of the genotypes or allelic frequencies
with any of the biochemical parameters nor with the CV risk status.
Conclusions: The positive association of BChE levels with total
cholesterol levels could help the potential to assess CV disease risk
as has been shown in previous studies. Our results did not show an
association of the PON1 Q192R polymorphism with the CV risk of
the coffee harvester population. Further studies are required with
an increased sample size and evaluating the inﬂuence of diverse
genetic and environmental factors on the observed CV risk.
Financial support: Grant RIN-196. Universidad Católica de
Manizales, Colombia.
http://dx.doi.org/10.1016/j.toxlet.2016.07.601
PP12.7
Toxicology monitoring in carbamazepine
poisoning. The effects of multiple dose
activated charcoal
G.P. Escalante, F.L. González, A.A. Cerón
Department of Toxicology, Juarez Hospital, Mexico City, Mexico
Introduction: Carbamazepine poisoning has been associated
with cases of severe toxicity and death. The use of multiple doses
of activated carbon is proposed in order to improve removal of
carbamazepine, with few prospective studies showed a controlled
change in the clinical outcome after multiple doses of activated
carbon.
Objective: The aim of this study was to evaluate the kinetics of
elimination of carbamazepine, and the evolution of clinical characteristics by toxicological monitoring in patients intoxicated by
this drug, with the antidotal treatment of activated carbon with
multiple doses.
Materials and methods: This is a prospective, non-comparative,
descriptive and observational study for 10 months, including all
patients with acute intoxication with carbamazepine serum levels
above 10 mcg/ml.
Results: Total of 15 patients (10 women and 5 men), received
multiple doses of activated charcoal (1 g/kg) diluted with cathartic every 4 h, mean age 37 ± 12 years, plasma concentrations of
CBZ measured at 0.0, 12, 24 and 36 h by using a technique EMIT
(enzyme multiple immunoassay technique), the elimination of carbamazepine, the elimination half-life (t1/2 beta) and total body

S143

clearance (CLB) were calculated. Clinical improvement occurred
after 12–24 h, except in two severely intoxicated patient who
required intensive care. Pharmacokinetic data were: average halflife of elimination (t1/2 beta) of 9.5 h, shorter than the reference
value of 18 to 54 h (p < 0.05) and an average of 164.2 CLB ml/min/kg,
greater than the reference of 75.01 ml/min/kg (p < 0.05). CBZ initial mean levels decreased to 0.33 to 20.1 micrograms/ml (98.4%
removal, p < 0.05).
Conclusions: The use of multiple doses of activated carbon is an
effective method allowing a constant decrease in blood half-life of
CBZ no rebound effect, besides being readily available, inexpensive
and non-invasive, improving the prognosis by reducing drug blood
and length of hospital stay securely using a toxicological monitoring.
http://dx.doi.org/10.1016/j.toxlet.2016.07.602
PP12.8
Betel quid chewing modulates the cigarette
containing acrolein uptake in oral cancer
patients
C.H. Hu, H.H. Tsou, T.Y. Liu
Institute of Environmental and Occupational Health Sciences, College
of Medicine, National Yang-Ming University, Taipei, Taiwan
Introduction: Acrolein, a highly reactive ␣, ␤ unsaturated aldehyde and respiratory irritant, is formed during combustion (e.g.,
cigarette smoke), high-temperature cooking of foods, and in vivo
as a product of oxidative stress and polyamine metabolism. 3Hydroxypropyl mercapturic acid (3-HPMA), the main metabolite
of acrolein in urine, is formed by glutathione (GSH) conjugation
following the reduction and normal metabolic processing to a mercapturic acid. In Taiwan, betel quid chewing and cigarette smoking
are two major risk factors for the development of oral squamous cell
carcinoma (OSCC), and 90% of betel quid chewers are also cigarette
smokers. Moreover, epidemiological studies demonstrated that
betel quid can enhance cigarette induced OSCC, but the underlying
mechanism remains elusive.
Objective: The study was designed to test the hypothesis that
the alkaline oral environment (pH 8–11) following chewing slake
lime containing betel quid will facilitate the absorption of acrolein
(pKa 9.6) while smoking. The aim of the study was to compare the
level of urinary 3-HPMA in cigarette-smoking OSCC patients with
and without betel quid chewing history.
Materials and methods: Urine samples of OSCC patients were
obtained from Linkou Chang Gung Memorial Hospital. Urinary 3HPMA and creatinine were analyzed by HPLC-MS/MS and HPLC-UV,
respectively.
Results: The results showed that the level of 3-HPMA in
cigarette-smoking patients with chewing betel quid (0.2343 ng/g
creatinine) was higher than patients without chewing betel quid
(0.1480 ng/g creatinine).
Conclusions: The study concluded that the higher level of urinary 3-HPMA in cigarette-smoking patients with chewing betel
quid was due to the increase of acrolein absorption at alkaline environment. Chewing betel quid could enhance the alkalinity of oral
cavity, causing the additional absorption of acrolein.
Financial support: Ministry of Science and Technology,
Republic of China.
http://dx.doi.org/10.1016/j.toxlet.2016.07.603
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PP12.9
Epidemiological transition of poisonous
animals during the period 2007–2015 in the
Hospital Juárez de México
G.P. Escalante, O.G. López, F.L. González
Department of Clinical Toxicology, Juarez Hospital, Mexico City,
Mexico
Introduction: Mexico City has not been considered as an
endemic area for poisonings from venomous animals, due to its low
detection, however, in the last 5 years, the Poison Center of Hospital
Juárez de México has given information and toxicological assistance
to various diseases, among them, there has been an increase in the
frequency of patients with poisoning from venomous animals.
Objective: To determine the epidemiological transition of
venom poisoning animals according to age, gender, temporality,
anatomical site and time of exposure to specialized medical care in
the Poison Center of Hospital Juárez in México.
Materials and methods: We reviewed the database of patients
treated at the Poison Center of Hospital Juárez in México from
February 2007 to December 2015 with a diagnosis of poisonous animals. A retro-prospective and observational study was performed.
For the concentration in the patient data a log calculation was
implemented.
Results: A total of 388 patients, 62% males and 38% females were
studied. They were as follow: in 2007: 4; in 2008: 15; in 2009: 34;
in 2010: 60; in 2011: 46; in 2012: 67, in 2013: 52 in 2014: 50, in
2015: 60. As an example during 2013, 27 arachnids were identiﬁed:
Reclusae loxosceles spider, Latrodectus spider mactans and scorpions;
hymenoptera, marine animals, lepidoptera. The largest number of
cases was in spring and summer.
Discussion: In the inﬂux of patients to the Poison Center, there
was a greater tendency of masculine adolescents and adults, than
female. The animals were identiﬁed as spider venom more Loxoceles, being second only Ophidians crotalus viper, and in the year 2012
a larger number of poisonings with hymenoptera was observed. The
most frequent anatomical site affected were the upper extremities.
Most patients came from conurbations of Mexico City and Mexico
State, therefore Mexico City should be considered as an endemic
area.
Conclusions: It is a fact that in the Mexico City metropolitan area
with its geographical characteristics, there is a high inﬂux of visitors from other states, increasing informal trade of exotic animals,
an inﬂux of transport of vegetables and fruits from endemic areas,
along with the climate change, that has caused an epidemiological
transition in the number of cases, severity and type of animals that
cause poisoning in humans.
http://dx.doi.org/10.1016/j.toxlet.2016.07.604
PP12.10
Medical mistakes in the diagnosis of
intoxications and poisonings in the Pediatric
Unit of Hospital Juárez de México from year
2007–2012
G.P. Escalante, S.R. Pérez, M.J.E. Arteaga
Toxicology Department of the Hospital Juárez de México, Mexico City,
Mexico
Introduction: Poisoning view is very wide, it includes a great
amount of substances, which may be potentially lethal. The number of chemical substances is over 55 million; and industries

produces, packs and carries more than 35000 of them each year.
From this number, which is very elevated, over 80% of these
substances, we do not know the toxic or side effects in embryogenesis, teratogenic effects or oncologic side effects. As we neither
count with a certain diagnose of environmental conditions in
our country. The emergency department is the main door for
patients with intoxication and poisoning problems. Most of the
emergency rooms have hostile environments, with a feasibility of
errors, coming from the combination of environmental, psychological and physiological factors that happen in the emergency
room.
Objective: To know medical mistakes, in the diagnosis of intoxications and poisonings in the pediatric unit, in relation to age,
gender, mechanism and method of xenobiotic exposure.
Materials and methods: This is a retrospective, observational
and descriptive study; made in the period from February 2007 to
December 2012. We designed a form in which we collect data in
the Pediatric Unit from Hospital Juárez de México. Variables such
as (1) diagnosis, (2) hour shift, (3) exposure time of the xenobiotic
and the onset of symptoms, (4) type of xenobiotic.
Results: A decrease in the number of medical errors in the diagnosis of poisonings was observed in the year 2012, compared to
2007, being 3 (6.5%), and 12 patients (26%), respectively, but a linear
behavior was not observed during this period.
Conclusions: The big mistake in the diagnosis of poisoning is to
do not think about them. A good interrogation with an appropriate
medical history, a physical examination accompanied by a correct
identiﬁcation of xenobiotics involved is the best way to reach to
the correct diagnosis of poisoning. Once the suspected diagnosis
is established, it is important the identiﬁcation of the xenobiotics
involved considering that most poisonings occur at home, so it is
important ongoing academic update of the most common toxicological problems in our environment.
http://dx.doi.org/10.1016/j.toxlet.2016.07.605
PP12.11
The presence of protein-conjugated acrolein
and 3-Hydroxypropyl Mercapturic Acid
(3-HPMA) in patients with Alzheimer’s disease
H.H. Tsou, C.H. Hu, T.Y. Liu
Institute of Environmental and Occupational Health Sciences, School
of Medicine, National Yang-Ming University, Taipei, Taiwan, ROC
Introduction: Alzheimer’s disease (AD), the most common form
of dementia, is a neurodegenerative disorder characterized by progressive impairment of cognitive function and behavior. Increasing
evidence has shown that oxidative damage plays an important
role in the pathogenesis of AD and several studies have demonstrated that lipid peroxidation is involved in the pathogenesis of
AD. Acrolein (Acr), an ␣,␤-unsaturated aldehyde, is a byproduct of
lipid peroxidation which also ubiquitously exists in engine exhaust,
tobacco and over-heated cooking oils and so on. It has been showed
that Acr can be rapidly incorporated into proteins and generating
a protein-conjugated acrolein (PC-Acr) that can serve as a marker
of oxidative damages. Previous studies have shown that PC-Acr or
free form Acr exists in brain tissues, also, plasma of AD patients
were higher than control subjects. The urinary Acr metabolite, 3hydroxypropyl mercapturic acid (3-HPMA), in AD subjects were
lower than control subjects. However, it is still not known whether
PC-Acr in plasma or 3-HPMA in urine come from brain tissues or
not. In addition, there has yet to be any similar studies in Taiwan.
Objective: The aim of this study was to develop early detection
biomarkers for AD patients.
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Materials and methods: This study collected and analyzed
the levels of PC-Acr in CSF, plasma and urinary 3-HPMA of AD
patients and control subjects from Taipei Veterans General Hospital
in Taiwan.
Results: The results have shown that the levels of PC-Acr in CSF
of AD patients (210 ± 38.4% of control) and in plasma of AD patients
(117 ± 2.16% of control) were signiﬁcantly higher (p < 0.05) than
control subjects by immunoblotting, and that the levels of urinary
3-HPMA of AD patients (249 ± 210 ng/mL) were signiﬁcantly lower
(p < 0.05) than controls (617 ± 593 ng/mL) by LC–MS/MS.
Conclusions: This study concludes that Acr produced from the
brain of AD patients and then released to surrogate specimen such
as CSF and plasma, and ﬁnally to urine. The data suggests that PCAcr in CSF and plasma and the metabolite of Acr, 3-HPMA, in urine
might serve as a surrogate marker for AD patients, and may help
AD patients on early diagnosis in the future.
http://dx.doi.org/10.1016/j.toxlet.2016.07.606
PP12.12
Prevalence of anxiety and patient relationship
to the examination in the emergency
department
G.P. Escalante, F.L. González, M. García-Chávez, C.M. Canul
Department of Toxicology, Juarez Hospital of Mexico, Mexico City,
Mexico
Introduction: The interrogation of the patient in an intoxication
is essential, and it is inﬂuenced by factors such as anxiety, and is
necessary to show that it is present and decreases along the hours
providing better information the re-examination.
Objective: The objective of this study was to measure the level
of anxiety during the interrogation process in an intoxication and
its importance in Toxicology.
Materials and methods: This is an observational, prospective,
transversal, and descriptive study performed in the period from
March 2014 to December 2014, in an emergency department. It
included all patients with an acute intoxication, doing a survey with
the Hamilton anxiety status at baseline and 12 h after the admission
of the patient to the study. The analysis of qualitative variables to
measure the degree of anxiety at the beginning of the interrogation
process and after 12 h was performed using Student’s t test.
Results: In 50 surveys performed, 35 were females 36 (72%),
and 14 males (28%), resulting in a severe degree of anxiety in the
ﬁrst questionnaire (68%) and 28% moderate degree; in the second
questionnaire predominated the mild degree of anxiety in 80%.
There were special situations of psychiatric disorders which alter
the anxiety.
Conclusions: The level of anxiety decreased after hours of the
hospital stay, suggesting that the questioning should be done continuously to get more information.
http://dx.doi.org/10.1016/j.toxlet.2016.07.607
PP12.13
Activated charcoal: Survey assessment of its use
and abuse in the emergency department
G.P. Escalante, F.L. González, F.V. Flores
Department of Toxicology, Juarez Hospital, City Mexico, Mexico
Introduction: In the clinical practice, gastrointestinal decontamination is the therapy that is most commonly administered
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to patients who have had an acute oral exposure to toxic and
activated charcoal has been endorsed as the primary method of
gastrointestinal decontamination capacity as it has an adsorbent
gastrointestinal broad spectrum; however there are still some
aspects to consider in its use because of uncertainties about its
effectiveness or lack of knowledge in the form of employment, there
is a discrepancy when used in the intoxicated patient.
Objective: Assess what knowledge of activated charcoal as a
gastrointestinal decontamination method for treating intoxicated
patient emergency medical residents have.
Materials and methods: Observational, prospective, transversal, and descriptive study which included medical residents
specializing in surgical medical emergency who attend the Toxicology Clinic Hospital Juarez of Mexico as part of their education in
a period from April to December 2014. Prior consent patients were
informed through a multiple choice questionnaire that included
speciﬁc questions of activated charcoal. The variables analyzed
were academic year specialty, activated charcoal dose limit for
delivery time, phase-toxicokinetics where it operates, indications,
contraindications and dose of cathartic. Descriptive statistics were
used with the program SPSS version 20 with ANOVA analysis, which
was used to compare the averages obtained by degree of specialization in emergency with respect to knowledge of activated charcoal.
Results: The study population consisted of 90 medical residents
specializing in emergency, settling three groups, each with 30 participants, divided by grade level with 19 ofﬁces in IMSS, SSA, ISEM,
PEMEX level; 15% of the sites have activated charcoal and only 10%
have a guide for use. The grade point averages were 3180, 4137
and 5027 for the ﬁrst, second and third years respectively, with p
<0.002 and an overall average of 4.114.
Conclusions: The activated charcoal is considered as a cornerstone in the treatment of most poisonings, there is a lack in form
of employment as a method of gastrointestinal decontamination
being more signiﬁcant in medical doctors freshmen specialty, even
though it has been indicated in their medical practice, since it is
considered a misuse in the patient intoxicated.
http://dx.doi.org/10.1016/j.toxlet.2016.07.608
PP12.14
Incidence of drug-induced skin reactions in
patients treated at the Poison Control Center,
Hospital Juárez of Mexico for a period of 9 years
(2007–2015)
G.P. Escalante, O.G. López, G.L. Bravo, O.G. Decoud
Department of Clinical Toxicology, Juarez Hospital, Mexico City,
Mexico
Introduction: Stevens Johnson Syndrome (SJS) and Toxic Epidermal Necrolysis (TEN) are two rare diseases affecting 1-2 per
million inhabitants, which mucocutaneous reactions are lifethreatening and are characterized by the detachment of the
epidermis, blisters skin and mucosal erosions. These two conditions are variants within the same range, in which the condition of
<10% of total body surface deﬁnes SJS, whereas >30% deﬁnes NET.
Objective: To determine the frequency of drug-induced skin
reactions in patients treated at the Poison Center, Hospital Juarez
of Mexico in a period of 9 years (2007–2015).
Materials and methods: Based on epidemiological records of
the Poison Center, Hospital Juárez, quantiﬁcation of each of the
conditions of dermatologic origin secondary to drug intake was
performed per year. Measures of central tendency paragraph were
applied to obtain such information, obtaining the incidence of
them, and the frequency of each of the conditions.
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Results: A total of 61 patients with drug-induced skin reactions, divided into 35 adult patients and 26 children were included.
Twelve adults (34%) were men and 23 women (65%). Of the children, 11 were boys (42%) and 15 girls (58%). The most affected
gender was female adults, while children had a higher condition. The most frequent was the NET entity with 36 individuals,
representing 59% of cases and the lowest frequency was represented by DRESS syndrome and SJS/NET with 25 cases each (41%).
The etiology was found to be carbamazepine in 40 cases, causing
the largest number of drug-induced skin reactions; trimethoprimsulfamethoxazole and phenytoin showed to be involved in 21 cases.
Conclusions: Based on the casuistry of our Poison Control Center, the most frequent drug-induced skin reactions were NET, which
does not correlate with written literature. Another result obtained
corresponds to the drug most frequently related to drug-induced
skin reactions was carbamazepine.
http://dx.doi.org/10.1016/j.toxlet.2016.07.609
PP12.15
Genetic variants in the Lipoprotein (a) gene in
Mestizo and Amerindian populations from
Mexico
L. López 1 , E.A. Hernández-Tobías 1 , G. Noris 2 , C. Santana 2 , R.
Gómez 1
1 Departamento de Toxicología, Centro de Investigación y de Estudios
Avanzados del Instituto Politécnico Nacional (Cinvestav-IPN), Ciudad
de México, Mexico
2 Laboratorio BIMODI (Biología Molecular Diagnóstica), Querétaro,
Qro., Mexico

Introduction: Physiological alterations in different genes have
been associated with detrimental environmental insults. Thus,
genetic factors play a critical role in the etiology of diseases. In
order to reduce spurious associations, genomic and ancestral controls should be included. Lipoprotein (a) gene (LPA) is a risk factor
for cardiovascular diseases (CVDs), which are the major causes of
death and disability worldwide.
Objective: Herein, we evaluate the genetic distribution of three
SNP polymorphisms (rs9457951, rs10455872 and rs3798220) in
LPA gene in Mestizo and Amerindian populations from Mexico.
Materials and methods: DNA was obtained from 440 unrelated
individuals from the Central Valley of Mexico. SNPs were analysed
by real-time PCR using TaqMan method. Statistical genetic analyses
were estimated using the GENETIX v. 4.05.2 software.
Results: Overall, the allele frequencies in Mestizos were similar
than reported in other worldwide populations whereas Amerindian
populations exhibited similar frequencies than Asian populations.
Rs3798220 polymorphisms showed gene distributions different
than reported in other populations. All polymorphisms were in
Hardy-Weinberg and linkage equilibrium.
Conclusions: The allele and genotype distributions reﬂected
the genetic architecture of the populations, a keystone in genetic
association studies where the frequency differences could show
population characteristics rather than phenotype-genotype association.
Financial support: This study was supported by CONACyT grant
number 1178239 to R.G.
http://dx.doi.org/10.1016/j.toxlet.2016.07.610

PP12.16
Cryotherapy and fabotherapic use in snake bites
thy rattlesnakes
G.P. Escalante, S.R. Pérez, M.J.R. López
Department of Clinical Toxicology, Juarez Hospital, Mexico City,
Mexico
Introduction: Mexico has a great diversity of poisonous snakes,
and rattlesnakes are of most epidemiological importance. The
snake bites are the set of both local and/or systemic pathophysiological changes. The treatment may be speciﬁc or complementary.
The ﬁrst treatment is the administration of fabotherapy, and second
the intermittent handling of local cryotherapy.
Objective: To evaluate the usefulness of local cryotherapy associated fabotherapy, in reducing edema and days of hospital stay in
patients with snake bites by rattlesnakes.
Materials and methods: A retro-prospective, longitudinal, randomized, single-blind study was conducted. Patients admitted to
the Department of Clinical Toxicology, Juárez Hospital, Mexico
City, from January 2013 to December 2014, fulﬁlling the inclusion
criteria were included. The variables analyzed were age, gender,
cryotherapy, hospital stay and perimeters of the limb.SPSS v.20 program was used with ANOVA analysis to assess the change in the
scope of the limb measured during the evolution with the use of
cryotherapy and Student’s t-test to determine differences between
measurements of both proximal and distal perimeter of the tip
associated with the use of cryotherapy.
Results: During the reporting period, 20 patients were analyzed, of which 4 (20%) were female, 16 (80%) male, mean age
was 32 years, with a minimum of two years and a maximum of
75 years and a standard deviation of 17.7 years. The body area
affected was: 70% right thoracic limb, 20% left and 10% right pelvic
limb. Ophidism degree prevailing G-II was 70%, the average being
17.5 fabotherapy vials, with an average of 2.1 hours of cryotherapy “Group A” and 3.1 h of hospital stay in both groups. Statistical
signiﬁcance analyzed with the use of cryotherapy in patients with
snake bites by rattlesnakes did not a difference in the measurements of proximal and distal perimeters with p 0.05 (0.178). As
for the evaluation of initial and ﬁnal proximal perimeters with p
0.05 (0.221) likewise in the initial and ﬁnal distal perimeters p 0.05
(1.000). Regarding the decline of days of hospital stay is not a statistical difference between the study and control groups, p 0.05
(0.112).
Conclusions: The use of cryotherapy as an adjunct to the speciﬁc
treatment of snakebites Grade II–III can be considered an effective
treatment as antiedema, under the control of different variables
analyzed in order to reduce the days of hospital stay and symptoms,
suggesting different research opportunities for both improving and
control the factors related to biases.
http://dx.doi.org/10.1016/j.toxlet.2016.07.611
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Cathartics, calcined magnesium sulfate vs
mannitol plus activated carbon for the
treatment of acute poisonings
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Genetic variants in the CYP1A1 *2C, *3 and *4 are
associated with rheumatoid arthritis in female
Mexican population and with medical response
to DMARDS, but no in systemic lupus
erythematosus
O. Beltrán-Ramírez 1 , R.E. Barbosa-Cobos 2 , M.
Jiménez-Morales 1,2 , I. Alemán-Ávila 1 , J. Ramírez-Bello 1
1 Research Unit in Endocrine and Metabolic Diseases, Hospital Juárez
de México, Av. Instituto Politécnico Nacional 5160, Gustavo A.
Madero, Magdalena de Las Salinas, 07760 Ciudad de México, D.F,
Mexico
2 Rheumatology Department, Hospital Juárez de México. Av. Instituto
Politécnico Nacional 5160, Gustavo A. Madero, Magdalena de Las
Salinas, 07760 Ciudad de México, D.F, Mexico

Introduction: Virtually, any substance, if given in sufﬁcient
doses can cause damage “facit venenum single dose” (Paracelsus). If
it is known that there was contact with a toxic substance it is essential to know its submission number, route of entry (oral, dermal,
rectal, inhalation, etc).
Objective: To evaluate the effectiveness of activated carbon, combined with cathartics: calcined magnesium sulfate
and mannitol, in the management of patients with acute
poisoning.
Materials and methods: Clinical, randomized, double- blind
study, which included all patients with acute poisoning, both sexes,
adults, pediatrics and labor and delivery treated in the emergency
department of the Juarez Hospital of Mexico in a period from
March to December 2014. The variables analyzed were abdominal
pain, abdominal distension, and hypokalemia. Descriptive statistics were obtained with SPSS version 20, with analysis of ANOVA,
which was used to compare the difference of abdominal perimeters,
hypokalemia, and abdominal pain, measured at various stages with
the use of cathartics: calcined magnesium sulfate and activated
carbon mannitol in multiple doses.
Results: In the analyzed period, 20 patients were evaluated,
6 were females (80%), and 4 males (20%), the mean age was
22 ± 19.19 years, with a minimum age of 1 year and a maximum
of 85 years. The tox-syndromes attended were sympathomimetic
(47%), sedatives (23%), anticholinergics (18%), salicylates (6%), and
paracetamol (6%). Two groups of 10 patients were randomly given:
multiple doses of activated charcoal (1 g/kg) diluted with cathartic “calcined magnesium sulfate 1 g/kg/dose” vs mannitol at a ratio
of 5–7 mL/g activated charcoal every 4 h for 24 h. We noted that
patients have less abdominal distention during treatment with
activated carbon over calcined magnesium sulfate (P < 0.001), in
the same way, less evacuations with a P < 0.001, the electrolyte
imbalance was hypokalemia in patients treated with mannitol vs
activated carbon, with a P < 0.001.
Conclusions: The use of multiple doses of activated charcoal vs
calcined magnesium sulfate is effective, and safe for the patients,
with less bloating, decreased number of stools, and no electrolyte
imbalance mainly being a more economical and safe treatment.

Introduction: Rheumatoid arthritis (RA) and systemic lupus
erythematosus (SLE) are complex diseases. Some enzymes and
their polymorphisms, like cytochromes (CYP) have been associated with drugs response/intolerance (CYP1A2 and CYP2C19) in
RA. CYPs although may have more than one mechanism involved
in RA and SLE development, like to hormone, arachidonic acid and
environmental compounds metabolism. Another enzyme, CYP1A1
and its polymorphisms have been associated in some of the mechanisms described before but have not been analyzed in RA and SLE
in Mexican population or even worldwide.
Objective: In this work, we investigated if the CYP1A1 (*2C, *3
and *4) polymorphisms are associated with RA and SLE, and we also
evaluated a subset of patients with RA who do not response completely to the disease-modifying antirheumatic drugs (DMARDs).
Material and methods: TaqMan probes were used to genotype
the polymorphisms located in CYP1A1 *2C, *3 and *4 (rs1048943T/C,
rs1800031A/G and rs1799814G/T) in 415 patients with RA, 121 with
SLE and 363 healthy individuals.
Results: We did not ﬁnd association of these polymorphisms
with SLE. Gender stratiﬁcation in patients with RA showed an association with protection between the CYP1A1*4 (GG vs TT: OR = 0.37,
95% IC = 0.15–0.96, p = 0.03; G vs T: OR = 0.38, 95% IC = 0.15–0.97,
p = 0.03) polymorphism and women, while in RA patients with
DMARDS or resistance to DMARDs showed no association, but in
DMARDS compared with the control group, a low risk association
was found with CYP1A1*4 (GG vs TT: OR = 0.4, 95% IC = 0.15–0.9,
p = 0.02; G vs T: OR = 0.4, 95% IC = 0.15–0.9, p = 0.02).
Conclusion: These results demonstrated that the CYP1A1*4
polymorphism is a protection factor for RA in women and
even more, may be related with DMARDs response in Mexican
population.

http://dx.doi.org/10.1016/j.toxlet.2016.07.612
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PP12.20
Intratumoral expression of cytochrome P450 in
pediatric soft tissue sarcomas

PP12.19
Paraquat Intoxication: description and clinical
outcome in a reference center in Clinical
Toxicology in Colombia
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Paraquat is an organic heterocyclic herbicide with high toxicity in humans and widely used in agriculture. Poisoning mortality
worldwide exceeds 80% and has not an speciﬁc treatment. In
Colombia the triple therapy treatment (N-acetylcysteine, propranolol and vitamin E) has been used as a therapeutic alternative.
Objective: Describe the clinical course of patients poisoned by
paraquat and treated with triple therapy who were admitted to
the Toxicology Department of Hospital San Juan de Dios, Rionegro,
Antioquia.
Materials and methods: A descriptive study of a series of case
reports was made after a search in the database of patients treated
at the Toxicology Department of the Institution, between the years
2013–2014. The search was conducted using the speciﬁc code
assigned to herbicide poisoning. 10 cases of paraquat poisoning
were studied. The variables were: demographic data, cause of poisoning, date of intoxication, method of intoxication, time between
ﬁrst contact with the toxin to primary medical attention, diagnostic aids, length of stay, treatment and conditions at the moment of
discharge from the institution. The analysis of results was based on
absolute frequencies and proportions of the variables.
Results: 10 cases were presented, with patient ages between
9–37 years (average 23.4 years.) In half the cases the cause of poisoning was suicide related and 8 cases were from oral intoxication.
The time from ingestion to hospital admission was less than 5 hours
in 7 cases and the length of hospital stay ranged from 1 to 29 days.
Abdominal pain, nausea and vomiting were the most representative digestive symptoms. Cough and shortness of breath were the
most frequent respiratory symptoms. In 9 patients dithionite tests
were positive. According to spirometry three cases had obstructive
respiratory disturbance and two showed a restrictive pattern. All
patients received triple therapy treatment and only two patients
died from poisoning.
Conclusions: These results indicate that early attention, appropriate clinical monitoring and triple therapy treatment are critical
factors to avoid fatal outcomes.

Introduction: Soft tissue sarcomas (STS) are a heterogeneous
group of solid tumors of mesenchymal origin and represent
7% of all childhood tumors. It can vary in their progression
and response to treatment. Such treatment includes combined
strategies like surgery, radiotherapy and systemic chemotherapy,
although in general the STS aren’t chemosensitive. Chemoresistance have been related to intrinsic or acquired properties in cancer
cells including overexpression of metabolizing enzymes known
as cytochrome P450 (CYP). This overexpression may affect the
therapeutic response to antineoplastic because the enzymes CYP
metabolize more than 70% of the drugs used, generating intermediate metabolites with poor cytotoxic activity.
Objective: Assessed the expression of 5 representative CYPs (e.g.
CYP1B1, CYP2E1, CYP2W1, CYP3A4, and CYP3A5) in cancer and
adjacent paired tissues from pediatric STS patients and correlated
it with clinical parameters.
Materials and methods: From biopsies of 25 patients with STS
diagnostic without previous chemotherapy, was obtained RNA and
protein by Trizol extraction technique. Using real time quantitative
RT-PCR, the gene expression pattern of CYP1B1, CYP2E1, CYP2W1,
CYP3A4, and CYP3A5 were analyzed, protein expression was determined by Western blot.
Results: The CYP2W1 expression was detected only in tumor
tissues for that it can be considered speciﬁc-tumor. Higher levels
of expression of CYP3A4 and CYP3A5 were detected in tumor tissue. The CYP1B1 and CYP2E1 were expressed equally in both tumor
and adjacent tissue. The overexpression of CYP3A4 and CYP3A5 in
tumor tissue was associated with increased chemoresistance.
Conclusions: These results accord with previous studies where
found overexpression of CYP in other solid tumors. In particular,
the overexpression of CYP3A4 and CYP3A5 in STS may be associated with the phenomenon of chemoresistance. The speciﬁc tumor
expression of CYP2W1 in STS could be ideal for the development
of pro-drugs that can only be activated by this CYP intratumoral,
thereby minimizing systemic toxicity.
Financial support: CONACYT (262423), and INP.
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Potentiating effects of thallium in sulfur
mustard poisoning
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Introduction: Chemicals have been used in homicides for centuries, and often they are metals/metalloids or pesticides locally
obtained with easy access. Currently, state-of-the-art toxicological
testing coupled with pathological ﬁndings aid in differential diagnosis. Here we present a case of a 70-yr old man with a complex
clinical picture. After an initial surgery for hiatal hernia, the patient
suffered from post-surgical complications including paralytic ileus,
nausea, vomiting and abdominal distention. The second surgery
revealed intestinal obstruction due to adherences, abscesses, and
residual diffuse peritonitis. A biopsy from the abscesses in the ileum
area established: intestinal wall with congestive mucous membrane, edema, small interstitial haemorrhage and cellular inﬁltrate,
consisting of lymphocytes, mononuclear cells and eosinophils. The
subserosa had mild congestion, edema and inconspicuous local
inﬁltrate of polymorphonuclear leucocytes. He evolved with infectious episodes, immune depression with leucopoenia alternated
with leucosis, lymphopenia and eosinophilia. Also, he suffered from
pulmonary tuberculosis with positive bacilloscopies that was reactivated. Finally, he died due to sepsis by Candida albicans after 60
days.
Objective: To establish if any involvement of chemical(s) in the
death.
Materials and methods: At the time of death, some tissues
were preserved with glutaraldehyde and the body was partially
embalmed. The corpse was exhumed after 22 years. The medical
record revealed the episodes of encephalopathy, arrhythmia, and
cyclic alterations in CBCs with leucopenia or leucosis associated
to lymphopenia and eosinophilia. Toxicological testing on biological samples was focused on identiﬁcation and quantitation of
metals/metalloids, sulfonic salts, and sulfur mustard-DNA adducts.
Results: The quest for toxicological testing conﬁrmed the
presence of thallium in low concentrations, and identiﬁed N1methyl-guanidine in the brain, chest wall, lung and kidney.
Histopathological ﬁndings were consistent with early apoptosis
and with the bibliographical references for the chemical substances.
Conclusions: The ﬁndings suggest a possible interaction of thallium in low concentrations with sulfur mustard in glutathione, and
the interaction of both substances in GHS, thereby increasing the
generation of sulfonic salts and consequently DNA adducts.
http://dx.doi.org/10.1016/j.toxlet.2016.07.616
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P13: Immunotoxicity
PP13.1
Exposure to dialkylphosphate metabolites
(DAPs) modify the parasitic infection of
Trypanosoma cruzi Ninoa and macrophage
activity in a murine model
D.M. Medina Buelvas ∗ , E. Estrada Muñiz, L. Vega
Toxicology Department, Centre for Research and Advanced Studies of
the National Polytechnic Institute, Mexico City, Mexico
Introduction: Organophosphorus pesticides (POFs) are the
most commonly used group of insecticides around the world. The
degradation of ethylated POFs produce dialkylphosphate (DAPs)
metabolites such as diethyldithiophosphate (DEDTP), diethylthiophosphate (DETP) and diethylphosphate (DEP) that have a longer
half-life than their parent compounds and a widespread commercial use. Actually, there are few studies showing deleterious effects
of DAPs. Previous studies in our laboratory showed that the exposure to DEDTP (0.01 g/kg) in Balb/c mice increases the ratio of
alternatively activated macrophages (Mø) CD206+ F480+ , which are
usually associated with anti-inﬂammatory responses, suggesting
that the DAPs may affect the immune response to challenges such as
parasitic infections, as for example Trypanosoma cruzi infection. T.
cruzi is a protozoan responsible for Chagas disease that is controlled
by the host through the Mø activation and inﬂammatory response.
In consequence, an induction of differentiation and/or activation of
Mø to M2 phenotype (anti-inﬂammatory/suppressor) by the exposure to DAPs might favor the progression of the infection.
Objective: To determine if the exposure to DAPs modify the parasitic infection of T. cruzi Ninoa in Balb/c mice and whether this
effect is related to changes in Mø activity.
Materials and Methods: We used 6-8 weeks Balb/c mice,
exposed to DAPs and infected with T. cruzi Ninoa. We evaluated
the parasitic burden, the proportion and functionality of Mø from
lymph node, spleen and peritoneal cavity (PECs) and the phosphorylation of kinases ERK 1/2, JNK and p38 in vitro.
Results: The exposure to DAPs increased the parasitic burden
in blood and increased the number of Mø in lymph nodes but
decreased the number of Mø in the peritoneum. Additionally, the
treatment with DEDTP reduced the phagocytosis of PECs and modulated the phosphorylation of different kinases involved in cell
differentiation of Mø.
Conclusions: This study demonstrates that DAPs could act as
immunomodulators of the Mø responses and may have a relevance
in the aggressiveness of parasitic infections, such as T. cruzi, in
populations exposed to POFs or directly to DAPs.
Financial support: CONACyT scholarship 407841 and grant
number 153468.
http://dx.doi.org/10.1016/j.toxlet.2016.07.617
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PP13.2
Immunotoxic effect of cigarette smoke as
environmental factor on immune functions and
DNA damage in alveolar macrophages

PP13.3
Effect of a mixture of environmental pollutants
on IL-4 and IFN-␥-Cytokines production in
human peripheral mononuclear cells
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Introduction: Cigarette tobacco smoke is consisted from mainstream tobacco smoke (MTS) and secondhand tobacco smoke
(STS). STS is released into the atmosphere, and may impact lung
health and development of allergic lung diseases in non-smoker.
STS is inhaled into the lung by respiration and affect to alveolar
macrophage (AM). AM is playing an important role of immune
system in the lung.
Objective: However, the effect of STS on AM is not yet fully
demonstrated compared with MTS. In this study, we investigated
the effect of STS on DNA damage and immune functions in AM.
Materials and Methods: Mice were exposed to STS of 20
cigarettes/day during 10 days by using STS exposure auto-machine.
Extract of water soluble side-stream cigarette smoke (WSTS) was
obtained by which STS was bubbled in sterile distilled water and
freeze-dried. After STS exposure, AM were obtained by brochoalveolar lavage (BAL). TLRs and phagocytic activity, reactive oxygen
species (ROS) generation of AM were determined by FACS. Expressions of cytokines mRNA of AM were measured by RT-PCR. DNA
damage of AM was evaluated by comet assay.
Results: The number of AM was signiﬁcantly increased in
STS exposed mice. The cell size and intra-cellar structure of AM
were changed by STS. Phagocytic activity of AM was signiﬁcantly
inhibited by STS. Expressions of CD11b, TLR-2, TLR-4 and CD14 on
AM were signiﬁcantly inhibited by STS. ROS generations of AM were
signiﬁcantly increased by STS exposure. Expression of TNF-␣ mRNA
in AM was signiﬁcantly inhibited by STS. Tail moment and length of
AM as indicator of DNA damage were signiﬁcantly increased by STS.
DNA damage in AM was also induced by WSTS at dose dependent.
Conclusions: STS exposure caused the change of cell size and
intracellular structure in AM. STS and WSTS induced signiﬁcantly
increase of DNA damage in AM. The phagocytic activity, expressions of CD11b, TLR-2, TLR-4, CD14 and TNF-␣ mRNA in AM were
decreased by STS. STS was a risk factor for DNA damage of AM
and inhibited the immunological functions in AM mediated by DNA
damage. These results suggest that inhibition of phagocytosis, TLR
expression and STS induced-DNA damage of AM may associated
with infection and development of allergy in the lung.
Financial support: This study was supported by Grant-in-Aid
for Scientiﬁc Research (C).
http://dx.doi.org/10.1016/j.toxlet.2016.07.618

Introduction: Humans are environmentally exposed to a very
complex mixture of chemical substances. Several “in vitro” studies
have been focused to assess toxicity mechanisms related to single
pollutants, however it is necessary to evaluate effects due to possible interactions amongst the mixture of environmental pollutants.
Objective: To assess the effect of a mixture of selected environmental pollutants on IL-4 and IFN-␥ cytokines production in
peripheral blood mononuclear cells (PBMNC).
Materials and Methods: PBMNC were isolated from healthy
volunteers and incubated during 72-h with 1 g/mL anti-CD3,
2 g/mL anti-CD28 and 100 U/mL rIL2 in presence or not of p,p’DDE (10 g/mL), PCB153 (20 ng/mL), PCB118 (20 ng/mL), B(a)P
(100 ng/mL) or in binary mixture. IL-4 and INF-␥ – producing cells
were identiﬁed by ﬂow cytometry analysis.
Results: The major ﬁndings in our study were: (1) no effect
on the % IFN-␥-producing cells was observed at all treatment
tested, (2) a decrease in the % IL4-producing cells when PBMNC
were treated with p,p’-DDE (10 g/mL) and p,p‘-DDE (10 g/mL)
and PCB118 (20 ng/mL) mixture and (3) an increase in the % IL4producing cells when PBMNC were treated with PCB153 (20 ng/mL)
and B(a)P (100 ng/mL) mixture.
Conclusions: The mechanisms by which DDTs, PCB’s and PAH’s
affect the cytokines production have not been completely elucidated; however, the dysregulation of speciﬁc T lymphocytes and
their cytokines plays an important role in the etiology of several
immune diseases. Considering the possible toxicological interactions, it is important to assess the deleterious effects caused by
co-exposure to these compounds in individuals living in high-risk
sites.
Financial support: SSA/IMSS/ISSSTE, S000-2013-1, 2002736.
CONACYT, México.
http://dx.doi.org/10.1016/j.toxlet.2016.07.619
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PP13.4
Effects of diazinon on the lymphocytic
cholinergic system of Nile tilapia ﬁsh
(Oreochromis niloticus)

PP13.5
Effects of diazinon on functional parameters of
lymphocytes of Nile Tilapia (Oreochromis
niloticus)
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Introduction: There are pollutants in the environment, such
as organophosphorus pesticides (OPs), which have immunotoxic
properties. However, the mechanism of toxicity remains unclear.
In mammalian models, it has been described that immune cells
have a non-neuronal cholinergic system, which may be involved in
the mechanism of immunotoxicity of organophosphorus pesticides
(OPs).
Objective: In order to better understand the immunotoxic
mechanisms of OPs on ﬁsh and vertebrates in general, the aim of
this study was to evaluate the non-neuronal cholinergic system as
a potential target in diazinon immunotoxicity in mononuclear cells
of Nile tilapia (O. niloticus).
Materials and Methods: For this purpose, the concentration of acetylcholine and nicotinic and muscarinic acetylcholine
receptors (nAChR and mAChR) were evaluated, as well as acetylcholinesterase activity in mononuclear cells of Nile tilapia acutely
exposed (6, 12 and 24 h) to sublethal concentrations (0.97, 1.95 and
3.91 mg/L) of diazinon in vivo.
Results: Obtained results indicate that acute exposure to
diazinon induces an increase in acetylcholine concentration and
a decrease in nAChR and mAChR concentrations and acetylcholinesterase activity in ﬁsh immune cells.
Conclusion: This suggests that the non-neuronal lymphocytic
cholinergic system may be the main target in the mechanism of
OPs immunotoxicity. This study contributes to the understanding
of the mechanisms of immunotoxicity of pollutants and may help
to take actions for animal health improvement.
http://dx.doi.org/10.1016/j.toxlet.2016.07.620
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Introduction: Lymphocytes are cells of the immune response
and they have been characterized by having an extra-neural cholinergic system. These cells possess all the biochemical machinery
to generate de novo Acetylcholine, a molecule that could play an
important role in the regulation of immune system. However, the
integrity of these cells can be altered by exposure to pollutants
as Diazinon, an organophosphorus pesticide (OP) that is characterized by AChE inhibition. In this work, we used as a model
study Nile tilapia, a teleost ﬁsh with economic and ecological
importance.
Objective: Evaluate the effect of diazinon on ﬂow of intracellular calcium, mitochondrial membrane potential and cell death
(apoptosis and necrosis) in mononuclear cells of ﬁsh.
Materials and Methods: Nile tilapia (273 ± 43 g and 20 ± 3 cm)
obtained from a local farm were kept in tanks of 400 L at 28 ± 2◦ C
and constant aeration, under optimal conditions for acclimation in
the laboratory. Organisms were exposed to sublethal concentrations of Diazinon (3.97, 1.95 and 0.97 ppm) together with a control
organisms group for a period of 6 h. Then, the ﬁsh were sacriﬁced
on bed of ice, the spleen was extracted and mechanically disaggregated. Mononuclear cells were separated by density gradient using
Histopaque-1077. Determination of intracellular Ca2+ , cell death
and mitochondrial membrane potential was determined by ﬂow
cytometry using a ﬂuorescent probe ﬂuo-4 NW, annexin V-FITC
and DiOC6 (3) dye, respectively.
Results: Obtained results indicate that diazinon (0.97 ppm)
provoked late apoptosis and loss of mitochondrial membrane
potential in mononuclear cells of ﬁsh. Further, diazinon (3.97,
1.95 and 0.97 ppm) caused a decrease in intracellular calcium
ﬂux.
Conclusion: Diazinon causes signiﬁcant damage on functional
parameters of mononuclear cells, suggesting high immunotoxic
properties of this pesticide.
http://dx.doi.org/10.1016/j.toxlet.2016.07.621
PP13.6
Results of the safety evaluation of cancer
vaccines dealing with novel targets for cancer
immunotherapy
A. Mancebo 1,∗ , A.M. Bada 1 , A. Casacó 2 , B. González 1 , A. León 1 ,
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Iglesias 2
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Introduction: Despite the many preventive and therapeutic
modalities aimed at curing cancer, it remains a serious health
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problem. Promising recent developments suggest that cancer
immunotherapy may be a great hope for cancer treatment. EGFRs
are receptor tyrosine kinases and it is considered an important
therapeutic target related with tumor progression, and several
types of molecular therapies, including monoclonal antibodies,
small molecules, and vaccines, have been developed to target
the HER family of receptors. On the other hand, gangliosides
are membrane glycosphingolipids that contain two variants of
sialic acid, N-acetylated (NeuAc) and N-glycolylated (NeuGc) variant. The high expression of this antigen speciﬁc molecule has
been associated with malignant tumor progression and immunosuppressive mechanisms, so ganglioside could be considered
as target for cancer immunotherapy. We have been working
for several years in the safety evaluation of cancer vaccines
targeting these two systems, the EGF receptor and ganglioside.
Materials and Methods: We presented in this work results of
repeated dose toxicity studies performed in Sprague Dawley rats
and Cynomolgus monkeys, including clinical observations, body
weight and rectal temperature measuring, clinical pathology analysis, gross necropsy and histological examination in rodent studies,
and immunological evaluation.
Results: Immunizations were capable of inducing mainly
inﬂammatory effects at the injection site, with ﬁndings largely
attributable to the adjuvants used and probably enhanced by the
immunological properties of the antigens.
Conclusions: In general, these vaccines were shown to be well
tolerated, and these studies in relevant species allow treating cancer patients with tumors during long periods with relative weight
safety margin.

evaluations, electrophysiological evaluations, neurological exams,
and hematological and clinical chemistry.
Results: The study ended with 100% survival. The results
showed that body weight, body weight gains and rectal temperature were not affected by the AcM T1h. There were found signiﬁcant
differences between groups in cardiac and respiratory frequencies,
but apparently not related with the test substance administration,
since all values were found to be within those reported as normal
for dogs. Hematological and serum chemistry was unaffected by
the test substance.
Conclusions: The results obtained showed that the AcM T1h is
safe in the used biomodel.

http://dx.doi.org/10.1016/j.toxlet.2016.07.622

Introduction: Radiation-induced cellular damage is attributed
primarily to the harmful effects of free radicals. Molecules having free radical-scavenging properties are particularly promising
as radioprotectors. Among the currently available radioprotectors, only amifostine has been shown in clinical trials to reduce
radiation-induced toxicity. This compound is an efﬁcient radioprotector but exhibit some undesirable side effects which prevent its
repetitive use. Our efforts are directed to develop radioprotective
agents having lower toxicity, own protective potential or suitable
as coadyuvant of amifostine.
Objective: In the present studies we describe results obtained
by repetitive oral administration of ethyl pyruvate (EP).
Methods: Eight male or female groups of Sprague–Dawley rats
were exposed (whole body) to a X ray dose of 2 Gy. After that, short
term or long term experiments were performed. Control groups
were run simultaneously. Short term: 48 h after radiation exposure samples were obtained for histology (duodenum, jejunum,
ileum, colon, salivary glands and testes). In addition, erythrocyte
and leukocyte count and formula were measured. Occurrence of
genotoxic effects in blood leukocytes was evaluated by the Comet
assay. Preventive effects of EP were tested by administrating it as
a single dose of 50 mg/kg i.p. in saline one hour before irradiation.
Long term: Survival studies were performed treating animals with
amifostine (100 mg/kg, i.p.) half hour before irradiation, or with a
single dose of EP (50 mg/kg) one hour before irradiation, followed in
both cases by repetitive administration of EP as a 0.3% v/v solution
in drinking water for one month.
Results: Histology of irradiated animals showed inﬂammatory
processes in the epithelia of the digestive tract and in testis, with
no changes detected in salivary glands. Leukocyte count was drastically reduced compared to control, presenting also an altered
formula. The effect of EP resulted in a protection of the epithelium in
the duodenum and a partial protective effect on blood parameters
(males). Genetic damage was signiﬁcantly reversed by treatment
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Introduction: The humanized AcM T1h is an antibody produced
by the Center of Molecular Immunology. This product is proposed
for the treatment of Rheumatoid Arthritis.
Objective: The objective of this study was to evaluate the toxicological safety of the repeated endovenous administration (12
weeks) of AcM T1h to Cenp: BEAG dogs.
Materials and Methods: We establish two experimental
groups: control and treated (4X), of six animals each, 3 per sex.
Measurements included clinical observations, body weight, rectal temperature, clinical signs (cardiac and respiratory frequencies,
arterial pressure and pulse), electrocardiogram, ophthalmological

http://dx.doi.org/10.1016/j.toxlet.2016.07.623
P14: Medicine and cosmetic toxicology
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with EP or EP plus amifostine (both sexes), and also a protective
effect for survival was observed only in females.
Conclusion: EP showed a moderate but signiﬁcant radioprotective action, that could be improved by increasing dose or treatment
time, considering EP has a low toxicity by itself.
Financial support: Grant PIDDEF 11/12 (MINDEF).
http://dx.doi.org/10.1016/j.toxlet.2016.07.361
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LD50 determination of caffeine-alginate
methylsilanetriol in mice
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Vergara-Castañeda, L. Martino-Roaro
Research Food and Health, Faculty of Chemical Sciences, La Salle
University, Mexico City, Mexico
Introduction: Caffeine-alginate methylsilanetriol (CaMeSi) is
a compound found on multiple commercial brands in cosmetic,
cosmeceutical and personal care products, being in contact with
general population. CaMeSi is a complex of organic silicon and caffeine which synergic activity enhances its mechanism of action by
inhibiting lipoprotein-lipase and direct stimulation to G-coupled
receptor to increase the adenylate cyclase enzyme and consequently increase lipolysis in the adipose tissue. Other than
pharmacodynamic characterization, there is limited information
about acute toxicity including medium lethal dose (LD50) determinations.
Objective: To assess the medium lethal dose of CAMeSi in both
male and female mice.
Materials and methods: All determinations were done according to the method described by Lorke with slight modiﬁcations
in which two groups with three animals each were administered intraperitoneally with 10 mL/kg and 100 mL/kg respectively
as an screening of lethality. Afterwards, the administration
of a scale of doses (2 mL/kg, 4 mL/kg, 8 mL/kg, 11 mL/kg and
16 mL/kg) was performed to three mice for each dose. After
the administration toxicity signs on mice were observed along
14 days in survival mice. Lethality was observed in a period
of 30 minutes after administration and LD50 was calculated
by determining the geometrical mean of doses. Weight loss
within groups was compared using Kruskal–Wallis non-parametric
test.
Results and conclusions: First two administered doses were
100% lethal so scale doses were administered and DL50 of CaMeSi
was 8.8 mL/Kg in male mice and 12 mL/Kg in female mice. Those
DL50 values are classiﬁed as no toxic according to the OCDE. Postadministration toxic signs included in order of frequency: diuresis,
dyspnea, tachycardia, piloerection, vasoconstriction, reﬂex loss,
anesthesia, catalepsy, ataxia, prostration, tonic-clonic convulsions
and suffocation. Both male and female mice groups had a statistically signiﬁcant (p < 0.05) weight loss within the ﬁrst three days
followed for 14 days.
http://dx.doi.org/10.1016/j.toxlet.2016.07.362

The success of prosthetic implants depends on several factors related to the material surface exposed to the host tissue.
Hydroxyapatite (HAp) is used to improve the recovery in fractures or bone replacement. However, HAp is a fragile bioceramic
that can be improved through its deposition on metallic surfaces
by high-velocity oxygen fuel (HVOF). The aim of this study was
to evaluate the in vitro and in vivo biocompatibility of HAp to
ensure the safety of their use in bone replacement. Three types
of implants (with and without HAp coating) were tested. We
evaluated the in vitro cytotoxicity and the interactions between
HAp and hFOB in human osteoblasts; Ca and P ions were quantiﬁed in the cell culture medium, and the mutagenic capability of
HAp in mouse lymphoma cells. Our results showed no differences
between the three coating conditions. SEM micrographs showed
cells with normal morphology and promotion of cell-to-cell interactions. In addition, implants did not cause mutagenic alterations,
hence, suggesting an adequate and advantageous biocompatibility
and bioactivation. Next, we evaluated in vivo the biocompatibility of HAp coated intraoseal microimplants in male Wistar rats
during 2, 4, 6 and 12 weeks. Two types of implants (with and
without HAp coating) were surgically placed inside the femur.
Rats were euthanized after 12 weeks and biochemical, clinical and
histopathological analyses were performed. The results showed
no changes in hematological parameters. Although alkaline phosphatase, a compatibility biomarker, did not signiﬁcantly change
with the Hap-coated implants, histological analyses showed that
HAp coated implants promote an increment of endochondral ossiﬁcation thus inducing osseointegration. Moreover, none of the
two implants induced osteonecrosis or affected hematopoiesis. Our
results suggest that deposition of HAp by HVOF emerges as a viable
and low-risk alternative to be considered in the development of
prosthetic implants.
Financial support: Conacyt (PEI-211676 and PEI-221791).
http://dx.doi.org/10.1016/j.toxlet.2016.07.363
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The major cause in failure of metallic prosthetics is related to
the movement of loosened parts; the friction and wear between
surfaces that can increase systemic metal concentrations, mainly
cobalt and chromium. Both metals are known to affect bone health
and to induce inﬂammatory responses. Therefore, ceramic coatings
such as hydroxyapatite (HAp), are gaining attention as a bioactive
and biocompatible alternative to interact with hard and muscle tissues avoiding metal debris release. In previous studies, we
demonstrated that HAp coating on metallic surfaces increased
adherence of hFOB human osteoblasts in vitro. In this study we
implanted cylindrical implants coated with Titanium (Ti) and HAp
in male Wistar rats in order to determine their bioactive properties and whether Hap coating reduces metal release. Our results
showed that the presence of implants did not induce a reduction in
body-weight gain nor showed signs of infection, thus not impacting
in general health. As soon as 2 weeks animals exhibited an acceptable surgery recovery as they showed no difﬁculties to walk or to
stand on their back legs. Quantiﬁcation of Cr and Co concentrations
in blood showed that after 4 weeks there was an increase of both
metals, however this concentrations tend to decrease at 12 week
post-surgery The determination of bone metabolism biomarkers
(osteocalcin, osteopontin, osteoprotegerin and leptin) in blood
showed that Ti/HaP coating induces bone formation and healing
in rats as well as a reduction on proinﬂammatory cytokines, compared to uncoated implants. In summary our results suggest that
Ti/HAp coating on metallic implants reduced the release of metallic
ions and promoted an increment of osseointegration in the femur.
Therefore, this coating emerges as a viable and low-risk alternative to be considered in the development of prosthetic implants in
medicine.
Financial support: Funding: Conacyt-PEI 221791.
http://dx.doi.org/10.1016/j.toxlet.2016.07.364
PP14.5
Relationship between bortezomib-induced
peripheral neuropathy and blood levels of lead,
copper and zinc in multiple myeloma patients:
A cross-sectional study
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Introduction: Bortezomib is a reversible inhibitor of
chymotrypsin-like (CT-L) activity of proteasome and is a recently
introduced drug for the management of multiple myeloma and
certain solid tumors. Peripheral neuropathy is a dose limiting
toxicity of bortezomib with incidence ranging from 35% to 75%.

The mechanism of bortezomib induced peripheral neuropathy is
not known. Lead exposure is an important public health problem
in India. This coupled with the presence of poor renal function
in multiple myeloma increases the possibility of lead toxicity in
these patients. Further, high lead exposure is frequently associated
with concurrent copper and zinc exposures. Altered level of lead,
copper, and zinc are known to be associated with peripheral
neuropathy.
Objective: This cross-sectional study was conducted to explore
the relationship between lead, copper and zinc levels in whole
blood, and bortezomib-induced peripheral neuropathy.
Materials and methods: This study was conducted after
approval from the Institute Ethics Committee (Ref. No.: T271/23.06.2015, RT-12/22.07.2015). Fifty-two multiple myeloma
patients were enrolled in the study with informed consent. Detailed
history of the enrolled patients was taken for symptoms suggestive of peripheral neuropathy such as paresthesia, numbness, pain
and weakness of upper and lower limbs. Two ml blood was taken
for estimation of lead, copper and zinc. Whole blood was digested
using HNO3 and H2 O2 in microwave digestion unit and metals were
analyzed using Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES).
Results: Fifty-two patients (males = 31, females = 21) with mean
age, 53.4 ± 8.9 years and ranging from 31 years to 71 years were
enrolled. Out of the 52 patients, 21 had symptoms suggestive
of peripheral neuropathy. Forty-three patients (23 patients with
peripheral neuropathy symptoms, and 20 patients without peripheral neuropathy symptoms) agreed to give blood for estimation
of metals. The median [IQR] levels of lead, copper and zinc in the
whole blood of all 43 patients were 709.9 [104.9, 3591.8] g/L,
653.3.9 [170.6, 1720.9] g/L and 4824.0 [542.8, 22946.0] g/L
respectively. Lead levels in g/L(median [IQR]) in patients with
and without peripheral neuropathy symptoms were 709.9 [238.2,
3591.8] and 706.0 [104.9, 3483.8] respectively. Similarly copper
levels, in g/L(median [IQR]) in patients with and without peripheral neuropathy symptoms were 566.1 [170.6, 954.2] and 841.3
[295.5, 1720.9] respectively. Zinc levels, in g/L (median [IQR])
in patients with and without peripheral neuropathy symptoms
were 4874.0 [542.8, 12155.6] and 4772.7 [3166.5, 5586.1] respectively. There were no statistically signiﬁcant differences between
the two groups with regards to the three metal levels (p values of
0.4, 0.06 and 0.5 for lead, copper and zinc levels respectively with
the Wilcoxon rank sum test). There was no signiﬁcant difference
in lead, copper and zinc levels between patients with and without
symptoms suggestive of peripheral neuropathy (“p” values of 0.4,
0.06, and 0.5, respectively with the Wilcoxon rank sum test).
Conclusions: In this cross-sectional study, lead, copper and zinc
levels were estimated in multiple myeloma patients on bortezomib.
We found no association between bortezomib induced peripheral
neuropathy and lead, copper or zinc levels. However, increased lead
levels were observed as compared to reference levels though these
reference values are based on urban European population.
http://dx.doi.org/10.1016/j.toxlet.2016.07.365
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Repeated administration of benzophenone
induced oxidative stress in alterations of
morphometry and cytomembrane morphology
of rat red blood cell
Uma Dutta
Department of Zoology, Cotton College, Cotton College State
University, Guwahati, Assam 781001, India
Introduction: Application of varieties of sunguards during
daylight hours has been clinically accepted. Among these, benzophenone (BZ) is the most commonly used primary intermediate
for the preparation of sunscreen and many other cosmetic products
in the market. Millions of people are exposed to this chemical on a
daily basis either occupationally or as consumers and has become
a public health concern.
Objective: To evaluate the possible oxidative stress effect on
the erythrocyte of albino rat exposed repeatedly to single sublethal
dose (15 mg/ml/kg body wt. daily) for a period of 17 weeks.
Materials and methods: The assessment was based on changes
in morphometric measurement of cell size and cytomembrane
morphology at LM, AFM, SEM level along with anti-oxidant enzyme
activities following standard methods.
Results: The ﬁndings of the investigation showed a signiﬁcant increase in total erythrocyte population and alteration of
RBC related indices (p < 0.05). Morphometric evaluation of representative shape and size parameters of erythrocyte cells viz.
perimeter, area and its ratio, solidity, roundness, width and height
were signiﬁcantly (p < 0.05) changed in BZ treated group as compared to normal ones. Qualitative morphological analysis of RBC’s
cytomembrane both at LM and SEM level revealed striking changes
on the surface topography and membrane abnormalities of RBC
in the peripheral circulation. The degree of erythrocyte membrane response was reﬂected prominently by the appearance of
teardrop, echinocytic, leptocytic, stomatocytic transformation with
discocyte asymmetry. The values of membrane roughness (both
arithmetic average and root mean square) by AFM were also signiﬁcantly increased (p < 0.05). Total GSH content of erythrocyte
and antioxidant enzyme activities – CAT, GSH-Px decreased signiﬁcantly (p < 0.01) with signiﬁcant increase of SOD activities in treated
rats.
Conclusions: The result of the study concluded that BZ is a
potent agent of oxidative stress causing damage to membrane
of erythrocyte and causes gross haematological disturbances. The
morphometric assay of RBC deﬁnitely suggests the haematotoxic
nature of BZ.
Financial support: Partial support, UGC, Govt. of India.
http://dx.doi.org/10.1016/j.toxlet.2016.07.366
P15: Metabolism/ Biotransformation/ Polymorphism
PO15.1
The HepaRG cell line: A valuable model for
biotransformation and metabolomic studies
N.J. Cabaton, M.H. Meireles, C. Canlet, M. Tremblay-Franco, E.L.
Jamin, L. Dolo, A. Hillenweck, D. Zalko
Toxalim, Université de Toulouse, INRA, Toulouse, France
Introduction: Humans are exposed to a variety of man-made
chemicals. Some of it can be bioactivated through biotransformation processes. The need to reduce the number of animals used for
toxicity studies implies the development of reliable in vitro tools,
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which should reﬂect as closely as possible the human in vivo situation. In parallel, novel approaches in the ﬁeld of metabolomics are
being developed to highlight metabolic changes in biological systems exposed to chemicals. Ideally, in vitro models should express
the largest possible metabolic capabilities, both regarding xenobiotics metabolism (biotransformation) and general metabolism
(global approaches, metabolomics).
Objective: We performed metabolic proﬁling studies to examine the metabolic pathways and biotransformation rates of a
variety of food and environmental contaminants such as bisphenols
(BPA, BPF), phthtalate (DEHP), and polycyclic aromatic hydrocarbons (Fluoranthene, Benz[a]pyrene). Metabolomic approaches
were investigated based on exposed/control HepaRG cells extracts,
in the context of low concentration exposure (as low as 10−12 M).
Methods: Concentration ranges were optimized for each
contaminant and metabolic proﬁling was performed on differentiated HepaRG cells using radio-HPLC following a 24-h exposure.
Metabolomics: sample extracts were submitted to 1 H NMR spectroscopy and NMR data were analyzed by multivariate statistical
methods.
Results: The HepaRG cell line expresses high metabolic capabilities, like human primary hepatocytes, with the advantage
of having the indeﬁnite growth capacity of hepatic cell lines.
Metabolomics were able to discriminate between the control
group and all BPA-exposed groups, with the discriminant metabolites suggesting a disruption in energetic and lipid metabolism
pathways.
Conclusions: Taken together, our data demonstrate that the
HepaRG cell line is an extremely valuable model for toxicological
studies, taking into account phase I as well as phase II biotransformations, but also highly suitable for the study of subtle metabolic
shifts, highlighted by metabolomic approaches.
http://dx.doi.org/10.1016/j.toxlet.2016.07.368
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Polymorphisms in glutathione (GSH-) related
genes and their impact on mercury
nephrotoxicity
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Introduction: The kidneys are one of the main target organs for
elemental mercury. Nevertheless, our previous ﬁndings found no
meaningful relationship between Hg concentrations and the frequency of altered kidney function monitoring parameters in active
artisanal gold miners. Several factors might have directly or indirectly inﬂuenced our ﬁndings, among them, genetic factors are
considered one of the most plausible. In this context, polymorphisms in glutathione (GSH-) related genes may modify the toxicity
of Hg as GSH plays a central role in Hg metabolism via conjugation,
which results in differences on Hg retention.
Objective: To investigate whether functional SNP in genes of
GSH metabolism are associated with Hg concentrations and renal
dysfunction biomarkers in people exposed to Hg due to artisanal
gold mining activities.
Materials and methods: The study enrolled 164 miners and
127 participant controls. The Hg concentrations were measured
in blood and urine by atomic absorption spectrometry. The
glomerular ﬁltration rate (eGFR) was calculated by using the
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CKD-EPI equation. Genotyping for GCLM (rs41303970) and GSTA1
(rs3957356) was performed using the TaqMan allelic discrimination assay. The statistical analysis was performed using GraphPad
Prism V6.04 and PLINK V1.07 software.
Results: Signiﬁcant differences in the distribution of GCLM
(rs41303970) T allele (p = 0.00045), but no for the GSTA1
(rs3957356) alleles were observed between miners and control participants (0.35 vs. 0.22, respectively). No association was
observed in the genotype and allele distribution for the GCLM and
GSTA1 polymorphism and the concentration of Hg in blood (median
7.0 vs. 2.5 g/L) and urine (median 3.9 vs. 1.5 g/g creatinine). Nevertheless, an association was observed for the GSTA1 TC genotype
(p = 0.0305; OR = 0.377, 95%CI = 0.156–0.914) with reduced eGFR
levels (<71.96 mL/min per 1.73 m2 ) in the miners group.
Conclusions: The molecular epidemiological evidence from
this study suggests that GSTA1 (rs3957356) TC genotype, and
particularly the T allele may be important in preventing the occurrence of reduced eGFR levels in people exposed to Hg. On the other
hand, contrary to previous ﬁndings, no association was observed
between Hg concentrations and the GCLM (rs41303970) polymorphism, questioning the role of this SNP in the Hg metabolism.
Financial support: This work was funded by Colciencias, grant
No. 1102-519-29272, and Universidad Industrial de Santander,
Bucaramanga, Colombia.
http://dx.doi.org/10.1016/j.toxlet.2016.07.369
PO15.3
In vitro metabolism of the anti-androgenic
fungicide vinclozolin by human liver
microsomes
M. Cruz-Hurtado, M.L. López González, A. Sierra-Santoyo
Department of Toxicology, Cinvestav-IPN, Mexico City, Mexico
Vinclozolin (V) is an agricultural fungicide. It is
non-enzimatically hydrolyzed to 2-[[(3,5-dichlorophenyl)carbamoyl]oxy]-2-methyl-3-butenoic
acid
(M1)
and
3 ,5 -dichloro-2-hydroxy-2-methylbut-3-enanilide (M2). V, M1
and M2 have antiandrogenic properties by interacting with the
androgen receptor. In rat, V is metabolized to at least seven
metabolites. Although V metabolites are mainly responsible of the
antiandrogenic effects of the exposure to the fungicide reported in
some animal models, there is no available data on V biotransformation by humans. The objective of this study was to characterize V
metabolism by human liver microsomes. V and M2 were incubated
with pooled adult male human liver microsomes and NADPH.
Several metabolites were detected following the extraction of V
incubate with acetonitrile and the analysis by HPLC/DAD/MSD.
Two metabolites were detected and identiﬁed by their tret , UV
spectrum and ESI mass spectra. One metabolite was identiﬁed
as [3-(3,5-dichlorophenyl)-5-methyl-5-(1,2-dihydroxyethyl)-1,3oxazolidine-2,4-dione] (M4), which was gradually converted to
3 ,5 -dichloro-2,3,4-trihydroxy-2-methylbutylanilide (M5). Both
co-eluted in the same HPLC peak. The other identiﬁed metabolite
was N-(2,3,4-trihydroxy-2-methyl-1-oxo)-3,5-dicholorophenyl1-carbamic acid (M7). Another new metabolite was detected but it
was not identiﬁed. The KM for co-eluted M4/M5 and M7 were 32.4
and 43.6 M, the Vmax were 0.232 and 0.156 nmoles/min/mg protein, and the CLint were 7.2 and 3.5 ml/min/g protein, respectively.
Two metabolites were detected and identiﬁed from M2 metabolite,
they corresponded to M5 and 3,5-dichloroaniline (M3). The KM for
M5 and M3 were 23.6 and 48 M, the Vmax were 0.341 and 0.031
nmoles/min/mg protein, and the CLint were 14.4 and 0.6 ml/min/g
protein, respectively. These results indicate that V and M2 are

efﬁciently metabolized by the human and its metabolism pathway
is similar to the rat. Human V biotransformation characterization
will provide further insight into the relationship between the
toxicity and V exposure in humans.
Financial support: Funded by Conacyt-Mexico #168384 and by
the Pesticide Toxicology Network #253789/271775.
http://dx.doi.org/10.1016/j.toxlet.2016.07.370
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Relation between polymorphisms OGG1
(Ser326Cys) and PARP1 (Val762Ala) and DNA
damage in children environmentally-exposed
to particulate matter
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Background: North of the Metropolitan Area of Mexico City
(MAMC) is highly industrialized with heavy trafﬁc, one of the
most contaminated areas due to high levels of particular matter
(PM). PM is associated with health problems including genotoxic
effects, particularly in children, who are a susceptible population. PM2.5 exposure causes DNA oxidation and crosslinking. DNA
damage is repaired by poly-ADP-ribose polymerase (PARP1) and 8oxoguanine-DNA glycosylase (OGG1) among other enzymes. OGG1
(C → G; Ser326Cys) and PARP1 (C → T; Val762Ala) variants show
low enzymatic activity; therefore they may be susceptibility factors
to oxidative pollutants.
Objective: To evaluate the role of gene-environment interaction
on the DNA damage in children from North MAMC.
Materials and methods: A cross-sectional study was conducted in 159 schoolchildren (7–10 years). Parents gave the
consent and answered a structured questionnaire. PM2.5 was
obtained by air monitoring and analyzed by gravimetry. Organic
and elemental carbon contents (OC and EC, respectively) were
determined by Thermal-Optical-Transmittance. Micronuclei (MN)
were determined in peripheral lymphocytes by the cytokinesisblock micronucleus test in 1000 cells and PARP1 (Val762Ala) and
OGG1 (Ser326Cys) variants by qRT-PCR.
Results: PM2.5 concentration was 27.5 g/m3 (95%CI 25.7–29.4),
above international standards. MN frequency was 1.4 (95%CI
1.3–1.6), and a signiﬁcant relationship between MN and EC content was observed (p < 0.05). The interaction analysis showed a MN
frequency increase of 19% in children PARP1 TT (according to PM2.5
CE content (p < 0.05). A marginal increment of 10 and 13% in MN frequency was observed in CG and GG (OGG1) individuals, respectively
(p = 0.06).
Conclusions: Results indicate that OGG1 and PARP1 polymorphic variants modulate the DNA damage caused by PM2.5 exposure
in children from MAMC.
Financial support: Supported by CONACyT-Mexico, Grants
#155179, 106034 and 251229/271626.
http://dx.doi.org/10.1016/j.toxlet.2016.07.371
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Lead effects in children from ﬁshing
communities at the Caribbean coast of
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Cholesterol overload induces an hormetic
response and restricts cadmium toxicity in
primary mouse hepatocyte
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Introduction: Cholesterol overload exhibits cellular toxicity,
particularly by inducing mitochondria dysfunction and oxidative
stress conditioning to an exacerbation of a second hit. Cadmium
has shown induce also cellular toxicity by a complex mechanism
that is not fully understood.
Objective: In the present work we were focused to determine
the effect of cholesterol overload in primary mouse hepatocytes
exposed to cadmium chloride.
Materials and methods: 8 weeks-old CD-1 male mice were fed
for two days with an hypercholesterolemic diet (HC; 1% cholesterol
and 0.5% sodium cholate) after that hepatocytes were obtained
by using the two-step collagenase perfusion method. Hepatocytes
were treated or not with CdCl2 [25 nM] at different periods. Cell
viability was determined by using the crystal violet assay. ROS
detection was evaluated by ﬂuorescence and the protein carbonyl
groups were determined by the Oxyblot® kit. Lipid content was
determined by the red oil O dye and cholesterol content was measured using a Total cholesterol assay kit® . Antioxidants enzymes,
pro and anti-apoptotic as well as mitophagy proteins content were
assessed by Western blot.
Results: Our data show that Cd by itself signiﬁcantly diminished
cell viability in a time-dependent manner, while cholesterol overload in combination with cadmium kept cell viability over 85% and
increased the antiapoptotic Bcl-2 protein content whereas diminished the proapoptotic Bax content. Cd exposure increased ROS
production in both cases, however the protein oxidation was diminished in presence of cholesterol overload, at the same time we
found an increment in the antioxidant enzymes content, such as,
gamma glutamylcysteine synthetase (ϒ-GCS), glutathione peroxidase (GPX), glutathione transferase (GSTM) and metalothionein
II (MT-II). Lipid content was increased even more in high cholesterol diet, along with cholesterol levels after cadmium treatment.
The proteins involved in mitophagy process were increased in
cholesterol overload; nevertheless also PGC-1␣ protein content
was elevated suggesting an increment in mitochondrial biogenesis.
Conclusions: Our data suggest that cholesterol overload exerts a
hormetic response against Cd toxicity in hepatocytes, this survival
process can worse the effects of long-term exposure and lead to
irreversible disease stages.
Financial support: Conacyt #166042, PRODEP 91302614612111.
http://dx.doi.org/10.1016/j.toxlet.2016.07.373
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Introduction: Lead (Pb) exposure affects multiple organ systems. In the Caribbean region of Colombia, children from ﬁshing
communities may be exposed to Pb by direct contact when making ﬁshing tools. Moreover, nutritional deﬁciencies and extreme
poverty-related situations make these children more susceptible
to the toxic effects of this heavy metal.
Objective: To determine blood lead (BPb) levels in children
from ﬁshing communities at the Caribbean coast of Colombia and
their association with IQ, hematological, biochemical and molecular markers.
Materials and methods: A total of 310 blood samples were collected from children aged 6–16 years in two ﬁshing communities,
Tasajera and Lomarena. BPb levels were determined by GF-AAS. The
IQ was measured using the Kaufman ABC test. A complete blood
count was carried out on an automated analyzer. Plasma ALT, GGT
and ALP were quantiﬁed using commercial kits. Relative expression
of ALAD, p53, Sod1, TNF-alpha and IFNg genes was performed by
RT-PCR.
Results: BPb levels ranged from 0.28 to 50 g/dL. In Lomarena,
the mean BPb was 4.1 ± 0.5 g/dL and 18.9% had BLL >5 g/dL
(Reference level, CDC). BPb levels were weak and negatively correlated with body mass index, ALT and IQ. BPb concentrations
and MCHC were positively correlated (R = 0.372, P = <0.0001). Sod1
and IFNg genes were signiﬁcantly overexpressed at concentrations
>10 g/dL. ALAD expression was signiﬁcantly increased at BPb levels between 5.1 and 10 g/dL. Children from Tasajera presented a
mean BPb of 8.81 ± 0.78 g/dL; 27% ranged 5.1–10 g/dL, and 29%
were >10 g/dL. BPb levels were weak, positive and signiﬁcantly
correlated with ALP and LYM%. Moderately low inverse correlations
were observed between BPb levels and GRA% (R = −0.317, P < 0.001),
and stature (R = −0.287, P < 0.001).
Conclusions: A high percentage of surveyed children had BPb
levels above the CDC-reference level. Health authorities must
implement measures to reduce Pb exposure in these populations.
Financial support: Colciencias-UdeC (Grant 1107-545-31458323/12). Bertel-Sevilla and Caballero-Gallardo are sponsored by the
National Program for Doctoral Formation (COLCIENCIAS, 727-2015;
567-2012).
http://dx.doi.org/10.1016/j.toxlet.2016.07.374
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Environmental exposure to arsenic and
chromium in children is associated with kidney
injury molecule-1
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Arsenite and methylarsonite impair
glucose-stimulated insulin secretion through
inhibition of mitochondrial respiration and
calcium inﬂux
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Environmental hazards from natural or anthropological sources
are widespread, especially in the north-central region of Mexico.
Children represent a susceptible population due to their unique
routes of exposure and special vulnerabilities. In this study we
evaluated the association of environmental kidney toxicants
exposure and kidney injury biomarkers in children living in San
Luis Potosi (SLP), Mexico. A cross-sectional study was conducted
with 83 children (5–12 years of age) residents of Villa de Reyes,
SLP. Exposure to arsenic, cadmium, chromium, ﬂuoride and lead
was assessed in urine, blood and drinking water samples. Almost
all tap and well water samples had levels of arsenic (81.5%) and
ﬂuoride (100%) above the permissible levels recommended by the
World Health Organization. Mean urine arsenic (45.6 ppb) and
chromium (61.7 ppb) were higher than the biological exposure
index, a reference value in occupational settings. Using multivariate adjusted models, we found a dose-dependent association
between kidney injury molecule-1 (KIM-1) across chromium
exposure tertiles [(T1: reference, T2: 467 pg/mL; T3: 615 pg/mL)
(p-trend = 0.001)]. Chromium upper tertile was also associated
with higher urinary miR-200c (500 copies/L) and miR-423
(189 copies/L). Arsenic upper tertile was also associated with
higher urinary KIM-1 (372 pg/mL). Other kidney injury/functional
biomarkers such as serum creatinine, glomerular ﬁltration rate,
albuminuria, neutrophil gelatinase-associated lipocalin and miR21 did not show any association with arsenic, chromium or any
of the other toxicants evaluated. We conclude that KIM-1 might
serve as a sensitive biomarker for environmental exposure risk
assessment and kidney toxicity in children. [CONACYT (234833),
Fundación México en Harvard, A.C and pilot project grant from the
Harvard-NIEHS Center for Environmental Health (P30ES000002)].
http://dx.doi.org/10.1016/j.toxlet.2016.07.375

Chronic exposure to inorganic arsenic (iAs) in drinking water has
been associated with impaired glucose homeostasis in both mice
and humans. Our previous studies have shown that exposure of isolated murine pancreatic islets to arsenite (iAsIII ) or its methylated
trivalent metabolites, methylarsonite (MAsIII ) and dimethylarsinite (DMAsIII ), leads to an inhibition of glucose-stimulated insulin
secretion. The goal of the present study was to assess the molecular mechanisms underlying these effects. Isolated murine islets
and INS-1 823/13 pancreatic ␤-cells were exposed to iAsIII , MAsIII
or DMAsIII for 48 or 24 h. Following exposure, glucose-stimulated
insulin secretion was measured, along with mitochondrial oxygen consumption rates (OCR) and calcium inﬂux using Seahorse
XF analyzer and ﬂuorimetric imaging, respectively.
Glucose-stimulated insulin secretion by isolated islets and INS-1
cells was signiﬁcantly inhibited by both iAsIII and MAsIII at noncytotoxic doses; OCR was also decreased in INS-1 cells. Consistent
with these ﬁndings, iAsIII and MAsIII also inhibited calcium inﬂux
in glucose-stimulated islets. In all assays, MAsIII was a more potent
inhibitor than iAsIII . Exposure to DMAsIII also impaired these mechanisms, but its potency varied.
In glucose-stimulated ␤-cells, increased mitochondrial respiration, coupled with ATP accumulation, results in closure of
ATP-dependent potassium channels, followed by membrane depolarization, opening of voltage-gated calcium channels, and calcium
inﬂux. Calcium is essential for activation of downstream mechanisms regulating secretion of insulin. Our ﬁndings suggest that
inhibition of mitochondrial respiration/ATP synthesis and calcium
inﬂux may be responsible for the impaired insulin secretion previously observed in pancreatic islets exposed in vitro to iAsIII or its
methylated metabolites. Additional studies are needed to determine if an impairment of these mechanisms is consistent with
phenotypic characteristics of diabetes associated with environmental exposure to iAs.
http://dx.doi.org/10.1016/j.toxlet.2016.07.376
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Nuclear Factor-KB and histone 3 (H3)
methylation participate in the negative
regulation of PTEN in urothelial cells exposed in
vitro to monomethylarsonous acid (MMA III)
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Introduction: In vitro exposure to 50 nM of monomethyl arsonous acid (MMAIII ) induces UROtsa cells malignant transformation
after only 12 wk. UROtsa cells are a model to study carcinogenicity
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mechanisms of arsenic-associated human bladder cancer. NF␤mediated inﬂammation seems to play an important role in this
process; however, the mechanism has not been yet deciphered.
Partial loss of PTEN gene or protein is enough to promote bladder
cancer. PTEN is negatively regulated by the NF␤ direct binding
to its promoter. NF-␤ in turn induces the recruitment of chromatin modifying proteins including histone methyl and acetyl
transferases (HMTs and HMT) as well as histone methylases and
deacetylases among. In general, histone 3 (H3) trimethylation in
lysine 9 (H3K9me) as well as in lysine 27 (H3K27) are referred as
genetic repression marks since they induce the recruitment of histone deacetylates, whereas histone acetylation (H3ac or H4ac) is
consider as activation mark since induces DNA relaxation around
nucleosomes. Our group proposes an important role of NF␤ in
PTEN gene regulation during UROtsa cells malignant transformation.
Objective: The aim of this work was to evaluate changes in PTEN
expression as well as the role of NF-KB and H3 modiﬁcations in
UROtsa cells exposed for 4, 12, 20 and 24 wk.
Materials and methods: UROtsa cells were donated by Drs.
Mary Ann and Donald Sens (University of North Dakota). Cell culture conditions were those previously described by Bredfeldt et al.
(2006). PTEN expression was evaluated through reverse transcription followed by qPCR and through Western Blot. NF␤ activation
was assessed through p65 phosphorylation determination with a
speciﬁc ELISA kit (Afﬁmetrix). Cytokines expression was evaluated
through reverse transcription and qPCR. Chromatin immunoprecipitation (ChIP) was performed to determine NF␤, H3k9me3,
H327me3 and H3Ac binding to the PTEN promoter. Immunoprecipitated DNA was ampliﬁed by qPCR. Values were calculated using
the delta Ct method normalizing to the respective input for each
sample.
Results: MMAIII decreased PTEN expression after 20 wk exposure which correlated with increased NF-KB activation and binding
to PTEN promoter. ChIP assays showed a signiﬁcant increase in
H3k9me3 and H327me3, as well as a signiﬁcant decrease in H3ac
binding at PTEN promoter, compared with not treated cells.
Conclusions: PTEN expression is decreased in UROtsa cells
exposed for 20 wk to MMAIII. NF-KB and histone modiﬁcations
at PTEN promoter seems to negatively regulate PTEN expression.
Results suggest that these mechanisms may participate in cells
malignant transformation and in the maintenance of the malignant
phenotype.
Financial support: This work was partially supported by Fondo
de Apoyo a la Investigacion (FAI) C14-FAI-04-10.10
http://dx.doi.org/10.1016/j.toxlet.2016.07.377
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form bismethylmercury sulﬁde
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Introduction: Bismethylmercury sulﬁde ((MeHg)2 S) has been
found to be a detoxiﬁed metabolite of methylmercury (MeHg) that
is produced by SH-SY5Y cells and in livers of rats exposed to MeHg.
(MeHg)2 S could be formed through the interactions between MeHg
and sulfur species such as hydrogen sulﬁde (H2 S or HS− ), but the
origin of its sulfur has not been fully identiﬁed.
Objective: We herein examined the formation of (MeHg)2 S
through interactions between MeHg and persulﬁdes, polysulﬁdes,
and protein preparations.
Methods: MeHg and (MeHg)2 S were measured by highperformance liquid chromatography (HPLC)/atomic absorption
spectrophotometry (AAS).
Results: NaHS and Na2 S4 react readily with MeHg to give
(MeHg)2 S, and similar results were found using gluthathione (GSH)
persulﬁde and its oxidized form. (MeHg)2 S was also formed by
incubation of MeHg with liver and heart cytosolic fractions prepared from wild-type mice but not with those from mice lacking
cystathionine ␥-lyase (CSE) that catalyzes the formation of cysteine
persulﬁde. Consistent with this, (MeHg)2 S was detected in a variety of tissues taken from wild-type mice intraperitoneally injected
with MeHg in vivo but not in those from MeHg-injected CSE knockout mice. By separating liver fractions by column chromatography,
we found numerous proteins that contain persulﬁdes: one of the
proteins was identiﬁed as being GSH S-transferase pi 1.
Conclusions: The formation of (MeHg)2 S can be attributed
to interactions between MeHg and endogenous free persulﬁde
species, as well as protein-bound cysteine persulﬁde. [Abiko Y et al.
Chem Res Toxicol. 2015; 28: 1301–1306.]
Financial support: This work was supported by a grant-in-aid
(#25220103 to Y.K. and #15K18906 to Y.A.) for scientiﬁc research
from the Ministry of Education, Culture, Sports, Science and Technology of Japan.
http://dx.doi.org/10.1016/j.toxlet.2016.07.378
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Low doses exposure to uranium from in vivo/in
vitro experiments: Deleterious or adaptive
responses induced?
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Potential health risk for chronic exposure to low doses of uranium is of essential societal issue for occupational workers or
general populations at risk of exposure due to anthropogenic activities or natural exposure. Uranium has mainly a chemical toxicity on
the proximal convoluted tubules of the kidney after acute exposure
but the toxicity have not been fully elucidated, however, especially
at low concentrations.
Dose-response studies have been done both in vivo and in vitro
to investigate the time-course of uranium distribution and the
mechanisms of toxicity through tissue/cell stress responses (RedOx
balance, nephrotoxicity markers, and histopathology).
In rats exposed chronically through drinking water, uranium
content in the tissue is proportional to uranium intake and reaches
6 g/g of kidney tissue. It is heterogeneously distributed in the
nephron and localized mainly in cell nuclei of proximal convoluted tubular epithelial cells as shown by SIMS (Secondary Ion Mass
Spectrometry) microscopy. After this 9-month exposure, lipid peroxidation levels decreased in plasma and kidney, and glutathione
concentrations increased dose-dependently, up to 10-fold. Globally, chronic uranium exposure did not induce nephrotoxic effects
(histopathology, sensitive renal biomarkers) but instead reinforce
the antioxidant system in the kidneys of rats. After in vitro exposure
of human epithelial cells to uranium at low concentrations (below
300 M) from 15 min to 24 h, the absence of any important phenotypic effect and the small rises in antioxidant and apoptosis gene
expression were observed. Uranium was thus observed, mainly in
the nucleus of cells as a soluble form. These results suggest the
adaptive response might occur at low concentrations but are overwhelmed at high concentrations, probably due to the high quantity
of uranium in the cells as precipitates form.
In conclusion, experimental data recently obtained on low-dose
uranium experiments at IRSN show that non-cancerous biological
effects on the kidney are often non-linear at low doses but probably
imply an adaptive response with threshold.
http://dx.doi.org/10.1016/j.toxlet.2016.07.379
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Thyroid and parathyroid morphological and
physiological changes as a consequence of
vanadium inhalation in a murine model
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Introduction: Air pollution by Particulate Matter (PM) is a
worldwide health problem. PM has been linked to adverse health

effects in respiratory and cardiovascular systems. Metals such as
vanadium are attached to PM reaching the respiratory tract, crossing the alveolar barrier and distributed in the systemic circulation.
Vanadium is absorbed because its phosphate similar structure and
deposited in bone, liver, kidney and thyroid. Association of low
bone mineral density with PM has been reported, as well as thyroid
dysfunction with chronic metal exposure.
Objective: To evaluate morphological and physiological
changes in thyroid and parathyroid glands after a subchronic
inhalation of vanadium.
Methods: Vanadium exposure was conducted according to our
previous reported model. Blood samples were collected for Thyroid
and Parathyroid function tests – Parathormone (PTH), Calcium (Ca),
Phosphorus (P), Tetra (T4 ) and Threeiodothyronine (T3 ), and Thyroid Stimulating Hormone (TSH) – Thyroid and parathyroid glands
were processed for histological evaluation. Thyroid follicles were
measured according to their inner and outer circumferences
EP =

[(Lf − Lc) + (Wf − Wc)]
4

and
FS =

Lf + Wf
2

Results: Decreased amount of thyroid follicles smaller in size,
with decreased thyroid function were observed in the exposed
groups (4 and 8-week) compared with controls. Lower PTH blood
levels were also observed which were reﬂected in the reduction of
calcium and increase in phosphorous in exposed group.
Conclusion: Vanadium inhalation decreased PTH levels with
low blood calcium that could lead to cardiac and nervous system
alterations. Also the decrease in T3 , T4 , and TSH indicates that vanadium may produce hypothyroidism that its incidence has increased
among the population.
Partial ﬁnancial support: DGAPA IN211315.
http://dx.doi.org/10.1016/j.toxlet.2016.07.380
PP16.5
Combined effect of the fungicide based on
copper sulfate and lead chloride
V.N. Rakitskii, T.A. Sinitskaya
Federal Scientiﬁc Center of Hygiene named after F.F. Erisman,
Moscow, Russia
Pesticides and heavy metals occupy special position in the
structure of chemical pollutants capable to affect signiﬁcantly the
residents’ health including children of different age groups. This is
connected with their stability in environmental objects (soil, water
and plants), apparent biological activity and ability to migrate, and
sometimes to circulate in natural biocenosises.
Up to now the character of combined effect of the fungicide
based on copper sulfate, widely used in agriculture in vegetables
and fruit crops, and grapes and global lead pollutant has not been
properly explored. From toxicological point of view, it is obligatory
to conduct the studies of simultaneous impact of the pesticide and
the heavy metal that make it possible to determine the character
(type) of such effect and evaluate the action of each of the ingredients separately and in summation on white rats bodies. As lead in
environmental objects is mostly in the form of sulﬁde (galena) PbS,
carbonate (cerussite) PbCO3 , sulfate (anglesite) PbSO4 and chloride
PbCl2 , to conduct the experiment, the studied heavy metal was used
in the form of lead chloride.
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To study the character and the degree of the substances interaction, method of orthogonal planning the experiment using
probability values (V.N. Rakitski, 1985) as the factors levels (LD16 ,
LD33 and LD50 ) with the interval of their variability (LD17 ) was
applied.
As the result of the experiment it was established that isolated
administration of lead chloride when the dose rose from LD33 to
LD50 caused the animals mortality increase by 5.5%, of copper sulfate – by 5.6% and their combined action by 7%.
The character of different combinations of lead chloride and
copper sulfate can be deﬁned as interrelationship additive effect
(potency (intensiﬁcation) factors at different combinations of the
components were in the range of 0.8–1.4), at this the most prominent component of the mix was lead chloride.
http://dx.doi.org/10.1016/j.toxlet.2016.07.381
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chromium induce epigenetic and energetic
changes in skin keratinocytes
K. Rudolf 1 , M. Rezacova 2 , E. Rudolf 1
1 Department of Medical Biology and Genetics, Charles University,
Faculty of Medicine in Hradec Kralove, Sborovska 870, 500 05 Novy
Hradec Kralove, Czech Republic
2 Department of Medical Biochemistry, Charles University, Faculty of
Medicine in Hradec Kralove, Sborovska 870, 500 05 Novy Hradec
Kralove, Czech Republic

Introduction: Hexavalent chromium (Cr) is recognized as the
cytotoxic and carcinogenic element targeting respiratory system
as well as skin. While numerous facts on cytotoxic and genotoxic
features of Cr are generally acknowledged little is known about its
effects on cells upon low concentrations, in particular in the light
of its recently reported targets such as energetic metabolism and
DNA expression.
Objective: To investigate subacute effects of non-cytotoxic concentrations of Cr on selected aspects of cellular bioenergetics as well
as DNA modiﬁcations in normal human skin keratinocytes.
Materials and methods: Primary epidermal keratinocytes
(ATCC® PCS-200-011TM ) were cultivated as suggested by manufacturer and exposed to non-cytotoxic Cr concentrations for up to
48 h as determined by WST-1 assay. Upon exposure, the following
parameters were analyzed: 1. mitochondrial-associated markers –
ATP production, mitochondrial membrane potential, generation of
superoxide and expression of GAPDH protein; 2. epigenetic modiﬁcations – DNA methylation and histone acetylation
Results: Our results show that non-cytotoxic Cr reduces ATP
production in exposed cells along with slowly increasing superoxide production and GAPDH expression. Also, in thus treated cells
mitochondrial subcellular localization ﬂuctuates. Conversely, mitochondrial membrane potential does not change while there are
signiﬁcant alterations in DNA methylation as well as acetylation
of histones.
Conclusions: Our data strongly suggest that non-cytotoxic Cr
concentrations induce changes in cellular bioenergetics as well as
in DNA expression patterns, which may underlie longer-term perturbations in the functioning of skin cells.
Financial support: This work was supported by the program
PRVOUK P37/01.
http://dx.doi.org/10.1016/j.toxlet.2016.07.382
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Introduction: Vanadium (V) is a transition metal adhered to
suspended particles in the air of cities with high atmospheric pollution. The eye is directly exposed to the atmosphere, as well as to
the elements that enter into the lung and further are distributed
through the systemic circulation. It has been reported through
ultrastructural techniques that V inhalation disrupts intercellular
junctions in mice ependymal epithelium, testicle and blood-brain
barrier; through immunohistochemistry it has been reported a
decreased Cx43 expression in mice myocardial muscle and testicle as a consequence of increased oxidative stress; and ﬁnally,
using conventional histological technique, retinal edema has been
observed. GAP junctions play a pivotal role in retinal physiology;
one of the most abundant connexin in the retina is Cx43. Altogether,
the ﬁndings mentioned above might suggest retinal GAP junctions
disruption as a consequence of V inhalation.
Objective: To study the effect of V exposure on retinal Cx43
expression.
Material and methods: Male CD-1 mice were exposed to V2 O5
[0.02 M] inhalation 1 h at 24 h and twice a week for 1, 4 and 8week time period and changes in Cx43 expression were identiﬁed.
Densitometry of the retina Cx43 immunoﬂuorescence photomicrographs was performed and statistical differences were evaluated
(ANOVA, post hoc Dunnet test, p < 0.05).
Results: Cx43 expression decreased at 24 h, one and four weeks
after the exposure compared to the control (p < 0.05). At eight-week
exposure time, Cx43 expression reached values similar to controls.
Mechanisms through which Cx43 expression recovered to control’s
levels will be subjected of future studies.
Conclusions: V inhalation diminishes retinal Cx43 expression
possibly due to oxidative stress increment, changes that may have
functional repercussions that would need further evaluation.
Financial support: Cervantes-Yépez is a recipient of a fellowship from CONACyT-México (CVU: 609435).
http://dx.doi.org/10.1016/j.toxlet.2016.07.383
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Chronic cadmium exposure in rats produces
pancreatic impairment and insulin resistance in
multiple peripheral tissues
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Introduction: Cadmium (Cd) is a toxic metal, which is considered as one of top ﬁve most hazardous environmental contaminants
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by the ATSDR. Previous studies have linked cadmium exposure to
disturbances in carbohydrate and lipid metabolism.
Objective: Study the effect of an oral cadmium administration
in drinking water in rats, on the Chron carbohydrates and lipids,
and the insulin resistance.
Materials and methods: Wistar rats were exposed to CdCl2
in drinking water, “ad libitum”, (32.5 ppm, LOAEL dosage) by 2, 3
and 4 months. Just before to the end the exposure, rats received
an oral glucose load equivalent to 1.75 g-glucose/kg. Rats were
anesthetized, and whole blood (200 L) was obtained by cardiac
puncture at 0, 30, 60 and 90 min, then glucose and insulin in serum
were measured. Also were measured, cholesterol and its fractions
(VLDL, LDL and HDL), triglycerides and FFA levels. The effect of Cd
on insulin resistance/sensitivity in liver, muscle, adipose and cardiovascular tissue were studied, by means of mathematical models.
Results: Cd exposure to rats induces hyperglycemia and hyperinsulinemia after a glucose load. Produce the increase in serum
of FFA, TG, Chol, LDL and VLDL lipoproteins, and a decrease of
HDL fraction. After exposure, a decrease of insulin sensitivity was
shown in muscle and liver. Additionally, Cd increases insulin resistance in the liver, adipose tissue and cardiovascular system. Finally,
␤-cell functioning which was evaluated by HOMA-B% index and
insulin disposition index, showed decreases, while insulin generation index increased
Conclusions: Cadmium administration to rats, increases insulin
release, induces the development of a hyperglycemia, and
alters lipid metabolism. These changes likely occur as a consequence of reduced sensitivity and increased insulin resistance in
insulin-dependent tissues and non-dependent tissues, producing
a biochemical phenotype similar to metabolic syndrome and diabetes.
Financial support: Authors thank CONACYT by this work was
supported and VIEP-BUAP projects.
http://dx.doi.org/10.1016/j.toxlet.2016.07.384
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Introduction: Previously we found that rats exposed chronically to cadmium (Cd) present hyperinsulinemia and hyperglycemia. It is well known that oxidative stress produced by Cd is
involved with the toxicity of a number tissues, however, few studies
have been conducted to determine if a LOAEL dose of Cd exposure
produces the accumulation of Cd in Langerhans islets, oxidative
stress, and the response of this tissue to these changes. This information can give a clue to explain the observed hyperinsulinemias
in rats exposed to Cd.
Objective: Study the redox balance and viability of the Langerhans islets of rats chronically exposed with cadmium in drinking
water.
Materials and methods: Groups of Wistar rats were exposed to
CdCl2 (32.5 ppm) in drinking water, “ad libitum”, during 2, 3 and
4 months. After each point time, the rats were anesthetized, and a

pancreatectomy was realized. Samples of pancreas were used for
Cd quantiﬁcation, balance redox and histological valuation with
orange acridine staining.
Results: After 2, 3 and 4-months of Cd-exposure, the metal was
accumulated in pancreatic tissue. Also, pancreas of rats shown an
increase of lipoperoxidation and Reactive Oxigen Species, without
change in nitric oxide level. GSH and metallothionein (MT) were
increased, as well as activities of SOD, CAT and GST. GPx show a
dual activity with activity increased 2-months after Cd exposure,
and activity depleted at end of the study; GR activity also diminished after 4-months Cd-exposition. The multi-chaperone complex
(HSF-1, HSP70 and HSP90) was increased. Finally, cells in Langerhans islets showed a high cellular viability, without evidence of
apoptosis and necrosis.
Conclusions: Cd accumulation in Langerhans islets induces
an oxidative environment, however, the enzymatic and nonenzymatic defense antioxidant systems are able of maintain the
viability cell, at expense of hyperinsulinemic states which could
cause ␤-cell exhaustion and diabetogenic development.
Financial support: Authors thank CONACYT by this work was
supported and VIEP-BUAP projects.
http://dx.doi.org/10.1016/j.toxlet.2016.07.385
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Introduction: Cadmium (Cd) exposure is associated with an
important number of toxic effects in animals and humans. Recently,
Cd has been linked with metabolic disorders, including dyslipidemia. Previous reports have shown that Cd accumulation in liver
generates lipoprotein abnormalities.
Objective: Investigate the effect of a Cd oral exposition on the
changes of lipidome in liver and serum of Wistar rats.
Material and methods: Groups of Wistar rats were exposed
“ad libitum” with CdCl2 (32.5 ppm) in drinking water for 3, 4 and
5 months. After each time exposure, the blood and liver of each
animal were obtained and stored. In liver, Cd accumulation was
evaluated by AAS. Meanwhile, the content of lipids was measured
with spectrophotometric assays. In serum, the complete lipid proﬁle was measured with commercial kits. In addition, sub-fractions
of lipoproteins were separated by polyacrylamide gel electrophoresis and later evaluated.
Results: After Cd-administration, liver showed an accumulation time-dependent, and the amount of triglycerides, cholesterol
and phospholipids increased signiﬁcantly. In serum, rats exposed
showed dyslipidemia, which was characterized by the increase of
triglycerides, free fatty acids and the lipoprotein fractions (VLDL
and LDL), but a signiﬁcant reduction in HDL. Analysis of the lipoprotein sub-fractions, also showed alterations in VLDL1, an atherogenic
phenotype of LDL IIIa, IIIb, IVa and IVb, and changes in HDL 3b and
3c. The evaluation of the HDL-lipidome was characterized by the
increased of triglycerides and phospholipids, but with a decrease
of esteriﬁed and non-esteriﬁed cholesterol.
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Conclusions: In rats exposed to Cd, this metal produce systemic
metabolic alterations of lipids and lipoproteins, therefore, these
changes must be considered as a factor risk in develop of hepatic
steatosis, metabolic syndrome, cardiovascular disease and type 2
diabetes mellitus.
Financial support: This work was supported by a scholarship
(533291) to Victor Enrique Sarmiento Ortega from CONACYT.
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Introduction: Chronic exposure to arsenic in groundwater has
been recognized as an environmental health problem in the world,
affecting millions of people since several studies in people exposed
to high levels of arsenic have proven associations between the
explosion and prevalence of some cancers such as skin, lung, bladder and kidney.
Objective: To determine the concentration of arsenic in the
drinking water in a rural village in Gomez Palacio, Durango, Northern Mexico.
Materials and methods: Study area: Pastor Rouaix village is
located in the municipality of Gomez Palacio in Durango State,
Mexico. GPS coordinates are 25.682778◦ , −103.511111◦ . It is
located at an altitude of 1120 m above the sea level and has 2728
inhabitants. Sampling was carried out in a systematic random system by quadrants; tap water was taken into 50 ml tubes free of
metals and stored at 4 ◦ C. Arsenic determinations were analyzed by
atomic ﬂuorescence spectrometry. NIST reference materials 1643e
were used for quality control.
Results: In the 20 drinking water samples analyzed, 60% of specimens were with concentrations in the range of 10–50 g/L, 10%
of samples between 50 and 100 g/L range, and 30% of samples
had values >100 g/L. In the lower range, 20% had arsenic levels
<25 g/L, whereas 40% were with levels among 25–50 g/L.
Conclusions: In the 20 drinking water samples analyzed, 60%
of specimens were with concentrations in the range of 10–50 g/L,
10% of samples between 50 and 100 g/L range, and 30% of samples
had values >100 g/L. In the lower range, 20% had arsenic levels
<25 g/L, whereas 40% were with levels among 25–50 g/L.
Financial support: Conacyt: “Apoyo al Fortalecimiento y Desarrollo de la Infraestructura Cientíﬁca y Tecnológica 2014”, No.
000000000225184; and Red Temática SEP-Prodep: “Consorcio
Internacional de Investigación en Contaminantes Ambientales y sus
Efectos en la Salud”.
http://dx.doi.org/10.1016/j.toxlet.2016.07.387
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Introduction: The shark ﬁsheries are of high importance in
the Gulf of Tehuantepec, Mexico being Carcharhinus falciformis the
species of major catch. It is consumed fresh or dried-salted, and
the liver sometimes is used for oil extraction. Sharks are predators
long-lived and often they are exposed to pollutants, like mercury
and selenium. These elements tend to bioaccumulate and biomagnify in the food chain and can cause negative effects on human
health by eating contaminated ﬁsh.
Objective: To determine the concentration of mercury and selenium in muscle and liver tissues of C. falciformis and to know the
biomagniﬁcation of these elements from their prey.
Materials and methods: Mercury and selenium were analyzed following the EPA method 823-B-00-007, which consists in:
homogenization, acid digestion and reading by atomic absorption
spectrophotometry using hydride generation. The certiﬁed reference for selenium was ERA watrTM Trace Metals Pollution, and for
mercury was High-Purity. A recovery rate of 91% for selenium, and
93.7% mercury was obtained.
Results: Mercury concentrations were higher in muscle.
Neonates showed some of the highest values (0.6152 g g−1 ). The
higher concentrations of selenium was also observed in neonates
(13.99 g g−1 ). According to BMF, the prey Caranx sp. (34.75) contributed to the high amount of mercury, followed by Coryphaena
hippurus (21.34). Mercury concentrations in this shark do not
exceed the permissible limits for human consumption (1 g g−1 )
required by the Mexican Ofﬁcial Standard NOM-242-SSA-2009 and
WHO.
Conclusions: The mercury concentration was higher in liver
than in muscle. There was not a correlation between the concentration of mercury and selenium in the total length of organisms.
The presence of mercury in neonates organisms could be due to
maternal transfer. The mercury concentrations do not exceed the
maximum permissible limits for human consumption. It was found
that Caranx sp. and Coryphaena hippurus were the prey which contribute more to mercury levels in C. falciformis. The molar ratio of
mercury and selenium would suggest that neonates and juveniles
have enough selenium in the body to counteract the toxic effects
of mercury.
Financial support: Instituto Politécnico Nacional. Proyecto
“Metales pesados en el tejido muscular y hepático de tiburones de
Baja California Sur” con registro SIP-IPN: 20140309.
http://dx.doi.org/10.1016/j.toxlet.2016.07.388
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Introduction: Lead nephrotoxicity is well described in groups
with high exposure. In the Lagunera Región, in north central
Mexico, environmental exposure due to industrial emissions has
been documented. In recent years, as a result of environmental
cleanup actions, this exposure has decreased (but still > 5 g/dL,
but the prevalence of obesity is increasing in this population. Also,
obesity has been described as a risk factor for kidney damage.
Objective: To identify and characterize the relationships
between renal function with lead levels and obesity.
Materials and methods: Cross-sectional survey. We included
117 families composed of 61 fathers, 112 mothers and 225 children. Anthropometry and calculation of BMI and nutritional status
was derived. Biological samples of blood and urine were taken,
determining lead levels and serum creatinine; glomerular ﬁltration
rate (eGFR) estimated with the MDRD formula and the Schwartz
formula for children.
Results:
BMI
was
27.3 ± 4.0 kg/m2 ,
28.5 ± 4.9 kg/m2 ,
17.7 ± 4.2 kg/m2 , respectively for fathers, mothers and children.
Obesity was presented in 23.3%, 36.5% and 9.8% in the same groups.
Blood lead levels for fathers were 9.8 ± 4.2 g/dL, 9.09 ± 5.1 g/dL
for mothers, and 11.0 ± 5.5 for children g/dL. Furthermore,
43.3% of the population had values lower than 10 g/dL of lead in
blood. Glomerular ﬁltration was 90.2 ± 18.7 ml/min/1.73 m2
for fathers, 95.6 ± 27.8 ml/min/1.73 m2 for mothers, and
99.9 ± 21.87 ml/min/1.73 m2 for children. There was no signiﬁcant correlation between lead levels and glomerular ﬁltration
rate (r = −0.01, p = 0.79). Lead was negatively correlated with BMI
(r = −0.1851, p = 0.0005). The body mass index was negatively
correlated with the glomerular ﬁltration rate (r = −0.11, p = 0.02).
Conclusions: No signiﬁcant association was found between lead
exposure and impaired renal function. Whereas renal function had
an inverse relationship with obesity, and obesity was inversely
related with lead exposure.
Financial support: This study was supported by CONACyTMexico (Grant 31024-M) and partially and Children Environmental
Health Network (Conacyt-251229/271626).
http://dx.doi.org/10.1016/j.toxlet.2016.07.389
PP16.14
Signaling pathway activation changes induced
by Cd exposure combined with Cx43 silencing in
HK-2
Q. Wu, H. Diao, M. Yu, Q. Liu, X. Ji, Z. Ge, T. Jin
School of Public Health, Fudan University, Shanghai, China
Introduction: Cadmium (Cd) is a toxic metal and it mostly accumulates in renal proximal tubule cells, in where Cd causes tubular
dysfunction. Connexin 43 (Cx43) is the structural subunit of gap
junctions in human proximal tubular cell line (HK-2) and plays an
indispensable mechanism in the maintenance of cellular homeostasis. It has been reported that many of the signaling pathways

are linked to Cd toxic effects. However, changes in signaling protein activation by Cd exposure combined with Cx43 silencing are
unclear yet.
Objective: To determine alterations of phosphoprotein of cell
signaling pathway by Cd exposure combined with Cx43 silencing
in HK-2.
Materials and methods: Human renal proximal tubular cells
(HK-2) were exposed to CdCl2 (1 M) for 10d. Cell viability was
determined by CCK-8 assay. Cx43 was silenced by siRNA. Western
blot was applied to detect protein expression of Cx43. The alterations of phosphoprotein of cell signaling pathway was determined
by the Phospho Explorer antibody microarray that contains 1318
antibodies.
Results: After HK-2 cells were exposed to CdCl2 for 10 d,
61 phosphoproteins were altered, most of them belong to ErbB,
MAPK, T cells receptor and B cells receptor pathways. Cell viability of HK-2 cells decreased (p < 0.05). After Cx43 was silenced,
56 phosphoproteins were altered when compared with the controls, most of them belong to ErbB, and MAPK signaling pathways.
Then, CdCl2 exposure combined with Cx43 silencing group were
compared with CdCl2 – only exposure group, 102 phosphoproteins were changed. The changed phosphoproteins are known to
be mainly involved in focal adhesion, ErbB, apoptosis and MAPK
pathways.
Conclusions: When HK-2 cells were exposed by Cd for a longtime, the activation of ErbB, MAPK, T cells receptor and B cells
receptor pathways changed. Cx43 downregulation affected the cell
signaling pathways. The activation of focal adhesion and apoptosis with other signaling pathways may be mediated with Cx43 in
regulating cellular function during Cd exposure.
Financial support: This work was supported by grant from
National Natural Science Foundation of China (21277033), the
Science and Technology Commission of Shanghai Municipality
(14DZ2260200).
http://dx.doi.org/10.1016/j.toxlet.2016.07.390
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Introduction: The respiratory system is particularly vulnerable
because of its direct contact with airborne pollutants, termed xenobiotics. One of these pollutants is vanadium pentoxide (V2 O5 ) that
is found in Mexico City atmosphere, and produces adverse respiratory effects. The chronic exposure to toxicants determines the
development of different alterations and pathologies in the system,
but also leads to a biological adaptation process called tolerance
to protect the respiratory tract against acute effects of frequentlyrepeated exposures. Several evidences support that some toxicants
modulate CYP450’s speciﬁc activity in lungs and liver, contributing to the development of tolerance, which can inﬂuence the
detoxiﬁcation process of further toxicants, specially CYP1A family (CYP1A1, CYP1A2). Both CYP’s have been extensively studied
because of their roles in the metabolism of two important classes of
environmental carcinogens, polycyclic aromatic hydrocarbons, and
arylamines.
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Objective: To determine in CD-1 mice the effect of vanadium
inhalation in a tolerance model, on the speciﬁc activity of CYP1A1
and CYP1A2, in liver and lungs.
Materials and methods: CD-1 male mice weighing 33 ± 2 g
were housed in hanging plastic cages under controlled light conditions. Twenty-ﬁve mice were randomly placed in an acrylic box,
inhaling 0.01 M V2 O5 for 1 h twice a week for four weeks, and
0.02 M V2 O5 for 1 h twice a week for four more weeks. Controls
(10 mice) inhaled only the vehicle–saline for the same period of
time. Five exposed mice, and two controls were sacriﬁced successively at 2, 4, 5, 6 and 8 weeks. Animals were euthanized by cervical
dislocation; lungs and liver from each mouse were immediately
and aseptically removed and microsomal fractions were obtained
to analyze CYP1A1 and CYP1A2 proteins’ activity. Microsomal activities were spectroﬂuorometrically measured by monitoring the
formation of re-soruﬁn.
Results: No effects on the activity of both cytochromes were
observed after vanadium inhalation neither in the liver or the lung.
Conclusions: It was expected that the exposure route inﬂuenced the CYP’s induction by the agent; however our results
showed that V inhalation was insufﬁcient to induce CYP1A1 and
CYP1A2, despite the time of exposure and the compound concentration.
Financial support: Posgrado en Ciencias Biológicas, UNAM. The
author currently has a CONACYT scholarship (CVU 346684).
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Low blood lead levels impair intellectual and
hematological function in children from a
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Introduction: Vanadium (V) is a metal that is found in large
concentrations in some fossil fuels, particularly in the Mexican oil.
This metal is adhered to total suspended particles, inhaled and
then could reach other organs through systemic circulation. In our
model of vanadium inhalation pancreatic and hepatic histology
damage was observed, both important organs for the regulation
of glucose and lipids in the blood. V may activate the insulin receptor and it has been proposed as an antidiabetic agent. In addition,
another public health problem in Mexico is the high sucrose beverage ingestion. The consumption of these drinks exceeds 163 L per
person per year; this could be a risk factor for developing chronic
metabolic diseases such as obesity and diabetes. So far it has not
been studied the effect of inhaled vanadium on glucose regulation neither if the effect of both factors can participate in glucose
deregulation.
Objective: Analyze the effect of vanadium inhalation and high
sucrose beverage ingestion in blood glycaemia, cholesterol and
triglycerides.
Method: Twenty CD-1 mice were randomly separated into four
groups: control, vanadium (V), sucrose (S) and sucrose + vanadium
(V + S). V and V + S groups inhaled vanadium pentoxide (V2 O5 )
0.01 M for 1 h twice a week for 4 weeks. The S and V + S groups
drank water with 30% sucrose daily for 4 weeks. Beverage and food
intake were measured; also waist circumference was measured
at day 0 and at 4 weeks of the experiment. Blood samples were
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collected for glucose and lipid proﬁle including total cholesterol,
low-density lipoproteins (LDL), high-density lipoproteins (HDL),
and triglycerides.
Results: Decreased food and beverage intake was observed in
the three experimental groups. Hypoglycemia and decrease of body
weight were observed just in V and V + S groups. In V-group a reduction of abdominal circumference was observed. Serum levels of
HDL, total cholesterol and triglycerides increased in S group and
decreased in V and V + S groups; in contrast changes in LDL levels
were not observed in any group.
Conclusion: Vanadium is described as an insulin enhancer,
in this work we observed hypoglycemia in animals exposed
to vanadium for a 4-week period of time and an increasing
serum levels of HDL and triglycerides, these ﬁndings indicate that
together, vanadium and high sucrose beverages modify energetic
metabolism.
Financial support: CVU 707726, CONACyT. Posgrado en Ciencias Biológicas, UNAM. DGAPA- IN211315, UNAM.
http://dx.doi.org/10.1016/j.toxlet.2016.07.392

Introduction: Lead (Pb) is a naturally occurring metal in the
earth’s crust, highly toxic, persistent and widely distributed in the
environment.
Objective: To measure blood lead levels (BLL) in children living
in high risk neighborhoods for lead exposure in the city of Cartagena (Colombia), associating those with the IQ, hematological and
liver damage markers, and the expression of the aminolevulinate
dehydratase gene, ALAD.
Materials and methods: 118 blood samples were collected
from children 6–16 years old, with their respective informed
consent from their parents. BLL were measured by atomic absorption; plasma was utilized to analyze hepatic toxicity markers,
ALT, GGT and alkaline phosphatase; the Kaufman Assessment
Battery for Children (K-ABC) was administered to measure
the IQ; and ALAD gene expression was quantiﬁed from blood
RNA.
Results: The mean BLL was 1.74 g/dL (range: 0.05–
34.05 g/dL). A proportion of the children (3.4%) had BLL above the
CDC-recommended limit (5 g/dL). BLL correlated positively with
red cell distribution width; and negatively with child size, age,
body mass index, hemoglobin, platelet distribution width, GGT and
IQ. In the case of IQ, a signiﬁcant difference was registered between
the reference group and children living near metal foundries. ALAD
expression was similar between groups classiﬁed according BLL
readings.
Conclusions: Low BLL found in the studied sample supports
the fact that lead is toxic for children even at concentrations
lower than those suggested by regulatory agencies. Currently,
our Research Group submitted a proposal law (148-2015) to the
National Congress of Colombia, seeking for regulation of allowable
lead levels in children, lead commercialization and use within the
country.
Financial support: This study was funded by ColcienciasUniversity of Cartagena (Grant: 11107-545-31458); and the
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National Program for Doctoral Formation (COLCIENCIAS, 567-2012
and 727-2015).
http://dx.doi.org/10.1016/j.toxlet.2016.07.393
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Introduction: The WHO reports that 1 in 33 newborns are
affected by birth anomalies (BA) which causes 3.2 million disabilities each year. The INEGI in Mexico reports BA cause 19% of
disabilities in our country. Yucatan is one of the top ﬁve among the
states with higher incidence of BA. Many studies on environmental
toxics show that Yucatan population is exposed on several ways to
high levels of lead in blood (e.g. occupational exposure), which in
turn is associated with adverse outcomes in pregnancy.
Objective: To determine the association between birth anomalies and blood lead levels (BPb) in newborns of Yucatan, Mexico.
Methodology: Case–control study. Newborns with birth
anomalies (NBA) and healthy newborns (HNB) were selected. BPb
was measured in both mothers and newborns by atomic absorption spectrophotometry. Student t-test and 2 were calculated to
compare variables between groups with a signiﬁcant p value < 0.05.
Results: A total of 138 newborns and their respective mothers
were included, 68 NBA and 70 HNB. No signiﬁcant difference was
found when comparing the mean BPb in NBA (0.10 ± 0.44 mg/dl)
and HNB (0.48 ± 1.74 mg/dl), p = 0.80; when comparing mothers
grouped by the same criteria, no signiﬁcant difference was found
between mean BPb (0.23 ± 0.81 and 0.73 ± 1.81, p = 0.40). However,
when comparing BPb in NBA (0.10 ± 0.44 mg/dl) and NBA associated to a genetic syndrome (0.57 ± 1.01 mg/dl), the latter showed
higher levels of BPb (p < 0.001); when comparing mothers following the same criteria, a signiﬁcant difference was found (0.15 ± 0.60
vs 0.71 ± 1.51, p = 0.043).
Conclusions: NBA associated to genetic syndromes have higher
levels of BPb than HNB and non-genetic syndrome associated
NBA; same results were obtained when comparing the respective
mother’s groups.
Financial support: Servicios de Salud de Yucatán, Universidad
Autónoma de Yucatán and Fundación Mexicana para la Salud Capítulo Peninsular A.C.
http://dx.doi.org/10.1016/j.toxlet.2016.07.394
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The presence of cadmium (Cd2+ ) in water is of concern to human
health. Biopolymers such as alginate or even microorganisms with
capacity to bind ions, like Saccharomyces cerevisiae, have been proposed to remove Cd2+ from water. Encapsulation of S. cerevisiae
into biopolymeric materials such as alginate may represent an economic, safe and possibly efﬁcient system to Cd2+ removal. This
study determined whether an adsorbent system constituted by S.
cerevisiae in calcium alginate capsules removes Cd2+ . S. cerevisiae
biomass was obtained in its lyophilized commercial bakery form.
Cells were immobilized in calcium alginate beads using extrusion
method. Capsules were characterized by measuring size and form
by microscopy, surface charge by zeta potential analysis, and moisture by AOAC ofﬁcial method. Adsorption assay was performed
with biomass in its free form. Two Cd concentrations were tested (5
and 10 mg/L) at pH 5.0 and 6.0 and four contact times (0, 15, 30 and
60 min). After contact times biomass was separated by centrifugation. The remained solution was analyzed by Atomic Absorption
Spectroscopy (AAS). For the adsorption capacity of S. cerevisiae
encapsulated, the same protocol was followed. Beads were packed
in a glass column and a Cd solution was passed through with a
peristaltic bomb. Samples were collected and analyzed by AAS for
Cd residual quantiﬁcation. The data showed that the adsorption of
Cd2+ by free S. cerevisiae was pH dependent, the highest percentages
were at pH 6.0 (74.5 g ± 1.8 y 121.5 g ± 2.5) at a concentration of
5 and 10 g/mL, respectively. Capsules of S. cerevisiae immobilized
in calcium alginate were obtained, with diameters between 700 and
1,200 m, spherical form, surface charge of −29.3 ± 2.57 and 96%
of moisture. The adsorption capacity of S. cerevisiae encapsulated
was 4.1 and 7.9 g/g of capsules at pH 6.0 and concentration of 5
and 10 g/mL, respectively. Finally, a ﬁlter in column was established, its adsorption capacity was 15.4 g/g of capsule, removing
82.3% ± 2.3 of Cd2+ added in the sample. We conclude that S. cerevisiae encapsulated in calcium alginate is effective t to remove Cd2+
from contaminated water.
Supported by Consejo Nacional de Ciencia y Tecnología (CONACYT) CB-2011-169658.
http://dx.doi.org/10.1016/j.toxlet.2016.07.395
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Impact of artisanal mining of mercury on the
natural environment
A. Camacho, C. Rebolloso, E. Van Brussel, R. Flores, L. Carrizales, F.
Díaz-Barriga
Department of Toxicology, Medical School, Autonomous University of
San Luis Potosi, San Luis Potosi, S. L. P., Mexico
Introduction: In recent years, Mexico artisanal mining of mercury has regained importance, mainly as a source of income in
some underserved localities. The richest deposits of mercury are
in various locations in the central states, such as the Sierra Gorda

Abstracts / Toxicology Letters 259S (2016) S73–S247

of Queretaro. Mercury has physicochemical unique properties, so
it is used in multiple industry sectors. However, this metal is considered a pollutant of global concern that causes adverse effects on
the health ecosystem, as mentioned in the Minamata Convention.
Objective: Characterize mercury pollution in artisanal mining
sites of this metal in the state of Queretaro (Camargo and Bucareli),
by evaluating the levels of total mercury in different environmental
components.
Materials and methods: The determination of gaseous mercury was performed using the portable mercury vapor analyzer
JEROME J405® . For total mercury analysis in soil, plants and water,
the samples were subjected to a digestion process with nitric acid
in a microwave oven. The total mercury was measured by atomic
absorption spectrometry by cold vapor technique. The digestion
procedure for total mercury analysis was veriﬁed using certiﬁcated
reference materials.
Results: For now only the results of the town of Camargo shown.
Air levels were observed in a range of 0.2–92.0 g/m3 , for the
case of soil, plants and water samples the following values were
obtained: 3.9–29,194.7 mg/kg, 3.8–52.4 mg/kg (weight wet) and
<1.0–25.7 g/L respectively.
Conclusions: According to the results obtained in this study it
conﬁrmed that artisanal mining of mercury is an important source
of mercury pollution. The values found in the different elements
of the ecosystem are observed high compared with those reported
by other authors and benchmarks established at the national and
international levels. Moreover, this work is the basis for future
research involving the assessment of mercury exposure and the
effects associated with said metal in the potentially exposed populations.
Financial support: National Council for Science and Technology.
http://dx.doi.org/10.1016/j.toxlet.2016.07.396
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Introduction: Exposure to pollutants in the prenatal stage is
a risk factor for health due to the high degree of cell division
and differentiation of the fetus in particular for the development
of the brain and provoking endocrine disorders. Studies are considered using the placenta and umbilical cord as an indicator for
metal exposure during pregnancy. Elements such as Hg, Pb and Cd
are known toxics that cross the placenta and accumulate in fetal
tissues. Fetal exposures to Pb and Cd at birth correlate with the
reduction in weight and size at birth. However, the transport of Cd
in the placenta is limited. This is the reason to know metal’s levels
as a diagnostic tool.
Objective: It was to evaluate maternal exposure through the
quantiﬁcation of metals and non-metals extracted in placenta and
umbilical cord. The principal goal was the analytic process to obtain
the best digestion conditions and the merit ﬁgures.
Materials and method: The biological samples of placenta and
umbilical cord were taken just after the delivery in the Department of Gynecology and Obstetrics in the Instituto Mexicano del
Seguro Social, Cuernavaca. Samples were collected in plastic bags
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and transported with dry ice in a box to the laboratory “Federico
Gomez” Hospital Infantil, Mexico City. They were frozen (−20 ◦ C)
and lyophilized. Weighted duplicate samples, about 0.100 g were
placed in Teﬂon containers, 5 mL HNO3 and 2 mL H2 O2 were added
and digested using microwave oven. After digestion, samples were
transferred to conical tubes and diluted to 10 mL with deionized water. The analysis was done using ICP-OES (Optima 4300DV
Perkin Elmer) axial vision.
Results: The elements found in the samples were Ca and Mg in
% level and Cu, Fe, Cr, Zn and Mn at ppm range.
Conclusions: The digestion method using Microwave Oven
was adequate. Clear solutions were obtained. The quantiﬁcation
of carbon was used to monitoring the digestion efﬁciency, small
quantities of residual carbon were obtained in all the samples. The
detection limits were in the ppb order. Results were validated using
CRM SRM1577 NIST Bovine Liver. Pb, Cd, As, Se and Hg at g/kg level
were not detected.
http://dx.doi.org/10.1016/j.toxlet.2016.07.397
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Introduction: Human consumption of soluble forms of aluminum (Al) has recently been considered potentially toxic since
it has been linked to alterations in the liver, brain, hematological
and neoplastic, among others.
Objective: To evaluate the effect of aluminum on dietary behavior and histopathological mammary gland Sprague Dawley rats
induced to breast cancer with N-nitroso-N-methylurea (NMU).
Materials and methods: The effect of different concentrations of aluminum (mg/L) with and without NMU (±Al/±NMU)
on dietary behavior in rats was evaluated. The aluminum concentration in mammary gland was determined by atomic absorption
spectroscopy. Statistical analysis for dietary behavior was performed using ANOVA and multiple comparison of means by
Tukey test. Both analyzes determined with a signiﬁcance level
of 5% (˛ = 0.05). Histological effect of treatments on mammary gland was evaluated by histological sections stained with
H&E.
Results: No signiﬁcant difference between experimental
treatments were found regarding dietary assessment parameters
such as daily feed intake (DFI), daily weight gain (DWG), feed
conversion (FC) and feed efﬁciency (FE). The concentration of Al
in mammary gland is greater in the treatment +2000Al/−NMU,
so that, when analyzed in context it is suspected that there is
an antagonistic effect between aluminum and NMU or the NMU
could alter the transport aluminum to mammary gland. The
histological effect of treatments is hyperplastic type (proliferative)
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and treatment + 2000Al/−NMU itself induces moderate intraductal
hyperplasia, lymphoid hyperplasia of lymph nodes and serous
gland adenoma.
Conclusions: Experimental treatments do not affect the dietary
behavior of rats. The aluminum concentration is higher in mammary gland treatment +2000Al/−NMU. Treatment +2000Al/−NMU
itself induces histopathological changes of mammary gland
Sprague Dawley rats.
http://dx.doi.org/10.1016/j.toxlet.2016.07.398
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Introduction: Lead is a heavy metal that affects nervous system; often occurs as an environmental pollutant, however, rural
communities in Veracruz are exposed indiscriminately through
glazed pottery. A biomonitoring study was conducted to assess lead
exposure in whole blood associated with neurological damage in
residents of non-mining rural communities in Veracruz.
Materials and methods: A cross sectional study was conducted.
Blood samples were obtained from the participants. People with
neurological disorders at the time of the study were classiﬁed
by using the Semmes–Weinstein monoﬁlament test. Lead concentrations in blood samples were analyzed by anodic stripping
voltammetry. Unconditional logistic regression analysis was performed for statistical analysis.
Results: A total of 97 residents in Veracruz were included in the
study. 30% of population was blood lead positive (18.2 ± 7.1 g/dL),
28% had nervous system like symptoms and 14% had peripheral
neuropathy. Multinomial logistic regression analysis showed that
health status (OR = 6.8) and blood lead (OR = 5.3) were risk factors
for peripheral neuropathy.
Conclusion: Low lead exposure was associated with peripheral neuropathy in residents of non-mining rural communities in
Veracruz.
http://dx.doi.org/10.1016/j.toxlet.2016.07.399
PP16.24
Metal pollution evidence in different media in
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niques are used to crop sugar cane, agave, maize, and chili peppers,
is known as an important source of pollutants from untreated
sewage and agricultural activities to the Ayuquila watershed.
Although different sources and types of pollution exist in this valley,
this work focuses on metal pollution by assessing their concentrations in water for irrigation, sediment and biota.
Objectives: The objective of this work is to show evidence of
metal pollution in different media that result from present land
use activities in a region in Jalisco, Mexico with increasing health
risks and problems.
Materials and methods: This work sums up data for the valley of
Autlan – El Grullo in the state of Jalisco, Mexico. Data were obtained
from different projects implemented in the Ayuquila – Armeria watershed in two time periods: 2007–2008 and 2014–2016,
where samples from water for irrigation, river sediment, freshwater macroinvertebrates, ﬁsh, and barn swallow eggshells were
obtained. All samples were analyzed for As, Cd, Cr, Cu, Hg, Mn, Pb
and Zn. Metals were extracted from samples via wet digestion and
conventional heating procedures using nitric acid for live tissue, or
reverse aqua regia for sediments. Samples from 2007 to 2008 were
analyzed with a Flame Atomic Spectrophotometer Perkin Elmer
100, and the other samples with a Perkin Elmer 5300 inductively
coupled plasma mass spectrometer (ICP–MS).
Results: Average concentrations were in the order
Mn > Cu > Pb > Zn > Cd in 2007, and Mn > Pb > Cu > Zn > Cd in 2008.
Cd, Cu, and Mn had higher concentrations during the dry season,
while Zn was dominant in the wet season. Metals in macroinvertebrates and ﬁsh were ordered as Mn > Zn > Cu > Pb > Cd. Cd, Pb, Zn
and Cu concentrations in invertebrates and ﬁsh species, including
Tilapia which is consumed locally, were above the maximum limits
established by Mexican standards. Pb and Hg concentrations in
2013–2106 were above EPA’s standards. All barn swallow eggshells
showed Pb and Cd concentrations above the maximum limits, as
well as As in 63% of samples. Seasonal variations were evident.
Conclusions: Four toxic heavy metals or metalloids (Cd, Pb, Hg
and As) have been obtained in different environmental media in
concentrations above national or international maximum limits
standards. Pb and Cd in ﬁsh species locally caught to complement
diet might pose a health threat to human populations. Data presented here is a reference point for further research of uptake and
concentration of trace metals, as well as a reminder of the need to
investigate other pollutants derived from agricultural activities in
the region.
Financial support: University of Guadalajara, the Mexican
Program for the Academic Improvement of University Faculty
(PROMEP).
http://dx.doi.org/10.1016/j.toxlet.2016.07.400
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Heavy metal concentrations in soil from San
Luis Potosí, México
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Introduction: The irrigated agricultural Valley of Autlan-El
Grullo, located in southwestern Jalisco and where intensive tech-

A number of studies have previously been carried out on the
contamination by heavy metals in soils from different sites in

1
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Mexico such as those associated with mining, major industry,
small-scale industry, oil ﬁelds, and non-controlled waste disposal
sites. However, few studies have evaluated the concentrations of
these compounds in urban soils in Mexico. Therefore, the aim of
this study was to assess the levels of four metals, arsenic, cadmium, lead, and mercury in soils from the city of San Luis Potosí
in Mexico. In order to conﬁrm the presence of the previously mentioned compounds, outdoor surface soil samples were collected
and analyzed by atomic absorption spectrophotometry. The mean
levels for arsenic, mercury, cadmium, and lead in soil samples
were 7.20 ± 10.7 mg/kg (range: 15.0–265 mg/kg), 0.4 ± 0.4 mg/kg
(range: <LOD to 2.50 mg/kg), 3.0 ± 3.0 (range: 1.0–13.0 mg/kg), and
108 ± 105 (range: 25.0–435 mg/kg), respectively. This screening
study provides us with concentration data for the occurrence of
heavy metals in soil samples from the city of San Luis Potosí,
Mexico and considering that soil is an important pathway of
exposure for people, a biomonitoring program for the surveillance of the general population in the city of San Luis Potosi is
necessary.
Financial support: Fondo Sectorial de Investigación en Salud y
Seguridad Social. No. 234111.
http://dx.doi.org/10.1016/j.toxlet.2016.07.401
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Are we ingesting toxic metals through ﬁshes? A
case study from a productive lagoon, Paciﬁc
Coast, Mexico
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Introduction: Fishes are among the top consumers in marine
ecosystems, the trophic transfer of elements along a food chain
can result in an increase, a decrease or even no change from lower
to upper components of the food web. Hence, this investigation
mainly emphasizes on the heavy metal accumulation in various
ﬁshes to understand their toxic levels.
Objective: The main objective of the present study is to evaluate
the bioaccumulation of heavy metals in different ﬁsh species.
Materials and methods: Bahia Magdalena located in the Southwestern coast of Baja California Peninsula, Mexico is a subtropical
choked short inlet type of coastal lagoon. Nearly 161 species of ﬁsh
species, four species of sea turtles listed as endangered, gray whales
and other mammals including sea lions inhabit the region. A total of
43 samples of ﬁshes were sectioned and sampled (head, stomach,
and abdomen), washed in distilled water and dried below 60 ◦ C for
powdering. The samples were digested using HNO3 + HCl + H2 O2
and were subsequently analyzed for different metals
in AAS.
Results: Concentrations of metals in ﬁsh species are ordered
as follows (all values in mg/kg): Fe (101.17) > Zn (93.01) > Pb
(8.15) > Mn (7.74) > As (7.26) > Ni (5.63) > Cu (5.22) > Cr (3.61) > Co
(2.44) > Cd (1.47) > Hg (0.04). Higher values of Zn, Pb, As and Ni are
largely due to the fertilization process, local phosphatic rock formations and enrichment of waters due to upwelling process in the
region.
Conclusion: High levels of toxic elements (Pb and As) in the ﬁsh
species are alarming and demand for better management plans.
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Thus, this study calls for an immediate need for better conservation
of this productive wetland.
http://dx.doi.org/10.1016/j.toxlet.2016.07.402
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Blood lead level and presence of attention
deﬁcit hyperactivity disorder (ADHD) in school
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Introduction: Lead (Pb) is a toxic metal naturally present in the
earth’s crust. Pb exposure may cause neurodevelopmental disorders, especially attention deﬁcit hyperactivity disorder (ADHD).
Objective: To analyze the blood lead level (PbB) and the presence of ADHD in school children from ﬁrst to third grade of
the Bolivarian School Bárbula II Battle of Bomboná, Naguanagua
Carabobo State.
Materials and method: Descriptive and correlational study in
which 47 schoolchildren of both sexes participated. Venous blood
samples for the determination of PbB were taken, and to identify
children with suspected ADHD behavior, a questionnaire for parents and teachers Conners (10 items), and home and school (48 and
28 items) was applied. We calculated descriptive statistics (average,
minimum and maximum), and absolute frequencies, and percentages. Student’s t test was used for differences between groups
when the study variables had a normal distribution, when variables did not follow a normal distribution, nonparametric statistics
(Mann–Whitney U test) were applied using the free package and
PASTv.2.04 level of signiﬁcance was p < 0.05.
Results: 55% of the students were female and the average
age was 7.30 ± 0.70 years. 91% of children had levels of PbB
(10.90 ± 4.20 g/dL) statistically higher (p < 0.05) than the permissible limit set by the Centers for Disease Control and Prevention
(CDC). However, 93.7% of children regardless of sex, had PbB levels > 5 g/dL. 16 children suspected for ADHD were observed, ADHD
subtypes (as parents) were combined (56.3%), 31.2% were hyperactive, and 12.5% unspeciﬁed. There were no inattentive, and ADHD
(as teachers) combined (37.5%), hyperactive and inattentive (25%),
and unspeciﬁed (12.5%). There was a statistically signiﬁcant association (p < 0.05) in males with the combined subtype (ADHD as
teachers).
Conclusions: Most students and suspected ADHD (as parents or
teachers) presented PbB levels above the permissible limit set by
the Centers for Disease Control and Prevention (CDC, 2012).
http://dx.doi.org/10.1016/j.toxlet.2016.07.403
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Blood lead levels and potential sources of lead
exposure among children in Montevideo,
Uruguay
M. Méndez, A. Battocletti, A. Sosa, D. Pose, M.J. Moll, A. Laborde
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Introduction: Lead poisoning has a long-term subclinical effects
in children’s health and development. Its detection requires a high
level of suspicion. Identifying the source of exposure is essential.
Objective: We investigated the relationships between sources
of lead exposure and blood lead levels (BLLs) in a cohort of children.
We aimed to identify exposure’s primary source(s).
Materials and methods: We included every children age 0–19
years who attended the Environmental Pediatric Unit for lead exposure concerns from November 1, 2010, to July 31, 2014 in which we
count with BLLs and identiﬁed lead sources. We divided the cases
into 5 age categories (0–2, 3–5, 6–11, 12–19 years). Statistical data
were analyzed with SPSS 17.0 and Epidata R 3.1.0.
Results: 200/470 children seen for lead poisoning, met our study
inclusion criteria. BLLs ranged from 0.2 to 64 g/dL, with a mean of
8.2 g/dL. 75% had BLLs <10 g/dL, 46% < 5 g/dL. Children in the
youngest group had signiﬁcantly (p = 0.002, Chi Square test) higher
proportions of BLLs ≥ 10 g/dL than the older groups. Considering
single sources of exposure the results were: landﬁll 31%, metals
storage and/or recycling 16%, lead painted surfaces 11,5%, e-waste
recycling 7,5%. In 32% of cases we identiﬁed more than one source.
Metals storage and/or recycling was identiﬁed in 47%. The most
frequent association was metals storage and/or recycling + e-waste
recycling. 83 environmental measurements were conducted in soil,
painted surfaces and metals scrap. Lead painted surfaces was the
source associated with more BLLs > 10 g/dL. All values in painted
surfaces exceeded the national limits; in 45 cases soil lead exceeded
400 mg/kg.
Conclusions: 75% of the population has BLLs below 10 g/dL.
As seen in other children studies the highest levels were found in
the youngest group and landﬁll was an important source. Metals
storage and/or recycling were the major source found. Lead painted
surfaces account for the higher proportion of cases with elevated
BLLs. Further investigation is needed to better characterize lead
contamination in urban population so as to promote Health Sector’s
ability to identify lead exposed children.
http://dx.doi.org/10.1016/j.toxlet.2016.07.404
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Introduction: Heavy metals are one of the most serious pollutants in our natural environment due to their toxicity and
persistence they will often bioaccumulate through the food chain.
Trace metals in contrast to most pollutants, are not biodegradable,
and they undergo a global ecological cycle in which natural water
are the main pathways.

Objective: This study characterized the spatial distribution of
trace element concentrations of heavy metals; they were analyzed
in marine sediments to assess the level of contamination along of
ten points from Cartagena Bay.
Materials and methods: The samples from marine sediments
were analyzed by inductively coupled plasma mass spectrometry
(ICP–MS) on a X-Series 2 instrument (ThermoScientiﬁc). Standard
additions were used for each metal analyzed.
Results: The principal metals found in the marine sediments were: Pb (7.0–20.8 mg/kg); Cr (31.2–189.2 mg/kg); Cu
(44.1–924.6 mg/kg); As (4.1–13.0 mg/kg); Sr (28.2-822.3 mg/kg;
Cd (0.2-2.3 mg/kg). Cu concentrations were high of the ERL
(Effects Range Low) and ERM (Effects Range Median). As, Pb
and Cr may have medium risk at some of the investigated
sites.
Conclusions: Most metal concentrations were below of the ERL
and ERM guideline values for trace metals (ppm, dry wt.) in accordance with National Oceanic and Atmospheric Administration’s for
sediment toxicity to benthic communities. However, monitoring
must be done to ensure that levels of toxic heavy metals remain at
harmless levels.
Financial support: University of Cartagena-GIA, Dr. Aga’s
Group-University at Buffalo.
http://dx.doi.org/10.1016/j.toxlet.2016.07.405
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Damaging cadmium actions in bone tissue-is
there a dose dependence?
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Introduction: Although cadmium (Cd) is known to be environmental risk factor for various bone diseases, osteoporosis
being one of them, the critical level of exposure to this
toxic metal is still unknown, as well as the exact involved
mechanisms.
Objective: Hence, we aimed to investigate the Cd dose-response
relationship and to calculate critical effects doses (CED) of Cd for
investigated mineral components of bones.
Materials and methods: Male Wistar rats were randomized into
seven experimental groups of seven animals each. The right femurs
of rats orally treated with 0, 0.3, 0.6, 1.25, 2.5, 5 and 10 mg Cd/kg
b.w. during 28 days were excised from sacriﬁsed rats and digested
in acid prior to bone mineral status analysis carried out by inductively coupled plasma optical emission spectrometry. The effect
of Cd treatment on mineral status in bones was studied using
ANOVA test followed by LSD post hoc test, Pearson correlation
analysis was used to determine the relationship between external Cd doses and internal Cd doses in bones, while dose-response
modeling and CED calculations were performed using PROAST
software.
Results: Determined Cd levels in bones showed strong positive correlation with applied Cd doses. The exposure to Cd induced
disturbance in the levels of range of bone-associated elements
reﬂected by signiﬁcantly lower levels of calcium (Ca), phosphorus
(P), zinc (Zn), boron (B), manganese (Mn) and magnesium (Mg) in
bones. Ratio of Ca and P content was signiﬁcantly lower in groups
treated with ≥1.25 mg Cd/kg bw/day when compared to control
ratio. Dose-response relationship has been proved for Cd doses and
P, Zn, B and Mn bone levels. Associated CEDs of 5% and their lower
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conﬁdence limits (CEDLs) derived from the ﬁtted models were:
0.346 and 0.21 mg Cd/kg bw/day, 0.101 and 0.013 mg Cd/kg bw/day,
1.92 and 1.13 mg Cd/kg bw/day and 1.96 and 1.30 mg Cd/kg bw/day
for P, Zn, B abd Mn levels, respectively. These results suggest that
the effect of Cd on Zn levels in bones is the most profound and can
be regarded as the critical one.
Conclusions: Our study provided some insight into the role of
environmental Cd in the pathological processes in bones and substantiated that low doses of Cd may affect bone mineral status at
low doses and in a dose response manner.
http://dx.doi.org/10.1016/j.toxlet.2016.07.727
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In vivo exposure to uranium induces reversible
and irreversible effects on gene expression and
epigenetics in adult male rats

Introduction and objective: Over 4000 chemicals are known as
possible inducers of Allergic Contact Dermatitis, which is characterized by adverse immune reactions in the skin and can develop upon
repeated exposure. This constitutes a major problem for 15–20%
of the general population but especially for certain occupational
groups. The Genomic allergen rapid detection (GARD) assay, developed in order to predict the skin sensitizing capacity of chemicals,
which is based on transcriptional proﬁling of a myeloid cell line,
addressing key event 3 in the Adverse Outcome pathway for skin
sensitization “Dendritic cell activation”. The cell model is exposed
to the test chemicals for 24 h, and based on a biomarker signature comprising 200 transcripts, a support vector machine model
provides classiﬁcations of test substances into sensitizers and nonsensitizers with 89% accuracy (in-house validation, 26 blinded
chemicals).
Methods: Although European legislation has created an urgent
need for animal-free test systems, especially for the cosmetics
industry, so far only a few alternative assays have been validated
for hazard classiﬁcation. However, in order to provide data for
risk assessment, the sensitizing potency of a chemical is of major
importance. The CLP Regulation (EC) No 1272/2008 proposes three
potency categories; no cat for non-sensitizers, 1A for strong and
1B for weak sensitizers. In order to address this demand, we have
tested >25 chemicals, and combined whole genome RNA array
results with historical data into a training set consisting of 70
unique chemicals with known CLP categories and protein reactivity.
Results and conclusions: We have investigated different modeling approaches and are currently analyzing the dataset using
Random Forest in order to develop a multivariate potency prediction model. Preliminary results include a model based on 18
biomarkers, which is able to predict chemicals in an independent
test set (n = 18), comprising a balanced number of chemicals in
each category and in different reactivity classes, into the three CLP
categories with an estimated accuracy of 90% (no cat), 93% (1A)
and 76% (1B). Pathway analysis is ongoing, taking into account the
information on variable importance provided by the Random Forest analyses in order to extract mechanistic information with the
goal to elucidate underlying molecular mechanisms.
Financial support: This work was supported by grants from The
Swedish Foundation for Strategic Research, The Swedish Research
Council and AFA försäkring. The authors thank Cosmetic Europe for
providing the chemicals for this study.
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Introduction: Depleted uranium is a weakly radioactive heavy
metal, and its civil and military applications could induce its release
into the environment. The consequence is a risk of internal contamination for population with possible effects on various organs.
Experimental in vivo studies demonstrated that the gene expression of cytochrome P450 (CYP450) and associated nuclear receptors
involved in the metabolism of xenobiotics, cholesterol or vitamin
D are biological targets of this radioelement.
Objective: The aim of this study was to determine whether these
effects observed after chronic internal exposure at low levels of
depleted uranium are reversible after cessation of contamination.
Methods: In this study, rats were exposed to depleted uranium
(1 mg/rat/day) for 6 months, and then they were unexposed during
3 or 6 months, until their sacriﬁce.
Results: The results show that some changes induced by
uranium are irreversible at hepatic level after cessation of contamination, such as the mRNA expression of CYP2B1, CYP2C11
associated with drug metabolism, CYP27A1 associated with cholesterol metabolism and CYP2R1 associated with metabolism of
vitamin D. By contrast, changes in the gene expression of CYP3A1/2
(brain and kidneys), CYP7A1 (liver), CYP27B1 (kidneys) and DNA
methyltransferases DNMT1/3A (liver and kidneys) are reversible.
Concerning the nuclear receptors, uranium induced irreversible
effects on the hepatic gene expression of FXR or reversible effects
on the gene expression of VDR in the brain and LXR˛ in the liver.
Epigenetics studies show that uranium induces hyper methylation
of the DNA in kidneys but that this effect is reversible when the
contamination was stopped.
Conclusions: The results of this study show for the ﬁrst time that
chronic contamination at low levels of depleted uranium induced
reversible or irreversible effects on gene expression and reversible
DNA methylation after cessation of exposure. Irreversible biological
effects observed in our experimental model could induce metabolic
dysfunctions at long-term or may be transmitted to offspring via
other epigenetic mechanisms such as the histone modiﬁcation or
changes in small RNA content (miRNA).

http://dx.doi.org/10.1016/j.toxlet.2016.07.408
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Introduction: Chronic exposure to low, environmentally relevant doses of inorganic arsenic (As) has been associated to
increased risks of developing skin hyperkeratosis, vascular disorders, neuropathies, diabetes, and various types of cancer. In order
to effectively prevent and treat these maladies it is crucial to elucidate all the molecular mechanisms by which As causes cellular
dysfunction. We have previously reported that As modulates the
NRF2 pathway and autophagy, two important stress-responsive
signaling pathways. Moreover, we have described that As blocks
autophagy to upregulate the NRF2 pathway through the noncanonical mechanism.
Objective: We evaluated the molecular mechanisms by which
As blocks autophagy.
Materials and methods: NIH3T3 mouse ﬁbroblasts were transfected with the tandem mRFP-GFP construct for 24 h before
As treatment to monitor autophagy by live cell ﬂuorescent
microscopy. HeLa cells were transfected with plasmids for the
expression of STX17, SNAP29, and VAMP8 24 h before As treatment
and protein interaction was analyzed by immunoprecipitation
and ﬂuorescent microscopy. Cells were transfected with OGT
siRNA for 24 h and O-Glc-NAcylation of SNAP29 was analyzed by
immunoblotting.
Results: We identiﬁed that As blocks autophagy by interfering
with autophagosome–lysosome fusion. Using time-lapse confocal
microscopy we identiﬁed decreased movement of autophagosomes
and lysosomes in cells treated with As. Molecularly, using immunoprecipitation assays we identiﬁed that As blocks the interaction
of STX17 (an autophagosomal SNARE) and SNAP29 (a cytosolic
SNARE), thus preventing their interaction with the lysosomal
SNARE VAMP8. This reduction of STX17-SNAP29 interaction may
be due, at least in part, to increased O-Glc-NAcylation of SNAP29,
since knockdown of OGT, the enzyme responsible for this posttranslational modiﬁcation, partially rescues autophagic function.
Conclusions: Together, these results contribute to the mechanistic understanding of As-induced autophagy blockage and
provide new potential therapeutic targets.
http://dx.doi.org/10.1016/j.toxlet.2016.07.409
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Introduction: Carcinoma is a malignant epithelial tumor that
involves the dysfunction of cell-cell adhesion molecules, accompanied by hyperproliferation of cells. When normal cells connect,
a speciﬁc subset of miRNAs inhibits the expression of genes
that foster cell growth. However, these miRNAs are misregulated due to the disruption of cell adhesion in cancer cells. This
paradox was explained by the discovery of a glue-like protein
called PLEKHA7 that keeps cells together and forms an Ecad-

p120-based complex speciﬁcally at the apical ZA, distinct from
a basolateral-speciﬁc Ecad-p120 junctional complexin normal
polarized epithelial cells. Anchorage-independent growth (AIG)
promoted by elevated expressions of pro-tumorigenic markers
such as MYC, SNAI1, CCND1, and p-Src at the basolateral side is
inhibited by PLEKHA7 associated RNAi machinery, which recruits
tumor-suppressing microprocessor complex DROSHA-DGCR8 at
the apical side.
Objectives: The objective of the present study is to investigate mathematically how intracellular dynamics of protein-protein
interactions can regulate cellular behavior and how the control of
cell adhesion may be related to miRNA biology in a human cell.
We, furthermore, seek to show how cancer cells can be potentially
reprogrammed back to normalcy via a protein that acts as a brake
to non-stop cancerous growth.
Methods: A deterministic model of an epithelial cell with the
help of a computer using software Virtual Cell (VCell), consisting
of distinct functionally and spatially distributed protein complexes inhibiting or exhibiting cell hyperproliferation depending
upon their linkages in their respective compartments, in terms
of ordinary differential equations (ODEs) is developed. Effects of
various factors on intracellular dynamics are analyzed by suitable
parametrization of the model using cell biological, biophysical and
cell kinetics parameters.
Results: The simulations run in VCell suggest that addition
or deletion of PLEKHA7 inhibits or initiates epithelial cell hyperproliferation respectively and that, it is the disruption of the
PLEKHA7-associated apical junctional complex that results in the
induction of growth-related signaling, cellular dysfunction, and
toxicity.
Conclusions: Our model is ﬁrst of its kind to demonstrate mathematically that restoring the levels of affected miRNAs in tumor
cells could suppress pro-carcinogenic signaling and re-program
these cells back to a more benign state.
http://dx.doi.org/10.1016/j.toxlet.2016.07.410
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CaMKII plays a central role in alteration of
calcium homeostasis and MAPKs involved in
osteoblast apoptosis induced by cadmium
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Introduction: As an environmental heavy metal pollutant, cadmium (Cd) generally enters cells through calcium ion channels or
receptors in the form of Cd2+ . Cd would change the distribution
of intracellular calcium ion ([Ca2+ ]i ). The change of [Ca2+ ]i concentration would activate calmodulin-dependent protein kinase II
(CaMKII). However, there is few study focus on the role of CaMKII
in osteoblasts (OBs) apoptosis.
Objective: Therefore, this research investigates the role of
CaMKII in OBs apoptosis induced by Cd.
Materials and methods: OBs isolated from the craniums of
fetal Sprague-Dawley rats were treated with Cd (2 M) alone, or
pretreated with 2-aminoethoxydiphenyl borane (2-APB, 50 M),
ethylene glycol tetraacetic Acid (EGTA, 5 M), thapsigargin (TG,
1 M) or KN93 (5 M) for 30 mins followed by Cd (2 M). Following
the treatment, the concentration of [Ca2+ ]i was measured by ﬂow
cytometry using Fluo4. Meanwhile, cell activity was monitored
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using the RTCA system. OBs were treated with different concentration of Cd and for different times. Western blot was used to detect
p-CaMKII. Furthermore, the apoptotic rate was measured by ﬂow
cytometry using Annexin V-PI apoptosis detection kit.
Results: The results showed that the elevation of [Ca2+ ]i induced
by Cd would reversed by 2-APB co-treatment. 2-APB could rescue
the decrease of cell activity induced by Cd. Cd would increase the
phosphorylation levels of CaMKII in a dose- and time-dependent
manner. Pre-treatment of cells with 2-APB decreased the phosphorylation levels of CaMKII compared to cells treated with Cd only.
The results of Western Blot showed that Cd increased the phosphorylation levels of three kinds of MAPK pathway. KN93 would
lower the phosphorylation levels of these proteins induced by Cd.
The results of Annexin V-PI apoptosis detection showed that KN93
decreased the rise of apoptotic rate induced by Cd.
Conclusions: These ﬁndings suggest that Cd cause the discharge
of calcium from endoplasmic reticulum. The rise of [Ca2+ ]i lead
to the activation of CaMKII. Thereafter, CaMKII participates MAPK
pathway and apoptosis induced by Cd in OBs. This study suggests that CaMKII may be exploited for prevention of Cd-induced
metabolic bone disease.
Financial support: This work was supported by grants from
the National Natural Science Foundation of China [grant numbers 31172373, 31372495, 31302154] and the Project of Priority
Academic Program Development of Jiangsu Higher Education Institutions (PAPD).
http://dx.doi.org/10.1016/j.toxlet.2016.07.411
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Introduction: Polybrominated diphenyl ethers are used as
ﬂame retardants in various products used in everyday life. Nowadays, they are considered important environmental contaminants,
and are also found in human and wildlife samples. More precisely,
BDE-153 congener, one of the most present in the environment,
have already shown cytotoxicity by mitochondrial impairment.
Objective: The aim of this study was verifying the induction of
autophagy to better understand its mode of action.
Materials and methods: Brieﬂy, HepG2 cell line was maintained
in DMEM medium in atmosphere containing 5% of CO2 at 37 ◦ C,
and treated with BDE-153 at 0.1, 5, and 25 M for 24 and 48 h.
After exposure, immunocytochemistry was performed, where cells
were incubated with primary antibody (anti-LC3 – 1:1000) and
then incubated with secondary antibody conjugated with Alexa594 (1:2000) and also with Hoechst (1 mg/mL). Cells were further
inspected and imaged using a ﬂuorescence microscopy. In addition,
the cells were labeled with 100 nM LysoTracker Red DND-99 (for
30 min), to investigate the co-localization of lysosomes in the cells.
Additionally, mitochondrial DNA copy number was assessed using
qPCR, by the number of DNA copies Cytochrome b, normalized
against Pyruvate kinase. Statistical analysis was performed using
ANOVA and Dunnett post-hoc tests.
Results: Cells showed a transition from diffuse to punctual
accumulation of LC3-II, after BDE exposure. When wortmannin
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(100 nM) was pre-added, it induced a decrease in LC3-punctual
pattern, concomitantly with an increase in the nuclear fragmentation. Cells exposed to BDE-153 also showed an increased staining
with the lysosomal dye. Furthermore, cells showed a decreased
mitochondrial DNA copy number, pointing out the idea that cells
exposed to this compound are managing mitochondrial damage by
mitophagy.
Conclusions: HepG2 cells showed activation of autophagy as an
attempt to manage mitochondrial damage and thus maintain cell
viability after exposure to BDE-153.
Financial support: Fapesp (2012/13123-0) and CAPES (PVEA018/2012).
http://dx.doi.org/10.1016/j.toxlet.2016.07.412
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ER stress regulator Bip mediates Cd-induced
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Our previous ﬁnding showed that autophagy played a protective
role in Cadmium-induced oxidative damage. Endoplasmic reticulum (ER) stress has recently been shown to induce autophagy
and the induction requires the unfolded protein response (UPR)
signaling pathways. This study was aimed at exploring that
autophagy regulated by Bip expression upon ER stress suppressed
Cd-induced senescence. Treatment neural cells with Cd increased
the expression of ER stress regulators such as bip, chop, eIf2␣,
ATF4 and the activation of autophagy as evidenced by upregulated LC3. Furthermore, Cd treatment signiﬁcantly increased the
expression of senescence markers such as P53, P21 and P16, which
was aggravated by 3-MA or silencing Atg5. ER stress inhibitor
mithramycin not only blocked ER stress proteins chaperone Bip
that were activated by Cd but also autophagic ﬂux. Silencing Bip
signiﬁcantly both blocked the conversion of LC3 I to LC3 II and
decreased RFP-LC3 puncta formation, along with the increase of
P21 in PC12 cells. Moreover, knocking down Bip regulated the
expression of p-AMPK, p-AKT and p-s6k induced by Cd. BAPTA
(dibromo-1,2-bis (aminophenoxy) ethane N,N,N9,N9-tetra acetic
acid, 0.125–2 M), a Bip inhibitor, decreased the expression of pAMPK and LC3 II but enhanced neuronal senescence. Rapamycin
treatment decreased GATA4 levels, which was suppressed by siRNA
of P62 in primary neurons, indicating that autophagy degraded
GATA4 in p62 dependent way.
http://dx.doi.org/10.1016/j.toxlet.2016.07.413
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The role of autophagy during cadmium induced
apoptosis in rat renal tubular epithelial cells
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The systems toxicology challenge: Marker of
exposure response identiﬁcation in blood
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Introduction: Caspases play a crucial role in apoptosis, stress
factors converge on mitochondria to induce mitochondrial membrane permeabilization, which can trigger release of apoptogenic
signaling molecules, such as cytochrome c (cyt c), to active caspase
cascade signals includes caspase-9 and caspase-3, and then induce
apoptosis. Previous studies have demonstrated that cadmium (Cd)
could induce apoptosis in primary cultures of rat proximal tubular
cells (rPT cells) exposed to Cd for 12 h. And some studies conﬁrmed that viability of cells, treated with 10 M Cd for 0–6 h, were
increased signiﬁcantly. It had been reported that internal stressinduced autophagy was increased during 0–12 h, and our group
results found the autophagy level was highest in 4–6 h, and it was
decreased after 6 h. The link between autophagy and apoptosis had
been reported early. However, the precise molecular mechanisms
underlying Cd-induced autophagy and its role during cadmiuminduced apoptosis are largely unknown.
Objective: The purpose of this study was to further clarify the
underlying mechanism of Cd-induced autophagy and relationship
between autophagy and apoptosis.
Materials and methods: FITC Annexin V Apoptosis Detection
Kit I was used to detect apoptosis with ﬂow cytometer; cyt c,
cleaved caspase-9, -3, LC3, Beclin-1, Atg7 and p62 antibodies were
used to detect protein level with western blot; MDC ﬂuorescence
probe was used to detect autophagy level; Rapamycin (RAP) and
chloroquine (CQ) was used to promote or inhibit autophagy; And
siRNA Beclin-1 and Lipofectamine® 3000 Reagent Protocol were
used to knockdown Beclin-1 protein.
Results: Apoptosis rate of NRK-52E cells and rPT cells was
decreased in a dose-dependent manner when exposed to Cd for
6 h, which were also demonstrated by reducing the release of mitochondrial (cyt c) and activation of caspase-3; while apoptosis rate
was increased at 12 h, which was dependent on the mitochondrial apoptotic pathway. MDC staining results showed that the
level of autophagy was increased in a dose-dependent manner
when treated with Cd by 6 h and the autophagy level decreased
at 12 h. Autophagy was initiated by deacetylated LC3, which transfers from the nucleus to the cytoplasm, then regulated by Bcelin-1,
autophagy gene 7 (Atg7) and p62. It is interesting that Cd stimulated
the formation of autophagosome, while inhibited the degradation
function of lysosomes. Rapamycin (RAP) promoted the autophagy
level accompanied by protecting cells from apoptosis, and 3-MA
caused apoptosis rate increased, while chloroquine (CQ) could not
inﬂuence cells apoptosis. siRNA Beclin-1 signiﬁcantly induced the
activation of caspase-3 and increasing the cells apoptosis rate.
Conclusions: Cd induced apoptosis could prevent by autophagy
which play a protective role against apoptosis. And this role was
efﬁcient before lysosome and Bcelin-1 is a pivotal factor to inﬂuence
apoptosis induced by Cd in rat renal tubular epithelial cells.
http://dx.doi.org/10.1016/j.toxlet.2016.07.414

Introduction: Humans are constantly exposed to chemicals (e.g.
pollutants, cigarette smoke) that can trigger molecular changes and
be harmful for their organism. Risk assessment in the context of
21st century toxicology relies on the elucidation of mechanisms of
toxicity and the identiﬁcation of markers of exposure response.
Objective: For that purpose, datasets using high-throughput
technologies are generated from various biological samples after
the exposure of cells or subjects to individual or mixture of chemicals. The development of relevant computational approaches for
the analysis and integration of these large-scale data remains challenging and requires qualitative and quantitative evaluation.
Materials and methods: The scope of sbv IMPROVER (Industrial Methodology for Process Veriﬁcation in Research; www.
sbvimprover.com) is the veriﬁcation of methods and concepts in
systems biology research via challenges proposed to the scientiﬁc community. The latest sbv IMPROVER computational challenge
(Fall 2015–Spring 2016) aimed to address questions on (i) the identiﬁcation of exposure response markers in human blood enabling
to discriminate between exposed and non-exposed subjects as well
as (ii) the translatability of those markers between species. Participants were provided with human and mouse blood gene expression
data sets to develop gene signature-based models for exposure
group class prediction.
Results: Anonymized submissions were scored by comparing
the predictions to the “Gold Standard” (true class labels) using
speciﬁc metrics to identify the most performant computational
methods.
Conclusion: The outcome of the computational challenge is
summarized in this poster.
Financial support: Philip Morris International.
http://dx.doi.org/10.1016/j.toxlet.2016.07.415
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Hepatocyte growth factor (HGF) induces a
protective response against toxicity induced by
ethanol and acetaldehyde in pancreatic cell
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Introduction: Alcohol is the main toxic ingested by recreation
in spite of its well-known toxic effects in many organs including
the liver and pancreas. Alcohol and acetaldehyde, target practically
all cell types in the pancreas inducing inﬂammation that eventually
could conduce to ﬁbrosis and cancer. HGF has been positioned as
a master regulator of the oxidative stress by activating canonical
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signaling pathways such as Akt, Erk1/2 and transcription factors
such as NF-B, STAT3 or Nrf2.
Objective: To address the effect of HGF against ethanol- and
acetaldehyde-induced toxicity in RINm5F and CAPAN-1 pancreatic
cell lines.
Material and methods: RINm5F and CAPAN-1 cells were
treated with 100 mM ethanol or 200 M acetaldehyde at different
times of incubation in the presence or not of HGF (50 ng/ml). Cell
viability was measured by CCK-8 kit and cell functionality by neutral red assay, apoptosis was addressed by acridine orange staining
and the content of key cellular damage and survival proteins were
studied by Western blotting.
Results: Both toxics induced cell dysfunction, judged by neutral
red assay, this effect was prevented by HGF. The protective effect
was related to the expression of antioxidant enzymes such as GSTM,
␥-GCS and SOD1 in both cells lines RINm5F and CAPAN-1. In order
to ﬁgure out the signaling pathways involved in this response we
studied the activation of Erk1/2, Akt, Nrf2 and p38. Erk 1/2 and
Akt were activated by HGF in both cell lines. In addition, this effect
was associated to a decreased in apoptosis judged by a decrease in
apoptotic cells and the activation of caspase 3.
Conclusion: HGF exerted a protective mechanism in pancreatic
cells by the modulation of antioxidants proteins by a mechanism
mediated by Erk 1/2 and Akt and the activation of Nrf2, this could
represent a promising molecular target for the treatment of alcoholic pancreatic disease.
Financial support: Conacyt 252942, 222578.
http://dx.doi.org/10.1016/j.toxlet.2016.07.416
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NADPH oxidase (NOX) 1 mediates cigarette
smoke-induced superoxide generation in rat
vascular smooth muscle cells
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Introduction: Smoking is a well-established risk factor for
cardiovascular diseases. Although multiple mechanisms were
reported, one of the common etiological factors is the oxidative
stress and NADPH oxidase (NOX) has been suggested as a potential
culprit for such oxidative stress.
Objective: Cigarette smoke (CS)-stimulated superoxide production was characterized in vascular smooth muscle cells (VSMC).
Materials and methods: CS was prepared as forms of cigarette
smoke extract (CSE) and total particulate matters (TPM) which are
CS trapped in phosphate-buffered saline and on Cambridge ﬁlter
pad, respectively. Dihydroethidium (DHE) and 2-(4-iodophenyl)3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium (WST-1)
were used for superoxide detection in cultured VSMC.
Results: Both CSE and TPM generated superoxide in VSMC
culture system by stimulating cells to produce superoxide and
directly producing superoxide in extracellular aqueous solution.
NOX, speciﬁcally NOX1 was identiﬁed as a major cellular source for
superoxide through the experiments using NOX inhibitors such as
diphenyleneiodonium (DPI) and VAS2870 and NOX-silenced VSMC.
Cytotoxicity of CSE was prevented by NOX inhibitors and a superoxide dismutase mimetic TEMPOL, indicating that NOX1-produced
superoxide contributes to cytotoxicity.
Conclusions: Since NOX1 is known to mediate diverse pathological processes in vascular system, NOX1 may be a critical effecter
in cardiovascular toxicity caused by smoking.
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Introduction: Benzo[a]pyrene (b[a]p), as the ﬁrst identiﬁed carcinogenic component of polycyclic aromatic hydrocarbons (PAH), is
the most extensively studied carcinogen in cigarette smoke and has
been regarded as a critical mediator of lung cancer for a long time
due by its bioactivation through the Aryl Hydrocarbon Receptor
(AhR) signaling pathway to benzo[a]pyrene diol epoxide (B[a]PDE).
Studies suggest that PAH can activate the Mitogen Activated Protein
Kinases (MAPK), however, their involvement in b[a]p metabolism
and toxicity remains unknown. Cellular alterations induced by
b[a]p are complex and they may be mediated by more than one
signaling pathway, so it is essential to know which pathways are
involved in b[a]p metabolism to a better understanding of the
molecular basis of some diseases like cancer.
Objectives: The aim of this work is to determine the involvement of both ERK and JNK kinases in the metabolism of b[a]p and
the production of its toxic effects in normal bronco epithelial lung
cells (BEAS-2B).
Materials and methods: BEAS-2B cell line was employed
to determine whether the MAP kinases are involved in the
metabolism of b[a]p and in the production of cellular damage. We
exposed cells to b[a]p and/or ERK and JNK inhibitors in order to
quantify the level of CYP450, ERK and JNK proteins and the production of benzo[a]pyrene diolepoxide adducts in DNA.
Results: B[a]p is not cytotoxic to the BEAS-2B cells at relatively low concentrations. B[a]p enhances CYP1A1 transcription and
increases their protein concentration. Additionally, b[a]p promotes
the ERK and JNK phosphorylation. On the other hand, inhibition of
ERK decreases the CYP1A1 transcription and protein quantity.
Conclusions: These data suggest a crosstalk between AhR and
MAPK pathways, which is essential in the modulation of AhR pathway in the metabolism of b[a]p in BEAS 2B cells.
Financial support: CONACYT scholarship No. 233838.
http://dx.doi.org/10.1016/j.toxlet.2016.07.418
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1,4-Naphthoquinone-mediated activation of the
HSP90/HSF1 signal transduction pathway and
its negative regulation by reactive sulfur species
in human A431 cells
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Introduction: 1,4-Naphthoquinone (1,4-NQ) is found as an
atmospheric electrophile that is readily able to modify protein
nucleophiles. Covalent modiﬁcation of cellular proteins by elec-
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trophiles affects electrophile signal transduction and cell damage.
We recently found that reactive sulfur species (RSS) with high
nucleophilicity are endogenously produced in cells (Ida et al., PNAS
2014) and that a model polysulﬁde sodium tetrasulﬁde (Na2 S4 )
blocks 1,4-NQ-mediated covalent binding to cellular proteins and
cytotoxicity through its sulfur adduct formation because such a RSS
is able to capture 1,4-NQ, leading to its sulfur adduct formation.
Objective: In this study, we explored whether 1,4-NQ could
activate heat shock protein 90 (HSP90)-heat shock factor 1 (HSF1)
signaling that might be repressed by RSS.
Materials and methods: 1,4-NQ mediated modiﬁcation of
HSP90, UPLC-MSE analysis, pull-down assay, and BPM-labeling
assay; gene expression, real-time PCR; cell viability, MTT assay.
Results: We found that HSP90 as a novel target of 1,4-NQ. 1,4NQ-mediated modiﬁcation of HSP90 induced disassociation of heat
shock factor 1 (HSF1) from HSP90, and allowed to its translocation
to nucleus, resulting in upregulation of HSP genes transcription
levels, such as HSPA6, HSP40, HSP90, and HSP105 in A431 cells.
Increment of 1,4-NQ-induced cytotoxicity by HSF1 knockdown
conﬁrmed that activation of HSP90/HSF1 signaling mediated by
1,4-NQ plays a role in the cell survival. Na2 S4 blocked 1,4-NQinduced nuclear translocation of HSF1, whereas knockdown of
RSS generating enzymes, cystathionine ␥-lyase and cystathionine ␤-synthase, enhanced 1,4-NQ-induced nuclear translocation of
HSF1.
Conclusions: We propose that 1,4-NQ-mediated activation of
HSP90/HSF1 signal transduction pathway is negatively modulated
by RSS in A431 cells presumably through sulfur adduct formation.
Financial support: Supported by a Grant-in-Aid for Scientiﬁc
Research from the Ministry of Education, Culture, Sports, Science,
and Technology of Japan (#25220103 to YK).

nite by measuring mRNA and protein levels of cytochrome P450
(CYP)1A1 (the AhR canonical gen), as well as for MDR1 expression
by RT-qPCR and Western-Blot. Primary hepatocytes were obtained
by retrograde liver perfusion and cultured in DMEM. Cells were
treated with 0.1, 0.5 or 1.0 M sodium arsenite, 0.1 nM 2,3,7,8tetrachlorodibenzo-p-dioxin (TCDD) or dimethyl sulfoxide (DMSO)
as control. Cultures were used to evaluate the mRNA expression
by RT-qPCR (2, 4, 8 h) and Western Blot (6, 8, 12 h) of MDR1 and
CYP1A1 gen/protein.
Results: Western Blot analysis showed that in WT mice, the
exposure to sodium arsenite for 6 h decreased the expression of
CYP1A1 in an AhR dependent way, whereas the exposure to TCDD
together with arsenic show no effect on the expression of CYP1A1.
The expression of MDR1 also decreased with the exposure to
sodium arsenite for 6 h, but independently of the presence of the
AhR, although the exposure to TCDD together with arsenic showed
no effect on the expression of MDR1 in KO mice.
Conclusions: Exposure to sodium arsenite reduces the expression of both CYP1A1 and MDR1: Arsenite affects CYP1A1 in an AhR
dependent manner and affects MDR1 expression in an AhR independent manner but related to the presence of TCDD, indicating a
mechanism related with AhR-independent effects of TCDD.
Financial support: CONACyT scholarship 396940 and grant
number 237171.
http://dx.doi.org/10.1016/j.toxlet.2016.07.420
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Introduction: Arsenic is an environmental contaminant and
one of the most toxicologically relevant arsenical species is arsenite, whose acute exposure may lead to cytotoxic damage. Many
efﬂux cellular transporters such as Multidrug Resistance-1 (MDR1)
decrease arsenite concentration inside the cells, and as such, its
expression increases when the cells are exposed to this arsenical.
It is reported that nuclear receptors such as the Aryl Hydrocarbon Receptor (AhR) are able to regulate the expression of cellular
transporters such as MDR1. There is evidence that arsenite induces
the nuclear translocation of AhR accompanied by its transcriptional
activity. For this reason, we investigated if the AhR might be implicated on the increased expression of MDR1 induced by arsenite
exposure.
Objective: To determine if the exposure to arsenite induces the
expression of Mdr1 depending on the presence and/or activation
of the AhR on primary hepatocytes.
Materials and methods: We evaluated the activity of AhR
on C57/BL6 wildtype (WT) and AhR deﬁcient (AhR−/− ) mouse
(KO) primary hepatocytes during the exposure to sodium arse-
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Introduction: Bisphenol A (BPA), a plasticizer of bulk use can
interact with nuclear receptors and affect the normal function of
nuclear receptors in very low doses. BPA is reported for its estrogenic potential while the mechanism of metabolic disruption by
BPA is not well documented. Peroxisome proliferator activatedreceptors (PPARs) act as transcription factors by regulating genes
involved in adipogenesis, and metabolism of glucose, lipid and
cholesterol. The nuclear receptor subfamily of PPARs includes three
members, PPAR␣, PPAR␤ and PPAR␥. In view of signiﬁcant and multiple roles of PPARs in various metabolically critical pathways we
conducted a study to check the effect of BPA on the expression of
PPARs in mouse liver.
Objective: To evaluate the dose dependent effects of BPA on
expression of PPARs in mouse liver.
Materials and methods: Study was conducted in male Swiss
albino mice (25 ± 2 g). Animals were exposed at 4, 8 and
16 mg/kg/bw of BPA by intraperitoneal (i.p.) route. Expression level
of PPARs i.e. PPAR␣, PPAR␤ and PPAR␥ was checked by real time
PCR. Results were conﬁrmed by western blot at protein level.
Results: BPA exposure affected all the isoforms of PPARs. The
effect was dose-dependent. While BPA caused upregulation of
PPAR␣ and PPAR␥ while PPAR␤ was downregulated showing differential effect of BPA on PPARs.
Conclusions: It can be concluded that PPARs are potential targets of BPA and thus it may have profound consequences on the
vital metabolic pathways.
http://dx.doi.org/10.1016/j.toxlet.2016.07.421
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Introduction: Absorption of ionizing radiation (IR) by cells
produces alterations in structure and function of biomolecules such
as proteins and DNA. The amount and type of damage depends on
the tissue differentiation, proliferation and metabolic rates. Ionizing radiation can induce damage either by direct (disruption of the
atomical structure of macromolecules) or indirect effects (production of free radicals as a consequence of water radiolysis). Water
radiolysis generates reactive oxygen species (ROS) that can change
the redox state. The nerve growth factor (NGF) is a neurotrophin
involved in the development, survival, differentiation and plasticity
of sensory and sympathetic neurons. In addition to these functions,
there are evidences that show that NGF is involved in the antioxidant response in the CNS and in other tissues such as the liver.
Also, there are mechanisms that repair the DNA oxidative damage.
In this regard, 8-oxoguanine DNA glycosilase (OGG1) repairs oxidized guanines through the base excision repair (BER) mechanism,
while the histone ␥H2AX participates in the repair of double strand
breaks (DSB).
Objective: We investigated the modulation of NGF, OGG1 and
␥H2AX in mice treated with 0.5 Gy of X-rays and ␥ radiation.
Material and methods: Animals were anesthetized and killed
2, 4 and 6 h after whole body irradiation with 0.5 Gy of X-rays and ␥
radiation. We extracted the brain, liver, lungs and red bone marrow
and performed western blot to investigate the expression of the
proteins of interest.
Results: Our preliminary results showed that X-rays increase
the levels of NGF at 4 h in the lung and at 6 h in the brain, liver and
lung, whereas there is a decrease at 2 h in the bone marrow.
Conclusions: Thus, our results suggest that the NGF mediated
antioxidant pathway is being activated in response to the ROS
generated as a consequence to the exposure to IR. The responses
observed in this work are tissue-dependent, and are related to the
radiosensibility of each tissue.
Financial support: Programa de Maestriá en Ciencias
Bioloǵicas, UNAM and CONACyT Scholarship No. 385550.
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Introduction: Arsenic is a potent toxic that can be found as part
of different compounds in the environment. It is known that arsenic
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increases intracellular ROS affecting the expression of molecules
involved in cell cycle regulation. Cellular response to arsenic is
strongly dependent on the p53 functional status, and the nuclear
accumulation of this factor has been observed when cells are
treated with arsenic doses that cause DNA damage. This induces
a transient arrest in the G1 phase of the cell cycle leading the cells
to DNA repair or apoptosis. However, cell cycle arrest in G2/M and S
phases have also been observed during arsenic treatment, suggesting that besides p53 status, the cellular response in cell cycle could
be dependent on the speciﬁc pathways involved in the activation
of p53.
Objective: In this work we studied the ATR/ATM-p53 pathway
and the expression of p53-responsive genes and its relationship
with cell cycle arrest induced by arsenic.
Materials and methods: The effect of NaAsO2 on proliferation
and cell cycle progression was evaluated by propidium iodide staining and ﬂow cytometer in MCF-7 (p53+/+ ) and H1299 (p53−/− ) cell
lines. The ATR/ATM pathway was evaluated using caffeine as an
inhibitor. The p53 levels were measured by Western blot and the
expression of the p53-responsive genes p21 and killin was determined by qPCR in cells treated with NaAsO2 for 6 an 12 h; the direct
regulation by p53 over the p21 and killin promoters was evaluated
by ChIP assay.
Results: We observed that 5 M NaAsO2 inhibits proliferation
and generates a G1/S arrest in MCF-7cells, while no effect on cell
cycle was observed in the p53−/− cells (H1299). Caffeine treatment of MCF-7 cells abrogated the NaAsO2 -induced cell cycle arrest
and induced cell death indicating the involvement of the ATM/ATR
pathway in this process. Although exposure to arsenic induced an
increase in p53 protein level, treatment with piﬁthrin ␣ (inhibitor
of p53-dependent transcription) hindered NaAsO2 -induced G1/S
arrest suggesting that the transcriptional activity of p53 is needed
for this process. Arsenic treatment increased the mRNA level of
killin, but also p21, by a mechanism that involves direct binding
of p53 to their promoters, suggesting a crosstalk between proapoptotic and cell cycle arrest signals.
Conclusions: The ATR/ATM-p53 pathway participates in the
cellular response to NaAsO2 through regulation of killin and p21
expression level contributing to the generation of G1/S cell cycle
arrest.
http://dx.doi.org/10.1016/j.toxlet.2016.07.423
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Introduction: Methylmercury (MeHg) is a neurotoxic ubiquitously distributed. MeHg inhibits neuronal migration, a critical
process in neurodevelopment. The extension of a leading edge
protrusion is essential, and Src is a pivotal protein for pathways
involved in cell movement.
Objective: The aim was to study the effect of the MeHg on protrusions formation and Src phosphorylation in SH-SY5Y cells.
Materials and methods: The SH-SY5Y cell line was used to
evaluate effects of MeHg on the movement PDGF-induced, by
scratch assay (3, 6 and 12 h). Focal adhesion of cells was detected
by double staining with antibodies to FAK or phospho-FAKY397,
and phalloidin; slides were analyzed by confocal microscopy. The
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phospho-Src was tested at 15 and 30 min, by Western blot using
antibodies for phospho-SrcY419, Src, and b-actin.
Results: We found that PDGF-induced cell migration in a timedependent manner (3, 6 and 12 h), and MeHg (10, 100, 500 nM)
decreased PDGF-induced cell migration in SH-SY5Y cells. The PDGFinduced protrusions and polarized distribution of phospho-FAK.
By contrast, MeHg (100, 500, 100 nM) disrupts PDGF-induced cell
morphology, inhibits protrusions formation, and promotes a perinuclear distribution of phospho-FAK397. The PDGF increases the
phospho-Src of treatment compared to control, and MeHg (100,
500 and 1000 nM) decreased PDGF-induced phospho-Src.
Conclusion: MeHg reduced cell migration, disrupted protrusions formation, phospho-FAK397 distribution, and inhibited Src
PDGF-induced phosphorylation.
http://dx.doi.org/10.1016/j.toxlet.2016.07.424
PP17.15
Induction of death receptor and TRAIL but
repression of anti-apoptotic proteins, DDX3 and
GSK3 expression by paraquat in A549 cells
Sasiphen Hathaichoti 1,2 , Daranee Visitnonthachai 1 , Pronrumpa
Ngamsiri 1 , Apichaya Niyomchan 3 , Oyu Tsogtbayar 1,2 ,
Churaibhon Wisessaowapak 1,2 , Piyajit Watcharasit 1,2,4 ,
Jutamaad Satayavivad 1,2,4
1 Laboratory of Pharmacology, Chulabhorn Research Institute,
Thailand
2 Environmental Toxicology Program, Chulabhorn Graduate Institute,
Thailand
3 Department of Anatomy, Siriraj Hospital, Mahidol University,
Thailand
4 Center of Excellence on Environmental Health and Toxicology (EHT),
Ofﬁce of the Higher Education Commission, Thailand

Introduction: Paraquat (PQ) is an herbicide known to cause lung
toxicity partly through induction of apoptosis. DISC (death inducing
signaling complex) formation plays a central role in extrinsic apoptosis. DDX3 (DEAD box protein-3) is reported to bind with GSK3
(Glycogen Synthase Kinase-3) and c-IAP1 (Cellular Inhibitor of Apoptosis Protein 1) resulting in inhibition of DISC. PQ can alter GSK3
activity suggesting the contribution of GSK3 activity in PQ toxicity.
Objective: To examine the effects of PQ on level of proteins
involved in extrinsic apoptosis, and the role of GSK3 in PQ-induced
apoptosis.
Materials and Methods: A549 cells were treated with PQ for
48 h with or without 30 min pretreatment with GSK3 inhibitor,
6-bromoindirubin-3 -oxime or SB216763. Apoptosis was detected
by Annexin V or TUNEL assay. Protein levels were determined by
immunoblotting.
Results: PQ increased cleavage of caspase-8, truncated Bid and
DR5 (death receptor-5)-caspase-8 interaction in A549 cells indicating that PQ induces extrinsic apoptosis in A549 cells. Moreover, PQ
increased level of DR4, DR5 and secreted TRAIL but reduced levels of DDX3, GSK3 and c-IAP1, which can associate with DR5 and
prevent DISC formation. PQ decreased DR5-DDX3 interaction, suggesting a reduction of anti-apoptotic complex. Inhibition of GSK3,
which is known to promote extrinsic apoptosis, accentuated PQinduced apoptosis, and caused a further decrease in reduction of
DR5-DDX3 interaction by PQ.
Conclusions: PQ may induce extrinsic apoptosis in A549 cells
through increases of DR5 and TRAIL, and decreases of anti-apoptotic
proteins, DDX3/GSK3/c-IAP1 leading to reduction of anti-apoptotic
complex.

Financial support: This work was supported by the Chulabhorn
Research Institute, Thailand.
http://dx.doi.org/10.1016/j.toxlet.2016.07.425
PP17.16
Developing PE092002 as a novel molecular
treatment for Hepatocellular carcinoma
L.S. Tse 1 , H.P. Wang 1 , G. Hsiao 2 , Y.W. Cheng 1
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Introduction: Primary malignant liver tumors are the most
common type of liver cancer and one of the leading causes of
cancer-related death worldwide (male ranked second and female
ranked sixth). Also, HCC is the 2nd largest cause of cancer-related
death in Taiwan. Although molecular target drugs have lower sideeffects and good tolerability, they still not effective enough to use
alone and have to be combined with chemical drugs as a treatment.
Objective: Developing a high efﬁcacy and low toxicity novel
compound as anti-hepatocellular carcinomas (HCC) drug.
Materials and methods: MTT-assays, ﬂow cytometry and western blot were performed in human hepatoma cell line (HUH-7).
Also, HUH-7 was injected subcutaneously in CB17 scid mice, after
tumor with great amount of angiogenic had been developed, mice
were orally-administered novel compound PE092002 repeatedly
for 14days.
Results: After the observation, we found that the tumors which
were treated with PE092002 were obviously smaller than the Control groups (Vehicle and Sorafenib). We found that the LD50 of
PE092002 on male mice were 100 mg/kg. Then we calculated the
ED50 and therapeutic index (TI) as 8.4664/mg/kg and 11.81. At the
meanwhile, PE092002 could also cause G2/M arrest, upregulating
Cyclin B1 and CDK1. Furthermore, PE092002 could also increase
the phosphorylation of MAPK Kinase (ERK1/2, p38, JNK) in Huh-7.
Conclusion: Our ﬁnding suggested PE092002 is a prospective
compound as an effective HCC treatment.
http://dx.doi.org/10.1016/j.toxlet.2016.07.426
PP17.17
Effects of cadmium chloride on gene expression
of SOD-2 and GPx-1 in HepG2 cells
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Romero 1 , M.E. Moreno-Godínez 3 , Y. Castro Coronel 1
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Introduction: Exposure to cadmium chloride (CdCl2 ) is a public health problem. Chronic environmental exposure increases the
concentrations of this metal in the body. While there have been proposed many mechanisms at molecular level, these are not entirely
understood. The interference with enzyme antioxidant defense
through the modulation of gene expression at micromolar concentrations has been little studied.
Objective: The present investigation was focused on determine
the cytotoxic effect and analyze the expression of the genes SOD-2
and GPx-1, using human liver carcinoma (HepG2) cells, as a test
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model based on the fact that 50% of the body burden accumulates
in the liver, kidneys and blood.
Materials and methods: HepG2 cells were exposed to CdCl2
(0, 0.5, 0.8, 1, 3 and 5 M) at 0–48 h. We performed the MTT and
neutral-red assays to assess the cytotoxicity. The expression of
genes SOD-2 and GPx-1 was examined by reverse transcriptionquantitative polymerase chain reaction (RT-qPCR) assay, based on
SYBR Green I.
Results: Results from MTT and neutral red assays indicated that
CdCl2 gradually reduces the viability of HepG2 cells in a dosedependent manner at 24 h of exposure, however, the reduction in
cell viability was less than 20% only in concentrations of 0.5, 0.8,
and 1 M. SOD-2 mRNA level at 24 h with 1 M CdCl2 was found
decreased, while at 48 h mRNA levels increased in comparison with
the control. Meanwhile, GPx-1 mRNA level was found increased at
24 h of treatment, and at 48 h decreased the level of mRNA relative
to control.
Conclusions: These results suggest that CdCl2 modulates the
level of messenger RNA of SOD-2 and GPx-1 at a non-cytotoxic
concentration in HepG2 cells.
http://dx.doi.org/10.1016/j.toxlet.2016.07.427
P18: Mutagenenicity- Genotoxicity
PP18.1
Does ursolic acid have genotoxic properties on
mammalian cell lines?
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Introduction: It is well known that free oxygen radicals play
important role in the pathogenesis of chronic disorders such as
cancer, diabetes, cardiovascular and neurological diseases. Recent
interest in plant phenolics has increased because of their protective
effects against free oxygen radicals. Ursolic acid (3␤-hydroxy-12urs-12-en-28-oic acid) is a well-known pentacylic triterpene which
is heavily used in traditional Chinese medicine. In recent years,
interest in ursolic acid has increased due to its many beneﬁcial
effects and low toxicity. Malus pumila, Ocimum basilicum, Vaccinium
spp., Vaccinium macrocarpon, Olea europaea, Origanum vulgare, Rosmarinus ofﬁcinalis, Salvia and Thymus plants are the main sources
of ursolic acid. Ursolic acid has been using against different diseases including osteoarthritis, rheumatoid arthritis, ulcer, cancer
and diabetes.
Objective: In the present study, genotoxic/antigenotoxic effects
of ursolic acid were evaluated by alkaline Comet assay in human
peripheral blood lymphocytes and Chinese hamster lung ﬁbroblast
cells (V79).
Materials and methods: Cells were treated with 5, 10, 25, 50
and 100 M ursolic acid, hydrogen peroxide (H2 O2 ) was used as the
positive control. According to the study, ursolic acid did not cause
DNA damage. DNA damage was signiﬁcantly lower in the ursolic
acid + H2 O2 treated group when compared to positive control.
Conclusion: It seems that ursolic acid might have a role in the
prevention of DNA damage.
http://dx.doi.org/10.1016/j.toxlet.2016.07.429
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1,2-Dichloropropane and its metabolites display
genotoxicity in human liver- and bile
duct-derived cells
R.S. Wang, T. Toyooka, Y. Yanagiba, M. Suda
National Institute of Occupational Safety and Health, Kawasaki,
Japan
Introduction: 1,2-Dichloropropane (1,2-DCP) is the suspected
solvent causing cholangiocarcinoma (biliary tract cancer) which
was found at a high incidence rate among the employees in an offset printing factory in Japan. 1,2-DCP has recently been classiﬁed to
group 1 carcinogen by IARC, but it is still not clear whether and how
1,2-DCP induces any genetic damages in its carcinogenetic effect.
Objective: In this study, we utilized histone H2AX phosphorylation as the biomarker for DNA damage to analyze the genotoxicity
of 1,2-DCP and its metabolites both in culture cells as well as in
mice.
Materials and methods: In the in vitro assay system, human
liver-derived WRL-68 cells and bile duct-derived MMNK-1 cells
were cultured with the addition of 1,2-DCP or its metabolites,
1-chloro-2-propanol and methyl glyoxal at different concentrations, and DNA damage analyses (H2AX phosphorylation and DNA
double-strand breaks, DSBs) were performed. With male mice at
8 weeks old, they were exposed to 1,2-DCP at different concentrations for 6 hr in the ﬁrst day and then 3 hr in the second day. Genetic
effects were evaluated 2 h after the termination of inhalation exposure.
Results: 1,2-DCP treatment increased DSBs in human liverderived cells. The consequent phosphorylated histone H2AX was
induced in a dose-dependent manner and with treatment duration. The two metabolites showed similar effect as 1,2-DCP, with
methyl glyoxal being more potent. The induction of phosphorylated histone H2AX by 1,2-DCP and its metabolites was also found
with bile duct-derived cells. 1,2-DCP exposure caused increase in
the level of DSBs formation in a dose-dependent manner in the
liver of mice. Induction of histone H2AX phosphorylation was also
observed after 1,2-DCP exposure.
Conclusions: These results suggested that 1,2-DCP exposure
can induce DNA damage, including DSBs, one of the most relevant lesions for mutations and carcinogenesis, and its intermediate
metabolites may be responsible for this effect.
http://dx.doi.org/10.1016/j.toxlet.2016.07.430
PP18.3
Cytotoxicity of methamidophos in MCF10A
Cells: Oxidative stress and DNA damage
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Introduction: Methamidophos (MET) is a highly toxic pesticide
and its main mechanism of toxicity is the inhibition of acetylcholinesterase, although recent studies have shown that MET is
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able to induce oxidative stress in neuronal and mononuclear cells.
In vitro studies on cell lines of breast have shown that these cells
can be target of toxicological effect of organophosphate pesticides
(OP).
Objective: Evaluate whether the cytotoxic effect of MET in
MCF10A cells (normal mammary gland) is associated with oxidative stress and DNA damage.
Materials and methods: MCF10A mammary epithelial cell line
exposed to concentrations of 10–100 mg/L of MET. Cell viability
was performed by MTT assay. ROS levels were determined by ﬂow
cytometry and lipid oxidation through the production of malondialdehyde (MDA). The glutathione (GSH) levels were determined by
colorimetry. The genotoxic damage was determined by the alkaline
comet assay.
Results: MET decreases by 12% the cell viability of MCF10A
exposed for 96 h to a concentration of 500 mg/L, compared to
basal levels (p < 0.001). MET signiﬁcantly increased the ROS levels in MCF10A cells at concentrations of 20–100 mg/L exposure for
12 h, increases of 0.3–0.5 times were observed in comparison to
basal levels. MCF10A cells exposed to MET signiﬁcantly increased
MDA levels at 24 h of exposure, at concentrations of 20–100 mg/L,
increases of 3.2–4.5 times were observed in comparison to basal
levels. The ROS levels positively correlated with MDA (R2 = 0.94,
p < 0.05), suggesting that ROS overproduction is involved in the
induction of MDA. Signiﬁcant differences in the levels of GSH were
observed in MCF10A exposure of MET (10, 20, 80 and 100 mg/L)
for 12 h; 1–1.9 times lower GSH levels were observed. MET, at a
concentration of 10 mg/L increased the OTM at 24 and 48 h of exposure in a range of 0.5 to 1.2 times more compared to control cells.
Also, Tail DNA (%) increased from 0.9 to 1.3 times at 24 h and 0.8
to 1.6 times at 48 h exposure, compared with basal levels. ROS and
MDA levels were correlated with DNA damage at 48 h of exposure.
In both cases, positive correlations were observed, suggesting that
oxidative stress is involved in DNA damage.
Conclusions: These overall results provide evidence of the cytotoxic damage caused by MET in normal breast epithelial cells and
suggest that it is necessary to evaluate the female population
exposed to OP to determine whether breast is altered or other
pathologies are present, associated with occupational exposures.
This study was partially supported by the Pesticide Toxicology
Network (Conacyt-Mexico #253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.431
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Evaluation of in vivo mutagenicity of iAsIII and
DMAV in gpt delta F344 rat
M. Fujioka, M. Gi, S. Kawachi, K. Tatsumi, K. Kumada, H.
Wanibuchi
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Introduction: Arsenic is a well-known human bladder and liver
carcinogen, but its exact mechanism of carcinogenicity remains
fully understood. Dimethylarsinic acid (DMAV ) is a major urinary
metabolite of sodium arsenite (iAsIII ) and induced urinary bladder
cancers in rats. iAsIII and DMAV are negative in in vitro mutagenicity
tests. However, their in vivo mutagenicity has not been determined
yet.
Objective: The purpose of present study is to evaluate the in vivo
mutagenicity of iAsIII and DMAV in rat urinary bladder epithelium
and liver using gpt delta F344 rats.
Materials and methods: Ten weeks old male gpt delta F344 rats
were divided into 3 groups and treated with 0, 92 ppm DMAV , and

87 ppm iAsIII (each 50 ppm As) for 13 weeks in the drinking water.
In the mutation assay, point mutations are detected in the gpt gene
by 6-thioguanine selection (gpt assay) and deletion mutations are
identiﬁed in the red/gam genes by Spi− selection (Spi− assay).
Results: Results of gpt assay and Spi− assay showed that iAsIII
and DMAV had not effects on the mutant frequencies and mutation
spectrum in urinary bladder epithelium and liver.
Conclusions: In this study, we examined for the ﬁrst time in vivo
mutagenicity of iAsIII and DMAV in the urinary bladder epithelium
and liver using gpt delta F344 rat and demonstrated that iAsIII and
DMAV are not mutagenic to these organs.
Financial support: The present work was supported by a Grant
from the Food Safety Commission, Cabinet Ofﬁce, Japan (Research
Program for Risk Assessment Study on Food Safety, No. 1407).
http://dx.doi.org/10.1016/j.toxlet.2016.07.432
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Quantiﬁcation of hemoglobin adducts as a
measure of exposure dose in an in vivo
genotoxicity study implies reliability in risk
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Introduction: Usually dose–response relationships in genotoxic studies are established by referring the response to the
administered dose. A better quantitative approach would be to
consider the pharmacokinetics of the compound and measure the
internal dose causing the genotoxic effect. This is more accurate
for extrapolation between biological systems and for comparison
of chemicals, and would give a more reliable risk assessment.
Genotoxic agents are usually electrophilic compounds which
are prone to form adducts with nucleophilic sites in biomacromolecules, apart from being metabolized and hydrolyzed. The dose
in vivo (AUC; area under the time–concentration curve) of genotoxic agents can be estimated from hemoglobin (Hb) adducts. Our
model compound glycidol (Gly) is a genotoxic agent, which is of
concern to humans who may be exposed from the diet. It is classiﬁed by IARC as probably carcinogenic to humans (group 2A).
Objective: To quantify Hb adducts of Gly as a measure of dose
in vivo in mice, and to measure the genotoxic effect (chromosomal damage) of Gly in the bone marrow as an increase in the
frequency (f) of micronucleated (MN) young erythrocytes (polychromatic erythrocytes, PCE) in peripheral blood, fMNPCE.
Materials and methods: Gly was administered to mice
intraperitoneally. The induction of MN was measured with ﬂow
cytometry, and the level of Gly adducts to Hb was quantiﬁed with
LC–MS/MS.
Results: The level of Gly-adducts to Hb in mice demonstrated
a linear dose-dependent adduct level increment. The results also
showed that Gly induced an increased fMNPCE level with increasing
administered dose. An improved correlation was observed when
the fMNPCE was related to Hb adducts as a measure of dose. From
the adduct level, the dose in vivo of Gly was calculated in mMh,
thereby giving the result as fMNPCE per mMh, which is a value that
will be used in a risk assessment approach.
Conclusions: Gly is an in vivo genotoxic agent, and Hb adducts of
Gly as a measure of the dose in vivo compared to the administered
dose, improved the correlation with the observed genotoxic effect.
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Introduction: Hodgkin’s lymphoma (HL) is a lymphoid malignancy with a worldwide incidence is 2–4/100,000 individuals/year.
HL represents 5% of all childhood cancers and is 30–40% of all
malignant lymphomas. Treatment for HL involves a combination of
radiation and chemotherapy. One of the most common treatment
schemes uses ABVD (adriamycin, bleomycin, vinblastine, dacarbazine), a cocktail of genotoxic agents. Although survival rate for
HL is up to 95%, cancer therapy could produce persistent genetic
damage in the survivors.
Objective: The goal of this study is to determine the time course
of chromosomal damage in lymphocytes of patients with HL before,
during and after ABVD/radiotherapy.
Material and methods: Five patients diagnosed with HL provided peripheral blood samples before, during and one year
after ABVD chemotherapy. In addition, 5 healthy individuals provided a single blood sample. All participants in the study signed
informed consent. Chromosomal aberrations were evaluated by
M-FISH (SpectraVysion) in 50–100 karyotypes per sample. Spectral karyotyping for each cell was analysed with Isis software.
Statistical comparisons were done with the Kruskal–Wallis and
Mann–Whitney U tests and a p < 0.05 was considered signiﬁcant.
Results: Average frequencies of structural chromosomal aberrations (CA) in samples from patients with HL were 6.3, 7.1 and
23.0% before treatment, during, and one year after treatment,
respectively. CA frequency in healthy individuals was 2.4%. A significant difference (p < 0.002) was observed when comparing groups.
Chromosomal damage was observed in all samples, and rejoined
structural chromosomal aberrations (RCA), such as translocations
and dicentrics, were the most common type. No clonal aberrations
were observed.
Conclusions: Our study showed that ABVD cause genotoxic
damage in peripheral blood lymphocytes of HL patients. Interestingly, the highest frequency of RCA/cell was observed in samples
analyzed one year after treatment and this was signiﬁcantly different from what was found before treatment (23% vs 6%). Both
rejoined and non-rejoined aberrations are observed one year after
treatment indicating that new aberrations are continuously produced and that there may be alterations affecting genes involved
in DNA repair. These results suggest that ABVD/radiotherapy causes
sublethal damage in hematopoietic stem cells and can lead to persistent genomic instability.
Financial support: 099-CONACYT-Salud.
http://dx.doi.org/10.1016/j.toxlet.2016.07.434
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intercalation potential of three acridone
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M.A. Loza-Mejía, L. Martino-Roaro
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Químicas, Universidad La Salle, CDMX, México, Mexico
Introduction and objectives: Tricyclic compounds, like
acridones, are generally regarded as genotoxic. In fact, in many drug
discovery programs, they are excluded because of their capability
to act as genotoxic substances. The mechanism of their genotoxic
action is associated with their DNA binding through intercalation
or the generation of free radicals. In our research group, we have
prepared some acridone isosteres to test the effects of these compounds. The aim of this study was to evaluate the genotoxicity of
these compounds in mice with the micronuclei test.
Methodology and results: Three groups were assembled with
six mice each, molecules 1, 2 and 3 were assigned to a different
group and were administered intraperitoneally with 300 mg/kg.
Another group was administered with distilled water as a control
group and the last one with ifosfamide (60 mg/kg intraperitoneally)
a well-known genotoxic agent as the positive control. Blood
samples were obtained from the tail of each mouse prior the administration and at 24, 48 and 72 h post-administration. Two blood
smears per mouse were made, ﬁxed in methanol for 3 min and
stained for 12 min with a 5% Giemsa solution. Then, the slides were
washed, dried and viewed under the microscope to evaluate the
clastogenic potential as an increase in the number of micronuclei in 1000 polychromatic erythrocytes. DNA intercalation assays
were carried out with the UV/Vis titration method. The results were
statistically evaluated and showed that 1, 2 and 3 had no clastogenic effect. All compounds exhibited binding constants lower than
ethidium bromide (EB) and were not able to displace EB in their
complex with DNA. Ab initio calculations showed that electron density maps differed with those of classical intercalators being these a
plausible explanation of their lack of DNA afﬁnity and genotoxicity.
Conclusions: Our observations open the door for considering
some acridone isosters as viable templates in drug discovery programs, as not all them are genotoxic or DNA intercalators.
http://dx.doi.org/10.1016/j.toxlet.2016.07.435
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Evaluation of toxicogenetics damages of the
putrescine polyamine on HepG2 cell culture
F.D. Campos-Pereira, L.B. Cagnoni, R.V. Hara, M.A. Marin-Morales
Laboratório de Mutagênese Ambiental (LMA), University Estadual
Paulista (UNESP), Rio Claro, São Paulo, Brazil
Introduction: The sources of surface and groundwater have suffered constant contamination by human activities. Among these
activities, the cemeteries are causing serious health and environmental problems due to production and release of necrochurume,
a liquid resulting from the decomposition of the bodies, which is
able to percolate into the soil and contaminate underground water
sources. This liquid is composed of various organic substances,
among which putrescine (C4 H12 N2 ) a polyamine, which acts as an
intracellular messenger and is related to the processes of differentiation and growth of the cell.
Objective: The aim of this study was to evaluate the genotoxic
potential of putrescine in HepG2 cell culture, by the cytokinesisblock micronucleus assay.
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Materials and methods: Approximately 5 × 106 cells were
grown in culture ﬂasks (25 cm2 ), exposed for 24 h at non-cytotoxic
concentrations of putrescine, corresponding to 70%, 50%, 30% and
10% of the LD50 , which is 463 mg/kg for rats. The assay was performed in triplicate, and 3000 cells were analyzed per treatment.
Normal binucleate cells and binucleate cells bearing bridges, buds,
and/or micronuclei were counted. Statistical analysis was performed by ANOVA, pos test Tukey (p < 0.05).
Results: According to the results of the micronucleus test, all
the tested concentrations exhibited signiﬁcant frequency for this
marker. For the formation of bridges and nuclear buds, the results
were signiﬁcant only for the highest tested concentration (70%).
Conclusions: Several studies have been conducted to evaluate the necrochurume potential contamination, but little is known
about its physical and chemical properties. The obtained information on the effects of putrescine present in necrochurume is
extremely important, because besides of alerting for the potential
as an environmental pollutant, it can lead to a better understand of
the action mechanisms of this substance.
Financial support: FAPESP.
http://dx.doi.org/10.1016/j.toxlet.2016.07.436
PP18.9
Evaluation of cytotoxic and mutagenic effects of
CactiNeaTM nutraceutical in A. Cepa
F.F. Navarro 1,2 , F.D.C. Pereira 2 , B.S. Oliveira 2 , M.A.
Marin-Morales 1
1

Departamento de Biologia, Instituto de Biociencias, Universidade
Estadual Paulista (UNESP), Rio Claro, SP, Brazil
2 Centro Universitário Hermínio Ometto – UNIARARAS, Araras, SP,
Brazil

Introduction: Natural products and functional foods have
received special attention by health professionals and the general population due to the constant pursuit of welfare, as well as
combating diseases. Opuntia ﬁcus indica L., a species in the cactus
family Cactaceae, it is a plant growing in dry and hot climates:
northern Mexico, south-western United States, Africa, Mediterranean countries and Europe. The fruits are used in the traditional
medicine. NEXIRA Health Gere Cacti-NeaTM , a cactus fruit extract
with natural diuretic properties, is a dehydrated water extract of
the fruits of the prickly pear cactus Opuntia ﬁcus indica, obtained
by a process designed to preserve the nutritional and functional
properties of the fruit.
Objective: This study used as test organism the Allium cepa to
conduct the evaluation of the cytotoxic and mutagenic potential of
CactiNea nutraceutical.
Materials and methods: The assay was performed in meristematic cells of A. cepa exposed to eight concentrations 0.12; 0.06;
0.03; 0.01; 0.008; 0.006; 0.004; 0.002 g/mL.
Results: The results showed that A. cepa at any concentration analyzed showed signiﬁcant levels of mutagenicity when
compared to the positive control after the treatment period. The
concentrations 0.12 and 0.06 g/mL showed a decrease in mitotic
index, which shows that within this concentration range the
CactiNea solutions interfere on the cell cycle and division of cells
of A. cepa.
Conclusions: These results demonstrate the necessity for toxicological tests in nutraceuticals, other tests will be performed to
evaluate other acute and chronic toxicological parameters.
http://dx.doi.org/10.1016/j.toxlet.2016.07.437
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genotoxicity of commercial Jeffamines® and
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Introduction: Jeffamines® are a family of polymers containing
primary amine groups attached to the extremities of a polyether
backbone, which can be used as biomaterials. They have been used
in combination with polyethylenimine (PEI) to improve the biocompatibility in drug and gene delivery systems. Despite these
facts, very few studies have been done on thecytotoxicity and genotoxicity of pure Jeffamines® or compared with PEI.
Objective: The present study aimed to evaluate and compare the
cytotoxic and genotoxic effects of Jeffamines® and PEI in CHO-K1
cells. Speciﬁcally, polypropylene oxide 2000 (PPO 2000, Jeffamine®
D series), polyethylene oxide 2000 (PEO 1900, Jeffamine® ED
series), branched 25 kDa PEI and linear 20 kDa PEI were evaluated
at different concentrations.
Materials and methods: Cell viability and proliferation were
assessed by XTT and BrdU assays, respectively. Genotoxicity was
evaluated using single cell gel electrophoresis and cytokinesisblocked micronucleus assays.
Results: PPO 2000 was the most cytotoxic Jeffamine® , whereas
PEO 1900 did not cause signiﬁcant cell death at any tested concentration. Branched PEI was more cytotoxic than LPEI and both
were more cytotoxic than Jeffamines® . Only PPO 2000 induced
DNA damage when evaluated in the comet assay, probably due to
its cytotoxicity. PPO 2000, PEO 1900 and PEI did not increase the
frequency of micronuclei when tested at sub-cytotoxic concentrations.
Conclusions: This work provides new insights about the
biocompatibility of Jeffamines® and PEI and suggests the genotoxicological safety for further investigations of PEO 1900 in drug and
gene delivery systems.
Financial support: FAPESP, grant number 2014/12465-0.
CAPES, grant number 12467-13-8.
http://dx.doi.org/10.1016/j.toxlet.2016.07.438
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The inﬂuence of washing methods on the DNA
damage levels assessed by Comet assay
A. Tirsina 1,2 , C. Costa 2,3 , S. Costa 2,3 , J.P. Teixeira 2,3
1 Department of Chemicals Surveillance, Centre of Chemical Safety
and Toxicology, National Center of Public Health, Chisinau, Republic
of Moldova
2 Department of Environmental Health, Portuguese National Institute
of Health, Porto, Portugal
3 4EPIUnit-Institute of Public Health, University of Porto, Porto,
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Introduction: In the last years, the reliability and importance of
the comet assay is signiﬁcantly increasing. The protocol of the assay
is continuously developing and although the main principles are
the same, small differences in the procedure from one laboratory
to the other seem to affect the sensitivity and outcomes. Therefore,
among other crucial steps in performing the comet assay protocol
is the washing method as this may introduce additional damage
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to samples. Most of the conducted human biomonitoring studies
use white blood cells, usually isolated lymphocytes but also whole
blood seems to be suitable. In any case, researchers have been using
diverse washing solutions to eliminate the cryoprotectant, which
leads to inter-laboratory variation. More than that, the comparability between laboratories is an outstanding problem that could
be solved after adoption of a standard protocol. Also, method standardization of the comet assay will assure samples’ quality and the
validity of the analysis results.
Objective: To analyse the inﬂuence of different sample wash
methods both for frozen whole blood and frozen lymphocytes on
the levels of DNA damage assessed by the alkaline comet assay.
Material and methods: Whole blood samples were frozen in
RPMI with 20% DMSO and lymphocytes in FBS with 10% DMSO at
−80 ◦ C (at a cooling rate of 1 ◦ C per min) as these are the more
common freezing procedures found in the literature. Comet assay
was carried out in samples with (1) no wash, (2) washed with PBS
and (3) washed with medium (whole blood: DMEM with 2% FBS
and lymphocytes: 50% FBS with 40% RPMI and 10% dextrose).
Results: Results obtained for whole blood samples show that
both PBS wash and medium wash signiﬁcantly increased the levels of DNA damage if compared with samples that were analysed
immediately after thawing (no washing steps). Regarding lymphocytes, similar levels of DNA damage were found in samples washed
with PBS and medium; these levels were lower than the ones found
when no washing steps were carried out before the assay.
Conclusions: These results suggest that lymphocytes and whole
blood samples react differently to the presence of DMSO after thawing. In order to further clarify the results presented herein, further
studies are being carried out to analyze the differences in sensitivity to DMSO in whole blood and lymphocyte samples and also to
conﬁrm the need of DMSO use to freeze whole blood samples as
these samples seem to be more resistant to DNA damage.
Financial support: Alla Tirsina is supported by Erasmus
Mundus Action 2, MEDEA project. Carla Costa and Solange
Costa are supported FCT grants SFRH/BPD/96196/2013 and
SFRH/BPD/100948/2014, respectively (QREN – POPH – Type 4.1
– Advanced training, subsidized by the European Social Fund and
national funds of MEC).

growth of Rhizoctonia solani fungi in potato, rice and cotton crops.
The alkaline comet assay is an early effect biomarker that is used
in diverse tissues or cells of aquatic vertebrates to measure DNA
damage induced for pesticides.
Objective: Detection of DNA damage in zebraﬁsh (Danio rerio)
embryos exposed to Monceren® 250 SC fungicide through alkaline
comet assay.
Materials and methods: Ten zebraﬁsh embryos at the blastula
stage, 2.5 h post-fertilization (hpf), were exposed to 0, 250, 350,
625, 850 and 1250 g/mL commercial formulation of Monceren®
250 SC (Pencycuron) fungicide in well plates in a ﬁnal volume of
500 l for 2 h at 28.5 ◦ C. A positive control group consisted of ten
blastulas exposed to bleomycin (0.025 g/ml) under the same conditions. After treatment, all exposed and non-exposed embryos
were washed three times with embryo medium, and 5 embryos
from each experimental group were immediately used for the alkaline comet assay (ﬁve embryos per slide). To visualize DNA damage,
slides were examined with an Axiostar Plus Carl Zeiss ﬂuorescent
microscope. DNA damage was evaluated by genotoxic parameters:
tail length (m), tail moment (%) and tail intensity (%) in 100 randomly selected nuclei.
Results: The genotoxicity results indicated that Monceren
fungicide at 250, 350, 625, 850 and 1250 g/ml signiﬁcantly
increased the three genotoxicity parameters in Zebraﬁsh embryos,
compared to control embryos (P < 0.001). The positive control group
(bleomycin) induced a signiﬁcant increment in DNA strand breaks
compared to control embryos (P < 0.001).
Conclusions: We demonstrated that the Monceren® 250 SC
fungicide induced DNA damage in the blastula stage of the Zebraﬁsh
(Danio rerio) and we conﬁrmed that zebraﬁsh is an excellent model
for analyzing the genotoxicity of environmental contaminants,
such as fungicides.
Financial support: This study was ﬁnancially supported by the
Programa de Apoyo a Proyectos de Investigación e Innovación
Tecnológica, Dirección General de Apoyo al Personal Académico
[DGAPA-UNAM-IN205613] of the Universidad Nacional Autónoma
de México (UNAM) and by CONACYT grant 166046.
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Chlorine substitution reduce the mutagenic
potential of textile dye Disperse Red 73
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Detection of DNA damage in zebraﬁsh (Danio
rerio) embryos exposed to Monceren® 250 SC
fungicide through alkaline comet assay
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Introduction: The broad emission of pesticides into aquatic
environments is receiving much attention due to their toxic effects.
Many fungicides cause DNA damage and trigger biologically undesired effects in different cell types, organs, and entire organisms,
affecting reproduction, egg quality and even threatening the survival of populations. There are diverse reports using zebraﬁsh
(Danio rerio) as a good model to investigate the toxicity mechanism
of pesticides, mostly because of its short developmental time, adult
size, relatively easy reproduction and maintenance. Monceren®
250 SC is a commercial fungicide with the active ingredient 1-(4clhorobencilo)-1-(ciclopentyl)-3-Phenylurea, which inhibits the

Introduction: Disperse Red 73 (DR73) and Disperse Red 78
(DR78) are dyes widely used in textile industries. They have the
same structure, except because the presence of a chlorine group
(DR78) instead of a cyano (DR73) on the ﬁrst aromatic ring.
Objective: The objective of this work was to evaluate the
role of this substitution on the mutagenic potential of these
compounds.
Material and methods: The mutagenicity of these substances
was evaluated using Salmonella/microssome mutagenicity assay,
using the strains TA100 e TA98, in the presence and the absence of
metabolic activation.
Results and discussion: Our results show that the difference
in the chemical structure of DR73 in comparison with DR78 is
crucial for the mutagenicity. DR73 induced moderate mutagenicity without exogenous activation and low mutagenicity in the
presence of exogenous activation, while DR78 induced extremely

S184

Abstracts / Toxicology Letters 259S (2016) S73–S247

low mutagenicity with and without metabolic activation. Additionally, DR73 induced frameshift and base pairs substitution and
DR78 induced only frameshift. This fact could be explained by
the decrease in electron density on the azo group of the DR78
dye due to the presence of Cl− and consequently lower reactivity
with DNA nucleophilic groups. The metabolic activation reduced
the activity mutagenic of the dyes, possibly because the products
generated after the action of cytochrome P450 isoforms were more
stable and less reactive with DNA. Biotransformation reactions,
such as sulfonation, carboxylation, deamination and others, could
lead to decrease in the mutagenicity, but this does not indicate
the complete detoxiﬁcation of the compounds, since only the
mutagenicity endpoint was evaluated.
Conclusion: Our results clearly demonstrated that even slight
modiﬁcation on dyes structures can completely modify the toxic
effects. Additionally, these dyes are capable to induce mutagenicity at low concentrations, and this is of great concern because is
estimated that about 15% of the dyes used in the world are lost during the dyeing process and released into the environment, affecting
water bodies and possibly water used to produce drinking water.
Financial support: CNPq (142379/2014-0), FAPESP (2008/
10449-7).

of D. tenuifolia (2 mg/kg) whereas the combination CP-D. tenuifolia
2 mg/kg induced hepatic BCRP in both sexes and P-gp in males.
Conclusions: Our results showed that chronic intake of the cruciferae D. tenuifolia has antigenotoxic activity against injury by CP.
Since CP is substrate for P-gp, modulation of hepatic ABC transporter expression levels could be involved in the prevention of
CP-induced genotoxicity after chronic intake of the vegetal. The
demonstration of this new hypothesis is the aim of our ongoing
trials.
Financial Support: grants PIP 00499 (2013-2015) and UBACYT
20020130100326BA (2014-2017).
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Antigenotoxic effect and modulation of hepatic
ABC efﬂux transporters
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Introduction: The group of crops collectively known as rocket
(or arugula, rucola, roquette) is increasingly important in the salad
vegetable market all over the world since epidemiological studies
indicate an inverse association between a diet with high content of
cruciferous vegetables and the risk of developing cancer.
Objective: to evaluate the geno-antigenotoxic behaviour and
the modulation of hepatic ABC efﬂux pumps by wild rocket
(Diplotaxis tenuifolia, Brassicaceae) in vivo.
Materials and Methods: Adult male and female Swiss mice
(n = 64) were administered daily with three doses (1, 1.40 or 2 g/kg
body weight) of D.tenuifolia leaf juice by gavage for 14 days. Animals were sacriﬁced on day 16 by cervical dislocation. Biomarkers
of genotoxicity such as the comet assay in lymphocytes (CA) and the
micronucleus test in mouse bone marrow (Mn) as well as expression levels of ABC efﬂux transporters in liver by western-blotting
were assessed in the presence of the genotoxic CP (50 mg/kg, ip,
day 15).
Results: Chronic intake of D. tenuifolia did not modify the frequency of appearance of either CA or Mn in contrast with the control
but produced a signiﬁcant reversion of CP-induced increase in EC
and Mn (p < 0.001) in all tested groups (p > 0.05). Protein expressions of hepatic BCRP and P-gp in liver were not modiﬁed in the
presence of CP. On the other side, hepatic BCRP and P-gp were
overexpressed in females after chronic intake of the maximal dose

http://dx.doi.org/10.1016/j.toxlet.2016.07.729
PP18.15
Deﬁning a relationship between 3D molecular
structures and mutagenicity based on
Convolutional Neural Networks as a solution for
predicting the toxicity of active pharmaceutical
ingredients
M. Mizera, M. Ostrowicz, J. Cielecka-Piontek

Introduction: Use of modern computational technologies
allows replacing traditional, expensive and time consuming toxicological laboratory experiments by in silico modelling. In this
area a special interest was given to development of StructureMutagenicity Relationship (SMR) as a modelling technique
describing mutagenicity of chemical compounds with respect to
their structures.
Objective: The main objective of presented work was to develop
predictive SMR model based on Convolutional Neural Network
(CNN) for assessing mutagenicity of various compounds, especially active pharmaceutical substances. Algorithm implementing
the model was intended to work based on analysis of molecular
descriptors (i.a. 3D electron densities) of compounds.
Materials and Methods: The database for algorithm was
molecules labeled with resulting values of AMES test. The geometries of molecules were subjected to conformation analysis
following by optimization with DFT B3LYP 6-31G(d,p) method. Basing on optimal geometries, the electron densities were calculated
and used as inputs for CNN. The applied model was trained and
outer validated on test set. Additionally, the model was tested on
group of pharmacologically active compounds involving functional
groups of high mutagenic potential.
Results: The study resulted in developing a mathematical model
based on the CNN that allowed deﬁnition of a relationship between
the 3D molecular descriptors of a large set of chemical compounds
and their mutagenicity with error of 14%. The error exhibited by the
model for a set of pharmacologically active compounds containing
functional groups carrying a risk of mutagenic activity was 10%.
Conclusions: The study demonstrated that it is possible to
create an algorithm deﬁning a relationship between chemical
structures of compounds expressed as 3D molecular descriptors
and its mutagenicity that may be applied especially to predictive
of mutagenicity of pharmacologically active substances.
Financial Support: This research was supported by The Ministry
of Science and Higher Education in Poland
http://dx.doi.org/10.1016/j.toxlet.2016.07.730
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P19: Nanotoxicology
PO19.1
Level of dispersion of MWCNT aerosol affects
the lung burden and lung lesion in whole body
inhalation study
Y. Taquahashi 1 , A. Takagi 1 , K. Morita 1 , M. Tsuji 1 , K. Imaida 2 , J.
Kanno 1,3
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SiO2 -PEG-Tf NP in human plasma and its
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Introduction: The main exposure route of nanomaterials for
humans is the inhalation and, therefore, the whole body inhalation
exposure studies are most important for their toxicity testing. A
multi-wall carbon nanotube (MWCNT) such as Mitsui MWNT-7 is
a mixture of single ﬁbers (SF) of various length and width, and their
aggregates and agglomerates (AA) of various sizes. Human ambient air, in general, is less agitated than the air in the inhalation
chamber for animal studies; the AA may sediment away faster and
single ﬁbers may stay longer in the air to be inhaled by humans. On
the other hand, the air for experimental animals is rigorously agitated in order to ensure the homogeneity of the aerosol during the
exposure periods. In an animal study, when the aerosol is a mixture of SF and AA, the AA could be trapped by the upper respiratory
tract and induce AA-speciﬁc proximal lesions. In addition, the likelihood is high that the AAs interfere with the SF to reach the alveolar
region. Consequently, the lung burden (LB) of MWCNT could be
underestimated by merely referring to the aerosol concentration
by weight.
Objective: To compare the LB, length distribution of SF
deposited in the lung, and histopathology of pristine MWNT-7 and
highly-dispersed, AA-eliminated MWNT-7 when exposed to mice
by whole body inhalation.
Materials and methods: MWNT-7 was kindly donated by Mitsui & Co., Ltd. We applied the “Taquann method” to obtain well
dispersed dry SF without AA (T-CNT). Male C57BL/6 mice were
exposed to pristine MWNT-7 (U-CNT) or T-CNT aerosol at a concentration of 2 mg/m3 for 2 h per day for continuous 5 days,
using Taquann Direct-Injection Whole Body Inhalation System. The
MWCNT were recovered from lungs and observed by SEM.
Results: The LB of U-CNT and T-CNT were 4.3 and 8.2 g per animal, respectively. Depositions of AA were observed on the mucosa
of nasal cavity in U-CNT group. Histologically, there were not drastic but slight differences in lesion caused by small AAs in the lungs
of U-CNT group. The average length of MWCNT in the lung of U-CNT
and T-CNT were approximately the same, i.e. 7 m (max. Approx.
40 m).
Conclusions: It is concluded that AA of MWCNT and its dispersibility effected on LB and lung lesion in whole body inhalation
exposure to mice. It is assumed that AAs are trapped by the upper
respiratory tract.
Financial support: The Health and Labour Sciences Research
Grant, MHLW, Japan.
http://dx.doi.org/10.1016/j.toxlet.2016.07.441
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Active targeting is a promising therapy against cancer and SiO2
NP are of great interest given their versatile functionalization. In
this process, proteins such as transferrin (Tf) and ﬂuorochromes as
FITC are useful for a speciﬁc receptor recognition and for an easy
detection of NP, respectively. It has been suggested that serum proteins cover NP under in vitro conditions. This could impair their
targeting promoting their accumulation in undesired organs as
well as induce adverse effects. Therefore, the aim of this study was
to synthesize SiO2 -PEG-Tf and identify the adsorbed proteins in a
more complex media, the human plasma. We synthetized SiO2 FITC NP by a modiﬁed Stöber method and characterized them
by Dynamic Light Scattering, Laser Doppler Electrophoresis and
Transmission Electron Microscopy. NP was functionalized with
polyethylene glycol (PEG) crosslinker and Tf protein. We conﬁrmed
the bioconjugation process by thermogravimetric (TGA) analysis
and Tf content was quantiﬁed by the Bicinchoninic acid assay. Protein corona was formed at 1 mg/ml NP with human plasma and the
identity of proteins was determined by gel electrophoresis and proteomic analysis. We obtained ﬂuorescence SiO2 -NP with a primary
size of 26 nm, hydrodynamic diameter of 20–50 nm, polydispersity index <0.3 and zeta potential of −21 mV in water. After the
functionalization process with PEG and Tf, TGA showed important
loss of mass (35%) at 290 ◦ C and 415 ◦ C corresponding to degradation of organic compounds. Tf content was determined to be 80 g
prot/mg of NP. Our results showed that PEG did not avoid the interaction with proteins completely. SiO2 -PEG-Tf adsorbed mainly high
molecular weight (MW) proteins and in a lesser extent proteins
of low MW. It is noteworthy that these proteins are implicated
in transport, coagulation, and immune response. Further studies
are needed to determine the “plasma protein corona-NP” behavior in an in vivo model in order to evaluate how this biocomplex
inﬂuences active targeting. This information will help to improve
strategies for the safety and efﬁcacy of nanotherapeutics.
http://dx.doi.org/10.1016/j.toxlet.2016.07.442
PO19.3
Combined effects of diesel exhaust
nanoparticles and high frequency
electromagnetic ﬁelds on the permeability of an
in vitro blood-brain barrier model
S. Dekali, T. Djebbara, D. Crouzier
Department of Biological Radiation Effects/Unit of Emerging
Technological Risks, Biomedical Armed Forces Research Institute,
Brétigny-sur-Orge, France
Introduction: Diesel exhaust nanoparticles and high frequency
electromagnetic ﬁelds are highly present in the environment
through air pollution and telecommunications. Combined exposure to this environment can represent a threat for human health,
especially for the blood–brain permeability.

S186

Abstracts / Toxicology Letters 259S (2016) S73–S247

Objective: The objective of this study was to investigate
combined effects of diesel exhaust nanoparticles and high frequency electromagnetic ﬁelds on the permeability of an in vitro
blood–brain barrier model.
Materials and methods: In order to mimic the blood-brain
barrier, we used a model composed of two cell types: brain
microvascular endothelial cells (bEnd.3) cultivated on apical side
of a microporous membrane of a Transwell® and microglial cells
(C8-B4) grown at the well bottom. The blood–brain barrier model
was incubated with diesel exhaust nanoparticles in combination with or without high-frequency electromagnetic ﬁelds during
24 h. Integrity of the model was assessed using protein labeling
(Claudin-5 and ␤-catenin), transendothelial electrical resistance
and permeability of the Lucifer yellow.
Results: Exposures were performed at 37 ◦ C avoiding temperature increase due to high frequency electromagnetic ﬁeld
generation. Apparent permeability coefﬁcient of Lucifer yellow was
signiﬁcantly increased in case of co-exposure with high frequency
electromagnetic ﬁelds. Microglial cell morphology was also modiﬁed compared the non-exposed control cells.
Conclusions: Co-exposure to diesel exhaust nanoparticles and
high frequency electromagnetic ﬁelds increase blood-brain barrier
permeability. This might be due to an activation of microglial cells.
Financial support: French general direction of the armament.
http://dx.doi.org/10.1016/j.toxlet.2016.07.443
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Introduction: For their unique electronic and optical properties,
and also for the ease of their surface modiﬁcation through functionalization, gold nanoparticles (Au NPs) have been identiﬁed as a
possible material for delivery of therapeutic agents.
Objective: In this study, the cytotoxicity, mechanisms of uptake,
intracellular localization, and the exocytosis of citrate-stabilized
and ligand derivatised AuNPs were assessed in human embryonic
kidney (HEK 293), human Caucasian hepatocytes carcinoma (Hep
G2), bronchial epithelial (BEAS-2B), Chinese Hamster Ovary (CHO)
cell systems, and in U937 monocyte-derived macrophages. The surface modiﬁed AuNPs have included Poly(ethylene glycol) (PEG)
modiﬁed biotin, nitriloacetic acid [NTA], COOH, hydroxyl (OH),
and methoxy ( OCH3) functional groups as well as proapoptotic
peptide, glucose-regulated protein 78 (GRP-78) binding peptide
and trans-activating transcriptional peptide (TAT).
Materials and methods: The cytotoxicity was assessed using
the xCELLigence real-time cell analyser (RTCA) with RTCA software,
version 1.2. The intracellular uptake was determined using the
CytoViva® 150 Unit integrated onto the Olympus BX43 microscope
and the intracellular localization and exocytosis was determined
using a JOEL-JEM 1010 electron microscope, operated at 120 kV.
Results: Cell speciﬁc toxicity could be observed with all the
AuNPs where HepG2 cells were found to be a more sensitive cell
type. Functional group dependent uptake was also observed where
those carrying POH, PBTN, PNTA, or PAZ AuNPs no uptake could be
observed. The mechanisms of uptake were found to be caveolinmediated endocytosis and that these AuNPs were able to be cleared
from cells through exocytosis

Conclusions: These observations emphasize the importance of
surface chemistry of AuNPs in the assessment of their toxicity,
intracelular uptake and cellular compartmental distribution as well
as in their fate through exocytosis.
http://dx.doi.org/10.1016/j.toxlet.2016.07.444
PP19.1
Protective effect of theophylline in aorta versus
toxic effect of Ti O2 in Wistar rats
F.M. Treviño, R.M. Chavez, S. Acevedo, M.C. Martínez
Department of Physiology and Pharmacology, Universidad Autónoma
de Aguascalientes, Aguascalientes, Ags, Mexico
Introduction: Titanium dioxide nanoparticles (Ti O2 ) are
important commercial compounds; which have light scattering
properties, chemical stability and alleged absence of toxicity. The
contact of people with these nanoparticles is becoming more common due of their many applications. The toxic effects of Ti O2
nanoparticles have been evaluated in various organs. Theophylline
is a xanthine drug, which it used as bronchodilator. It has been
observed antioxidant and anti-inﬂammatory properties at lower
doses than conventional.
Objective: To assess the possible toxic effects of Ti O2 nanoparticles in thoracic aorta of male Wistar rats, and the possible protective
effect of theophylline.
Materials and methods: The study was conducted with 24
male rats of 250 g which were divided into 4 groups (n = 6):
(A) Control group, (B) theophylline group (2 mg/kg/d for 5 days,
po), (C) Ti O2 group (a single doses of 5 mg/kg, iv) and (D) theophylline + Ti O2 group (2 mg/kg/d for 5 days, po; and 5 mg/kg, iv;
respectively). Glutathione (GSH) and malondyaldehido (MDA) levels in aorta, haematoxylin/eosin staining, systolic blood pressure,
diastolic blood pressure and mean blood pressure were evaluated.
Statistical analyses by Tuckey and ANOVA test.
Results: Reduced GSH values were found in C and D groups,
meanwhile A and C showed normal values. MDA values showed
no signiﬁcant differences between the four groups. The values of
systolic blood pressure, diastolic blood pressure and mean blood
pressure were found elevated in C; in A, B and D were normal.
There was histological change: a major contraction was found in
C, meanwhile in A, B and C the contraction was not so intense.
Conclusions: Ti O2 nanoparticles produce condition in the function of the thoracic aorta in male Wistar rats, which is reversed with
the prophylactic treatment of theophylline.
Financial support: Universidad Autónoma de Aguascalientes
and CONACYT.
http://dx.doi.org/10.1016/j.toxlet.2016.07.445

Abstracts / Toxicology Letters 259S (2016) S73–S247

S187

PP19.2
Pharmacokinetic parameters of silver after the
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Introduction: Silver nanoparticles are known for their antimicrobial properties. These properties are used in common objects
such as implantable medical devices, creams, and dressings for the
treatment of burn wounds. The use of new materials in humans
requires preclinical research including ADME (absorption, distribution, metabolism and elimination) kinetic studies.
Objective: This study was performed to determine the pharmacokinetic parameters of silver: area under the curve (AUC),
maximum concentration (Cmax ) and the time in which it is achieved
(Tmax ), half-life (t½), and elimination rate constant (Ke ), after
intraperitoneal administration of silver nanoparticles in Beagles.
Material and methods: Silver nanoparticles 10–40 nm in diameter were synthesized in a reduced air atmosphere from silver
nitrate 2 M, a solution of sodium borohydride was used as a reducing agent; Four adult male Beagles were given a solution of silver
nanoparticles at a dose of 5 mg/kg of body weight intraperitoneally.
For determination of silver, blood was drawn at unscheduled times
of 0, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 24, 36 h and on days 2, 3, 4, 7, 10, 14,
21, 28 and 35. These samples were collected to obtain serum. Silver
concentration was determined by an atomic absorption spectrometer. Statistical analysis and pharmacokinetic parameters were
determined using Excel 2010 and WinNonlin 2013.
Results: The data obtained were a t½ of 98.5 h, a Cmax of
291 g/dL, a Tmax of 6.5 h, Ke of 0.0072/h and an AUC0–t of
22,931.4 g/dL.
Conclusions: This is the ﬁrst study performed to determine
these pharmacokinetic parameters in dogs.
http://dx.doi.org/10.1016/j.toxlet.2016.07.446

Introduction: The recent report of chronic two-year inhalation study for the nanotube of MWNT-7, one of the various types
of multi-wall carbon nanotubes (MWCNTs), indicated that the
MWNT-7 induced lung cancer in rats. It is known that the MWNT-7
(longer type) induced mesothelioma by intraperitoneal administration, but the shorter length type of the MWCNT did not induced
mesothelioma. Practically, it is impossible to conduct chronic
inhalation studies for evaluating carcinogenic potencies for all type
nanotubes.
Objective: We have reported the needle-like shape and length
of nanoﬁbers were critical to NLRP3 inﬂammasome mediated IL-1␤
production in the THP-1 macrophages. In order to clarify the molecular inﬂammation mechanism linked to carcinogenicity, the NLRP3
inﬂammasome activated potentials by various types of nanomaterials were compared.
Materials and methods: Nanomaterials were suspended in
PBS containing 0.5% Tween-20 (or Tween-80) at a concentration
of 0.5 mg/mL, sonicated and homogenized. The THP-1 cells were
treated for 6 h with nanomaterials or the indicated stimuli. As
indicated, phagocytes or lysosomal inhibitor was added to the incubation.
Results: The potency of IL-1␤ production was mainly depended
on the ratio of longer ﬁbers. However, in some types of MWCNTs, the potency of IL-1␤ production was not correlated with
the mesothelioma induction potency. Addition of the lysosomal
inhibitor to the incubation partially inhibited the IL-␤ production by high-temperature calcined fullerene nanowhiskers, which
did not induced mesothelioma. On the other hand, the lysosomal
inhibitor completely block the IL-␤ production by MWNT-7.
Conclusions: Other parameters than ﬁber length would be
related to the IL-␤ production in macrophages. The different
mechanism of long-term inﬂammation in macrophages may be
associated to the carcinogenic potency.
Financial support: Health and Labour Sciences Research Grants
(H27-Kagaku-Shitei-004) from Ministry of Health, Labour and Welfare, Japan.
http://dx.doi.org/10.1016/j.toxlet.2016.07.447
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Comparative toxicity of multi-walled carbon
nanotubes in BALB/c mice after an intravenous
injection
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Introduction: Carbon nanotubes (CNTs) are cylindrical
nanoparticles with multiple biomedical applications due to
their ability to be functionalized with chemical substances. However toxicity in vivo models is not yet fully established and the
results are contradictory.
Objective: The objective of this project was to evaluate the
toxic effect of different CNTs in vivo model using biochemical and
histopathological parameters.
Materials and methods: CNTs were synthesized by spray pyrolysis (Pristine CNTs) and puriﬁed (P-CNTs) using sonication for 48 h.
The P-CNTs were functionalized with ﬂuorescein isothiocyanate
(FITC-CNTs). Balb/c mice were exposed to a single intravenous dose
of 60 g/mouse: Pristine CNTs, P-CNTs, FITC-CNTs; or 0.2% pluronic
F-127 as vehicle control. The toxicity testing was performed by
determination of aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), urea and creatinine
metabolites in venous blood samples before exposure to the various
CNTs, and 24 h, 14, 29 and 60 days post-exposure. Histopathological damage was assessed by dissecting and histological sections of
liver, lungs, kidneys and spleen.
Results: The results showed high toxicity in animals exposed
to Pristine CNTs compared with other CNTs, showing extensive
lesions in the lungs, kidneys and liver. Biochemical parameters in
this group had a signiﬁcant increase, related to hepatotoxicity and
kidney damage. In the case of animals exposed to FITC-CNTs, toxic
effect was smaller and it was related to FITC toxicity. Mice exposed
to P-CNTs showed no signiﬁcant or minimal differences compared
to control. The P-CNTs showed the lowest toxicity followed by FITCCNTs. Pristine CNTs were the most toxic particles.
Conclusions: These results suggest that the puriﬁcation and
functionalization is a determining factor in vivo toxicity of CNTs,
postulating the P-CNTs as potential candidates for biomedical
applications.
http://dx.doi.org/10.1016/j.toxlet.2016.07.448
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Toxicity of TiO2 , ZnO and Ag nanoparticles on
macrophage-like THP-1 cells
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Introduction: Nanomaterials (NMs) with unique physical and
chemical properties are widely used in the industry. It is estimated
that a few millions of workers and consumers are daily exposed

to NMs. However, these unique properties may pose new risks on
human health and yet knowledge on toxic mechanisms of NMs is
insufﬁcient. Macrophages are phagocytes that scavenge invading
foreign materials including entering NMs. They are highly important in body defense and yet potential target cells of NMs.
Objective: The current study was to assess and compare toxicity
of three commonly used metallic nanoparticles on macrophagelike THP-1 cells.
Materials and methods: Titanium dioxide (n-TiO2 ), zinc
oxide (n-ZnO), and polyvinylpyrrolidone-coated silver (n-PVP-Ag)
were studied for their toxic effects on PMA-differentiated THP-1
macrophages and were compared to their bulk or ion counterparts
(b-TiO2 , b-ZnO and Ag+ ) to identify any size- or chemical-speciﬁc
effects. All particles were characterized with dynamic light scattering (DLS) for the state of agglomeration in tested medium. Effect
on cell viability was tested by MTT assay (24 h) and mRNA expression of pro-inﬂammatory cytokines IL-1␤, TNF␣ and IL-6 (6 h and
24 h) was measured by RT-PCR. The capacity of ROS production was
assessed with DCF assay in cellular and acellular systems.
Results: DLS results showed that only n-PVP-Ag remained as
nano-sized particles in complete culture medium. TiO2 particles
had small effects on cell viability and cytokine expression but were
able to induce ROS production both in acellular and cellular systems. On the other hand, ZnO particles and n-PVP-Ag demonstrated
clear cytotoxicity and were able to induce IL-1␤ and TNF mRNA
expression in THP-1 cells at cytotoxic doses after 6 h. Effects exacerbated after 24 h. Both particles had ROS-generating capacity but
it was much lower compared to TiO2 . ZnO particles caused the
greatest effects. However, no clear size effects were observed.
Conclusions: Toxicity was related to chemical composition
rather than size in this study. Toxicity of TiO2 is related to its ROS
generation capacity while ZnO and Ag would induce inﬂammatory
response and cell death in THP-1 cells.
http://dx.doi.org/10.1016/j.toxlet.2016.07.449
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Cyto- and genotoxicity of nanoparticle binary
mixtures on two human cell lines
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Introduction: Published toxicity study focuses mostly on single
nanoparticle (NP) exposure. However, from the point of view of
environmental toxicity this exposure scenario is unrealistic.
Objective: Thus the aim of this study was to evaluate the cytoand genotoxicity of nanoparticle binary mixtures as compared with
single nanoparticle toxicity.
Materials and methods: To evaluate cytotoxicity two human
cell lines, HepG2 and A549, were exposed to 6 nm CdSe QD, 20 nm
AgNPs, 21 nm TiO2 NP or their mixtures in 1:10, 1:1 and 10:1 ratio.
Cytotoxicity was estimated by MTT assay 24 h and 48 h after exposure. To evaluate genotoxicity the same cell lines were exposed for
2 or 24 h to 6 nm CdSe QD, 20 nm AgNPs, 21 nm TiO2 NP or their
mixture. The genotoxicity was examined by the comet assay ±FPG.
Results: QD and AgNPs induced marked reduction in survival of
HepG2 cells, whereas A549 cell line was less prone to toxic action
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of these NPs. TiO2 NP induced remarkably lower toxicity in both
cell lines. Treatment with NPs binary mixtures revealed additive
or sparing effect depending of NPs type and concentration present
in the mixture. QD and AgNPs induced also a marked damage in
all cell lines tested, whereas TiO2 NP induced remarkably lower
amount of DNA damage. Each cell line studied had a different pattern of DNA breakage and base damage versus NPs concentration
and time of treatment. In most cases, treatment with NPs mixture
revealed simple additive effect. However in some cases a sparing
effect was observed. The DNA damage observed in A549 cells after
both treatment times did not differ markedly, In contrast, in HepG2
cells longer treatment with AgNPs resulted in decrease of DNA damage. Interestingly, TiO2 NP induced more damage in A549 cells than
in HepG2.
Conclusions: Obtained results revealed that toxicity of nanomaterials is dependent mostly on cellular context. Obtained results
indicate also that the main cause of QD, AgNPs and TiO2 NPs toxicity is induction of oxidative DNA damage. The effect observed in
binary mixtures conﬁrmed similar mode of action.
Financial support: This work was supported by the National
Science Centre grant DEC-2013/09/B/NZ7/03934.
http://dx.doi.org/10.1016/j.toxlet.2016.07.450
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observed at 48 hpf. However, a signiﬁcant reduction of 8% in the
body length was detected in embryos exposed to the highest sublethal concentration tested (0.243 g/mL) compared with controls.
Conclusions: Under our experimental conditions, GNRs caused
signiﬁcant lethal and sublethal (body length) effects at low concentrations of the NPs, highlighting the need to perform predictive risk
assessment of these NP in order to establish environmental safety
values.
Financial support: Funded by the Portuguese Foundation for
Science and Technology, under the frame of ERA-NET SIINN through
project NanoToxClass (ERA-SIINN/0001/2013).
http://dx.doi.org/10.1016/j.toxlet.2016.07.451
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Introduction: Gold nanoparticles (NPs) are being incorporated into various consumer products and are very promising
in biomedicine as diagnostic and therapeutic delivery platforms.
However, concerns about their safety, environmental and health
impact have risen, as they might establish harmful interactions
with biological systems. In this context, it is of major importance
to understand the implications of exposure to these NPs on early
life stages of biota, which have been considered, in general, as the
most sensitive to chemical contamination.
Objective: The present study aimed to evaluate the lethal and
sublethal effects that gold nanorods (GNRs) may provoke on earlylife stages of the ﬁsh species Danio rerio.
Materials and methods: Zebraﬁsh eggs at 6 h post-fertilization
(hpf) were exposed to different concentrations of 10 nm × 35 nm
GNRs suspensions, following the OECD TG 236. The embryos were
observed at 24, 48, 72 and 96 hpf for THE evaluation of survival, somite formation, incidence of pericardial edema, heartbeat,
malformations (general, spinal, tail and head), hatching and body
length. Median lethal concentration (LC50 ) at 96 h was calculated
by ﬁtting concentration–response curves with cumulative mortality obtained after 96 h of exposure. Furthermore, DNA damage was
recently determined in D. rerio at 48 and 96 hpf. These data are still
being analysed and will be presented at the congress.
Results: The results revealed no mortality in embryos exposed
to GNRs concentrations lower than 0.2 g/mL. However, 66.7% of
embryo mortality was observed at 0.3 g/mL. At 96 h, the LC50 value
obtained was 0.288 g/mL with a 95% conﬁdence interval ranging
from 0.278 to 0.303 g/mL. The tested GNRs concentrations did
not elicit any signiﬁcant malformation on zebraﬁsh embryos. In
addition, no alteration in the heartbeat of zebraﬁsh embryos was

Depto. De Cs. Biológicas UPAEP, Puebla, Mexico
Centro de Vinculación Universitaria y Trasferencia de Tecnología
BUAP, Puebla, Mexico
3 Dept. of Materials Science and Engineering JHU, Baltimore, MD, USA
2

Introduction: Nanotechnology is a ﬁeld of great interest for
research on a wide range of disciplines, taking advantage on
the reduced size of nanomaterials and their biological properties.
Superparamagnetic iron oxide nanoparticles (SPION) are excellent
candidates as drug delivery agents, because they can be directed to
their site of action and biocompatibility in most of cases.
Objective: Our goal is to synthesize SPION functionalized with
antibiotics in order to evaluate their in vitro antibacterial activity.
Materials and methods: SPION were synthesized by
co-precipitation and their surfaces were modiﬁed with 3aminopropyltrymethoxysilane (APTMS). The antibiotics employed
(Ciproﬂoxacin, Amoxicillin and Cephalexin) were puriﬁed by
crystallization. Surface functionalization of SPION was carried
out by coupling our antibiotics with the silanized nanoparticles.
Finally, the materials were characterized by TEM, XRD, FTIR and
TGA, and their antibacterial activity was determined by the disc
diffusion test on agar and by determination of minimum inhibitory
concentration (MIC) in broth.
Results: TEM and SAED conﬁrmed the presence of NPs in a size
range of 3–15 nm. FTIR analysis showed silanization bands (Si C
1330 cm−1 and Si O 1054 cm−1 ) amide (∼1600 cm−1 ), carbonyl
(C O 1600–1700 cm−1 ) and C C stretchings (1590 cm−1 ). XRD
test conﬁrmed magnetite as predominant crystalline phase. The
antibacterial tests showed growth inhibition where functionalized
SPION were applied and slight toxicity of pure SPION presumably
by the release of Fe+3 ions.
Conclusions: Our results suggest the successful functionalization of SPION with the antibiotics proposed, and their efﬁciency as
antibacterial agents. However, the evidence of toxicity from nonfunctionalized SPION will allow us to design more strategies to
increase the stability of SPION and their further use with medical
purposes.
Financial support: We are grateful to CUVyTT-BUAP, IIC-JHU
and CESAT-UPAEP for the facilities given to develop this project.
http://dx.doi.org/10.1016/j.toxlet.2016.07.452
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Introduction: The use of nanoparticles (NPs) is among the most
promising strategies to overcome infections within the medical and
dental area. Bismuth subsalicylate (BSS) has been used as an antimicrobial agent against H. pylori infections. However, there is not
enough information regarding the antibacterial effect of BBS-NPs in
other relevant bacteria strains and their toxic effects in mammalian
cells.
Objective: The aim of this study was to evaluate the in vitro
cytotoxicity of BSS-NPs against cultures of four strains of bacteria of medical importance and in cell cultures of human gingival
ﬁbroblast.
Materials and methods: BSS-NPs were synthesized by laser
ablation and the physico-chemical characterization was performed
by UV–Vis spectroscopy, Dynamic light scattering (LDS), Laser
Doppler Anemometer (LDA) and Transmission Electron Microscopy
(TEM). To evaluate the antibacterial effect, BSS-NPs were tested
against Escherichia coli, Pseudomonas aeruginosa, Staphylococcus
aureus and Staphylococcus epidermidis using XTT assay in 24 h. Cell
cultures of human gingival ﬁbroblast (HGF-1) were used to measure
cell viability by MTS and LDH assays for 24 h.
Results: The UV–Vis spectra indicated the presence of salicylic
acid functional groups that are present in the BSS chemical structure. LDS measurement reported a diameter in water of between
1.2 and 220 nm and the zeta potential of −9.09 which was obtained
by LDA. The use of TEM allowed to observe nanoparticles, with a
crystal structure and primary particle size of 10 nm. The results of
antibacterial effect indicated a signiﬁcant growth inhibition in all
strains tested (∼89%), being more effective against P. aeruginosa
with a 90% at a concentration of 60 g/mL of BSS-NPs. Cell viability
assays showed that BSS-NPs did not compromise HGF-1 viability,
96% of mitochondrial activity and 5% of LDH release was observed
at 60 g/mL.
Conclusions: BSS-NPs showed an efﬁcient antibacterial effect
in bacteria strains of dental importance and a low toxicity in cell
mammalian cultures; thus BBS-NPs could be a good antimicrobial
agent for medical-dental applications.
http://dx.doi.org/10.1016/j.toxlet.2016.07.453
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Introduction: Silver nanoparticles (AgNP) are the most widely
manufactured engineered nanomaterial (ENM) due to their antimicrobial properties. However, with their increased use, there is
concern that human and environmental exposures may lead to

adverse outcomes. Our laboratory previously determined that
mast cells, which are responsible for allergies and earliest sensors
of environmental insult, are activated following AgNP exposure.
Genetics are a major contributing factor in many toxicological
outcomes, however to date, few studies have examined the contribution of genetics to ENM toxicity.
Objective: We hypothesized that genetic factors contribute to
regulation of mast cell degranulation following AgNP exposure.
Materials and methods: We grew bone marrow-derived mast
cells from 23 genetically diverse mouse strains, exposed them to
AgNP (25 g/mL, 1 h) and assessed degranulation. Quantitative trait
loci (QTL) mapping was performed to identify single nucleotide
polymorphisms (SNPs) associated with variation in degranulation
following AgNP exposure.
Results: Mast cells from different strains of mice displayed a
range of degranulation following AgNP exposure, suggesting that
multiple genes are likely regulating this response. QTL mapping
identiﬁed 3 statistically signiﬁcant (p > 1 × 10−6 ) loci associated
with mast cell degranulation; rs32615733 located on chromosome
1 encodes the gene Bzw1, a nuclease that functions in translation initiation; rs27379157 located on chromosome 2 encodes
the gene Creb3l1, a transcription factor involved in cell-cell communication; rs300077945 located on chromosome 18 encoding a
non-annotated gene.
Conclusions: These results provide evidence that a complex set
of novel genes regulate mast cell responses to ENM exposure. We
are currently integrating transcriptomic analysis (RNAseq) with the
genes identiﬁed in the QTL plot to comprehensively identify novel
candidate susceptibility genes and associated biological pathways
of toxicity. Overall, the proposed research will contribute to the
ﬁeld of toxicology by identifying genetic targets that play a role
in adverse immune responses to further understand underlying
mechanisms of ENM toxicity.
Financial support: NIH R01 ES019311.
http://dx.doi.org/10.1016/j.toxlet.2016.07.454
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Silver nanoparticles (AgNPs) are one of the most studied nanomaterials, but little is known about their adverse effects. Taking
into account their differential toxicity between microorganisms
and higher organisms, it is assumed that its effect depends on
the complexity of biological systems. Unfortunately, current studies are not comparable due to the limited taxonomic diversity.
This study evaluated the effect of AgNPs on biological systems
of different levels of complexity. The studied organisms include
bacteria, protists, fungi, animal and human cancer cell lines, and
viruses. PVP-AgNPs used were subjected to optical and FT-IR analysis. Morphology characterization was performed by TEM and SEM.
AgNPs mean hydrodynamic diameter and stability (zeta potential)
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were measured by DLS. Toxicological assays of AgNPs on different organisms included virus infection assays by Plaque-forming
units quantiﬁcation for RVFV. Organisms’ viability was performed
by microdilution assays, whereas cell viability was performed by
the MTS or MTT assays. The results showed that 12 g/ml AgNPs,
a minimum inhibitory concentration (MIC) for bacterial strains,
reduced RVFV viral infectivity by 98%. Effective Lethal Concentration (EC100 ) in the Rhodophyte microalgae Rhodomonas sp. was
4 g/ml of AgNPs. In fungi, the MIC of the yeast C. albicans was
42 g/ml of AgNPs, while for ﬁlamentous fungus Fusarium oxysporum, was 20 g/ml of AgNPs. The lethal dose in all animal cells
and cancer cells evaluated, after 24 hours, was found in the range
of 10 to 12 g/ml of AgNPs. This is the ﬁrst study to report effects
of nanomaterials on various biological systems ranging from virus
to human (cancer) cell lines. Our systematic analysis showed that
viruses and cells of varying complexity in vitro are inhibited at
concentrations of AgNPs within the same order of magnitude,
101 g/ml of silver. Supported by CONACyT for RVM doctoral fellowship, DGAPA grant IN204815, CONACyT grant 264217 and the
International Network of Bionanotechnology.

tures, G3 and G4 with vascular congestion, and mild glomerular
retraction.
Conclusions: Our study demonstrated that acute exposure
to MWCNT is associated with DNA fragmentation in peripheral blood lymphocytes as the dose increased. Histopathological
studies showed evidence of morphological changes in both
tissues.

http://dx.doi.org/10.1016/j.toxlet.2016.07.455

Introduction: Physical, structural and mechanical characteristics of nanotubes have been widely studied, but not its medical
applications and biological effects. Multi-walled carbon nanotubes
(MWCNTs) are structures conformed by cabono with sp3 hybridation and hydrogen that form concentric tubes with diameters of
nanometer size, of varying lengths and multiple layers. MWCNTs
have a variety of potential applications, however, there is not, at the
moment, enough toxicological information to ensure their safety.
Objective: The aim of this work was to test whether MWCNTs can
impair the in vitro development of post-implanted mouse embryos.
Materials and Methods: ICR male and female mice sexually
mature were mated. On gestational day 8 only four to ﬁve somite
embryos were chosen for culture and randomized into ﬁve groups:
(1) Control, (2) Sodium lauryl sulfate (SLS) as a vehicle, (3) MWCNTs 5 g/mL, (4) MWCNTs 25 g/mL, and (5) MWCNTs 75 g/mL.
Embryos were transferred to glass bottles which were placed in a
roller incubator and gassed with gas mixtures. After 48 h of culture,
embryos were examined. Viability was assessed; embryo morphological scoring was conducted; the concentration of total proteins,
TBAR’s and carbonyls were measured; further, the activities of GPx,
CAT and SOD were evaluated.
Results: The in vitro exposure of mouse embryos to MWCNTs
during early organogenesis had no effect on embryonic viability,
development or growth. Neither produced any manifestation of
oxidative stress, as had no impact on oxidized proteins or lipid
peroxidation levels, nor on antioxidant enzymes activities. Nevertheless, hind brain and optic system development of embryos
exposed to carbon nanostructures were signiﬁcantly decreased.
Conclusions: MWCNTs had deleterious effect on some ectoderm
derivatives structures without affecting any other embryonic tissue
in mouse cultured embryos, and without being related to oxidative
stress.
Financial Support: This work was funded by the SIP20110100
project.

PP19.12
Multi walled carbon nanotubes toxicity
evaluation in male Wistar rats
R. Alcaraz Flores 1 , R. Lozoya 1 , L.E. Nava 1 , F. López 1 , R. García 2 ,
J.R. Argüello 3 , J. Morán 1
1

Cell Biology and Ultrastructure Department, Biomedical Research
Centre, Autonomous University of Coahuila, Torreon, Mexico
2 Histology Department, Autonomous University of Coahuila, Mexico
3 Molecular Immunobiology Department, Biomedical Research
Centre, Autonomous University of Coahuila, Torreon, Coah, Mexico
Introduction: Multi walled carbon nanotubes (MWCNT) are
useful in a wide variety of applications including medical ﬁeld to
detect genetic or molecular abnormalities, as drug carriers and as
antimicrobial agents, among others. Thus, MWCNT have promising
beneﬁts, but can be harmful for human.
Objective: The objective of this study was to evaluate the toxicity of MWCNT in lymphocytes by Comet Assay, and to perform
histopathological evaluation of kidney and liver in Wistar male
rats.
Materials and methods: 25 male Wistar rats were divided into
ﬁve experimental groups (n = 5). Control group (CG) was given
distilled water and the other four groups were given a single
dose of MWCNT dissolved in distilled water via orogastric tube
(G1 = 3 mg/g, G2 = 7 mg/kg, G3 = 10 mg/kg, and G4 = 13 mg/kg). After
24 h, blood samples were taken by cardiac puncture for further
analysis of DNA fragmentation in peripheral blood lymphocytes.
Rats were sacriﬁced by cervical dislocation. The organs were stored
in a sterile container with neutral formalin for a further histopathological study. Data were analyzed by ANOVA with Tuckey’s post
hoc test using SPSS 20. A signiﬁcant value was considered at
p < 0.05.
Results: ANOVA analysis showed signiﬁcant differences
between groups for variable DNA fragmentation (P < 0.0001). The
Tuckey’s post hoc test showed signiﬁcant differences in G1, G2,
G3 & G4, compared to CG (P < 0.0001). Histopathological study
in liver demonstrated a CG with normal morphological features,
for G1 mild vascular congestion, G2 mild cytoplasmic vacuoles,
G3 vascular congestion and few cytoplasmic vacuoles, G4 vascular congestion and moderate cytoplasmic vacuoles. Kidney
study reported CG, G1 and G2 with normal morphological fea-

http://dx.doi.org/10.1016/j.toxlet.2016.07.456
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Introduction: Placenta is a fetal organ that is critical to fetal
health. In vitro studies showed that silver nanoparticles (AgNP)
would lead to oxidative stress, while substantial increase in placental oxidative stress of complicated pregnancies was observed.
Therefore, the expression of oxidative stress-related MAPKs,
including p38, SAPK/JNK, ERK, in human placenta could be altered
upon AgNP exposure.
Objective: To investigate the potential toxicity of AgNP to
human placenta.
Materials and Methods: Human placental villous explants,
freshly extracted from term placenta, were randomly assigned
to ﬁve exposure groups: control (0.2% DMSO), positive control (20mmol H2 O2 ), 0.025 g/ml, 0.25 g/ml and 25 g/ml of
PVP-AgNP, in triplicates, for 24 hour exposure. Followed by
lactate dehydrogenase (LDH) measurement and protein quantiﬁcation, exposed explants were selected for western blotting to
study the expression of phosphorylated-p38 (n = 2), p-38 (n = 4),
phosphorylated-ERK 1/2 (n = 3), ERK1/2 (n = 4), phosphorylatedSAPK/JNK (n = 4), SAPK/JNK (n = 4).
Results: Expression of the MAPKs and their phosphorylated
forms were insigniﬁcantly different from control groups after 24hour exposure to 0.025-25 g/ml of PVP-AgNP. But increase in
PVP-AgNP exposure with phosphorylated-MAPKs expression was
observed.
Conclusions: Though insigniﬁcant, the increase in
phosphorylated-MAPKs expression with PVP-AgNP exposure
demonstrated the possibility of MAPKs activation upon PVPAgNP exposure, suggesting different exposure time or PVP-AgNP
concentration might lead to protein expression up-regulation.
Further study is required to verify such interpretation and to study
associated signaling pathways related to oxidative stress.
http://dx.doi.org/10.1016/j.toxlet.2016.07.731
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Introduction: Cancer is a severe health problem world-wide
and most anticancer drugs produce deleterious side effects. Thus,
is important to identify new compounds that produce fewer side
effects. Naturally occurring compounds are an important source of
new drugs such as xanthones; that inhibit cell proliferation and
signal transduction pathways in tumor cell lines. Jacareubein is
a xanthone isolated from Calophyllum brasiliense heartwood with
cytotoxic activity against human tumor cell lines inducing cell cycle
arrest at the G2 /M phase and apoptosis. Due to its antineoplastic potential, it is important to evaluate the genotoxic effect of
Jacareubein towards normal cells.
Objective: To evaluate the genotoxic potential of Jacareubein
in vitro an in vivo. Using the Cytokinesis-block micronucleus assay
(CBMN) and the alkaline single cell gel electrophoresis assay
(SCGE).
Materials and methods: The peripheral blood mononucleated
cells (PBMCs) were isolated and cultured with RPMI medium. The
PBMCs were used in G0 phase or stimulated with phytohaemmaglutinin and treated with Jacareubein (0.01–1 mM) for 24, 48 or
72 h. Female Balb/c mice (6–8 weeks of age) were administered ip
with 100 mg/kg/day of Jacareubein every 2 days for 7 or 14 days and
their marrow cells were collected, smeared onto glass slides, ﬁxed
and stained with Wright-Giemsa. A total of 2000 polychromatic
erythrocytes (PCE) were counted to determine the frequency of
micronucleated (MN) PCEs and their frequency on normochromatic
erythrocytes (NCE) to calculate the rate of cell maturation.
Results: Jacareubein increased the frequency of MN and the DNA
damage in PHA-stimulated PBMCs from 5 M and 25 M in G0 phase
in a concentration-dependent manner. In mouse bone marrow,
Jacareubein decreased the MN frequency after 1 week of treatment, but after 2 weeks the MN frequency was not statistically
different.
Conclusions: Jacareubein generated genotoxicity in vitro by
breaking DNA strands, selectively in proliferating PBMCs than on
PBMC in G0 phase. However, Jacareubein did not induce genotoxic
damage in vivo in normal bone marrow cells. Thus supporting the
pharmacological use of this compound as an antineoplastic agent.
http://dx.doi.org/10.1016/j.toxlet.2016.07.458
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PP20.2
Inhibition of human Cytochrome P450 1A1
activity by ﬂavonoids
A.L. Marroquín-Pérez, R. Camacho-Carranza, J.J. Espinosa-Aguirre
Departamento de Medicina Genómica y Toxicología Ambiental,
Instituto de Investigaciones Biomédicas, Ciudad de México, UNAM,
Mexico
Introduction: Cytochrome P450 1A1 (CYP1A1) is an enzyme
involved in the activation of pro-carcinogens like polycyclic aromatic hydrocarbons (PAH), aromatic amines and other heterocyclic
compounds; the produced metabolites generate DNA adducts leading to mutations or chromosomal aberrations that contribute to the
carcinogenic process.
CYP1A1 interact with plant ﬂavonoids in different ways: inducing CYP biosynthesis, stimulating or inhibiting CYP enzymatic
activity or being metabolized by different CYPs. Flavonoids share
similar structure with some PAH composed by three hydrocarbon
heterocyclic rings with hydroxyl or methoxyl substituents, therefore ﬂavonoids have been proposed as inhibitors of CYP1A1 enzyme
activity. Taking into account the mentioned above, we propose the
study of nine of the most representative ﬂavonoids in the plant
kingdom, for their ability to inhibit the enzymatic activity of human
CYP1A1.
Hypothesis: The potency of inhibition of CYP1A1 by ﬂavonoids,
will depend on the hydroxyl substituents on rings A, B and C.
Objective: Identify ﬂavonoids with the higher human CYP1A1
inhibition potency and determine the type of inhibition.
Materials and methods: Membrane fraction of E. coli
harboring recombinant human CYP1A1 was used. EthoxyresoruﬁnO-deethylase (EROD) assay was used to determine the activity
and inhibitory concentration 50 (IC50) of nine ﬂavonoids:
quercetin, morin hydrate, myricetin, kaempferol, ﬁsetin, luteoline,
3-hydroxyﬂavone, 5-hydroxyﬂavone and ﬂavone.
Results: The highest inhibition potency was observed with 5hydroxyﬂavone, followed by 3-hydroxyﬂavone and ﬂavone, with
IC50 of 35, 51 and 88 nM respectively; the ﬁrst two possess an
OH group in ring B, while the ﬂavone has no OH groups. Compounds with more OH groups were less effective as CYP1A1 human
inhibitors.
Conclusions: The position of the OH groups in the rings A, B
and C of ﬂavonoids inﬂuences the potency of inhibition of human
CYP1A1.
Financial support: DGAPA-PAPIIT IN206915.
http://dx.doi.org/10.1016/j.toxlet.2016.07.459
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Introduction: The infusion of Rhus trilobata has been traditionally used in the treatment of different types of gastrointestinal
cancers and leukemias. R. trilobata is an endemic plant from
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Chihuahua, Mexico; although studies have demonstrated antineoplastic and proapoptotic effects on CaCo-2 and SKOV-3 cancer cell
lines, information about its toxicity in in vivo models has not been
reported to date.
Objective: To assess the acute toxicological effect of intraperitoneal administration of R. trilobata extracts in BALB/c mice.
Materials and methods: The steams extract of R. trilobata was
prepared by boiling in distilled water (AE); subsequently AE was
fractionated using a silica-C18 column and eluting with 1% citric
acid water, ethyl acetate (AF02) and ethyl ether. AE and fractions
were dried and re-suspended in saline phosphate buffer (PBS).
Acute toxicity was evaluated using female BALB/c mice (n = 10)
treated with 200 mg/kg of AE, 200 mg/kg of AF02 or PBS as vehicle control by intraperitoneal pathway. At 24 h and 14 days post
treatment, animals were sacriﬁced. Toxicological analysis evaluated aspartate transaminase (AST) and alanine transaminase (ALT).
Afterwards an anatomic exploration was performed through sections of liver, kidney, lung, and stomach, which were ﬁxed to assess
possible histological damage by H&E stain.
Results: Biochemical parameters showed that AE and AF02
extract did not cause a signiﬁcant increase in AST and ALT activities with respect to the control group at 24 h post-treatment. The
anatomic exploration did not reveal pathological damage in any
organ at the different times post treatment.
Conclusions: Results showed that R. trilobata extract or FA02
had low or null toxicity at the tested dose. These ﬁndings suggest
that extracts are safe to consume as alternative treatment of cancer
and many other diseases. Nevertheless, more studies are necessary to establish with certainty the absence of chronic toxicological
damage.
http://dx.doi.org/10.1016/j.toxlet.2016.07.460
PP20.4
Apoptotic and cytotoxic effect of bioactive
fractions of Rhus trilobata on colon cancer cells
CaCo-2
L.E. Híjar-Soto, C. González-Horta, D. Chávez-Flores, B.
Sánchez-Ramírez
Facultad de Ciencias Químicas, Universidad Autónoma de Chihuahua,
Chihuahua, Chihuahua, Mexico
Introduction: Cancer is a major public health problem around
the world. Colorectal cancer (CaCo) has the highest incidence and
mortality of cancers worldwide. Medicinal plants have been used
in the ﬁght against cancer as the basis for drugs discovery and
nowadays more than 70% of anticancer drugs have a natural origin.
Mexico is regarded for its cultural and biological diversity, which
is reﬂected on the vast traditional knowledge of herbal remedies.
Studies showed that extracts of Rhus trilobata (Rt), a plant that
grows in Chihuahua state, inhibited the proliferation of both CaCo2 and SKOV-3 ovarian cancer cells, decreasing the number of viable
cells by apoptotic-dependent pathway.
Objective: The aim of this work was to demonstrate the apoptotic and cytotoxic effect of bioactive fractions (BioF) of Rt on CaCo-2
cells and calculate the IC50 for each fraction.
Materials and Methods: Aqueous extracts (AE) and methanol
(ME) were carried out; crude extracts were fractionated by solid
phase extraction on a BAKERBOND® C-18 column working in
reverse phase. The fractions were used to calculate the IC50 on line
CaCo-2 using the MTT assay. With the kit ApoTox-Glo® the antineoplastic potential was determined measuring viability, cytotoxicity
and apoptosis of BioF.
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Results: MTT assay demonstrated that the fractions obtained
of Rt, decrease the cell viability at low concentrations (2.5 and
5 g/mL), reducing the mitotic index. Inhibition of CaCo cells
proliferation was higher with AE than ME 29.3% and 23.6%, respectively. Fractionation increased the activity of the compounds of the
extracts. Fractions 2 and 3, from both extracts, had IC50 < 10 g/mL,
A2, A3, M2 and M3 inhibited cell proliferation by 49.6%, 39.7%, 42.5%
and 38.3% respectively at 2.5 g/mL. Apoptosis analysis showed
that BioF are more related with induction of apoptosis, that with
cytotoxicity mediated by membrane cell rupture.
Conclusions: These results support the use of Rt extracts as
alternative treatment against cancer, due to its proapoptotic ability, even at low concentrations. Additional studies are being carried
out to purify the main compound presents in bioactive fractions.
http://dx.doi.org/10.1016/j.toxlet.2016.07.461

Conclusions: Results demonstrate that F2 and F3 bioactive fractions of EA of R. trilobata have anti-inﬂammatory effects preventing
and/or decreasing IL-1, IL-6, TNF-␣, and iNOS gene expression.
Additional studies are needed to establish the mechanism for this
suppression.
http://dx.doi.org/10.1016/j.toxlet.2016.07.462
PP20.6
In vitro amoebicidal activity of the fruits and
stems extracts of Rhus trilobata on Entamoeba
histolytica trophozoites
H.A. García-Ramírez 1 , C. González-Horta 1 , R. Infante-Ramírez 1 ,
P. Talamás-Rohana 2 , B. Sánchez-Ramírez 1
1
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Introduction: Inﬂammation is a tissue reaction established
as a defense mechanism against trauma or infectious damage.
However, chronic inﬂammation is strongly associated with the
development of cardiovascular diseases such as type 2 diabetes
and cancer. Rhus trilobata (RHTR) is an endemic plant from
Chihuahua State Northern Mexico; studies have demonstrated
that RHTR aqueous extract (AE) has signiﬁcant cytotoxic and
proapoptotic effects on CaCo-2 and SKOV-3 cancer cell lines.
This plant is rich in polyphenols, which are recognized for their
antioxidant activity; however, they also have anti-inﬂammatory
activity.
Objective: To determine the anti-inﬂammatory effect of
RHTR aqueous extract on J774 macrophages stimulated with
lipopolysacharides (LPS).
Materials and methods: The AE of RHTR was prepared by boiling in distilled water; AE was centrifuged and supernatant was
considered F2. F2 was then passed through a silica-C18 column
and polyphenols were eluted with 1% citric acid water (F3). AE and
fractions were dried by rotavapor and resuspended in saline phosphate buffer (PBS). The anti-inﬂammatory effect was determined in
J774A macrophage cultures stimulated with 5 g/mL of E. coli LPS.
The expression of genes related to inﬂammation (COX-2, iNOS, IL-1,
IL-6, and TNF-␣) was detected by RT-PCR. Cultures LPS-stimulated
or not, were used as controls.
Results: Results showed that F2 and F3 inhibited the expression of IL-1, IL-6 and TNF-␣ at 10 and 20 g/mL, meanwhile iNOS
expression was diminished by EA and F2 at 5 g/mL, and by F3 at
20 g/mL. COX-2 expression was diminished only in 50% by F2 at
5 g/mL and F3 at 10 g/mL.

Programa de Maestría en Ciencias en Biotecnología, Facultad de
Ciencias Químicas, Universidad Autónoma de Chihuahua, Chihuahua,
Mexico
2 Depto. de Infectómica y Patogénesis Molecular, Centro de
Investigación y de Estudios Avanzados del IPN, CDMX, Mexico
Introduction: Amoebiasis is an infection caused by the parasite
Entamoeba histolytica, which represents a health problem worldwide. Metronidazole (MTZ) is considered the antiamoebic drug of
election. Secondary adverse effects of long-time MTZ administration have been demonstrated; in addition, amoebas might develop
resistance to this drug. Rhus trilobata is an endemic plant from Chihuahua State Northwest Mexico; it has been used by native people
as a lemonade drink for the treatment of gastrointestinal diseases,
and as an infusion of stems to treat several types of digestive cancers
and leukemia.
Objective: To evaluate the in vitro amoebicidal activity of the
fruits and stems extracts of R. trilobata on E. histolytica trophozoites.
Methods: Stems or fruits extracts were prepared by maceration
in water (AE) or in 70% methanol (ME), also ananthocyanin-rich
extract was made using only fruits. Fractions of the AE and ME
stems extracts were obtained using C18 solid-phase extraction
with different solvents. Extracts and their fractions were evaluated
for amoebicidal activity on E. histolytica trophozoites using the
WST-1 reagent. Polyphenols content was determined using a
modiﬁed Folin–Ciocalteu method.
Results: The crude AE, and A2 and A4 fractions promoted a signiﬁcant decrease on trophozoites viability compared with control
without treatment; the effect of A2 and A4 fractions at 10 g/mL
had no difference with MTZ IC50 (0.04 g/mL). ME or its fractions had no signiﬁcant effect. For fruit extracts, both aqueous and
methanolic, decreased signiﬁcantly the cell viability by an IC50 of
17.13 and 17.17 g/mL, respectively.
Conclusions: These results demonstrate that R. trilobata
extracts contains compounds that have an important amoebicidal effect. Additional studies are being conducted to elucidate the
nature and mechanism of these active ingredients.
Partial ﬁnancial support: FOMIX CHIH-2010-C01-147532.
http://dx.doi.org/10.1016/j.toxlet.2016.07.463
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Embryo-fetal developmental toxicity study with
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Introduction: Epidemiological studies in humans and experimental studies in animals suggest that the use of nonsteroidal
anti-inﬂammatory drugs may lead to several disorders, including
defects in the heart, diaphragm and orofacial clefts, as well as vascular abnormalities, structural defects, cryptorchidism, gastroschisis,
holoprosencephaly and development of asthma. Kramecine (KACY)
is a hexameric polymer isolated from Krameria cytisoides, a plant
used in traditional Mexican medicine as an anti-inﬂammatory,
anti-nociceptive and anti-arthritic agent. However, this recently
obtained polymer has not been evaluated by preclinical studies for
potential toxicity.
Objective: To evaluate the potential teratogenic effect of KACY
on the embryonic development of Wistar rats.
Materials and methods: Pregnant females were randomly
divided into 5 groups (n = 15) that received the vehicle (physiological saline solution), a reference drug (sodium salicylate, 250 mg/kg),
and three different doses of KACY (50, 500 and 1000 mg/kg). These
doses were selected from an acute study. The administration was
performed through oral gavage during organogenesis on gestational day (GD) 6–15. On GD 19 the fetuses were obtained, weighed,
sexed and analyzed macroscopically to detect external malformations. Two thirds of fetuses were employed for visceral analysis
and a third for skeletal analysis, performed by classical techniques
of Wilson and Dawson, respectively.
Results: Animals administered KACY showed clear deﬁciencies in growth, incomplete bone development of the cranial vault
and sternebrae, alterations in the ribs, and the presence of hydrocephalus and hydronephrosis. These defects were signiﬁcant and
dose-dependent.
Conclusions: The administration of KACY in sensitive stages of
organogenesis in rats produced alterations in skeleton and viscera.
However, it is necessary to perform the same study on other animal
species.
http://dx.doi.org/10.1016/j.toxlet.2016.07.464
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Introduction: Preliminary assays have shown that Rhus trilobata (RHTR) has biological activity against ovarian cancer cell line
SKOV-3, reporting an IC50 of 50 g/mL for aqueous extract (AE)
and 73 g/mL for the active fraction (AF), respectively. However,
the potential toxicity of these concentrations has not been evaluated, an important issue if they are being considered for subsequent
therapeutic use.
Objective: To determine the in vivo subacute toxicity of
intraperitoneal administration of RHTR (AE and AF) in BALB/c mice.
Materials and methods: AE was performed by decoction of
RHTR stems with distilled water and fractionated by solid phase
separation using C18 matrix and acidic water 1%, ethyl acetate (AF)
and ethyl ether as solvents. The samples were dried by rotavapor at 40 ◦ C and resuspended in sterile PBS for treatment. The
toxicological effect was determined in female BALB/c mice, which
were treated daily by intraperitoneal route with 2 mg/kg of AE and
2.92 mg/kg of AF by body weight; the control group was treated
with PBS. At 28 days post treatment, animals were sacriﬁced and
organs were dissected for macroscopic and histological observations. Samples of serum were obtained by retro-orbital bleeding at
sacriﬁce time to determine biochemical markers.
Results: The morphological analysis did not reveal important
pathological lesions in any organ at the time of assessment. As
well, biochemical markers remained normal, and showed no significant differences compared to control group at 28 days of treatment
(p ≤ 0.05).
Conclusions: The results show that the IC50 of AE and AF of RHTR
do not exert adverse toxicological effects during their administration, suggesting that they could be used as potential therapeutic
doses for the treatment of ovarian cancer; however, in vivo antineoplastic studies will be required to support this claim.
Financial support: This work was supported by CONACyT for
PTR (221136) and LVR is a recipient of a CONACyT fellowship
(247356).
http://dx.doi.org/10.1016/j.toxlet.2016.07.465
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Toxicological aspects of the chronic
consumption of Stevia rebaudiana Bertoni on
pancreas of Wistar rat with normocaloric
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Ibervillea sonorae root extract modiﬁes glucose
uptake and GLUT4 plasma membrane
translocation in L6-GLUT4myc muscle cells
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Introduction: Stevia rebaudiana Bertoni, is a plant with hypoglycemic and anti-hyperlipidemic properties. Therefore, it has
become a complement in the diabetes treatment and other
metabolic disorders, such as hypertension, dyslipidemia and cardiovascular ills. However, It is unknown the effect on pancreas of
people that consume frequently Stevia without history of metabolic
disorders.
Objective: To investigate the effect of chronic administration of
Stevia on pancreas in Wistar rats with normocaloric feeding.
Materials and methods: Wistar rats of one-month of age
were administered with an intraperitoneal dose of Stevia extract
(1 g/kg/day) for 60 days. Just prior to ﬁnish, the rats received an
oral glucose load (1.75 g-glucose/kg). Under anesthesia, the whole
blood (200 L) was drawn via cardiac puncture at 0, 30, 60 and
90 min. Then, glucose and insulin were measured. In serum (basal),
triglycerides and HDL-Chol were measured. Subsequently, rats
were perfused and a pancreatectomy was realized. The oxidative
stress and histological changes were evaluated in pancreas.
Results: After 2-months of Stevia administration, low levels of
glucose, triglycerides and HDL-Chol were observed. Glucose tolerance was impaired, and rats showed hyperinsulinemia and insulin
resistance. In regard to pancreatic redox state, GSH and redox
index showed signiﬁcant increases; however, SOD activity was
depleted. Lipoperoxidation was reduced and nitrite level did not
show changes. Surprisingly, pancreatic insulin production showed
an important increase, and also hyperplasic changes were observed
in Langerhans islets.
Conclusions: Despite the antioxidant features, hypoglycemic
and hypolipidemic effects, the chronic administration of Stevia
generated toxicity, producing hyperinsulinemic states in rats, and
promoting an insulin resistance. At tissue level, Langerhans islets
hyperplasic were observed with over-production of insulin, which
could bring a ␤-cell exhaustion.
Financial support: Authors thank VIEP projects.
http://dx.doi.org/10.1016/j.toxlet.2016.07.466
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Introduction: Diabetes Mellitus Type 2 (T2DM) is a chronic
degenerative disease characterized for by blood glucose levels
higher than 110 mg/dL, due to anomalies in the insulin function
that leads to a decrease in the GLUT4 plasma membrane translocation, phenomenon named insulin resistance. GLUT4 is a transporter
widely distributed in the muscle tissue that is the major contributor to glucose metabolism and therefore, it is considered one of
the most crucial target organs of T2DM. Translocation and activation of GLUT4 is through the PI3K/Akt signal pathway when insulin
binds to its receptor. Several drugs are designed to offset the different abnormalities developed in T2DM, however, many people
appeal to the natural treatments. Ibervillea sonorae is a Mexican
plant known as Wereque that has been vastly used to treat this
metabolic disorder. Some research groups have demonstrated its
hypoglycemic effect in alloxan or streptozotocine induced diabetic
models in mice and rats, nevertheless little is known about its mode
of action.
Objective: It was to assess GLUT4 pattern location and glucose
uptake in muscle cells from the treatment to the extract of I. sonorae.
Materials and methods: L6-GLUT4Myc cell were treated with
non-cytotoxic doses of I. sonorae extract, using insulin as positive
control and wortmannin as negative control. Immunoﬂuorescence
staining was employed to assess GLUT4 translocation ﬁxing at 0.5,
3 and 6 h, and treating with anti-Myc antibody, which recognize
the GLUT4 exofacial loop. The glucose uptake was assessed by a
colorimetric method.
Results: The treatment with I. sonorae root extract showed
important differences on the GLUT4 translocation and the glucose
uptake on the L6-GLUT4Myc cells.
Conclusion: I. sonorae promote GLUT4 translocation to the
plasma membrane through the PI3K/Akt pathway.
Financial support: Partially supported by Instituto Politécnico
Nacional (SIP 2015035 and SIP SNI 2011/45) and ICyTDF (45/2012).
http://dx.doi.org/10.1016/j.toxlet.2016.07.467
PP20.11
The achiote-derived apocarotenoid bixin
protects skin against environmental insults
through NRF2-dependent activation of the
epidermal antioxidant response
M. Rojo de la Vega, S. Tao, S.P. Park, D.D. Zhang, G.T. Wondrak
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Introduction: Skin barrier function and integrity can be
impaired as a result of exposure to environmental stressors
including industrial pollutants, heavy metals and metalloids, and
solar ultraviolet (UV) radiation. Therefore, there is a need to ﬁnd
effective and safe strategies to boost cellular stress responses
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and damage repair. The redox-sensitive transcription factor NRF2
(nuclear factor-E2-related factor 2) has recently emerged as a
promising molecular target for the prevention of human skin
pathologies resulting from exposure to environmental toxicants.
Objective: We tested the feasibility of enhancing NRF2dependent skin protection using the apocarotenoid bixin, an
FDA-approved natural food colorant from the seeds of the achiote
tree (Bixa orellana) native to tropical America and consumed by
humans since pre-Columbian times.
Materials and methods: SKH-I Nrf2+/+ and Nrf2−/− hairless
mice were treated with a topical bixin formulation or a bixin dietary
supplement before acute exposure to UV light. Mouse skin tissues
were harvested 24 h later and analyzed by immunohistochemistry
and immunoblotting. Human primary melanocytes were treated
with bixin to elucidate the mechanistic effects of bixin-dependent
NRF2 induction and UV protection. Cell lysates were collected at 4
and 16 h for immunoblotting and at 24 h for qRT-PCR. Cell viability
was determined by MTT assay.
Results: Topical and systemic administration of bixin activated
cutaneous expression of NRF2 and its target genes, and limited
acute photodamage in Nrf2+/+ but not in Nrf2−/− mice. Moreover,
we observed a robust and sustained activation of NRF2 signaling in
human primary melanocytes treated with bixin, which protected
them from UV exposure and oxidative damage.
Conclusions: These results suggest that bixin-based interventions may be useful for NRF2-dependent skin protection against
environmental insults.
http://dx.doi.org/10.1016/j.toxlet.2016.07.468
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dose. The treatment was administrated in a single 400 mg/kg bw
dose. Glycaemia levels were monitored in fast at 1, 2 and 3 h after
the treatment. Animals were sacriﬁced and muscle tissue samples were obtained. Those were stained by immunoﬂuorescence
to detect GLUT4.
Results: The treated-normoglycemic group did not show differences in comparison with the no treated group, however, after 3 h of
treatment, the treated-hyperglycemic group showed a signiﬁcant
difference in glycemic levels compared with the hyperglycemic
group. These results were corroborated with immunoﬂuorescence
assay that showed an apparent increase of the GLUT4 translocation.
Conclusion: Treatment with total extract of I. sonorae root
induced a hypoglycemic effect in a pharmacology hyperglycemic
model possibly associated to an increase of GLUT4 translocation
into the sarcomere membrane.
Financial support: Partially supported by Instituto Politécnico
Nacional (SIP 2015035 and SIP SNI 2011/45) and ICyTDF (45/2012).
http://dx.doi.org/10.1016/j.toxlet.2016.07.469
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Antimutagenic activity of
bis(2-ethylhexyl)phthalate isolated from
octopus (Paraoctopus limaculatus)
S.G. Cruz-Ramírez 1 , C.M. López-Saiz 2 , E.C. Rosas-Burgos 1 , F.J.
Cinco-Moroyoqui 1 , C. Velázquez 1 , J. Hernández 3 , A.
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Treatment to streptozotocin hyperglycemic rats
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GLUT4 plasma membrane translocation in thigh
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Introduction: Type 2 Diabetes Mellitus (T2DM) is a common
disorder characterized for fasted blood glucose levels higher than
110 mg/dL. This pathology is strongly related with obesity and
sedentary lifestyle; these conditions lead to the insulin resistance,
event that prevents the glucose uptake mainly in the muscle tissue, an organ that plays the most important role in regulating
the glycemic levels because of its metabolic capability and the
large distribution and expression of GLUT4. Some drugs had been
designed to reduce the insulin resistance; nevertheless, they may
cause adverse effects decreasing the quality of life’s patient that
is why many people look for alternative treatments as traditional
medicine. Ibervillea sonorae known as Wereque, is a Mexican plant
used to treat DMT2 due to its hypoglycemic effect, demonstrated
in alloxan-diabetic mice. The aim of this work was to assess the
hypoglycemic effect of the total ethanolic extract of I. sonorae root
and to evaluate changes in the GLUT4 translocation in the muscle
of hyperglycemic streptozotocine rats.
Materials and methods: Female adult Wistar rats (200–220 g)
were separated in four groups: normoglycemic, hyperglycemic,
treated-normoglycemic, and treated-hyperglycemic. The hyperglycemia was induced by streptozotocine in a single 60 mg/kg bw
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Introduction: The search of chemopreventive/chemoprotective
compounds in marine organisms has been extensively reported, but
the presence of these compounds in octopus has been incipiently
explored.
Objective: Isolation and characterization of antimutagenic compounds from Paraoctopus limaculatus.
Materials and methods: The hexane soluble fraction (HSF),
previously reported by our research group, was partitioned in
methanol/hexane (1:1). The resulting methanolic (MP) and hexanic (HP) phases were physically separated and the solvent was
evaporated. HP (more potent antimutagenic phase) was subjected
to open column chromatography under gravity on silica gel from
which seven fractions (F1–F7) were obtained. The Ames test,
using Salmonella typhimurium TA98 and TA100 tester strains, was
used to evaluate the antimutagenic activity of MP, HP, and F1–F7
fractions. Aﬂatoxin B1 (AFB1 ) was used as a control mutagen. RPHPLC analysis was carried out using an Agilent Technologies 1260
Inﬁnity High Performance Liquid Chromatograph equipped with a
photodiode detector and Zorbax Eclipse XDB-C18 semipreparative
column. 1 H-NMR analysis was performed using a Bruker 500 MHz
equipment and samples were dissolved in deuterated chloroform
(CDCl3 ).
Results: HP showed signiﬁcant concentration-dependent
antimutagenic activity (p < 0.05) against AFB1 in both strains tested.
Antimutagenic activity of F6 and F7 showed signiﬁcant reduction
(p < 0.05) in the number of AFB1 -induced revertants/plate in both
strains. However, high antimutagenic activity was exhibited in
TA98 strain (85–97% reversion inhibition) remained at a fractionconcentration of 3 g/mL. Fractions F6 and F7 were analyzed by
RP-HPLC ﬁnding two and three major compounds, respectively.
Both fractions shared one peak at 9.42 min suggesting the presence
of the same compound. 1 H-RMN analyses showed signals consistent with the presence of bis(2-ethylhexyl)phthalate.
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Conclusions: The high antimutagenic activity could be associated to presence of bis(2-ethylhexyl) phthalate isolated from
octopus.
Financial support: CONACYT grant proposal 241133.
http://dx.doi.org/10.1016/j.toxlet.2016.07.470
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Sea anemones from Yucatan Peninsula as
source of bioactive compounds
E. Cruz-Hernández, S. Rodríguez-Morales
Laboratorio de Productos Naturales, Unidad de Química-Sisal, UNAM,
Sisal, Yucatán, Mexico
Introduction: Research on alternative treatments against diseases has become a matter of urgency due to difﬁculties in
administration, costs, side effects and resistant strains. Marine
natural products such as neurotoxins from anemone (3–5 kDa
voltage-gated channels affecting peptides) and cytolysins (peptides
and proteins that lyses the cell by forming pores or increasing membrane permeability) emerge as interesting alternatives.
Objective: To evaluate the potential of 3 sea anemones from
Yucatan Peninsula as sources of bioactive compounds.
Materials and methods: Anthopleura texaensis, Telmatactis
bernoni and Actiinidae Gen. sp. nov. were collected at coastal
and barrier reef environments of the Yucatan Peninsula. The collected organisms were frozen, lyophilized and milled to ﬁne dust
and aqueous extracted to obtain crude extracts. Crude extracts
were evaluated in 6 bioassays to create a pharmacological proﬁle:
lethality in Artemia salina, neurotoxicity over ghost crab, tubulin inhibition in zebraﬁsh, cytotoxicity in zebraﬁsh, hemolysis and
microbial susceptibility. Finally, the extracts were analyzed HPLC.
Results: Crude extracts were negative in lethality in Artemia
salina, tubulin inhibition and CLSI’s microbial susceptibility tests,
but had a lethal effect on the zebraﬁsh embryos after a few minutes of exposure at 10 mg/mL. The unidentiﬁed anemone had a
hemolysis percentage of 69.35%, T. bernoni. (14.96%) and A. texaensis (13.25%). Interesting, neurotoxic activity of A. texaensis extract
caused relaxing, movement difﬁculties, autotomy and dead of the
ghost crabs between the 9 min of observation. While T. bernoni
extract same symptoms between the 3 h of observation. HPLC analysis showed polar/moderately polar compounds far enough from
each other, these are being currently isolated.
Conclusions: Results showed that crude extracts from the
anemones have no potential as antiparasite, antibacterial nor
antitubulin activity. However, neurotoxic activity showed potent
activity.
Financial support: PAIP 5000-9147 from Chemistry Faculty,
UNAM.
http://dx.doi.org/10.1016/j.toxlet.2016.07.471
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Introduction: Animal poison is a source of biologically active
compounds, there are a lot of compounds that have antimicrobial,
antiparasitic, citolitic and neurotoxic activity, for example. In the
last decades the obtaining of natural products has spread successfully to marine species in order to get the active compounds, to
synthesize and give them biotechnological, pharmaceutical, nutritional and cosmetic applications.
Objective: Isolate and purify some neurotoxins from the
anemone Bunodeopsis globulifera and characterize its action mechanism by electrophysiological experiments.
Materials and methods: B. globulifera was collected in the
lagoon reef at Puerto Morelos, Q. Roo., México, the crude venom
(CV) was obtained by maceration the whole body of the sea
anemone and lyophilization. Then bioassays of activity using CV
(140 g ml−1 ) in ghost crab (Ocypode quadrata) and electrophoresis
SDS-PAGE Acrylamide (15%) test were made.
Results: The CV caused intense tremors, uncoordinate movements in eyes and hind limbs, followed by paralysis and bubble
at the mouth in ghost crab. After 80 min approximately they died;
when the dissection was performed the organs were “healthy”. The
CV might be acting in the nervous system of the crabs, on sodium
channels.
Conclusions: The CV of B. globulifera presented biological
activity in ghost crab (O. quadrata), suggesting the presence of neurotoxic substances.
Financial support: CONACyT 711924 and PAPIIT-UNAM
IN202714.
http://dx.doi.org/10.1016/j.toxlet.2016.07.472
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Mechanism of PHIP-induced dopaminergic
neurotoxicicty in primary midbrain cultures
Z.S. Agim 1 , A. Jacquet 2 , J.C. Rochet 2 , J.R. Cannon 1
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Introduction: Much epidemiological research suggests that
environmental factors have a signiﬁcant role in Parkinson’s disease
etiology. Dietary factors may be encountered frequently and in high
doses. 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP)
is a heterocyclic amine produced during high temperature cooking
of meat products that we have recently shown to be selectively neurotoxic to dopamine (DA) neurons in primary neuronal cell culture.
This culture system offers an excellent opportunity to preliminarily
test neurotoxicity and identify important mechanisms of action.
Objective: The primary objective was to use primary midbrain
neuronal cell cultures to investigate mechanisms of selective DA
neurotoxicity
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Materials and methods: E17 primary midbrain neuronal cultures containing DA and non-DA neurons, and glial cells were used
to test mechanisms of neurotoxicity of PhIP and major Phase I
metabolites, N-OH-PhIP and 4-OH-PhIP. Anti-oxidant response element activation and proteasome inhibition were examined in these
cultures using eGFP and uGFP reporter system, respectively. Further, effects of free cytosolic DA amount on PhIP-induced toxicity
were assessed using nontoxic dose of VMAT2 inhibitor, reserpine,
and subtoxic dose of PhIP.
Results: PhIP treatment at three different concentrations, 0.1, 1
and 10 M, did not induce Nrf2 activation or proteasome inhibition
in primary midbrain cultures. However, a nontoxic dose of PhIP
(200 nM) induced DA toxicity in primary cultures when co-treated
with reserpine.
Conclusion: Increasing evidence in the literature suggests that
there is a strong association between environmental factors and
PD. Here, we examined potential mechanisms of PhIP neurotoxicity. Nrf2 activation and proteasome inhibition did not seem to
be important in mediating toxicity. However, VMAT inhibition, a
strategy to increase free unpackaged DA, increased neurotoxicity.
Unpackaged DA has been repeatedly shown to be important in DA
cell death. Thus, this mechanism should be further investigated as
a key mechanism of heterocyclic amine-induced neurotoxicity.
http://dx.doi.org/10.1016/j.toxlet.2016.07.474
PP21.2
Dopaminergic neurotoxicity of PHIP in vivo
Z.S. Agim, J.R. Cannon
School of Health Sciences, Purdue University, West Lafayette, IN, USA
Introduction: Parkinson’s disease (PD) motor symptoms
mainly arise from dopamine (DA) neuron loss in the substantia nigra. Numerous ‘preclinical’ alterations precede DA
neuron loss. Further, many etiological factors have been investigated, with none convincingly implicated. 2-amino-1-methyl6-phenylimidazo[4,5-b]pyridine (PhIP) is a heterocyclic amine
produced during high temperature meat cooking. PhIP is a probable carcinogen and was also recently shown to be selectively toxic
to DA neurons in vitro. Given PhIP bears structural resemblance to
DA and DA toxicants, in vivo investigations are warranted.
Objective: To perform the ﬁrst investigation of PhIP neurotoxicity in rat.
Materials and methods: Male Sprague Dawley rats were
exposed by oral gavage to vehicle or PhIP. For acute exposure, rats
received a single dose (0, 100, or 200 mg/kg) (n = 4/group), with
euthanasia at 8 or 24 h later. For subchronic exposure, rats were
treated with 0 or 75 mg/kg, 3×/week for 4 weeks (n = 9/group). Animals were assayed for oxidative stress (nitrotyrosine formation),
neurotransmitter alterations, neuroinﬂammation, DA neuron morphology and striatal DA terminal density. For the subchronic group,
we have also performed motor activity assays.
Results: Our initial experiments showed ∼2× increase in
nitrotyrosine levels in DA neurons of 200 mg/kg PhIP-treated rats
for 8 h compared to control (n = 42–97 neurons/analyzed group).
This difference was observed to increase in a time-dependent manner. There was no overt evidence of glial activation or decrease
in striatal terminal density, but DA neurons exhibited abnormal
morphology. Quantiﬁcation of neurotransmitter levels showed signiﬁcant decrease in striatal DA turnover. Rats treated with PhIP
subchronically showed signiﬁcantly reduced weight gain after one
week, but motor tests (postural instability and rearing tests) failed
to show overt differences between treated and control groups.
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PhIP-treated rats also had reduced DA and serotonin turnover rates
in striatum and substantia nigra, respectively.
Conclusion: Our data showed that acute and subchronic PhIP
administration do not produce pathology characteristic of latestage PD. However, several preclinical aspects were produced.
Future studies will further characterize neuropathology and investigate gene-environment interactions.
http://dx.doi.org/10.1016/j.toxlet.2016.07.475
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Possible role of NF-B in cytochrome P450
epoxygenase downregulation during an
inﬂammatory process in astrocytes
C. Navarro-Mabarak, R. Camacho-Carranza, J. Espinosa-Aguirre
Instituto de Investigaciones Biomédicas, Universidad Nacional
Autónoma de México, México, Mexico
Introduction: Several neurodegenerative and neuropsychiatric
illnesses have been related to chronic neuroinﬂammatory processes. Cytochrome P450 (CYP) epoxygenases and its metabolic
products, the epoxyeicosatrienoic acids (EET), have been proposed
as important therapeutic targets in CNS inﬂammation. However,
CYP expression can be modiﬁed by diverse pro-inﬂammatory
cytokines regulated by the nuclear factor NF-B pathway. Until
now, there is no evidence regarding CYP epoxygenases regulation
during inﬂammation in the CNS, which would suggest its role in
the homeostasis of this process. Our goal is to elucidate whether
an inﬂammatory process developed in astrocytes is able to downregulate CYP epoxygenases expression and if transcription factor
NF-B is involved in this regulation.
Materials and methods: Primary astroglial cultures were
obtained from newborn rat’s cortex. Immunocytochemical identiﬁcation of astrocytes was performed. Cultures were treated with
LPS, TNF-␣, LPS + IMD-0354 (selective NF-KB inhibitor) or TNF␣ + IMD-0354. CYP2J3, CYP2C11 and CYP2E1 mRNA expression was
determined by qRT-PCR. CYP2J3 and CYP2C1 protein expression
was determined by immunoﬂuorescence. NF-B binding site predictions in CYP2J3 and CYP2C11 promoter regions were calculated
through AliBaba 2.1 free software. Electrophoretic Mobility Shift
Assay (EMSA) was performed to determine if each hypothetic
response element had the possibility to bind NF-B complexes.
Results: LPS-induced inﬂammation caused a decrease in
CYP2J3, CYP2C11 and CYP2E1 mRNA expression, effect that was
not observed when NF-B activity was inhibited by IMD-0354.
CYP2J3 and CYP2C11 protein expression decreased in a LPS dosedependent manner. TNF-␣ addition reproduced LPS effects, but
NF-B inhibition could not prevent it totally. Additionally, four
putative NF-B binding sites were found in the promoter region
of CYP2J3 and CYP2C11 genes, being at least two of them able to
bind NF-B complexes in CYP2C11 and one in CYP2J3.
Conclusions: Astrocytes LPS-induced inﬂammation is able to
down-regulate CYP2j3, CYP2c11 and CYP2e1 mRNA expression and
CYP2J3 and CYP2C11 protein levels. This effect may be in part due to
the production of pro-inﬂammatory cytokines like TNF-␣, since this
cytokine is also able to down-regulate CYPs mRNA independently
of LPS addition. Transcription factor NF-B may play an important
role in LPS/TNF-␣ mediated down-regulation of CYP2J3 and 2C11
since its inhibition by IMD-0354 prevented the observed effects.
Additionally, NF-B is able to bind to at least one response element
in the promoter region of CYP2C11 and CYP2J3.
http://dx.doi.org/10.1016/j.toxlet.2016.07.476
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Neuroanatomical and neurochemical targets of
atrazine exposure in the male rat
V.M. Rodríguez, M.S. Mendoza-Trejo, I. Hernández-Plata, M.
Giordano
Department of Behavioral and Congnitive Neurobiology, Instituto de
Neurobiología-UNAM, Juriquilla, Querétaro, Mexico
Introduction: Atrazine (ATR) is an herbicide broadly used to
control weeds and it is a potential toxicant for the dopaminergic
system. Alterations in dopaminergic markers after ATR administration in rodents have been described. Behaviorally, it has been
observed that ATR exposure causes hypoactivity shortly after its
administration. Also, GABAergic markers have been suggested to
contribute to the disruption of hypothalamic release of GnRH in
rats.
Objective: To understand how acute ATR administration
induces hypoactivity through a map of brain areas responsive to
ATR using Fos and levels of GABA and glutamate, as markers of
neuronal activity and neurochemical alterations, respectively.
Materials and methods: Two groups of Sprague-Dawley male
rats received a systemic injection of 1% methylcellulose (MC; vehicle) or 100 mg ATR/kg body weight (BW) (under deep anesthesia),
and 90 min after injection, rats were perfused with saline and
paraformaldehyde (4%) for Fos, and TH immunohistochemistry. In
another two groups of rats, locomotor activity was recorded for
90 min after administration of 1% MC or ATR, then the brain was
removed and dissected for GABA and glutamate determination.
Results: We found statistically signiﬁcant increases in the number of Fos positive cells in the amygdala, subthalamic nucleus,
substantia nigra, superior colliculus, and thalamus, but contrary to
what we expected, no increases in Fos activation on catecholaminergic cells in SN, VTA or LC were observed. GABA and glutamate
levels in the brain areas assessed were not affected.
Conclusions: These ﬁndings suggest that the hypoactivity
observed after ATR administration is the result of activation of
non-dopaminergic cells and is not related to signiﬁcant changes
in glutamate and GABA tissue levels.
Financial support: CONACYT 152842 and UNAM-DGAPAPAPIIT 202013 to VMR.
http://dx.doi.org/10.1016/j.toxlet.2016.07.477
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Participation of MTOR in the transport of
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Glutathione (GSH) is the most important intracellular antioxidant system. It plays a primordial role in the protection of cells
against oxidative stress. In the central nervous system (CNS) GSH
synthesis is limited by the availability of cysteine. Cysteine is incorporated into the brain through amino acid transporters like LAT1,
Xc- and EAAC1.

The nerve growth factor (NGF) participates in the antioxidant response; activating its receptor TrkA and downstream AKT
through PI3K. The activation of this pathway is associated with the
increased transcription of cystine/cysteine (CYS) transport through
xct, lat1 and eaac1. mTOR (target of rapamycin) a serine/threonine
kinase regulates protein synthesis in response to growth factors. AKT indirectly activates mTOR by inhibiting TSC2. Thus, our
objective was to investigate the participation of mTOR in CNS cystine/cysteine transport modulated by NGF.
Male BALB/c mice were injected intraperitoneally with
6 mmol kg−1 of body weight of the inhibitor of GSH de novo synthesis, L-buthionine sulfoximine (BSO) and were sacriﬁced at 0.5 h
and 2 h following administration. The expression and phosphorylation of NGF, mTOR, S6K and CYS transporters were determined by
immunoblotting. GSH/GSSG concentrations were determined with
the ﬂuorescence probe o-phthalaldehyde (OPA).
The activation of the NGF/mTOR/S6K/LAT1 pathway was
observed in the mice striatum and in the olfactory bulb after 0.5 h
of BSO administration. GSH levels increased in the cerebellum at
2 h post BSO injection.
Our results suggest that the response to BSO is region speciﬁc.
The NGF/mTOR pathway appears to participate in the neuroprotective response to systemic GSH depletion in the brain.
Financial support: This work was supported by CONACYT
[grant 02287] and PAPIIT [IN207611]. C. Garza is a CONACYT fellow
at the PhD Program in Biomedical Sciences.
http://dx.doi.org/10.1016/j.toxlet.2016.07.478
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Optineurin expression in the nigrostriatal
dopamine system: Normal expression and
response to rotenone treatment
J.P. Wise Jr., J.R. Cannon
School of Health Sciences, Purdue University, West Lafayette, IN,
United States
Introduction: Parkinson’s disease (PD) is a progressive neurodegenerative disease that affects ∼5 million people around
the world. Currently, the etiopathogenesis is poorly understood
and curative or disease-modifying treatments are not available.
Mechanistic studies have identiﬁed complex pathogenic pathways
including: mitochondrial dysfunction, oxidative stress/damage,
and protein aggregation. While the speciﬁc genes and proteins
involved may vary, these pathways are commonly affected in many
neurodegenerative diseases. Mutations in the protein optineurin
(OPTN) have recently been identiﬁed as causative factors for
glaucoma and amyotrophic lateral sclerosis. OPTN has multiple
recognized roles in neurons, with several domains that may have
roles in neuronal dysfunction. Intracellular OPTN+ aggregates have
been identiﬁed in numerous neurodegenerative diseases. However,
a pathogenic role for optineurin in PD development has not yet been
tested.
Objective: We tested the hypothesis that OPTN expression
changes in a PD model would precede overt neurodegeneration
and be associated with autophagy disruptions.
Materials and methods: We characterized neuronal OPTN
expression in normal rats and those treated with the mitochondrial toxicant rotenone, a pesticide commonly used to model PD
and linked to PD risk. Animals were sampled prior to overt neurodegeneration and after severe behavioral deﬁcits.
Results: Our results show immunohistochemical evidence that
OPTN is enriched in dopamine neurons in the midbrain, and its
expression and localization are modulated by rotenone treatment
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in vivo. The effect and magnitude of OPTN expression changes
is dependent on duration of rotenone exposure. OPTN colocalizes with the autophagic vesicle marker LC3 in perinuclear puncta
in late-stage rotenone-treated animals, potentially indicating an
important role in autophagy.
Conclusions: OPTN expression and localization is altered in an
environmental model of PD. Our results indicate a potential preclinical role for OPTN in autophagic dysfunction in PD. Future work
will aim to determine how OPTN mediates PD-related autophagic
dysfunction and whether modulation may possibly serve as a therapeutic target.
http://dx.doi.org/10.1016/j.toxlet.2016.07.479
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Introduction: Organophosphate pesticide (OP) exposure has
been associated with different adverse health effects, including
neurological and neurobehavioral types. However, there are few
studies in the literature that describe this type of effect in adults,
particularly in individuals occupationally exposed to pesticides.
The Raven test measured general mental ability.
Objective: To evaluate the Raven test in workers occupationally
exposed to pesticides.
Materials and methods: The present study is transversal,
descriptive, and analytical conducted in 208 workers dedicated to
the fumigation of different areas. To evaluate intellectual ability and
general mental ability, Raven Progressive Matrices were applied.
Cholinesterase activity was determined spectrophotometrically,
BuChE was determined in serum, and AChE was determined in
blood according to the Ellman method. The PON1 Q192R polymorphism was determined through Taqman probes by real time-PCR.
Three different groups were created according to the exposure
level: low exposure, intermediate exposure, and high exposure.
Results: Preliminary analyses suggest differences by gender,
genotype, and exposure level. An association between Raven test
score and exposure level was found in males. On the other hand,
an association between Raven test score and exposure level was
observed with the QQ genotype.
Conclusions: The preliminary results showed an association
between general mental ability and exposure level to pesticides.
Financial support: This study was support by CONACyTSalud, Mexico (grant #233803) and Pesticides Toxicology Network
(Conacyt-253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.480
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modulate amino acid transporters
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receptor in mouse brain with memory
impairment
L.A. Ramos-Chávez 1 , P. Petrosyan 1 , C.R.R. Rendón-López 1 , D.
Silva-Adaya 2 , A. Zepeda 1 , L.M. Del Razo 3 , M.E. Gonsebatt 1
1

Instituto de Investigaciones Biomédicas, UNAM, México City, Mexico
Laboratorio Experimental de Enfermedades Neurodegenerativas,
Instituto Nacional de Neurología y Neurocirugía, México City, Mexico
3 Departamento de Toxicologia, CINVESTAV, Ciudad de México,
Mexico
2

Millions of humans are worldwide exposed to inorganic arsenic
(iAs) by drinking water. This exposure has been associated with
learning disabilities, especially in children. In tissues such as brain,
iAs is mono and di methylated with glutathione (GSH) expending. In humans, iAs and methylated species have been detected
in cord blood suggesting that fetal exposure might occur during
brain formation in utero. To investigate if gestational iAs exposure
altered the expression of cystine/cysteine/glutamate transporters
involved in GSH synthesis, excitatory transmission and memory
formation we exposed CD1 mice to 20 mg/L during gestation and
up to 90 days after birth. On postnatal days (PND) 1, 15 and 90,
the expression of membrane transporters related to GSH synthesis,
glutamate transport and toxicity, such as xCT, EAAC1, LAT1, GLAST,
and GLT1, as well as the glutamate receptor N-methyl-d-aspartate
(NMDAR) subunits NR2A and B were analyzed in male and female
mice. At PND 90, behavioral tests were performed to assess putative impact in learning and memory. Gestational exposure to iAs
affected the expression of cysteine/glutamate transporters in cortex and hippocampus and induced a negative modulation of NR2B
subunit in the hippocampus. Behavioral tasks showed signiﬁcant
spatial memory impairment in males. A similar effect was observed
in males and females in Morris water maze. Gestational exposure
to iAs triggers a positive response in the l-glutamate/cysteine and
cystine transport as well as changes in the expression of recapture
transporters and the l-glutamate receptors, these alterations could
compromise brain function in adulthood.
Acknowledgements: This work was funded by PAPIIT
IN207611, CONACyT 102287 and Children Environmental Health
Network (Conacyt-251229/271626).
http://dx.doi.org/10.1016/j.toxlet.2016.07.481
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exhaust during gestation on the olfactory
system development in rabbits pups
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Introduction: Although airborne pollution is known to negatively affect the adult brain through adverse impacts on the
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olfactory system, the neurotoxic effects of a gestational exposure
to air pollution are questioned and poorly investigated.
Objective: The present work aims to study the effects of a controlled gestational exposure to diesel exhaust (DE), at levels closely
reﬂecting those of the urban human population, on the olfactory
system development in rabbits.
Materials and methods: Pregnant rabbits were exposed noseonly to clean air or to diluted (1 mg/m3 ) ﬁltered DE from gestational
day 3 (GD3) to day 28, 2 h/d, 5 d/w. At GD28, 12 females (5
controls and 7 exposed) were sacriﬁced to collect fetal olfactory mucosa (OM) and bulb (OB) for anatomical and chemical
measures. At postnatal day 2 (PND2), 62 control and 55 polluted pups from 18 litters (9 controls and 9 exposed) were
examined for their odor-guided behavior in response to the presentation of the rabbit mammary pheromone 2-methyl-3-butyn-2-ol
(2-NBT).
Results: Electron microscopy analysis of OM and OB revealed in
exposed fetuses the presence of nanosize particles (20–48 nm) in
the olfactory sensory neurons and the glomerular layer of the OB,
along with cellular and axonal hypertrophy. OB of exposed animals
exhibited higher levels of serotonin and lower levels of dopamine
and its metabolites. Finally, the behavioral response to 2-NBT at
PND2 was altered in exposed rabbits.
Conclusions: The present gestational exposure to DE affects the
neuro-olfactory development of the rabbit offspring, and altered
early olfactory-based behaviors. Because of the known anatomical and functional continuum between the olfactory system and
the rest of the brain, such early alterations could be indicative of
disturbances in higher integrative structures.
Financial support: ANSES & ADEME (PNR-EST 2014-1-190).
http://dx.doi.org/10.1016/j.toxlet.2016.07.482
PP21.10
Acute and subchronic effects of antipsychotic
drugs on cognitive and social deﬁcits after
adolescent toluene exposure in mice
H.H. Chen 1,2 , M.Y. Lee 2 , B.F. Lin 3 , M.H. Chan 4
1 Center for Neuropsychiatric Research, National Health Research
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2 Department of Pharmacology and Toxicology, Tzu Chi University,
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Introduction: Abuse of toluene-containing products by adolescents is a signiﬁcant public health issue. Our previous study
revealed that adolescent toluene exposure produces enduring
social deﬁcits and cognitive impairment at adulthood in mice.
Antipsychotics are generally used to treat psychotic symptoms in
toluene abusers clinically.
Objective: The present study examined the predictive validity
of this model by evaluating the beneﬁcial effects of antipsychotics
on cognitive impairment and social dysfunction after toluene exposure.
Materials and methods: Male NMRI mice received injection per
day of either toluene (750 mg/kg) or oil at postnatal day P35–P39
and P42–P46. Novel object recognition test and social interaction were conducted after 7-day washout period to conﬁrm the
toluene-treated animals with long-lasting behavioral impairment.
Thereafter, the acute and subchronic effects of antipsychotics,
including haloperidol, clozapine and risperidone were evaluated.

Results: All these antipsychotics reduced the social withdrawal,
whereas clozapine and risperidone, but not haloperidol, attenuated
the cognitive impairment when they were administered 1 h prior
to the behavioral tests. Subchronic treatment of antipsychotics for
14 days produced the same improving effects as acute study and
the effects lasted at least 14 weeks. These ﬁndings suggest that
clozapine and risperidone might be better than haloperidol to treat
the behavioral disorders related to toluene abuse.
Financial support: NSC 99-2314-B-400-005-MY3.
http://dx.doi.org/10.1016/j.toxlet.2016.07.483
PP21.11
Extracellular calcium concentration and
channel activity involved in
aminoglycoside-induced hair cell toxicity in the
zebraﬁsh lateral line
M.H. Chan 1 , C.Y. Wu 2 , C.F. Liu 2 , H.H. Chen 3
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Introduction: Ototoxic damage often caused by antibiotic
aminoglycosides leads to the loss of hair cells. Since aminoglycosides are effective at infection treatment, it is imperative to
discover new approach to prevent hearing loss and permit safe use
of aminoglycosides. The alterations in cytosolic calcium homeostasis play an important role in aminoglycoside-induced sensory hair
cell death. However, the involvement of cytoplasmic membrane
calcium channels in aminoglycoside ototoxicity is not clear.
Objective: The present study determined the role of calcium and
its channel activity in ototoxicity induced by aminoglycosides.
Materials and methods: In this study, the lateral lines of
zebraﬁsh were used to investigate the effects of verapamil, a calcium channel blocker, and Bay K8644, a calcium channel activator,
on aminoglycoside (neomycin and gentamycin)-induced hair cell
toxicity which was detected in vivo by the dye FM1-43FX, a reliable
indicator to assess hair cell viability.
Results: The data showed that verapamil signiﬁcantly attenuated both aminoglycosides induced hair cell loss, whereas Bay
K8644 enhanced their ototoxicity. Interestingly, the loss of hair
cells induced by both aminoglycosides was respectively reduced
and reinforced under extracellular high calcium (3.3 mM) and low
calcium (33 M) concentrations compared with normal calcium
(330 M) condition. Furthermore, Bay K8644 partly inhibited the
protective action of extracellular high calcium on hair cell death
mediated by the aminoglycoside treatment.
Conclusions: These ﬁndings indicate that both extracellular calcium concentration and calcium channel activity inﬂuence hair cell
loss from aminoglycoside toxicity.
Financial support: NSC100-2320-B-004-003-MY3.
http://dx.doi.org/10.1016/j.toxlet.2016.07.484
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Modulation of the GSH and aminoacid
transports by arsenic in the mouse brain
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Introduction: Exposure to inorganic arsenic (iAs) has been associated with peripheral and central nervous system damage. We
have shown iAs accumulation in different brain regions where it
is metabolize to monomethylated and dimethylated species in a
process that requires glutathione also called gamma-glutamil cysteine glycine (GSH). GSH is the main antioxidant in the CNS where it
is also considered a glutamate reservoir. Glutamate is an excitatory
neurotransmitter important in neural activation. Speciﬁc membrane cysteine/cysteine and glutamate transporters such as XCT,
EAAC1, GLAST, GLT1 and LAT1 are related to GSH synthesis and
glutamate transport and toxicity. Gestational exposure to iAs has
been associated with altered glutamate transport in cortex and
hippocampus.
Objective: To investigate early changes induced by iAs exposure
on GSH levels, XCT, LAT1, EAAC1 and GLT1 protein expression in
several mouse brain regions.
Materials and methods: CD-1 male mice (28–30 g) were treated
with 5 mg/kg of NaAsO2 i.p. and sacriﬁced at 24 h. GSH and GSSG
levels were determined by microplate adapted ﬂuorometric phtalaldehyde method. Expression of XCT, EAAC1, GLAST, GLT1 and
LAT1 were investigated by Western blot and immunoﬂuorescence.
Results and conclusion: iAs exposure induced changes in GSH
levels mainly in cerebellum and cortex. The protein expression of
XCT, EAAC1 and GLT1 were also modulated after iAs exposure,
indicating an early modulation of GSH synthesis and glutamate
transport. The modulation of glutamate transport might impair
neurotransmission leading to neurotoxic effects.
Aknowledgements: Partially funded by Posgrado de Ciencias
Biológicas, UNAM and CONACYT Red Temática de Salud Infantil
251229/271626.
http://dx.doi.org/10.1016/j.toxlet.2016.07.485
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Rodríguez-Durán 3 , V.M. Rodríguez 4 , M.E. Gonsebatt 1
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More than 200 million people in the world are estimated to be
exposed to inorganic arsenic (iAs) by drinking water. Several studies including those made in Mexico, showed that iAs exposure is
related to different types of memory and learning impairment.
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Glutathione (GSH) the main antioxidant in the central nervous
system participates in iAs metabolism, inducing GSH synthesis.
Cysteine, the rate limiting aminoacid for GSH synthesis, is transported into the cell via the Xc-antiporter, which exchanges cystine
for glutamate (Glu). Thus, a Xc-system higher activity is associated to elevated extracellular Glu concentrations which can lead
to excitotoxicity.
To investigate the impact of iAs on glutamatergic neurotransmission, CD1 mice were gestationally exposed to 20 ppm of iAs
in drinking water. 90 days after birth, GSH and GSSG concentrations and extracellular Glu concentrations were determined. AMPA
Glu receptors subunits (GluA1, GluA2) were determined by Western Blott in cortex and hippocampus samples and the induction of
in vivo perforant pathway (PP)-dentate gyrus (DG) LTP was investigated in anesthetized animals.
GSH and GSSG levels were increased suggesting Xc-system activation. Also, extracellular Glu levels were higher in iAs treated mice.
Both AMPA subunits were down-regulated and an impairment in
PP-DG LTP induction was observed.
The main chronic As exposure effects were observed in the
hippocampus where high Glu levels are associated with AMPA
receptors down-regulation which could induce changes in the nervous pathway and the LTP recorded.
Financial support: This work was supported by CONACYT
(02287 & 251229/271626) and PAPIIT (IN207611; IN215816). J.
Nelson is a CONACYT fellow at the Program of Biological Sciences.
http://dx.doi.org/10.1016/j.toxlet.2016.07.486
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Metallothionein II does not increase the
antidote effect of Prussian blue in acute
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R.L. Anaya 1 , R.A. Díaz 2 , L.S. Montes 2 , A.S. Galván 2 , J.S. García 1 , C.
Ríos 2 , N.A. Monroy 1
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Introduction: The human acute thallotoxicosis in the world
occur as a result of accidental or deliberate ingestion of thallium
(Tl) compounds. The usefulness of Tl has substantially increased in
the last few years in industry due to its use in several manufacturing
processes. Tl ions are absorbed by the gastrointestinal tract. Toxicity
symptoms include gastrointestinal and cardiac symptoms also nervous system dysfunction. Tl enters cells because of its similarity in
charge and ionic radius to potassium ions. It mechanism of toxicity
has been ascribed to the ability of Tl ions to bind sulfhydryl groups
of essential enzymes. The use of traditional metal chelators as antidotal treatments against acute Tl poisoning has been disputed by
the redistribution of thallium to central nervous system.
Objective: The present study was designed to evaluate the effect
of metallothionein II (MT) against acute Tl intoxication given alone
or in combination with Prussian blue (PB).
Materials and methods: Male Wistar rats were intoxicated by
i.p. injection of thallium(I) acetate at LD50 (32 mg/kg). A day later
pharmacological treatment was administered until day 4 as follows: (1) vehicles, (2) PB 50 mg/kg, by oral route, twice a day, (3)
MT 100 g i.p. route, once daily and (4) PB + MT. The mortality percentage was recorded during the experiment for each treatment.
Results: MT alone showed a signiﬁcant mortality similar to
the control group. While, the administration of PB signiﬁcantly
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decreased the mortality 10% (P < 0.05) respect to control and MT
groups. In different experiment, using 16 mg/kg of Tl, the metal levels were analyzed in organs and brain regions after of treatments.
The administration of MT alone showed non-signiﬁcant Tl decrease
in organs and brain regions compared to control group except in
the kidney (60%). While, it administration in combination with PB
diminished the Tl levels signiﬁcantly 70% (P < 0.05) in the majority
of tissues, these were the same than the PB group 70%.
Conclusions: These results indicate that MT administered alone
did not prevent the mortality and accumulation of the metal in
body tissues and brain regions. Therefore, this metalloprotein could
not be considered an alternative antidotal treatment in Tl toxicity, despite of this chelating agent given alone did not cause Tl
redistribution to the brain.
Financial support: This study was ﬁnancial supported by CONACYT project 257092 and Anaya-Ramos received a fellowship from
CONACYT 350322.
http://dx.doi.org/10.1016/j.toxlet.2016.07.487
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Methylmercury affects colocation of
doublecortin-tubulin in SH-SY5Y cells
L.E. Reyes-Vázquez, J.A. Hernández-Alcántara, L.C.
Acosta-Saavedra, E.S. Calderón-Aranda
Departamento de Toxicología, Centro de Investigación y de Estudios
Avanzados del IPN, Ciudad de México, México, Mexico
Introduction: Methylmercury (MeHg) is an environmental toxicant for the neurodevelopment. There is known that MeHg causes
neurotoxicity by disruption of the neuronal migration, but the
molecular mechanisms are not well elucidated. Microtubules (MT)
are one the components of the cytoskeleton essential for cell
migration. They are regulated by microtubules-associated proteins
(MAPS), as doublecortin (DCX) that act in the nucleation and stabilization the MTs to preventing their depolymerization during the
formation of the director front extension and nucleokinesis cell,
functions regulated by JNK.
Objective: The aim of this study was to determine if the MeHg
alters the levels and activity of DCX during cell migration.
Materials and methods: The cell line SH-SY5Y was exposed to
50 ng/ml of PDGF, MeHg (100 nM) and a JNK inhibitor (SP600125)
to evaluate the effect on levels of total and phosphorylated DCX by
Western blot; the colocation of DCX-tubulin and the integrity of
MT was by immunoﬂuorescence.
Results: Did not show signiﬁcant effects of MeHg on total and
phosphorylated DCX, neither with the JNK inhibitor. The DCX colocation whit microtubules were affected by MeHg, as well as by the
JNK inhibitor. This effect may be related to the MeHg ability to interfere with cyclical necessary steps to functional cellular migration.
Conclusion: The treatment with MeHg produces disruption of
the MTs, which may be associated with a direct effect of MeHg on
tubulin or MAPs function and consequently, explaining partially
the neuronal migration inhibition associated with MeHg.
http://dx.doi.org/10.1016/j.toxlet.2016.07.488
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Introduction: Cardiovascular diseases are the second cause
of death worldwide. Statistics show that morbidity and mortality associated with brain ischemia rises on postmenopausal
women. Several theories suggest some of these effects are due to
decreasing estrogenic levels more than the own aging effects. The
hippocampus is a very sensitive region to brain ischemia. A way
to demonstrate the oxidative stress in the organism is the quantiﬁcation of the malondialdehyde (MDA) and 4-hydroxyalkenals
(4-HDA), both, which are lipid peroxidation markers.
Objective: Compare MDA and 4-HDA levels on postmenopausal
female and male rat hippocampus following a transient brain
ischemia (TBI).
Material and methods: Four groups of 3 months old wistar
strain rats: (1) female rats with bilateral oophorectomy and
TBI, (2) female rats with TBI, (3) male rats with TBI and (4)
female rats without TBI. All rats were the same age when the
TBI procedure took place. The TBI procedure was carried out
by a bilateral carotid artery occlusion for 15 min. 24 h after the
procedure, the rats were sacriﬁced and then we obtained the
brain tissue through craniotomy. The MDA and 4-HDA were measured following the colorimetric method analysis. The values
obtained were normalized to mg of protein. Statistical analysis.
ANOVA (p < 0.05) post hoc Bonferroni. All procedures were executed sticking to ethical principles and the Mexican ofﬁcial norm
NOM-062-ZOO-1999.
Results: Levels of MDA and 4-HDA in oophorectomized
female rats with TBI were 13.59 ± 2.72/mg of protein; in
non-oophorectomized female rats with TBI 10.09 ± 1.96/mg of
protein; male rats with TBI 8.97 ± 0.49/mg of protein and
non-oophorectomized female rats without TBI (control) was
2.6 ± 0.18/mg of protein. Differences between rats with and
without brain ischemia were found (p < 0.001). In addition, differences between female oophorectomized rats and male rats
were found (p = 0.015). No differences were found between nonoophorectomized female rats and male rats (p = 0.602).
Conclusions: Female rats with oophorectomy produce superior
levels of lipid peroxidation in hippocampus following a transient
ischemic attack.
http://dx.doi.org/10.1016/j.toxlet.2016.07.489
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Mechanisms of toxicity and resilience of an
in vitro 3D human dopaminergic model to
Rotenone
G. Harris, A. Maertens, D. Pamies, H. Hogberg, J. Delp, T. Hartung,
L. Smirnova
CAAT, Johns Hopkins Bloomberg School of Public Health, Baltimore
USA
Introduction: Anastasis, greek for resurrection, has recently
come into play in understanding cellular mechanisms of recovery and reversal of apoptosis. This concept is not implemented
in current in vitro toxicological testing, however is relevant to
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mechanistic toxicology. We propose that cellular response to environmental stress differs not only in how cells are hit but how they
recover, thus determining organ selectivity. Toxic exposures can in
the long-term lead to either cellular resilience or delayed adverse
effects/disease.
Objective: Here, we expose an in vitro 3D dopaminergic model
to known mitochondrial toxicant rotenone, to compare molecular perturbations after primary hit (day 8) and delayed effects 7
days after compound wash-out (day 15). In contrast to currently
performed animal studies (high dose), we aim to study long-term
effects after low-dose exposures and cellular recovery vs acute toxicity.
Methods: To assess differences in acute and delayed cellular
responses, we treated aggregates with 50 and 100 nM rotenone
to analyze perturbations in transcriptome and microRNA proﬁle
(miRNome) on day 8 and day 15. This allows (a) to distinguish whether acute effects on gene expression are reversible or
irreversible (b) to identify delayed cellular response after compound withdrawal.
Results: In our preliminary results, we have observed a decrease
in TYMS and MLF1IP expression after exposure to rotenone,
which was further decreased on day 15 (irreversible), while
ASS1, CTH and SHMT expression which was upregulated on
day 8, returned to control levels on day 15 (reversible). In
the same experiments, miR-16 (apoptosis) and miR-210 (mitochondrial function) were unchanged on day 8 and mir-16 was
induced on day 15 (delayed). MiR-96p, involved in repression
of neural induction and control of glutathione levels, was upregulated on Day 8 and returned to control levels on Day 15.
Furthermore, miR-7, known to play a neuroprotective role, was signiﬁcantly downregulated after acute exposure but not on day 15
(reversible).
Conclusion: With these results, we aim to further study the role
of different microRNAs in long-term dopaminergic neurodegeneration, and cell survival pathways contributing to recovery and/or
resilience.
http://dx.doi.org/10.1016/j.toxlet.2016.07.490
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Introduction: Phylum Cnidaria is characterized by the presence
of specialized organelles named, nematocysts. These structures can
store a mixture of active compounds, mainly with neurotoxic and
cytolytic effects. Studies show that several peptides isolated from
sea anemones have as target to ion channels or membrane receptors expressed in the nervous system. It is well known that ion
channels are fundamental for most of the cellular physiological
processes, and that functional and/or structural alterations associated to them might be cause for neurological, neuromuscular or
cardiovascular pathologies.
Objective: The aim of this work was evaluate the bioactivity of
partially puriﬁed low weight compounds with neurotoxic effects,
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obtained from the sea anemone Bartholomea annulata, using biochemical and electrophysiological techniques.
Materials and methods: The venom extract was obtained
through nematocysts discharged. This crude extract was partially
puriﬁed by Sephadex G-50M. Finally, the low weight fraction was
analyzed electrophysiologically, on ion channels and membrane
receptors from rat brain expressed, using the model of oocytes from
frogs Xenopus laevis. For this, the mRNA from rat brain was puriﬁed
using standard procedures and injected (50 ng/oocyte) into oocytes
3–5 days before recording.
Results: In this work was observed that the fraction containing
low molecular weight compounds had bioactivity on membrane
proteins from the brain of mammals expressed in oocytes, while
native oocytes did not respond to the same venom fraction. One of
the more important effects observed is that venom fraction showed
a potent inhibitory effect on voltage-gated sodium channels (Nav ),
decreasing the current peak in 80% tested in a protein concentration
of 16.5 g/ml.
Conclusions: The results showed that the venom interacted
with multiple membrane proteins from the brain and also the
inhibitory effect on Nav might be caused by blockage of the channel and not by changes in the inactivation process. This mechanism
is different from those described so far for venoms from distinct
anemones.
Financial support: Grants UNAM-PAPIIT IN 202714 and
IN205615.
http://dx.doi.org/10.1016/j.toxlet.2016.07.491
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T.V. Muñoz-Rocha 2 , M. Romero-Martínez 2 , L. Schnaas 3 , B. Claus
Henn 1 , M. Tamayo y Ortiz 2 , R.J. Wright 1 , R.O. Wright 1 , M.M.
Téllez-Rojo 2
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Introduction: The prenatal period is critical for the development of the nervous system and its speciﬁc functions. Manganese
is an essential nutrient, however, insufﬁciently low and high levels can be detrimental for neurodevelopment. Maternal depression
during pregnancy has also been associated with poorer neurobehavioral performance in the developing child.
Objective: Evaluate co-exposure between manganese and
depression maternal and children neurodevelopment at 24 months
of age. Investigate a possible interaction.
Materials and methods: The study population consisted of 476
mother-infant pairs from the PROGRESS birth cohort in Mexico
City. During pregnancy, manganese was measured in maternal
blood, and depression was assessed using the Edinburgh Postnatal
Depression Scale (EPDS). Neurodevelopment was evaluated with
the Bayley Scales of Infant Development-III at 24 months of age.
Data was analyzed using multivariate regression (cognitive, language and motor scores modeled simultaneously), adjusting for
manganese, depression (yes/no cutoff ≥ 13), child’s sex and birth
weight, and maternal age, education, marital and socioeconomic
status. A sensitivity analysis was performed further adjusting for
the HOME scale score (n = 344).
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Results: Every 1 g/dL increase of manganese (mean
2.7 ± 0.8 g/dL) was associated with a loss of 1 cognitive and motor
points and 2 language points (p < 0.05). Depression (yes = 27%)
was associated with a loss of 3 cognitive (p = 0.05) and language
(p = 0.01) points, and 1.6 motor points (p = 0.07). The results did
not change with further adjustment for HOME scores a loss of 2
cognitive (p = 0.05), 3 language (p = 0.00) points, and 3.6 motor
points (p = 0.06) was observed. We do not observe interaction
between manganese and depression.
Conclusions: We demonstrated independent effects of manganese and maternal depression on more adverse neurobehavioral
functioning in these toddlers and underline the importance of
considering maternal depression during this period. There was no
evidence for an interaction.
Financial support: Children Environmental Health Network
(Conacyt-251229/271626).
http://dx.doi.org/10.1016/j.toxlet.2016.07.492
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Introduction: During gestational exposure in rats, Fluoride (F)
has been associated with effects on learning and memory. The
impact on the Central Nervous System (CNS) associated with prenatal exposure to F in human is an issue that deserves to be studied
because there are a large number of people who consume water
contaminated with this element daily and because of the ability of
F to cross not only the placental barrier but also the blood-brain barrier and accumulate in critical areas of the brain related to cognitive
development.
Objective: The objective of this study was to evaluate the association between in utero exposure to F and Mental Development in
children exposed to F throughout gestation.
Material and methods: The sample included 65 mothers and
their children. Levels of F in tap and bottled water and F in urine
were quantiﬁed with the ion selective method for each trimester of
pregnancy during the follow up. Three questionnaires were implemented in the trimesters of pregnancy to follow up the health status
of mother and pregnancy evolution. After birth, neurodevelopment
was assessed with the Bayley Scales of Infant Development II (BSDIII).
Results: 81.5% of tap water samples exceeded the level of
1.5 mg/l. The values reported for each trimester for F in tap water
were 2.6 ± 1.1 mg/l, 3.1 ± 1.1 mg/l and 3.7 ± 1.0 mg/l. F levels in
urine during the three trimesters of pregnancy were 1.9 ± 1.0 mg/l
in the 1st, 2.0 ± 1.1 mg/l in the 2nd and 2.7 ± 1.1 mg/l in the 3rd
and over 96% of the urine samples in the mothers had F levels higher than 0.65 mg/l. After adjusting for confounding factors
(gestational age, marginalization index and consumption of tap
water), in a multiple linear regression model, the MDI showed
an inverse association with F levels in maternal urine for the ﬁrst
and second trimester respectively (ˇ = −19.05; p = 0.04; ˇ = −19.34;
p = 0.01).

Conclusions: Our results suggest that the effects of F on cognitive development could initiate during pregnancy.
Financial support: Conacyt (181577), Children Environmental
Health Network (Conacyt-251229/271626), and the University of
Guanajuato (FO-DAI-05, 2013).
http://dx.doi.org/10.1016/j.toxlet.2016.07.493
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Effects in memory and learning in rats exposed
to arsenic
O.J. Zambrano, M.J. Moran, H.O. Favela, M.N. Betancourt, J.V.
Jimenez
Department of Biology of Reproduction and Ultrastructure,
Universidad Autónoma de Coahuila, Torreón, Coahuila, Mexico
Introduction: Arsenic (As) is a metalloid that has been found
as a natural contaminant in water and by anthropogenic activities, the international standard sets a maximum limit in water of
0.010 mg/l. In Mexico, the Mexican Ofﬁcial Standard NOM-127 SSA
January 1994 establishes a maximum allowable limit of 0.025 mg/l;
although, it should be mentioned that in some towns of La Laguna,
in Coahuila and Durango, Mexico, As concentrations exceed this
limit. Different researches have shown health effects by chronic
exposures to As, where mostly anthropogenic activities contribute
to As levels in water. Only few studies about the effect of As on the
memory and medium and long term learning have been developed.
Therefore, an experimental model of exposure in rats to evaluate
the effects on cognition tied to this contaminant is suggested.
Objective: To evaluate the effect of the toxicity of As in memory
and learning in Long Evans rats, developing a model of exposure to
different concentrations of the metalloid.
Materials and methods: Three groups of three rats each
were used and exposed to the following concentrations of As2 O3 ,
0.025 mg/L, 0.050 mg/L, and 0.070 mg/L in 50 ml of puriﬁed water
for four weeks in a ﬁve consecutive days of exposure and two days
of rest protocol. Animals were subjected to the Morris Water Maze
before and after (test–retest) the metalloid exposure. After applying the Morris Water Maze shaped retest, animals were sacriﬁced
by cervical dislocation. Then the brain was removed and inclusions
were made with parafﬁn and then cuts in the frontal lobe, temporal
lobe and hippocampus were done for histopathology analyses.
Results: After applying the Morris Water Maze test for the second time (retest), the average of the control group (2.47) was lower
than the group average DOS (3.25). With respect to the calculation of the Kaplan–Meier, both the survival function and the hazard
function of understanding increased with increasing dose.
Conclusions: Based on our results, we can conclude that there
is a deterioration in the memory by the exposure to As. Histological
analyses are in progress to complete the analysis.
Financial support: Financed through a scholarship by
CONACYT-Mexico.
http://dx.doi.org/10.1016/j.toxlet.2016.07.494
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Multiple heavy metal exposure and effects on
intellectual function in Ecuadorian children

S207

PP21.23
Micro-electrode array (MEA) recordings for
neurotoxicity screening of new psychoactive
substances (NPS)
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Background: Exposure to heavy metals during childhood affects
the neurocognitive development. The small-scale gold mining
activities carried out in mountain areas of the Southern Ecuadorian
Amazon have incorporated several heavy metals into the environment, increasing the risk of exposure of populations living in
adjacent areas.
Objective: The aim of this study was to assess the relationship
between the environmental exposure to manganese, lead and elementary mercury, and intellectual function in schoolchildren.
Methods: We assessed schoolchildren between 7 and 11 years
old, with similar socioeconomic status. These children were residents in the Cantón Paquisha, located in the Nangaritza River basin.
This area was classiﬁed a priori in three exposure zones (low n = 88;
median n = 80; high n = 71). Biomarkers of exposure were determined in hair for Mn (MnH), in blood for Pb (PbB) and in urine for
Hg (HgU). The Wechsler Intelligence Scale for Children IV (WISC
IV) was used to assess the intellectual function. Multilevel linear
regression models were constructed to estimate the associations
between biomarkers exposure and IQ scores, adjusted for potential
confounders.
Results: The geometric mean for MnH was 1.9 g/g (95% CI:
1.5–2.3), for PbB 1.1 g/dL (95% CI: 0.9–1.2) and 1.2 g/g creatinine (95% CI: 1.0–1.4) for HgU. The median and percentiles 25 and
75 for IQ scores was 75pt (71–83pts). For each exposure group
we observed signiﬁcant differences in the mean concentrations for
each biomarker and in the mean IQ scores. We observed signiﬁcant independent effects of the three heavy metals on IQ (lnMnH
ˇ −1.66, 95% IC: −2.43 to −0.89; lnPbB ˇ −2.12, 95% IC: −3.37 to
−0.86; lnHgU ˇ −0.86, 95% IC: −1.71 to −0.01).
Conclusions: MnH, PbB and HgU levels are associated with
effects on intellectual function in schoolchildren residents in the
gold mining area in the Cantón Paquisha, in Ecuador.
http://dx.doi.org/10.1016/j.toxlet.2016.07.495
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Introduction: The use of new psychoactive substances (NPS) is
increasing. These ‘legal highs’ induce effects comparable to known
illicit drugs and/or are structurally alike. However, information on
potential health risks of these compounds is limited.
Objective: As most illicit drugs affect the nervous system, we
investigated the effects of both illicit drugs and NPS on neuronal
function to provide a risk characterization of NPS based on adverse
neurophysiological effects.
Materials and methods: Rat cortical cultures were grown on
multi-well microelectrode arrays (mwMEAs) and acute effects of
illicit drugs and NPS on neuronal activity were investigated.
Results: Immunohistochemical staining demonstrated the
presence of astrocytes, glutamatergic and GABAergic neurons
in these cultures. Next, using mwMEA we demonstrated that
the endogenous neurotransmitters GABA, serotonin, dopamine
and nicotine concentration-dependently inhibited neuronal activity, whereas glutamate and acetylcholine increased activity at
speciﬁc concentrations. As expected, neuronal activity increased
upon exposure to bicuculline (GABA-receptor antagonist), whereas
the GABA-receptor agonist diazepam and the glutamate receptor antagonists CNQX and MK-801 reduced neuronal activity. Finally, methylenedioxy-methamphetamine (MDMA), 1-(3chlorophenyl)piperazine (mCPP), amphetamine and the NPS
4-ﬂuoroamphetamine (4-FA) and methoxetamine (MXE) also
decreased neuronal activity, with IC50s ranging from 0.5 M for
MXE to 190 M for 4-FA.
Conclusions: Our data demonstrate the usability of cortical cultures grown on mwMEA for neurotoxicity screening of illicit drugs
and NPS. These mwMEA can quickly provide information on integrated aspects of neurotoxicity and health risks, and potentially
fasten the regulation process of these drugs.
Financial support: NVIC (UMC Utrecht) and the Faculty of Veterinary Medicine (Utrecht University).
http://dx.doi.org/10.1016/j.toxlet.2016.07.496
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PP21.24
Relationship of IQ in children between 6 to 12
years old with exposure to arsenic in drinking
water, preliminary results
A.J. Guerra-Alanis 1 , N.D. Betancourt-Martínez 1 , J.
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D.R. Arellano-Pérez-Vertti 1 , J. Morán-Martínez 1
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Introduction: The countries with highest concentrations of
As in Drinking water in the world are Argentina, Bangladesh,
Chile, China, USA, Hungary, India, Mexico, Nepal and Romania. The
concentration accepted by the WHO is 10 g/L; in Torreon, the
concentration of As according SIMAS in 2014 was 27 ± 102 g/L
(0.2–942 g/L), and 2015 was x̃ = 19 g/l ± 17.4 (.01–125). In the
common land El Lequeitio were found concentrations of 223 g/L.
Diseases associated with arsenic are liver cancer, bladder, skin, and
other like diabetes, neuropathies, child keratosis, and also lower IQ.
Objective: The objective of this study is to correlate measurements of Intelligence at the time of exposure to arsenic in drinking
water of children.
Materials and methods: 29 girls and 30 boys, 6 to 12 years old
(x̃ = 8.7 ± 1.56), we applied intelligence test WISC-IV, with FIQ (x̃
= 82.64 ± 11.65), The FIQ consists of areas like: VCI (x̃ = 79.3 ± 12.5),
VSI (x̃ = 86.7 ± 12.86) WMI (90.7 ± 14.74) PSI (x̃ = 90.7 ± 14.74). The
Rosenberg Test of Self-Esteem was applied to the children (70%
of the children showed normal and high self-esteem), to the parents of the children we applied a test with questions like, Time
living in the place TP(x̃ = 7.33 ± 3), and glasses of water ingested WI
(3.15 ± .9). 30 water samples were taken place, and analyzed with
the Arsenator apparatus (x̃ = 15.5 ± 9.7 g/L). Socioeconomic Status
questionnaires were applied to mothers of the children (x̃ = 69 ± 32,
the score range is 51–223).
Results: The WI was correlated with FIQ, (r2 = −.264, p < 0.05),
VCI (r2 = −261, p < 0.05) and the VSI (−0.271, p < 0.05).
Conclusions: The children’s FIQ of 6 to 12 years decreases over
the time of arsenic exposed above the standard set by the WHO and
Mexico of 10 g/L.
Financial support: The Project was funded by COECYT number: MEX-2013-C09-C14 and with ﬁnancial support provided by
CONACYT scholarship number: 514315.
http://dx.doi.org/10.1016/j.toxlet.2016.07.717
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Opening ATP-sensitive K+ (KATP ) channels
increases MPP+ -induced hydroxyl radical
generation via estrogen action in rat striatum
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The present study examined the antioxidant effect of tamoxifen, a synthetic non-steroidal antiestrogen, on cromakalim or
nicorandil (ATP-sensitive K+ (KATP ) channels opener)-enhanced

hydroxyl radical (• OH) generation induced by 1-methyl-4phenylpyridinium ion (MPP+ ) in extracellular ﬂuid of rat striatum.
Rats were anesthetized, and sodium salicylate in Ringer’s solution
(0.5 mM or 0.5 nmol/䊐l/min) was infused through a microdialysis
probe to detect the generation of • OH as reﬂected by the nonenzymatic formation of 2,3-dihydroxybenzoic acid (DHBA) in the
striatum. Cromakalim (100 䊐M) or nicorandil (1 mM) enhanced the
formation of • OH trapped as DHBA induced by MPP+ (5 mM). Concomitantly, these drugs enhanced dopamine (DA) efﬂux induced
by MPP+ . Tamoxifen (30 M) signiﬁcantly decreased the level of
DA enhanced by cromakalim or nicorandil. When iron (II) was
administered to cromakalim or nicorandil treated animals, a
marked elevation of DHBA was observed, compared with MPP+ only treated animals. Tamoxifen suppressed DHBA formation
induced by MPP+ and cromakalim or nicorandil. These results
indicated that the effects of tamoxifen on opening of KATP
channels enhances • OH generation in the extracellular space of
striatum during of DA release by MPP+ . These results indicated
that estrogen protects against neuronal degeneration by as an
anti-oxidant.
http://dx.doi.org/10.1016/j.toxlet.2016.07.718
P22: Occupational Toxicology
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Mercury mining in Mexico: Community
engagement to improve health outcomes from
artisanal mining
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Introduction: Mercury is an element that cannot be destroyed
and is a global threat to human and environmental health. In Latin
America and the Caribbean, artisanal and small-scale gold mining represents the main source of mercury emissions, releases, and
consumption. However, another source of concern is the primary
production of mercury. In the case of Mexico, in the past 2 years
the informal production of mercury mining has increased 10-fold.
Objective: The aim of this study was to present results from
a preliminary study in the community of Plazuela, located in the
municipality of Peñamiller in the State of Queretaro, Mexico.
Materials and methods: Site description: in Plazuela mercury
has been mined in the area since precolonial times (indigenous
groups like the Aztecs worked in the region). Study Population:
Children: those who had lived in the selected area from birth and
who were between the ages of 6 and 14 years at the time of the study
were eligible to participate. After informed consent was obtained, a
questionnaire was used to help document the history of each child
and urinary samples were taken. Miners: only workers currently
working in the mine participated in this study. Women: only those
who accepted to participate were sampled. Environmental monitoring: to conﬁrm the presence of mercury in the community,
mining waste, water, soil, and sediment samples were collected
from those high-risk areas identiﬁed by members of the community.
Results: Children, women, and miners were heavily exposed
to mercury (urine samples); and in agreement, we registered high
concentrations of mercury in soils and sediments.
Conclusions: Considering these results and taking into account
that the risk perception toward mercury toxicity is very low in

Abstracts / Toxicology Letters 259S (2016) S73–S247

the community (mining is the only economic activity), an integral
intervention program has started.
Financial support: Children Environmental Health Network
(Conacyt-251229/271626).
http://dx.doi.org/10.1016/j.toxlet.2016.07.498
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Introduction: Indigenous agricultural workers are a vulnerable population to pesticide toxicity. Each year, 40% of indigenous
denominated Huicholes leave their communities to work in agricultural ﬁelds, where organophosphate pesticides (OP) are mainly
used. Several studies have demonstrated the role of human Paraoxonase 1 (PON1) in modulating OP toxicity, preventing their
toxicity, especially in the central nervous system. Additionally,
inhibition of acetylcholinesterase activity (AChE) and butyrylcholinesterase (BuChE) are considered to be biomarkers of OP
exposure.
Objective: Biomarkers of pesticide toxicity and PON1 phenotype
and genotypes were evaluated in indigenous Mexican farmworkers
exposed mainly to OP pesticides.
Materials and methods: The exposed population consisted of
indigenous farmworkers and reference group workers engaged in
different types of activities, reporting no use of pesticide. AChE,
BuChE, and PON1 activities (arylesterase and CMPAase) were evaluated spectrophotometrically. PON1 55 and 192 polymorphisms
were determined by real-time polymerase chain reaction (PCR).
Hematological parameters were evaluated using a cytometer.
Results: BuChE and arylesterase activities were lower in farmworkers who also exhibited lower levels of leukocytes, but higher
percentages of lymphocytes with respect to the non-exposed
group. Our results showed a high frequency of OP and high
hydrolysis-related PON1 alleles (LL/QR and LL/RR) in the study population. An association was observed between CMPAase activity
and the PON1Q192R polymorphism.
Conclusions: The results suggest that pesticide exposure modiﬁes biochemical and hematological biomarkers in the study
population, and that the PON1 phenotype is a sensitive exposure
biomarker of OP pesticides.
Financial support: This study was funded by project NAY-2008C01-93389 FOMIX and the Pesticide Toxicology Network (Conacyt
– 253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.499
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Introduction: Fireﬁghters experience above average risks of
injury and chronic disease including kidney, ureter, and pancreatic cancer, respiratory diseases, and heritable genetic effects.
Exposures to carcinogens during ﬁreﬁghting, including combustion
emissions and by-products, vary depending on the nature of the ﬁre
and the individual’s role during ﬁre suppression. Polycyclic aromatic hydrocarbons (PAHs) are a group of compounds commonly
associated with combustion emissions, and includes several well
known mutagenic carcinogens. Few studies have examined ﬁreﬁghters’ exposures to combustion emissions, and those that have
been conducted studied exposures during training exercises.
Objective: To provide improved understanding of ﬁreﬁghters’
occupational exposures to combustion emissions during “on-shift”
ﬁre suppression.
Materials and Methods: Paired urine samples (i.e., pre- and
post-ﬁre event) and ﬁre event questionnaires were collected from
OFS (Ottawa Fire Service) ﬁreﬁghters after on-shift ﬁre suppression events. PAH exposures were quantiﬁed by GC/MS-MS analysis
of urinary PAH metabolites. Urinary mutagenicity, which assesses
total exposure to organic mutagens, was measured using the
Salmonella mutagenicity assay (Ames Test).
Results: The results show that post-event levels of 1hydroxypyrene, a urinary metabolite of pyrene, increased by an
average of 3.7-fold (i.e., compared to pre-event, p < 0.0001). Similarly, post-event levels of phenanthrene, ﬂuorene and naphthalene
metabolites showed signiﬁcant average increases of 5.3-, 3.9and 2.9-fold, respectively (p < 0.0001). Post-event levels of urinary mutagenicity showed a signiﬁcant average increase of 4.3-fold
(p < 0.001). Duration of ﬁre suppression activities was found to be
empirically related to post-event levels of urinary PAH metabolites
(r2 = 0.17 to 0.52, p < 0.05).
Conclusions: The results indicate that on-shift ﬁreﬁghting is
associated with signiﬁcant increases in exposures to PAHs and
other organic mutagens.
http://dx.doi.org/10.1016/j.toxlet.2016.07.500
PO22.4
Five years follow up on aluminium
occupational exposure
F. Deschamps
Department of Occupational Health, Medicine Faculty, Reims, France
Introduction: A longitudinal study was conducted between
2007 and 2012 to assess possible emerging disease from occupational exposure to Aluminium.
Methodology: Exposed workers to Aluminium salvage plant
were compared between 2007 and 2012 with controls. The investigation involved a standardizing occupational and medical history
and assessments of Aluminium levels in ambiance and urine. This
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was combined with an evaluation of respiratory complaints, lung
and cognitive functions.
Results: Thirty workers were exposed to aluminium during the
year 2007, and 36 in 2012; around half of them present the following up. Beside, all of them were matched to individuals without
such aluminium exposure.
The average internal doses of aluminium found in urine grew
from 11.02 g/L (2007) to 20.84 g/L (2012) and were signiﬁcantly
higher than the controls: 4.37 g/l (2007) and 13.8 g/L (2012).
Atmospheric levels obtained from stationary samples grew from
0.66 to 1.65 g/m3 (2007) to 22.12 to 33.5 g/m3 (2012). Irritability
symptoms were signiﬁcantly higher during 2007 and for chronic
cough in 2012.
Conclusion: The worst working conditions during the last
assessment (2012) were paradoxically the aftermath of modiﬁcations to enhance the working process and to increase preventive
measures.
http://dx.doi.org/10.1016/j.toxlet.2016.07.501
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Introduction: Organophosphate pesticide (OP) exposure has
been associated with inhibition of the enzymatic activity of
the cholinesterases butyrylcholinesterase (BuChE) and acetylcholinesterase (AChE), these are considered as biomarkers of OP
exposure and effect. Paraoxonase1 (PON1) is an enzyme that
hydrolyzes and detoxiﬁes a large number of OP. The adverse health
effects by AChE inhibition might be modulated by a PON1 genetic
polymorphism such as PON1 Q192R.
Objective: To determine the relationship between cholinesterase activity and PON1 Q192R polymorphism in workers chronically exposed to OP.
Materials and methods: A cross-sectional, descriptive, and analytical study was conducted in 208 workers exposed to pesticides
dedicated to the fumigation of houses, schools, and other areas.
Three different groups were considered according to exposure
level (low exposure, intermediate exposure, and high exposure).
AChE and BuChE activity was determined spectrophotometrically
in blood, according to the Ellman method. The PON1 Q192R polymorphism was determined using Taqman probes from Applied
Biosystems by real time-PCR.
Results: In a preliminary analysis, differences in AChE and
BuChE activity were examined by gender, genotype, and body
mass index (BMI). Allele frequency in this population is R = 0.483
and Q = 0.517. An association was observed between cholinesterase
activity (AChE and BuChE) and PON1 Q192R genotypes in the highexposure group. The individuals carrying the RR genotype have
more AChE and BuChE activity than those carrying the QQ genotype.
Conclusions: Preliminary results demonstrate that there is an
association between cholinesterase activity and PON1 Q192R genotypes in workers with high exposure to pesticides.

Financial support: This study was support by CONACyT-Salud,
Mexico (grant #233803). The authors express their acknowledgements to Pesticide Toxicology Network (Conacyt-253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.502
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Introduction: In the last decade, indiscriminate use of pesticides in agriculture and public health campaigns has been
associated with an increase of oxidative stress (OS) and DNA
damage, resulting in health outcomes. Some defense mechanisms
against free radical-induced oxidative damage include the antioxidant enzymatic system.
Objective: To determine the levels of OS through lipid peroxidation products, such as malondialdehyde (MDA), the antioxidant
enzyme activity of catalase (CAT), superoxide dismutase (SOD),
glutathione peroxidase (GPx), glutathione reductase (GR), and its
relationship with DNA damage in sprayers occupationally exposed
to pesticides.
Materials and methods: The study population consisted of 208
sprayers stratiﬁed into three groups according to the grade of exposure. The determination of MDA, SOD, GPx, and GR activities was
performed spectrophotometrically using assay kits according to the
manufacturer’s instructions. CAT activity was determined according to Aebi (1984). The genotoxic effect was evaluated through the
comet assay with some modiﬁcations.
Results: The preliminary results showed that MDA levels were
not different according to the study group (p = 0.74). In contrast,
CAT and SOD activities were reduced in the high- exposure group
compared with the reference group (p = 0.09, p = 0.07). With respect
to DNA damage parameters, no signiﬁcant difference was observed.
In addition, an inverse association was observed between CAT and
SOD activities, and DNA damage, suggesting that the damage may
be induced by the decrease of the antioxidant enzyme activity.
Conclusions: The preliminary results suggest the relevance of
the antioxidant enzymes in terms of DNA protection in pesticideexposed population.
Financial support: This study was support by CONACyT-Salud,
Mexico (grant #233803 and Pesticide Toxicology Network (Conacyt
– 253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.503
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Introduction: DMA is widely used in acrylic ﬁber, polyester
ﬁlms and pharmaceutical industries. Occupational exposure to
DMA had been associated with various toxicities such as liver
injury, rhabdomyolysis and hallucinations. DMA related hepatic
failure however was rarely reported.
Case report: A 31-year-old, previously healthy worker developed poor appetite, general malaise and yellowish skin discoloration after having been working in an acrylic ﬁber manufacturing
plant for 2 months. He was referred to our service due to
acute hepatic failure (peak total bilirubin was 18.09 mg/dL). After
receiving n-acetylcysteine and supportive care, he recovered
uneventfully. Notably, increased concentration of DMA (15.1 mg/g
creatinine) and MMA (64.9 mg/g creatinine) was found 2 weeks
after the patient stopped DMA exposure.
Materials and methods: We conducted a walkthrough of the
acrylic ﬁber manufacturing plant and collected urine samples from
10 DMA-exposed workers on 3 occasions during a working day
to evaluate the signiﬁcance of the above-noted concentrations of
DMA and MMA. LC-ESI-MS/MS method was developed to quantify the urinary concentrations of DMA and MMA. Linear detection
range for DMA and MMA was 0.4–6.6 ug/mL and 0.45–7.25 ug/mL
respectively.
Results: Workers who worked in the same department as the
case had higher urinary concentrations of DMA and MMA than
those of other departments. Moreover, there was a dose-response
relation between working time and urinary concentrations of DMA
and MMA. However, all 10 workers’ urine concentration of MMA
was under the biological exposure index (BEI) set by the ACGIH, i.e.
30 mg/g creatinine.
Conclusions: The study results suggest that late measurement
of urinary concentration of MMA (up to 15 days post-exposure) may
still be helpful in conﬁrming the diagnosis of DMA related hepatic
failure. Moreover, BEI seems to be useful in routine monitoring of
workers exposed to DMA.
Financial support: This study was partly supported by a grant
from the Occupational Safety and Health Administration, Ministry
of Labor, Taiwan.
http://dx.doi.org/10.1016/j.toxlet.2016.07.504
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Introduction: Fireﬁghters are among those occupations with
elevated risk of injury and developing cancer. Occupational expo-
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sure assessments for ﬁreﬁghters are limited and most have been
conducted during training exercises.
Objective: Characterize ﬁreﬁghters’ exposures to toxic chemicals during live ﬁre events and secondary exposure at ﬁrestations.
Materials and methods: In this study, concentrations of 16
PAHs listed in the USEPA were determined. 28 ﬁreﬁghters from
four ﬁre stations across Ottawa, Canada voluntarily participated in
this study. Air samples were collected from 29 live ﬁre events. Wipe
samples (skin, personal protective equipment (PPE), and personal
clothing) were also collected from the ﬁreﬁghters before and after
a ﬁre call. Air samples were also collected from vehicle bays and
inside ﬁre trucks from three ﬁrestations to determine the level of
secondary exposure.
Results: Concentrations of total PAHs during ﬁre events ranged
from 5.23 to 28,604 g/m3 ; naphthalene dominated the PAHs
generated in the live ﬁre events. PAHs deposition (fold changes)
between before and after a ﬁre call onto skin, PPE, and personal
clothing ranged from 0.11 to 190, 0.44 to 153, and 0.03 to 10.4,
respectively. Naphthalene, phenanthrene, and ﬂuranthene dominated the PAHs deposition from live ﬁre events. Carcinogenic
compound, benzo(a)pyrene, was also present in the wipe samples.
Differences in deposition were statistically signiﬁcant for skin and
PPE samples between before and after ﬁre samples. Average (SD)
PAHs concentrations in vehicle bay and inside a ﬁre truck across
three ﬁre stations were 0.11 (0.06) and 2.3 (0.66) g/m3 . These concentrations were lower than occupational exposure limit for total
PAHs.
Conclusions: These ﬁndings suggest that ﬁreﬁghters are
exposed to PAHs during live ﬁre and also at ﬁre stations. Dermal absorption and inhalation of PAHs deposited on skin and
PPE, respectively, could be the major route of exposure in ﬁreﬁghters. The results will be shared with Ottawa Fire Service to
modify/develop standard operating procedures.
Financial support: The study is funded by Ontario Ministry of
Labour, Ontario, Canada.
http://dx.doi.org/10.1016/j.toxlet.2016.07.505
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Paraoxonase 1 as biomarker of exposure and
susceptibility to pesticide sprayers
M.C. Xotlanihua Gervacio 1 , I.B. Molina Pintor 1 , A.B. Benítez
Trinidad 1 , Y.Y. Bernal Hernandez 2 , B.S. Barrón Vivanco 2 , I.M.
Medina Díaz 2 , A.E. Rojas García 2,1
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Introduction: Paraoxonase 1 (PON1) hydrolyzes a number
of organophosphate compounds (OP) including insecticides and
nerve agents. The in vivo efﬁcacy of PON1 depends on the internal
(genetic polymorphisms) and external (diet, lifestyle, and others)
factors. Pesticide sprayers are a vulnerable population to pesticide
exposure and toxicity.
Objective: The aim of this study was to determine the phenotype
and genotype of PON1 and their association with pesticide sprayers
exposed mainly to OP pesticides.
Materials and methods: A cross-sectional and analytical
study was conducted on pesticide sprayers. The PON1 phenotype was evaluated through paraoxonase (with and without NaCl),
arylesterase, and CMPAase activities spectrophotometrically. The
PON1 Q192R polymorphism was determined by real-time PCR. The
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study was approved by the Bioethics Commission of Nayarit State,
Mexico.
Results: In total, 208 subjects participated in the study.
The results showed geometric means of paraoxonase activity
of 53.86 U/L, paraoxonase activity with 1 M NaCl of 230.84 U/L,
arylesterase activity of 96.72 U/L, and CMPAase of 19.62 U/mL. The
genotype frequency of Q192R obtained in this study was 0.26 for
QQ, 0.52 for QR, and 0.22 for RR. There was a statistical signiﬁcance between the PON1 phenotype and genotype. Additionally,
an association was found between pesticide exposure and PON1
phenotype: participants with high exposure had less paraoxonase
activity, independently of the PON1 genotype.
Conclusions: The level of exposure to organophosphate pesticides and the Q192R genotype modulate the phenotype of PON1.
Financial support: This study was support by CONACyT-Salud,
México (grant #233803) and Pesticide Toxicology Network (Conacyt – 253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.506
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Evaluation of genotoxicity and antioxidant
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pesticides
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Introduction: Pesticide exposure has been associated with an
increase of oxidative stress and genetic alterations. One of the
mechanisms to counteract this effect is based on antioxidant
enzymes, whose activity has been observed as altered by these
xenobiotics.
Objective: Evaluate the nuclear index (NI), the micronucleus
(MN), buds, nucleoplasmics bridges (NPB), and necrotic and
apoptotic cell frequency, as well as the antioxidant enzyme activity of glutathione peroxidase (GPx) and glutathione reductase
(GR) in women occupationally exposed to organophosphate and
pyrethroid pesticides.
Materials and methods: The study population consisted of
59 women. The cytokinesis-block micronucleus (CBMN) assay
was conducted in cultures from whole blood samples. GPx and
GR enzymes activity were conducted using a kit from Abcam
(102530/83466) following the manufacturer’s instructions.
Results: The study population is exposed mainly to temephos
and, in a lesser proportion, to chlorpyrifos and deltamethrin, among
others. The geometric mean of MN was 6.02, with a range of 1–26
MN. A positive correlation was found between MN and bud frequency. In contrast, a negative correlation was observed between
MN and NI. On the other hand, pesticide exposure did not increase
the frequency of genotoxicity parameters in the study population;
however, a positive association was observed between MN and GR
activity, and a negative association between GPx activity and MN
frequency.
Conclusions: Our preliminary results suggest the relevance of
including antioxidant enzymes in genotoxicity studies.

Financial support: This study was support by CONACyTMéxico (grants #156673, #233803). The authors express their
acknowledgements to Pesticides Toxicology Network (Conacyt253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.507
PP22.7
Potential cardiovascular toxicities of heavy
metal and particulate matter exposure among
naval shipyard workers
Yu-Ci Liu, Kuo-Pin Yu, Yu-Fang Huang, Chen-Chang Yang
Institute of Environmental & Occupational Health Sciences, School of
Medicine, National Yang-Ming University, Taipei, Taiwan
Introduction: Shipyard workers are exposed to various hazardous materials during their work, especially heavy metals and
particulate matters (PMs) derived from welding and grinding processes. Previous studies have shown that both acute and chronic
exposure to PMs were associated with increased respiratory and
cardiovascular mortality. We conducted a cross-sectional study to
evaluate the usefulness of urinary 1-hydroxypyrene (1-OHP) and
heavy metals as a biomarker of occupational exposure to PMs and
heavy metals among naval shipyard workers, respectively. We also
assessed the relation between exposure to PMs and heavy metals
and selected indices of cardiovascular toxicity among the workers.
Materials and methods: Twenty manufacturing workers and 20
ofﬁce workers in a naval shipyard in Taiwan were enrolled in this
study. A SKC XR5000 air-sampling pump with a MSP PM2.5 personal
environmental monitor was used to collect air samples during the
workers’ day shift. Personal mobile heart rate monitor was also
used to record electrocardiography and heart rate variability of all
workers during their day shift. Pre- and post-shift urine samples
from the same working day were collected as well. Fasting blood
samples were drawn on the next morning and tested for serum
biochemistry, high-sensitivity C reactive protein (hs-CRP) and Ddimer. The relation between PM2.5 and heavy metals and indices of
cardiovascular toxicity was then analyzed.
Results: Shipyard workers’ PM2.5 exposure was signiﬁcantly
higher than that of the ofﬁce workers (p = 0.016). Moreover, higher
PM2.5 exposure was associated with decreased, albeit statistically
insigniﬁcant, blood vessel elasticity. Uirnary selenium concentration was positively correlated with hs-CRP (p = 0.007) and D-dimer
(p = 0.015); urinary chromium was positively correlated with hsCRP (p = 0.003); and urinary nickel was positively correlated with
hs-CRP (p = 0.020).
Conclusions: Shipyard workers were exposed to higher PM2.5
concentration than ofﬁce workers. Moreover, the concentration of
certain urinary metals were associated with selected indices of cardiovacular toxicity, the relation of which deserves further study in
the future.
Financial support: This study was supported by a grant from
the Taipei Veterans General Hospital, Taipei, Taiwan.
http://dx.doi.org/10.1016/j.toxlet.2016.07.508

Abstracts / Toxicology Letters 259S (2016) S73–S247

PP22.8
Quality of pesticide use in sugarcane
agroecosystem in Veracruz, Mexico
E. Ramírez-Mora 1 , A. Pérez-Vázquez 1 , C. Landeros-Sánchez 1 , J.A.
Villanueva-Jiménez 1 , J.P. Martínez-Dávila 1 , L.C.
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Introduction: In Veracruz state, sugarcane cover a cultivated
area of 22,414 ha, which impacts in the volume of pesticides use
and the high proportion of occupationally exposed population.
Objective: To know the quality of pesticide use by farmers and
sprayers growing sugarcane in the Distrito de Riego-035 (DR-035)
La Antigua Veracruz.
Materials and methods: 147 interviews were carried out in
farmers and pesticide sprayers in three municipalities of DR-035,
using a structured questionnaire to document management practices and pesticide use. A database was built-up for statistical
analysis. Data obtained allowed to obtain a Quality of Pesticide Use
Index (QPI) by farmers and pesticide sprayers.
Results: 74 (50%) out of 147 were farmers who deal exclusively
with the application of pesticides, 35 (23.8%) farmers who work as
sprayers and 38 (25.8%) pesticide sprayers. In sugarcane cultivation
is used mainly 3 to 6 herbicides and 1 or 2 insecticides per cycle. To
choose pesticides, farmers rely on their experience. Pesticides are
stored in a warehouse and empty containers are left in the plot or
burned. The absence of full personal protection equipment stands
out, being common the use work clothes such as long-sleeve T-shirt,
trousers, boots and hat or cap. The QPI was statistically signiﬁcant
(P ≤ de 0.01) and it showed signiﬁcant differences among groups
(Tukey ≤ 0.05) and signiﬁcant linear correlations with age, education, sprayer’s age, farmer’s age, plot size. Also with frequency in
use of: long sleeve T-shirt, boots, cap or hat, face masks, gloves,
dorsal and frontal protection.
Conclusions: The use of pesticides in sugarcane plantation is
based on farmers experience than in a real process of technology
transfer and training from technicians of the sugarcane company.
The QPI was higher in pesticide sprayers as compared to farmers
due to an improvement of their practices of pesticide use as a result
of previous poisoning symptoms.
Financial support: This research was ﬁnancially funded by the
Fideicomiso de Administración e Inversión No. 167304-2010.
http://dx.doi.org/10.1016/j.toxlet.2016.07.509
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Analysis of micronucleus and nuclear
abnormalities in mucosa buccal cells of
agricultural workers exposed to pesticide
mixtures in Tlaxcala state, Mexico
J. Sánchez-Alarcón 1 , Y. Pérez-Zempoalteca 1 , M. Milić 2 , J.M.R.
Montiel-González 1 , R.A. Valencia-Sánchez 1 , R.
Valencia-Quintana 1
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de Tlaxcala, Tlaxcala, Mexico
2 Institute for Medical Research and Occupational Health,
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Introduction: Tlaxcala is a land of agriculture, which is why
agricultural pest control is essential, and the most effective method
is to use chemicals. However, they represent a signiﬁcant source of
occupational and non-occupational exposure to potentially toxic
agents.
Objectives: The aim of this study was to evaluate the geno- and
cyto-toxic effects of pesticides in exfoliated buccal cells of workers
occupationally exposed in Tlaxcala, Mexico.
Materials and methods: The micronucleus assay in exfoliated
buccal cells is a useful and minimally invasive method for monitoring genetic damage in humans. The study compared 32 agricultural
workers in the rural community of Tlaxcala, Mexico, with 30 nonexposed individuals. All of the individuals signed an informed
consent form and ﬁlled in a detailed questionnaire enquiring into
possible confounding factors (age, gender, smoking and drinking
habits, vaccination, medication, X-ray examinations and diet). In
the case of the affected group, years of exposure and protective
measures used were also recorded. Buccal epithelium cell samples
were collected during the day. The subjects rinsed their mouth with
water before sampling, buccal cell samples were obtained by gently
scraping the roof of the mouth. The slides were stained by the Feulgen reaction technique. 3000 epithelial cells of each individual were
evaluated to determine MN, KR, KL, and BN frequencies. In order to
compare differences among the exposed and non-exposed, Welch’s
unequal variances t-test was applied.
Results: The study revealed that the frequency of MN and
the nuclear anomalies (KR, and BN), increased signiﬁcantly in
the exposed group. No signiﬁcant effect on genetic damage was
observed as a result of age, smoking, and alcohol consumption.
Conclusions: This study provided valuable data for establishing the possible risk to human health associated with pesticide
exposure.
Financial support: This work was supported by the CONACyTRed Temática de Toxicología de Plaguicidas no. 253789/271775.
http://dx.doi.org/10.1016/j.toxlet.2016.07.510
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Affection in the auditory brainstem pathway
associated with occupational, low-level
exposure to ethylbenzene
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Introduction: Hearing loss in occupational exposure to a solvent mixture has been already reported; however, mixture in those
reports did not contain ethylbenzene, a compound showing peripheral ototoxicity in animals exposed to high levels. In this work,
we evaluated the auditory brainstem pathway in two samples of
workers exposed to different levels of a solvent mixture where
ethylbenzene was present, compared to a reference group.
Material and methods: Individual exposure levels for up to
seven compounds were obtained in two groups: Exposed (n = 21
gas station attendants, GS, and leather shoe factory workers, LS)
and Non-exposed (n = 21, administrative workers) all of them from
the city of León Guanajuato, México. The click-evoked auditory
brainstem response test was performed in both groups.
Results: Toluene, n-hexane, acetone, ethylbenzene, xylene
and methyl ethyl ketone exposure levels were higher in LS
(p < 0.001). Only n-hexane exposure levels were above the permissible levels, while mean ethylbenzene exposure levels ranged
0.4–14.58 mg/m3 . Wave V latency at four different points of stimulation for both ears was delayed in the exposed group, as well as
the I–V and I–III interwave latencies at 70 dB (p < 0.05). LS workers
showed a delayed I–III interpeak interval compared to non-exposed
group. Also in LS, ethylbenzene exposure levels showed a signiﬁcant correlation with wave V latency at 40 dB (r = .8, p = 0.008).
Conclusion: Our results point out to a central affection in
the auditory system caused by ethylbenzene in a dose response
manner. Workers exposed to ethylbenzene levels far below the
permissible exposure limit should be closely monitored for early
ototoxicity effects.
http://dx.doi.org/10.1016/j.toxlet.2016.07.511
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Lack of cellular proliferation expression and
positive expression for apoptosis gene in
shoe-workers with cytogenetic damage due to
organic solvents exposure
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Occupational exposure to organic solvents in shoe-workers may
cause cytogenetic damage (micronucleus or MNs) and mutagenesis
stresses in mouth cells. MNs are formed from chromosome damage
and MN assay in exfoliated cells may be a speciﬁc biomarker of

exposure to various carcinogens. However, this test is not useful to
determine the risk of oral cancer. At present, there are plenty of cellular markers for oral cancer, proliferation genes, apoptosis, tumors
suppressor genes and angiogenesis; but so far those signiﬁcant for
both diagnosis and prognosis are p16, Ki-67, Mcm-2 and caspase-3.
The aim was to evaluate and compare the cellular expression of the
set Ki-67, Mcm-2 and p16 (proliferation) and caspase-3 (apoptosis)
biomarkers in shoe-workers exposed to organic solvents and in
malignant oral cancer tissue. 15 subjects from the shoe industry
harboring cytogenetic damage were included. Four tissue samples
from patients with well-differentiated keratinizing squamous cell
carcinoma oral cavity (SCCOC) were used as positive controls.
Immunohistochemistry assay for Ki-67, p16, mcm-2 and caspase
3 was performed in exfoliated cells and in parafﬁn-embedded oral
cancer samples using MACH1 Universal HRP-Polymer kit with
p16INK4a (1:50 MAb), Ki-67 (1:50 PAb), Mcm-2 (1:50 PAb), and
Caspase-3 (1:50 PAb). Negative controls for immunostaining were
carried out omitting primary antibody. According to the intensity
reaction, the results were classiﬁed as positive or negative. As
expected, the SCCOC control tissues showed a positive immunostaining for the cellular proliferation biomarkers Ki-67 and Mcm-2
but negative expression for p16 and Caspase-3. In contrast, the
subjects harboring cytogenetic damage showed a negative expression for all cell proliferation biomarkers and positive expression
for caspase-3. In conclusion, lack of expression for cellular proliferation biomarkers in the shoe-workers exposed to solvents but
expression of caspase-3 suggest apoptosis activation pathway,
possibly to avoid cell proliferation and the eminent progression to
cancer. More studies should be addressed to explain these ﬁndings.
Financial support: Universidad de Guanajuato.
http://dx.doi.org/10.1016/j.toxlet.2016.07.512
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Introduction: The Mexican Paciﬁc coast has a large number
of ecosystems with a high biological diversity that are subjected
to the impact generated by anthropogenic effects. In particular,
agricultural practices in the eleven coastal states of the Mexican
Paciﬁc, with an extensive use of pesticides. These pesticides are
dispersed in the environment and their toxicological characteristics have been associated with adverse effects on health and the
environment.
Objective: To develop a database of the properties of pesticides
used for agricultural purposes in the Paciﬁc Coast of Mexico.
Materials and methods: Different sources of information (articles, technical reports, book chapters, theses and websites) were
used to identify pesticides registered between 1980 and 2015 in the
Coast of Mexico. The database contains information related to gen-
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eral characteristics, toxicity, adverse effects, environmental fate,
ecotoxicology and registration and legal status.
Results: More than one-hundred different active ingredients
were identiﬁed. The information regarding each compound was
integrated in a database that will be available in the website http://
www.redtoxicologiadeplaguicidas.org/ of the Mexican Network of
Pesticides Toxicology, to be freely accessible to the public.
Conclusions: This is one of the ﬁrst attempts to list the pesticides used in the Mexican Paciﬁc region over the years along with
their toxicological characteristics. This database will help to contrast historical use of pesticides aimed at providing information for
environmental assessment and management.
This study was partially supported by the Pesticide Toxicology
Network (Conacyt-Mexico #253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.514
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Dietary exposure to endosulfan by consumption
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Mandinga lagoon system, Veracruz
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Introduction: Endosulfan is an organochlorine pesticide classiﬁed as highly toxic to public health and aquatic biota. Scientiﬁc
studies have proven its neurotoxic, hepatic, renal and reproductive
level toxic effects. However, there are few indices that determine
the exact role of food intake with traces of this organochlorine
pesticide.
Objective: Determine the concentration of endosulfan and the
risk of exposure by consumption of oyster through calculating the
estimated daily intake (EDI).
Materials and methods: The study area was located in the
Mandinga lagoon system, Veracruz. Samples of oyster C. virginica were collected during the dry season. The determination of
endosulfan isomers and its metabolite was performed by gas chromatography with a Thermo Electron Model 115V. While the EDI
was used to determine the exposure risk.
Results: The presence of endosulfan isomers and its main
metabolite endosulfan sulfate was found in all samples tested. The
␣-endosulfan showed a maximum concentration of 3.86 ng g−1 ,
followed by ␤-endosulfan with 3.611 ng g−1 . Endosulfan sulfate
presented the minimum concentration with 0.91 ng g−1 compared to the other compounds. The risk of exposure an EDI of
9.21 ng g−1 d−1 was obtained, this value is low compared with other
reports.
Conclusions: Excessive use of endosulfan in the agriculture
activity has caused its presence in coastal areas such as coastal
lagoons inhabited by benthic species of commercial and nutritional
importance such as oysters, whose bioaccumulation potential is
related to their eating ﬁltering habits and the position in the water
column. Also, the presence of the endosulfan indicates that despite
its ban its use continues and its persistence in the environment
therefore represents a health risk to consumers.
Financial support: Thanks to the Consejo Nacional de Ciencia y Tecnología, Colegio de Postgraduados Campus Veracruz and
Instituto Tecnológico de Boca del Río.
http://dx.doi.org/10.1016/j.toxlet.2016.07.515
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Introduction: The Cartagena bay is located in the northwestern
part of Colombia. The quality of these coastal waters is affected by
industrial and household waste, maritime transportation, and river
water from the Dique Canal. Pesticides are ubiquitous pollutants
in the marine environment and are known for their recalcitrance
and toxicity in the environment. Toxic and pathological effects of
contaminants are present in aquatic organisms. These, which bioaccumulate and bio-concentrate, over time, may reach levels that
cause physiological impairment in humans.
Objective: The contamination of pesticides in sediments from
the Cartagen’s Bay was investigated to evaluate the pollution
potentials and their distribution.
Materials and methods: Ten sampling sites were collected
along the Cartagena’s Bay (400 g each one). The extraction was
based on the QuEChERS method. Chromatographic Analysis was
performed on a Thermo Scientiﬁc Trace GC Ultra coupled to a TSQ
Quantum XLS mass spectrometer. Separation was performed on
a DB-5HT column (30 m × 0.25 mm i.d × 0.10-m ﬁlm thickness;
Agilent Technologies).
Results: Organochlorine, organophosphorus and thiocarbamates pesticides were detected. Diazinon, chlorpyrifos, transchlordane, 4,4 -DDE, 4,4 -DDD, 4,4 -DDT were detected in all
sample sediments.
Conclusions: The results indicate the prevalence of legacy pesticides, point to the need for better understanding of the ecological
and human health risks of exposure to the diverse pesticides that
will continue to leach from estuarine sediments over time.
Financial support: University of Cartagena-GIA, Dr. Aga’s
Group-University at Buffalo.
http://dx.doi.org/10.1016/j.toxlet.2016.07.516
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Background: Neonicotinoids (NNTs) are modern pesticides
mostly used in agricultural pest control. While ∼20 years ago
NNTs were proposed to be highly selective for target species and
considered safe for humans, more recent developmental toxicology (DT) studies have raised safety concerns regarding exposure
during gestation and early infancy. As part of the pesticide mixture
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toxicology studies we are conducting to assess the joint action of
low levels of NNTs and other modern pesticides, here we show
preliminary results of a DT assessment of the NNT compound
acetamiprid (ACP) in Wistar rats.
Methods: We selected two exposure levels: 1 and 6 mg/kg/day.
These daily doses were both below the reported NOAELs for maternal and developmental toxicity of ACP in rats, i.e., 16 mg/kg/day
(USEPA), but quite above its ADI of 0.07 mg/kg/day. ACP was
dissolved in the water offered ad libitum to the pregnant dams
from gestational day (GD) 5 to 20. The study was divided into
blocks, and 4–6 l per treatment have been so far evaluated. Dams
and their male and female offspring were monitored for body
weight gain, developmental landmarks such as eye opening, fur
appearance, and anogenital distance. Last, experimental pups were
evaluated using a 7-session long, associative-motor test (Circling Training Test, CTT) at late adolescence to explore potential
enduring effects of gestational treatments on ﬁne nervous system
function.
Results: No evident alteration was observed in the dams or
the offspring in any case. Nevertheless, ACP treated pups showed
trends for a dose-related decrease in body weight and a poorer
performance through the ﬁrst sessions of the associative-spatial
conditioning in the CTT test. Animals were sacriﬁced soon after the
CTT assays, and various target tissues (brain, kidney and gonads)
were dissected out for determining organ/body weight ratios (work
in progress).
http://dx.doi.org/10.1016/j.toxlet.2016.07.517
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Introduction: Chlorfenapyr [4-bromo-2-(4-chlorophenyl)-1(ethoxymethyl)-5-(triﬂuoromethyl)-1H-pyrrole-3-carbonitrile] is
a widely used insecticide. It uncouples oxidative phosphorylation
in the mitochondria, resulting in disrupted ATP production, cellular
death, and ultimately, death of the organism. Recently, several cases
of suicidal attempt using chlorfenapyr have been reported in Asian
countries. Case studies revealed delayed neurotoxic symptom and
fatalities after 7–10 days.
Objective: We investigated clinical extrapolation of chlorfenapyr poisoning in a rat model.
Materials and methods: Commercial chlorfenapyr contained
10% chlorfenapyr and 90% detergent, it was gavaged to male Wistar
rats. Chlorfenapyr solution (0.125 mL, 0.25 mL, and 0.5 mL) was
given to male Wistar rats. Rats were killed at 18 days, and serum and
organs were harvested. Biochemical parameters and brain damage
markers were examined.
Results: After 2 h, chlorfenapyr-treated rats were lethargic and
weak. Mortality rates were 14.28%, 28.57%, and 57.14%, respectively, in three treated doses at 24 h. Motor activity was abnormal
in 0.25 mL and 0.5 mL groups. Dead animal’s feet were blue in color.
After 18 days, we found that body weights were decreased, but no
changes in the organ weight. AMYL, GOT and NO were signiﬁcantly
increased. CPK and BUN were unaltered. MDA was signiﬁcantly
decreased. In addition, no signiﬁcant alternation was found in the
brain GABAA Ra1 receptor. Brain HSP60 and Cyt c expression were
signiﬁcantly decreased.

Conclusion: Chlorfenapyr ingestion after 18 days might result
in delayed neurotoxicity in the brain in rats.
http://dx.doi.org/10.1016/j.toxlet.2016.07.518
PP23.2
Glufosinate ammonium alters quality and DNA
in mouse spermatozoa
E. Guinto-Ruiz 1 , J.J. Sánchez-Carlos 1 , M.E. Moreno-Godínez 2 , C.
González-Calixto 3 , M. Calixto-Gálvez 1 , B. Quintanilla-Vega 4 , I.
Hernández-Ochoa 4 , M. Urióstegui-Acosta 1
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Introduction: Glufosinate ammonium (GLA) is a non-selective
organophosphorus herbicide commonly used in domestic gardens
and agriculture, and it is classiﬁed as a persistent contaminant. In
Guerrero, a state of Mexico, GLA is highly used in agriculture. Previous studies have reported that GLA induces preimplantation and
implantation losses, altering male reproduction.
Objective: We evaluated the effect of GLA on sperm quality and
DNA damage exploring the sensitive stage(s) of spermatogenesis,
particularly mature spermatozoa and spermatids.
Materials and Methods: Adult male mice were administered
GLA [5 or 10 mg/kg bw/v.o./day/5–15 days of treatment (dt)], and
euthanized 24 h post-treatment. Spermatozoa were obtained from
cauda epididymis-vas deferens, and then evaluated for sperm quality and DNA damage (Alkaline Comet assay, pH 13).
Results: GLA at 5 mg/kg/d/5-dt altered all sperm quality parameters that decreased in a dose-dependent manner. Cells collected
from the group of 5 mg/kg/d/15-dt (low dose) showed decreased
viability (22%), motility (17%), and normal morphology (3%). GLA
increased %DNA (1.4- and 1.8-fold) and OTM (7.4- and 8.4fold) at both assessed times in a dose-dependent manner. At
10 mg/kg/d/5- and 15-dt all sperm quality parameters: viability (27–30%), motility (27–31%), and morphology (4–10%) were
altered at both times and increases in %DNA (2.3- and 4.7-fold) and
OTM (8.7- and 10.7-fold) were observed compared to the control
group.
Conclusions: These data suggest that spermatids and mature
spermatozoa are targets of GLA exposure.
Financial support: Study supported by UAGro and the Pesticide
Toxicology Network (Conacyt-Mexico #253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.519
PP23.3
Risk assessment of aclonifen use in Ukraine
M. Prodanchuk, A. Kravchuk, I. Leposhkin, N. Nedopytanska, P.
Zhminko, A. Grynko
L.I.Medved’s Research Center of Preventive Toxicology, Ministry of
health, Kyiv, Ukraine
Introduction: Aclonifen is systemic, selective herbicide for the
pre-emergence control of grass and broad- leaved weeds in sunﬂower, carrots and other crops. The mode of action of aclonifen is
the inhibition of carotenoid biosynthesis.
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Materials and methods: The toxicological assessment of formulations and their active ingredients have been conducted in Ukraine
during State trial. The level of aclonifen residues and safety of grown
products have been investigated in different agroclimatic zones
of Ukraine. Residual quantities of aclonifen in the sunﬂower and
carrots have been studied by high-performance liquid chromatography (HPLC).
Results: Aclonifen is not acutely toxic via different routes of
exposure, and is not a skin irritant. Active ingredient caused delayed
contact hypersensitivity in guinea pigs. Aclonifen is not genotoxic,
neurotoxic, or developmentally toxic. On the basis of toxicological assessment of active substances the ADI – 0,01 mg/kg were
recommended and approved in Ukraine. As a result of conducted
dissipation experiments it was establish that the rate of degradation of active ingredients is quite slow. The aclonifen residues
disappeared mono exponentially. Herbicide residues in seeds, edible root and forage were not detectable at harvest time.
Conclusions: On the basis of conducted experiments, an MRL
has been recommended, providing safe use of new herbicides in
Ukraine. Theoretical maximum daily intake of new herbicides with
food products did not exceed 2% of acceptable daily intake. Based on
conducted researches we consider that a dietary intake of aclonifen
residues is unlikely to present public health concern.
http://dx.doi.org/10.1016/j.toxlet.2016.07.520
PP23.4
Persistent organic pollutants (POPs) in geoduck
clam Panopea globosa from the northwestern
Mexican Paciﬁc
D.R. Murrieta 1 , H.J. García 1 , L.G. Cortez 1 , P. Bastidas 2 , M.D.
Aguilera 1
1 Centro de Investigación en Alimentación y Desarrollo, A.C. Unidad
Guaymas, Guaymas, Sonora, Mexico
2 Centro de Investigación en Alimentación y Desarrollo, A.C. Unidad
Culiacán, Sinaloa, Mexico

Introduction: Persistent organic pollutants (POPs) are toxic
substances that when available on the environment produce biological alterations on organisms through the food chain. Coastal
areas are highly susceptible to this contamination because of their
proximity to human settlements.
Objective: To determine the persistent organic pollutants concentrations on geoduck clams Panopea globosa of different sizes
and ages of Northwest Mexico
Materials and methods: The study was conducted on the North
of Sonora State and West of Baja California Sur, Mexico. Sampling
of the geoduck clam was conducted on the spring of 2015 in coordination with cooperative ﬁsheries of the speciﬁed sites.
The determination and quantiﬁcation of the analytes in tissue of geoduck clams were made following the USEPA methods
for organochlorine pesticides and polychlorinated biphenyls; an
Agilent Technologies Gas Chromatographer model 7890B with an
electron capture detector (CG-DCE) was used for the analysis.
Results: The obtained results revealed that the concentrations of
total POPs ranged from 0.10 ng g−1 to 44.25 ng g−1 . The organochlorine pesticide (OC) concentration in collected molluscs followed the
order: total cyclodienes> ␣-BHC> p,p -DDD. The highest concentration was aldrin (44.25 ng g−1 ). Meanwhile, for PCB’s only congeners
28, 52 and 153 were detectable at low concentrations. The highest concentration was PCB-28 (0.33 ng g−1 ). The concentrations of
PCB’s followed the order: PCB-52>PCB-28>PCB-153.
Conclusions: These compounds are of particular environmental
interest because they have a long half-life and easily bioaccumulate
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along the trophic chain. According to the world health authorities (FDA and NOM-242), the concentrations of POPs in geoduck
Panopea globosa of the studied area did not pose a health risk for
consumers.
Financial support: This study was partially supported by the
Pesticide Toxicology Network (Conacyt-Mexico #253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.521
PP23.5
Cardiorespiratory impairment of chemoreﬂex
responses after acute exposure to the
organophosphorus insecticide (OP) chlorpyrifos
I.S.A. Felippe, A.A. Siqueira, V. Beijamini, K.N. Sampaio
Department of Pharmaceutical Sciences, Federal University of
Espírito Santo, Vitória, Espirito Santo, Brazil
Introduction: Although it is well known that in severe
poisoning by OP the cholinergic overstimulation leads to a
cardiorespiratory arrest, the effects of sublethal exposure to
these compounds on the cardiorespiratory regulation are poorly
explored.
Objective: To evaluate the effects of acute sublethal exposure
to CPF on chemoreﬂex, which exerts an integrative function upon
the cardiorespiratory system.
Materials and methods: Under sodium pentobarbital anesthesia (50 mg/kg, ip), femoral artery and vein catheterization
procedure was conducted in adult male Wistar rats for pressure
recordings and chemoreﬂex activation, respectively. After recovery, animals were injected with a single dose of CPF (30 mg/Kg,
ip, n = 10) or saline (0.9% w/v, ip, n = 9). 24 hours later, the respiratory frequency, mean arterial pressure and heart rate recordings
were performed in awake rats placed inside a plethysmography
chamber. KCN doses (10, 20, 40 and 80 g, iv) were used to
induce the hypertensive, bradycardic and tachypnea chemoreﬂex
responses. Blood samples were taken for measurements of plasma
cholinesterase activity, while the acetylcholinesterase activity was
measured in the brainstem. Data was analyzed by two-way ANOVA
for repeated measures followed by Bonferroni post hoc test or
by Student’s t test as appropriate. Project was approved under
the Ethics Committee in Animal Experimentation (CEUA-UFES n◦
058/2014).
Results: The chemoreﬂex induced hypertensive (F = 13.97,
P = 0.0016), bradycardic (F = 6.570, P = 0.0202), as well as the
tachypnea responses (F = 4.901, P = 0.0408) were reduced in CPF
treated animals when compared with control animals. Plasma
cholinesterase (F = 5.662, P = 0.041) as well as brainstem acetylcholinesterase activity (P = 0.0001) was signiﬁcantly reduced in CPF
treated animals.
Conclusions: Our results showed that acute exposure to a
sublethal dose of CPF induces impairment in all chemoreﬂex
cardiorespiratory responses. These effects are associated with a
marked inhibition of the acetylcholinesterase activity within the
brainstem which holds the main nuclei controlling cardiorespiratory function.
Financial support: Bioclin, CAPES, FAPES.
http://dx.doi.org/10.1016/j.toxlet.2016.07.522
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Metamidophos induces oxidative stress but not
cytotoxicity on HepG2 cells
M.A. Ramirez-Vargas, E. Flores Alfaro, M.E. Moreno-Godinez
Laboratory of Toxicology and Environmental Health, Autonomous
University of Guerrero, Chilpancingo, Guerrero, Mexico
Introduction: Previous studies have shown that organophosphate pesticide (OP) exposure is associated with oxidative stress.
Methamidophos (MET) is an OP widely used in agriculture, which
is regarded as a highly toxic pesticide and it is a potent inhibitor
of acetylcholinesterase; however, the induction of oxidative stress
could be an important mechanism through which OP exert their
toxicological effects.
Objective: In the present investigation was focused on determine the oxidative damage and cytotoxicity effect of MET using
human liver carcinoma (HepG2) cells, as a test model based on the
fact that liver is the main organ implicated on the metabolism of
OP.
Materials and methods: HepG2 cells were exposed to MET
(0–500 mg/L) for 0–48 h. We performed the MTT and neutral-red
assays to assess the cytotoxicity. As indicators of oxidative stress,
the levels of reactive oxygen species (ROS) were assessed using
ﬂow cytometry, and the malondialdehyde (MDA) and reduced glutathione (GSH) levels were determined.
Results: Results from MTT and neutral red assays indicated
that MET gradually reduces the viability of HepG2 cells in a
dose-dependent manner only at 48 h of exposure, however, this
reduction was less to 20% of cell viability. Lipid peroxidation assay
resulted in a signiﬁcant increase (p < 0.05) of MDA level in treated
HepG2 cells compared to controls at 48 h of exposure, ROS levels
increased to early times of exposure and decreased to 48 h and GSH
levels decreased at 48 h of exposure.
Conclusions: This results suggesting that oxidative stress is a
mechanism plays a role in OP-induced toxicity MET for exert their
toxicological effects.
This study was partially supported by the Pesticide Toxicology
Network (Conacyt-Mexico #253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.523
PP23.7
Genotoxic effect in exfoliated buccal cells from
indoor sprayers exposed to pesticides in
southern Mexico
K. Ruiz-Gamboa 1 , N. Pérez-Herrera 1 , R. Cámara-Vallejos 1 , M.
Medina-Moreno 1 , N. Albertos-Alpuche 1 , R. Esperón-Hernández 1 ,
R. Zapata-Vázquez 1 , A. Rojas-García 2 , I. Medina-Díaz 2
1
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Introduction: Pesticides are widely used in tropical areas for
urban pest control and prevention of public health problems.
Human exposure to pesticides has been associated to DNA damage. The Buccal Micronucleus Cytome (BMCyt) assay is a minimally
invasive method and economical for studying DNA damage, chromosomal instability and cell death.
Objective: To evaluate the genotoxicity by occupational exposure to pesticides using BMCyt in a group of indoor sprayers from
southern Mexico.

Materials and methods: A cross-sectional, retrospective and
comparative survey study was conducted. The exposed group was
integrated by 27 sprayers and the non-exposed group by 26 men.
A structured questionnaire was applied by an interview to participants. Buccal mucosa smears were collected and Feulgen method
was used for staining, observed under 100× optical ampliﬁcation.
Frequency of MN and nuclear abnormalities are expressed by 1000
cells.
Results: The sprayers have been working with pesticides for
1–17 years, 67% of them did not use personal protection equipment.
A total of 18 ingredients active were used as pesticides by workers: PIR, OP and coumarins were the most used chemical groups,
33% of them are genotoxic. The main use of these is given to pesticides: insecticides, acaricides, rodenticides and herbicides. The MN
frequency was different between the groups (p < 0.001), 0.71/1000
cells (0.50–1.01) in sprayers vs 0.46/1000 cells (0.33–0.65) in the
non-exposed group. All nuclear anomalies: nuclear bud, binucleated, karyorrhexis, pyknosis, karyolysis, condensed chromatin
were different between groups and some workers had scores above
regard: binucleated, pyknosis and karyorrhexis.
Conclusions: The frequency of the MN and nuclear anomalies
were higher in sprayers respect to not exposed group. Our results
suggest than occupational pesticides exposure is related to genotoxic effects in these workers.
Financial support: This study was support by PROMEP.
Acknowledgements to the Toxicology Network of Pesticides
(Conacyt-Mexico #253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.524
PP23.8
Antibiotic resistance mutations in bacteria
selected by exposure to pesticides
X.O. Rivera-Ramírez, S.L. Hernández-Ojeda, J.J. Espinosa-Aguirre,
R. Camacho-Carranza
Departamento de Medicina Genómica y Toxicología Ambiental,
Instituto de Investigaciones Biomédicas, UNAM, México, D.F, Mexico
Introduction: The use and abuse of pesticides in agriculture
has resulted in changes in the metabolic capacity of soil bacteria.
Studies have linked the ability of soil microbiota to resist pesticides, antibiotics and heavy metals with the horizontal transfer
of conjugative plasmids, transduction and transformation. Further,
another effect has been the metabolism alteration of decomposers
and nitrogen producers’ bacteria. Likewise, in the last decade, the
problem of bacterial resistance has increased, creating the need
to ﬁnd or synthesize new substances that may be used as antibiotics. Moreover, it has been shown that some herbicides induce
changes in physiological susceptibility to antibiotics in bacteria
such as E. coli and Salmonella enterica through AcrAB transporters,
which could explain important cross-resistance to pesticides and
antibiotics.
Material and methods: In this work, we searched for spontaneous mutants resistant to pesticides (such as acetochlor, asulam,
azinphos, glyphosate, glufosinate ammonium, phoxim, methamidophos, methyl parathion and omethoate) determined at double
the Minimum Inhibitory Concentration (MIC) using as a model
Salmonella enterica serovar Typhimurium. We explored whether
the pesticide resistant mutants were also resistant to antibiotics,
for which we used standard medical antibiograms.
Results: A total of 333 pesticide resistant candidates were isolated, from which 236 showed reduced susceptibility to ampicillin,
chloramphenicol, gentamycin, Trimethoprim-sulfamethoxazole
and nitrofurantoin.
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Conclusions: We determined the new minimum inhibitory
concentration of antibiotic required to affect these 236 selected
pesticide-resistant strains, and no signiﬁcant differences were
found with respect to the wild type in 235 of them. However,
one mutant resistant to asulam did show increased resistance to
trimethoprim sulphamethoxazol (40%) and an increased sensitivity
to gentamycin (50%); efﬂux pumps may be involved, which opens
possibilities for more testing.
http://dx.doi.org/10.1016/j.toxlet.2016.07.525
PP23.9
Organophosphate and pyrethroid residues in
stored wheat in Sonora, Mexico
G. Rodríguez-Olibarría 1 , J.A. Salazar-Ramírez 2 , M.L.
Aldana-Madrid 1 , M.I. Silveira-Gramont 1 , E. Márquez-Rios 1
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Introduction: Pesticide residues tend to accumulate in food staples at levels that could exceed the Allowable Maximum Residual
Limits (MRL). This is of particular special concern to specialists on
toxicology, since it is difﬁcult to detect and quantify the long-term
toxic effects resulting from daily consumption of pesticide contaminated food.
Objective: To identify and quantify insecticide residues present
in samples of wheat grains lots stored in Hermosillo, Sonora.
Materials and methods: Malathion, cypermethrin and
deltamethrin were analyzed in 30 samples of stored wheat;
they were extracted in triplicate using the technique described
by Joia et al and Aldana et al. Gas chromatography with electron
capture detector and a Factor Four semi-polar column were
employed for identiﬁcation and quantitation of the sample insecticide residues. Recoveries were controlled to a level of enrichment
of 100 ng/mL.
Results: The linearity of the chromatographic system was in
the range of 1 to 400 ng/mL with correlation coefﬁcients of 0.9849,
0.9985 and 0.9880 for malathion, cypermethrin and deltamethrin,
respectively. Recovery rates were in the range of 73-84% with relative standard deviation less than 6%. Cypermethrin residues were
found in 18 samples (60%), and deltamethrin in 12 samples (40%),
with a median concentration of 378.87, and 14.77 ng/mL, respectively. Malathion was found in 24 samples (80%) with a median
concentration of 42.72 ng/mL. Malathion is frequently used to precondition the grain storage facility.
Conclusions: The detected levels of residues of malathion,
cypermethrin and deltamethrin did not exceed the approved MRL
by the Codex Alimentarius (FAO). This study results were similar
to others on stored wheat, since the insecticide residues most frequently found in wheat grains were organophosphates, followed
by pyrethroids.
Financial support: División de Ciencias Biológicas y de la Salud,
Universidad de Sonora, México and Pesticide Toxicology Network
(Conacyt-253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.526
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Evaluation of clinical and hematological
parameters and risk perception in pesticide
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Introduction: There are studies in the literature that have
evaluated the health outcomes caused by occupational exposure
to pesticides. However, few studies have evaluated the pesticide
impact under clinical and hematological parameters.
Objective: To evaluate health status through clinical and hematological parameters and to know the risk perception in sprayers
mainly exposed to organophosphate pesticides.
Materials and methods: A transversal, descriptive, and analytical study was conducted on 208 pesticide sprayers. Information
related to anthropometric characteristics, pesticide exposure, and
risk perception were evaluated by a structured questionnaire. The
clinical and hematological parameters were determined in a certiﬁed clinical analysis laboratory.
Results: The study population was stratiﬁed into three groups
according to the exposure intensity: reference group, moderate
exposure, and high exposure group. The pesticides most utilized
by the study population were temephos, chlorpyrifos, deltamethrin
and malathion. Signiﬁcant differences were observed in some clinical and hematological parameters. In males, parameters exhibiting
differences according to the exposure group were glucose, cholesterol, LDL, VLDL, TGP, GGT, neutrophils and lymphocytes. In
females, the parameter that was different according to the exposure
group was Hb. Regarding the risk perception, >30% of the study population considered their occupation without a risk for their health,
they did not receive training or talks about pesticides, and did not
know what the product labels mean.
Conclusions: The results suggest that occupational pesticide
exposure could cause clinical and hematological parameter alterations and that more information on the risk produced by these
products is needed.
Financial support: This study was support by CONACyTSalud, Mexico (grant #233803) and Pesticide Toxicology Network
(Conacyt- 253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.527
PP23.11
Cytotoxicity and genotoxicity in HepG2 cells
co-exposed to methamidophos and
metyl-parathion
M.A. Morales-Gutiérrez, M. Olea-Flores, M.A. Ramírez-Vargas, V.
Antonio-Vejar, M.E. Moreno-Godínez
Laboratory of Toxicology and Environmental Health, Autonomous
University of Guerrero, Chilpancingo, Guerrero, Mexico
Introduction: Methamidophos (MET) and metyl-parathion
(MEP) are organophosphates pesticides (OP) widely used in the
agricultural farmlands in Southern Mexico. Co-occurrence of MET
and MEP in mixtures raises concerns over their combined effects,
since they can generate different interactions such as synergism,
potentiation, addiction and antagonism. In addition, information
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of toxicological effects by the exposure to mixture of OP is limited.
MET and MEP individually induce genotoxic damage and cytotoxicity; however their effects combined are not known.
Objective: The objective was to evaluate the cytotoxic and genotoxic effects by the exposure to a mixture of MET–MEP.
Materials and methods: HepG2 cells were exposed to MET
(0.0015–500 mg/L), MEP (0.001–1000 M) or the mixture of
MET–MEP at different times. We performed the MTT and alkaline
comet assays to assess the cytotoxicity and genotoxicity, respectively.
Results: MET gradually reduced the viability of HepG2 cells
in a dose-dependent manner only at 48 h of exposure; however, this reduction was less than 20% of the cell viability. MEP
showed signiﬁcant inhibition of cell viability of 20.4%, 48.3%, and
92.4% at concentrations of 10, 100 and 1000 M, respectively.
The mixture of MET–MEP (0.0015 mg/L + 100 M, 350 mg/L + 1 M,
350 mg/L + 100 M) decreased the cell viability at 54.8%, 24.3% and
60.4%, respectively. The co-exposure to MET–MEP mixture signiﬁcantly increased the DNA damage in comparison to the DNA
damage shown by the exposure to pesticides individually.
Conclusions: These results suggesting a speciﬁc type of interaction between these pesticides indicating the need of further studies
with mixtures of biological relevance.
This study was partially supported by the Pesticide Toxicology
Network (Conacyt-Mexico #253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.528
PP23.12
Methamidophos induces changes in GPx
activity in HepG2 Cells
O. Perez-Adame, M.A. Ramirez-Vargas, M. Uriostegui-Acosta, G.
Huerta-Beristain, M.E. Moreno-Godinez
Laboratory of Toxicology and Environmental Health, Autonomous
University of Guerrero, Chilpancingo, Guerrero, Mexico
Introduction: Methamidophos (MET) is an organophosphate
pesticide widely used in the agriculture. The main mechanism of
acute toxicity of MET is by inhibition of the acetylcholinesterase;
however, now it is known that oxidative stress is a mechanism
that can be a fundamental part of their toxicity. MET induces the
overproduction of reactive oxygen species (ROS) and malondialdehyde (MDA) in in vitro models, although their effects on antioxidant
defense systems are little known. Speciﬁcally on reduced glutathione (GSH) levels, which, is the major non enzymatic regulator
of intracellular redox homeostasis and on antioxidant enzyme peroxidase glutathione (GPx).
Objective: The objective was to evaluate the effects of MET on
enzymatic activity of GPx and GSH levels in the HepG2 cells.
Material and methods: HepG2 cells were exposed to MET
(0–500 mg/L) at 24 h. Biomarker of oxidative stress, such as ROS
and MDA were evaluated by ﬂow cytometry and spectrophotometry, respectively. Activity Gpx and GSH levels were determined
by spectrophotometry.
Results: MET increased the ROS generation from the lowest
dose of exposure (0.0015 mg/L) at 24 h. Furthermore, an increase in
ROS and MDA levels were observed. The increase of ROS was dosedependent. MET increased the activity GPx at low concentrations
(0.0015 mg/L) and at high concentrations (20 mg/L) a decrease in
activity was observed. However, GSH levels no signiﬁcant changes
were observed after exposure MET by 24 h at different doses
(0–500 mg/L).
Conclusion: Exposure to MET in HepG2 cell line induces alterations in enzymatic activity of GPx and they are associated with

alterations in biomarkers of oxidative stress, suggesting as a possible damage mechanism alterations in cellular antioxidant defense
systems.
This study was partially supported by the Pesticide Toxicology
Network (Conacyt-Mexico #253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.529
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Comet assay results of pilots exposed to
pesticides
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Introduction: Pesticides constitute a heterogeneous category
of chemicals designed for the control of pests affecting cultivated
plants. Their widespread use leads to the presence of residues in air,
soil, water, on plants and harvested products, on application equipment, on the clothing of agricultural workers, and in human and
animal tissues. Occupational exposure to pesticides has been associated with several neoplastic diseases; thus, biomonitoring studies
using somatic cells have been extensively conducted to evaluate the
possible genotoxic risk.
Objective: The purpose of the study was to assess the genotoxic
effects of pesticides in workers occupationally exposed to these
chemicals during aerial application in agricultural ﬁelds.
Materials and methods: The study groups comprise 30 pilots
of small airplane used to disperse aerial pesticides of Sinaloa, México and 30 controls. The alkaline comet assay was performed on
peripheral blood lymphocytes according to procedures previously
described.
Results: The median of comet frequency, tail length
(159.6 ± 16.8) and tail moment (16.75 ± 3.13) reveals statistically signiﬁcant differences (p < 0.001) between exposed pilots and
controls. The pilot group divided according to age, frequency of
comets: tail length and tail moment were decreased statistically
signiﬁcant (p < 0.05) when age of participant increases. Increase
in years of exposure to pesticides is correlated with increased
DNA damage. Neither smoking nor alcohol consumption could be
statistically linked to DNA damage.
Conclusions: Non-agricultural control workers display signiﬁcantly less DNA damage compared to pilots involved in pesticide
spraying.
Financial support: This research was funded by the program
for teacher professional development (PRODEP).
http://dx.doi.org/10.1016/j.toxlet.2016.07.530
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The exposure to methamidophos induced
genotoxic damage on HepG2 cells
S.P. Cotino-Najera, M. Ramirez-Vargas, V. Antonio-Vejar, M.
Olea-Flores, M.E. Moreno-Godinez
Laboratory of Toxicology and Environmental Health, Autonomous
University of Guerrero, Chilpancingo, Guerrero, Mexico
Introduction: The classical mechanism of toxicity associated
with organophosphorus pesticides (OP) is the inhibition of acetylcholinesterase activity leading to neurotoxic effects. However,
genotoxic effects could be an important mechanism through which
OP exert their toxicity effects. Methamidophos (MET) is an OP
widely used in the south of Mexico in agriculture. It is unknown
whether MET induces DNA damage at concentrations of biological
relevance.
Objective: The present investigation was focused in the determination of the genotoxic damage of MET using HepG2 cells as a
test model based on the fact that liver is the main organ implicated
on the metabolism of pesticides.
Materials and methods: HepG2 cells were exposed to MET
(0–500 mg/L) for 48 h, this exposure was not cytotoxic from the
HepG2 cells, comet assays were performed to determine the genotoxic damage by exposure to MET, the olive tail moment (OTM) was
measured.
Results: Results from MTT assays indicated that MET at concentrations of 10, 20, 50, 350 or 500 mg/L does not change the cell
viability of HepG2 at 48 h of exposure. The comet assay resulted
in a signiﬁcant increase of OTM at concentrations of 10, 20, or
50 mg/L, however; only the exposure to 500 mg/L was statics signiﬁcant (p < 0.05) in exposed HepG2 cells to MET, versus controls
at 48 h.
Conclusions: These results suggest that biological relevant concentrations of MET are capable of inducing genotoxic effects in
HepG2 cells.
Financial support: This study was partially supported by the
Pesticide Toxicology Network (Conacyt-Mexico #253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.531
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K. Suárez-Larios, R.D. Montero-Montoya
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Institute of Biomedical Research, Universidad Nacional Autónoma de
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Introduction: Several studies have found an association
between the exposure to pesticides with chronic pathologies
including neurological and reproductive effects or developmental
problems and cancer. In the last years, these compounds have been
proposed as leukemogenic agents, probably by producing reciprocal translocations. However, this idea has not been explored yet,
having thus an information gap.
Objective: The aim of this study is to generate knowledge about
the role of some pesticides and their metabolites in the formation of
reciprocal translocations. We evaluated two steps that lead to the
formation of this type of damage: the production of double strand
breaks (DSB) in DNA and their subsequent recombination repair,
either via HR or NHEJ.
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Materials and Methods: We selected eight pesticides and
metabolites. DSB were evaluated as foci of phosphorylated histone
H2AX by immunoﬂuorescence microscopy in lymphocytes treated
during 1.5 h with four concentrations of each pesticide or metabolite. Repair proteins, phosphorylated Ku80 (NHEJ) or Rad51 (HR)
were identiﬁed by Western blot in mononuclear cells treated with
the pesticides that induced signiﬁcant DSB.
Results: We found a signiﬁcant increase in foci with permetrin,
glyphosate, paraoxon, pentaclorophenol and endosulfan lactone,
the latter in a dose dependent manner, being the last three the
metabolites of parathion, lindane and endosulfan. All these compounds induced a signiﬁcant increase in phosphorylated Ku80 or
Rad51 in at least one dose.
Conclusions: Pesticides are capable of producing DSB’s in lymphocytes and, consequently, induce the phosphorylation and/or
induction of proteins associated to repair mechanisms of this type
of damage.
Financial support: PAEP, 2016. Coordinación de Estudios de
Posgrado, UNAM and Children Environmental Health Network
(Conacyt-251229/271626).
http://dx.doi.org/10.1016/j.toxlet.2016.07.532
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kinetic in Ataulfo and Manila mango during the
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Organophosphate pesticides (OPs), organic compounds derived
from phosphorus, are used worldwide in industry and agriculture
to improve the quality and quantity of food. Mexico is the ﬁfth producer of Mango worldwide and Guerrero state is the main Mexican
producer. To avoid mango production loss due to pests, many OPs
are commonly used on crops. This study evaluated the degradation kinetics of OPs (methamidophos and parathion) in mango fruit,
speciﬁcally in Manila and Ataulfo mango. Manila or Ataulfo mango
samples were collected from Tecpan de Galeana, Guerrero, Mexico
during the ripening season once per week, for 11 weeks. Samples were used to determine levels of organophosphate pesticides
including methamidophos, parathion, diazinon, methyl parathion
and malathion. OPs extracion and puriﬁcation were performed by
the dispersion of solid phase matrix method, whereas OPs pesticides quantiﬁcation was performed by gas chromatography (GC)
coupled to an electron capture detector (ECD). The data show that
methamidophos was present in both Manila and Ataulfo mango
with no degradation but a slight increase in methamidophos concentration in week 7. On the other hand, parathion in both Manila
and Ataulfo mango was ﬁrst degraded from week 1 to week 7,
and then accumulated in the fruit during last period corresponding to last stage of mango ripening. Further, most samples were
found above the MRLs established by FAO and EPA for methamidophos and parathion. We conclude that while methamidophos
trends to accumulate during the ripening period in both varieties
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of mango, parathion trends to degrade in the ﬁrst two stages of
ripening (tender status and season). Although these opposite scenarios were found, the ﬁnal ripening mango stage may be a target
for accumulation of both pesticides. This work was supported by
the Investigation Ofﬁce of the Autonomous University of Guerrero and by the Pesticide Toxicology Network (Conacyt-Mexico
#253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.533
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Determination of organochlorine and
organophosphorus pesticides in mango
(Mangifera indica L.) in the State of Guerrero,
Mexico
Y. Villar Encarnación, Y.A. Polanco García, M.E. Moreno Godínez,
P. Álvarez Fitz, G. Huerta Beristaín, D. Návez González
Specialized Investigation Unit of Microbiology, Autonomous
University of Guerrero, Petaquillas, Guerrero, Faculty of Chemical and
Biological Sciences, Autonomous University of Guerrero,
Chilpancingo, Guerrero, Mexico
Introduction: Guerrero state is the main producer of mango
fruit in Mexico, and Costa Grande is the region with the highest production of Ataulfo and Manila mango. For this reason, we
must maintain a quality control to ensure its marketing. One of the
parameters to be considered in the analysis of this product is the
concentration of pesticides, substances of chemical origin that are
applied by the producer to combat pests that damage crops.
Objective: The aim of this study was to evaluate the presence of organochlorine and organophosphates pesticides in mango
samples dispensed in different markets of Chilpancingo, a city of
Guerrero, and cultivated in the Costa Grande.
Materials and methods: A total of 19 samples of Ataulfo, Manila,
and Haden mango were collected. Scattering technique was used in
solid phase matrix for extraction of pesticides and the analysis was
performed on a gas chromatograph with electron capture detector
(ECD).
Results: Preliminary results show that there is a presence of
the organophosphate pesticide parathion in 100% of the samples
analyzed. The organochlorine pesticides dieldrin and DDD were
detected in 10% of samples, whereas endosulfan II and HCB were
found in 60% of samples, and DDT in 30% of samples.
Conclusion: According to preliminary results, residues of
organophosphate pesticides such as parathion in 100% of the samples, as well as organochlorine pesticide residues as identiﬁed: HCB,
endosulfan II, dieldrin, DDD, DDT, between 10 and 60% of samples.
Financial support: The authors express their acknowledgements to the Pesticides Toxicology Network (Conacyt253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.534
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Organochlorine pesticide residues in blood of
three seabird species in the coast of Sinaloa,
Mexico: A comparison of trophic level
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3 CONACYT Research Fellow – Departamento de Estudios para el
Desarrollo Sustentable de Zonas Costeras, Centro Universitario de la
Costa Sur (CUCSUR), Universidad de Guadalajara, Melaque, Jalisco,
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Introduction: State of Sinaloa, Northwestern Mexico, is a region
with an extensive and intensive development of agricultural activities, where there are reports of pesticides residues in water,
sediments and biota of the coastal ecosystems. However, there are
no recent studies on pollution levels in wildlife.
Objective: We determined organochlorine pesticide residues in
blood samples of three seabird species [blue-footed booby (Sula
nebouxii), magniﬁcent frigatebird (Fregata magniﬁcens) and laughing gull (Leucophaeus atricilla)] from the coast of Sinaloa, Mexico.
We evaluated the differences associated with trophic level and
the temporal variations in blue-footed booby, during the 2011 and
2013 breeding seasons.
Materials and methods: Total concentrations of organochlorine pesticides (OCPs) were compared as well as groups of
related pesticides [DDT metabolites (DDT), hexachlorocyclohexane isomers (HCH), drins (drins), heptachlor and heptachlor
epoxide (Heptachlor), chlordane-related products (Chlordane)
and endosulfan isomers (Endosulfan)].
Results: Blue-footed booby showed the highest concentrations
of OCPs, followed by laughing gull and magniﬁcent frigatebird.
When comparing pesticide groups, only drins and Endosulfan
showed interspeciﬁc differences, with higher concentrations of
drins in blue-footed booby and endosulfans in laughing gull. Blood
samples of blue-footed booby had higher OCPs in the 2011
breeding season, compared with 2013. Additionally, blue-footed
booby registered a negative relationship between OCPs and the
advancement of breeding season; suggesting a greater availability
of contaminants during fall on this particular site.
Conclusions: The results showed differences in organochlorine
pesticide residues associated with trophic level of species, with
higher values in blue-footed booby, a strictly piscivorous species.
Temporal variation observed in blood samples of blue-footed booby
suggest that the input of contaminants from mainland to coastal
ecosystems increases at the end of rainy season in the region. This
study highlights the potential of seabirds as biomonitors to evaluate the variations in contamination levels in the trophic chains in
the coastal ecosystems of Northwestern Mexico.
Financial support: Fondo Mexicano para la Conservación de la
Naturaleza, AC (PIE-2012-A-P-C-IGSI-12-12), Consejo Nacional de
Ciencia y Tecnología, México (CONACYT I010/176/2012) and Pesticides Toxicology Network CONACYT -253789/271775.
http://dx.doi.org/10.1016/j.toxlet.2016.07.535
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Chiral organophosphorus insecticides are
recalcitrant to the hydrolysis by alloforms PON1
Q192R of human serum
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Introduction: Trichloronate and profenofos are chiral
organophosphorus compounds (OPs) widely used as pesticides. Their structure has a chiral center at the phosphorus atom
and are therefore a mixture of two enantiomers with different
biological effects. Stereoselective toxicity of these insecticides
has been reported in vivo (Aquatic invertebrate species) and
in vitro study (Cholinesterases inhibition). These studies suggest
that the evaluation of the safety of chiral OPs should be taken
into consideration due to their stereospeciﬁc metabolism. The
paraoxonase-1 (PON1) from human serum is an A-esterase that
hydrolyses xenobiotics including some OPs.
Objective: The present study shows the metabolic evaluation
of trichloronate and profenophos insecticides by the alloforms of
PON1 192 of human serum (children and adults) with the purpose of identifying a possible stereoselective hydrolysis of these
pesticides.
Materials and methods: The method consisted in determining
the remaining concentration [M] of tricloronate or profenophos
isomers after incubation of each isoforms PON1 Q192R of the two
groups human samples (n = 5) with each racemic mixture (400 M)
at physiological conditions of calcium, pH and temperature during
30 min. The residual insecticides were extracted with hexane. The
separation and identiﬁcation chromatography of isomers of both
racemic mixtures was carried out using chiral columns (Chiralcel
OD and OJ).
Results: The residual concentration results (not hydrolyzed)
show a low hydrolysis (5–10%) of both racemic insecticides by the
isoforms AA, AB and BB PON1 of children and adults serum. No
signiﬁcant differences (p < 0.05) were observed upon analyzing the
comparison between isoforms, population, calcium-dependence,
EDTA-resistance and between isomers of tricloronate or profenophos.
Conclusions: This study demonstrates that the PON1 enzyme
could be a limited protein for the detoxiﬁcation of these chiral OPs
insecticides in vivo.
Financial support: This study has been partially supported by
CONACyT project 257092, and the Pesticides Toxicology Network
(CONACyT 251229/271626).
http://dx.doi.org/10.1016/j.toxlet.2016.07.536
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Levels of organochlorine pesticides in soils of
the major agricultural zones in Sonora, Mexico
and the implementation of a communication
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García 1 , M. Meza 3 , L. Aldana 2 , C. Bermúdez 1 , P. Grajeda 1 , R.
Robles 1 , S. Leal 1 , B. Ochoa 1 , D. Mariscal 3
1

CIAD A.C., Hermosillo, Sonora, Mexico
UNISON, Hermosillo, Sonora, Mexico
3 ITSON, Cd. Obregón, Sonora, Mexico
2

Introduction: Mexico is committed to implement the National
Implementation Plan when signed the Stockholm Convention. This
plan works in two fronts: the generation of information regarding
the levels of organochlorine pesticides (OCP) in soils in high-risk
communities in Mexico by their presence in the environment,
which cause adverse effects in the human health, like the major
agricultural zones in Sonora due to the historic and present use of
OCP, and the implementation of programs of risk communication.
Objective: The goal of this study was to verify the levels of OCP
in soils of the major agricultural zones in Sonora, and to implement
a strategy of risk communication.
Materials and methods: A total of 73 ﬁelds were selected based
on their present and historic agricultural use, and the type of crops,
and information obtained by questionnaires applied to the farmers. The analysis of OCP was done by gas chromatography and
HCB, BHC, lindane, aldrin, isodrin, heptaclhor, chlordane, endosulfan, DDE, dieldrin, endrin, DDD, DDT, metoxychlor, and mirex were
detected. In relation to the communication strategy, a questionnaire was applied to evaluate the perception risk for OCP exposure
in the farmers.
Results: The 100% of the questionnaires showed that the producers used OCP in cotton, grains, and vegetables crops. The soils
had OCP residues in levels between non-detectable to 448 g/kg,
with a high incidence for DDT and its metabolites. A high prevalence of precarious practices of health and safety by the farmers
in their work and houses was showed and also, they ignore the
adverse effects that the OCP represent for their health.
Conclusions: The soils from the agricultural sites in Sonora are
considered contaminated with OCP and this new knowledge will
support the National Inventory of Contaminated Sites to minimize
the health and environmental risks as a contribution to the establishment of the Stockholm Convention.
Financial support: SEMARNAT, and the Pesticides Toxicology
Network (Conacyt-253789/271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.537
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Molecular, biochemical and behavioral effects
of the pesticide chlorothalonil in the zebraﬁsh
(D. rerio)
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Neurotoxicity and reproductive biomarkers in
pesticide sprayers
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Chlorothalonil is a broad-spectrum pesticide, mainly used in
agricultural crops, anti-fouling paints and pesticides for domestic
use. As an extensively used fungicide, it is widely spread in the
aquatic environment. However, despite its high usage, there are
relatively few studies on its effects on non-target aquatic organisms. Moreover, its mode of action is not well understood. In
this study, the effects of chlorothalonil on adult male zebraﬁsh,
Danio rerio, were evaluated in order to better understand its
mode of action in vertebrate aquatic organisms. Exposures to two
experimental concentrations of chlorothalonil were conducted:
0.007 mg/L (low, environmentally-relevant) and 0.035 mg/L (high,
sublethal). The effects of chlorothalonil on zebraﬁsh were assessed
at different levels of biological organization: gene expression
(microarray and real-time PCR), biological and physiological
indexes, biochemical (e.g. glucose and cortisol), as well as behavioral observations. Molecular analysis revealed that exposure to
chlorothalonil affected genes related to cell division, gluconeogenesis, and DNA damage, as well as those related to reproduction,
immune system and detoxiﬁcation. A signiﬁcant increase in cortisol in organisms exposed to both concentrations during the ﬁrst
12 h was observed, reaching levels comparable to control animals
at 96 h, while glucose levels also showed a tendency to increase
in exposed ﬁsh compared to control. Taken together, these data
indicate that chlorothalonil may produce an energy imbalance, possibly by disrupting cellular respiration, inducing oxidative stress
and hypoxia. The foregoing is consistent with morphological and
behavioral alterations, as the decrease in the hepatosomatic index
and alteration in locomotive activities, respectively. Additionally,
the results also suggest that chlorothalonil may be an estrogenic
compound, given that genes related to reproductive processes, such
as vitellogenin and zona pellucida, were induced in the liver following exposure. The present study allows an integrated approach to
the mode of action of chlorothalonil in aquatic vertebrates.
Financial support: CONACYT, National Network of Pesticides,
Canada Research Chair funding and Natural Sciences and Engineering Research Council of Canada (NSERC).
http://dx.doi.org/10.1016/j.toxlet.2016.07.538
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Introduction: The state of Nayarit, Mexico, is one of the most
important agricultural producers in the country, a reason for which
the use of pesticides is extensive. In addition, the use of these
compounds as a control for the vectors of diseases has increased
during the last few years, intensifying the amount of pesticides
used. Although there are several studies conducted to evaluate the
acute effects caused by the exposure to pesticides, there is little
information regarding their effects on reproduction.
Objective: To evaluate the neurotoxicity and reproductive
biomarkers in pesticide sprayers.
Materials and methods: The study was carried out in 208
workers engaged in urban fumigation in the state of Nayarit,
Mexico. Neurotoxicity was evaluated by measuring the activity
of the enzymes acetylcholinesterase and butyrylcholinesterase
by colorimetric methods, as well by a structured questionnaire.
Sperm quality was determined according to the World Health
Organization (WHO) guidelines. DNA integrity of sperm cells was
determined by the Sperm Chromatin Structure Assay (SCSA, % of
DNA Fragmentation Index [DFI]).
Results: A decrease in butyrylcholinesterase activity was
observed in the study participants with the highest exposure. The
most referred symptom was cephalea, followed by skin irritation
and weakness. The sperm-quality results revealed the presence of
immature cells as the most abnormal parameter observed in the
population, followed by the liquefaction time and sperm viability. An average of 26.13% was obtained for the DFI, with 52.5% of
participants exhibiting values higher than the normal value (≤25%).
Conclusions: The results obtained suggest that pesticide exposure exerts an effect on the nervous and reproductive systems.
Financial support: This study was supported by CONACyTMéxico (grant #233803). The authors express their acknowledgement to the Pesticide Toxicology Network (Conacyt-253789/
271775).
http://dx.doi.org/10.1016/j.toxlet.2016.07.539
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Introduction: Pesticide intoxication still remains as a general
problem of public health. According to the National Epidemiological Bulletin of Mexico until the week 17th of 2016, 959 cases were
reported in the country since 2015, Veracruz state ranks ﬁfth in
frequency with 6.5% (n = 63). These data do not reﬂect the total
number of workers acutely intoxicated by pesticides; not all cases
are reported, generally because patients are located away from
the health centers. These intoxications are generally attributable
to inadequate use of clothing or equipment, improper preparation,
breach of the relevant rules and lack of expert management supervision. In addition, some pesticides present high toxicity, and some
of them are prohibited in other countries, and there are bad practices for the ﬁnal destination of agrochemical containers. These
situations may happen in the community of Teocelo, Veracruz,
Mexico, where most of the population are farmers.
Objective: To identify the agriculture practices related to the
use of pesticides.
Materials and methods: A prospective cohort transversal study
was conducted, for which a survey was applied to the population of the communities of Texin, Llano Grande, Loma Alta and
Monte Blanco that conform the Teocelo’s municipality of Veracruz.
The variables included were: (A) Type of activity; the surveyed
population were asked to provide information about the types of
pesticides used during the last working year. (B) If the farmers had
presented a pesticide poisoning. (C) Type of personal protection
equipment used when using pesticides. (D) The handling and ﬁnal
destination of pesticide residues and containers.
Results: A total of 1573 individuals were surveyed, 23%
(n = 362) was dedicated to agriculture, 72% (n = 261) referred
using some agrochemicals in agriculture, 17.4% from 23% presented symptoms of pesticide intoxication. Anyone used to wear
protection clothes in theirs agricultural activities. Any farmer
knew the correct procedures in handling the pesticide residues,
neither the way to eliminate these empty containers, which
generates a secondary source of pollution. The most commonly
used compounds were: 20% organochlorines such as dicamba
(dimethylamine salt of 3,6-dichloro-2-methoxybenzoic acid) and
ametrine. While cypermethrin, glyphosate-isopropylamine salt of
N-(phosphonomethyl) glycine, a mixture of chlorpyrifos (OPs) and
permethrin (pyrethroid), and the bipyridyl, paraquat reached 80%.
Conclusion: Most of pesticides used by farmers are represented
by organophosphate herbicides, fungicides and insecticides, carbamates and organochlorines; and farmers did not follow protective
measures such as wearing appropriate clothing and footwear and
handling the correct pesticide doses, which leads to a toxic risk.
Perspectives: To evaluate biomarkers, quantity of pesticides
and metabolites to identify the exposure to these substances in
vulnerable populations such as children, pregnant women and
occupationally exposed populations, to raise intervention strategies and prevent poisonings by pesticides.
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Introduction: The pentachlorophenol (PCP) is a highly toxic
and persistent halogenated hydrocarbon pesticide used for preserving wood against fungi, bacteria and insects. The PCP has serious
long-term effects, its mutagenic and can cause alterations in the
immune and endocrine system. It is possible to remove this contaminant by oxidoreductases such as peroxidases extracted from
chayote (Sechium edule Sw), whose mechanism of action by oxidation generates free radicals which then are polymerized to low
toxicity products.
Objective: To polymerize pentachlorophenol using chayote peroxidase to remove the oxidation products.
Methods: Two samples were prepared with 150 and 200 ppm
of PCP diluted in 10 ml of distilled water. These solutions were then
tested for the transformation of pentachlorophenol in their reaction
products by adding 2.5 ml of each of the solutions in a quartz cell
and then adding 10 l of chayote peroxidase and 10 l of 0.0123 M
H2 O2 sequentially. An UV–Vis spectra was obtained using a range
of wavelengths ranging from 250 to 700 nm with a Cary 50 Varian
equipment until no change in absorption, shape or position of the
spectroscopic bands were observed. Then the samples were kept for
24 h and centrifuged at 8500 rpm for 10 min to separate the solid
phase from the supernatant, which then was measured at 500 nm
to determine the percentage of removal of the products formed.
Results: The water prepared with PCP at the different concentrations was initially colorless, this was conﬁrmed by observing a
strong absorbance with a wavelength of 315 nm, which falls within
the UV region of the spectra. When 20 L of enzyme and 20 L of
H2 O2 were added to the sample, a gradual change of color to yellow
was observed and insoluble reaction products were formed; from
these products, 90% of them could be removed by centrifugation.
Conclusions: Oxidation products of pentachlorophenol were
removed by a chayote peroxidase, a mesoamerican fruit used exclusively for food. There have been reports of horseradish peroxidases
and fungi peroxidases, which oxidize PCP to quinone-type polymeric products that are less toxic.
http://dx.doi.org/10.1016/j.toxlet.2016.07.541
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Introduction: Because pesticides affect environment and living
beings, it is mandatory to obtain information about their presence
in exposed ecosystems. In this work we analyzed the time-space
distribution of 20 pesticides, 16 organochlorine and 4 organophosphate pesticides in 8 regions of the Cuitzmala river basin in Jalisco,
México.
Objectives: To identify and quantify by GC some pesticides,
whose use is highly suspected in Mexico.
Results: We analysed two matrices, water and sediment. Sample preparation was done by solid phase extraction (SPE) and
microwave assisted extraction (MAE). Water samples contained
dieldrin, endrin, ␥-BHC, methoxychlor, DDT and heptachlor, ratifying that these pesticides are illegally imported and consumed
in Mexico. Sediments contained DDT and heptachlor above critical levels, generating acute harmful perturbations to the biota.
Limit of detection (LOD) for pesticides was in the range between
0.196 ng L−1 (DDD) and 6.130 ng L−1 (methoxychlor). Guidelines
are useful instruments to evaluate pollution levels in aquatic
ecosystems, and to avoid harmful effects over organisms and thus to
identify and enable protection of natural environments. In Mexico,
there aren’t any guidelines or rules for water or sediment quality focused in wildlife protection. International guidelines about
quality of water and sediment come from USA. Finally, it is important to mention that the lagoons and part of the river are located
inside the polygon of the “Chamela-Cuixmala” Biosphere reserve.
This becomes of great importance because in this work we observe
a great variety of toxic pollutants in a place that houses a great
amount of wildlife and biodiversity.
Financial support: Authors would like to acknowledge ﬁnancial support from “Dirección General de Asuntos del Personal
Académico” through the “Programa de Apoyo a Proyectos de Investigación e Innovación Tecnológica, PAPIIT: Patógenos zoonóticos
como indicadores de salud ambiental en un gradiente altitudinal y
perturbación de una zona tropical en Jalisco, México”.
http://dx.doi.org/10.1016/j.toxlet.2016.07.720
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There are many agrochemical herbicides where the active substance exists in multiple forms of salts or esters, dependent on the
application, such as 2,4-D, triclopyr, ﬂuroxypyr, aminopyralid and
others. In such situations, a scientiﬁc rationale for toxicological test-

ing which follows the principles of 3Rs (Replacement, Reduction
and Reﬁnement) in animal research has been applied.
A common scenario is that the ester or salt form of a chemical is hydrolysed in mammals into the acid form so that systemic
(i.e. post-hepatic) exposure is to the acid i.e. ester or salt form
is bio-equivalent to the acid form. In such cases, the acid form
can be used as the main test material for the entire toxicological package, while the ester and/or salt can be tested in select
studies to determine toxicological equivalence (e.g. acute, genotoxicity, developmental toxicity and one sub-acute study). As a result,
each ester and/or salt does not need animal-intensive studies like
chronic/carcinogenicity or reproductive toxicity studies. Reference
doses (RfDs) can be determined using the acid studies, which are
applicable to ester and/or salt for human health risk assessments.
Halauxifen-methyl (ArylexTM ) is a new herbicide, which is
rapidly and completely metabolized into halauxifen acid in mammals. Halauxifen acid only was found in plasma of rats orally given
halauxifen acid or halauxifen-methyl, especially at lower dose
levels (i.e., acid and ester forms were bio-equivalent). Therefore,
halauxifen acid was tested for the entire battery of toxicological
studies as required by global regulations. Halauxifen acid mainly
caused kidney toxicity at relatively high doses. When halauxifenmethyl was tested for acute, geno- and developmental-toxicity
studies, it was found to be equivalent to halauxifen acid. However,
in a sub-acute toxicity study halauxifen-methyl caused liver toxicity, i.e., toxicologically not equivalent from a target organ toxicity
perspective.
As a reﬁnement to the standard testing package for these types
of chemicals, a series of molecular toxicological studies were performed to elucidate the Mode of Action (MoA) for the liver toxicity
caused by halauxifen-methyl. It was found that halauxifen-methyl
at high doses induces nuclear receptor activation in the liver but
halauxifen acid does not. A weight-of-evidence approach was taken
to show that MoA-based RfDs for halauxifen-methyl were acceptable for human health risk assessments. Importantly, this approach
has been ratiﬁed by regulatory agencies from US, Canada, EU,
Australia and New Zealand.
http://dx.doi.org/10.1016/j.toxlet.2016.07.721
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Introduction: Necessity of a lifetime mouse cancer bioassay has
been discussed in the identiﬁcation of cancer hazards of industrial
or agro chemicals in recent years. Mouse lifetime bioassay is not
mandatory in the regulatory data package for safety assessments
of pharmaceuticals. Carcinogenicity testing strategies should be reexamined based on the accumulation of scientiﬁc knowledge.
Objective: The necessity of a mouse bioassay in addition to rat
bioassay was investigated to identify carcinogenic hazard of pesticides approved in Japan.
Materials and methods: The pesticide risk assessment reports
issued by the Food Safety Commission of Japan (FSCJ) were used
(286 pesticides, as of April 2015). Carcinogenicity to mouse or rat
and its relevance to humans based on the carcinogenic mechanisms
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of action were assessed. Whether a key study or not for setting
acceptable daily intake (ADI) was also checked.
Results: The number of pesticides with both mouse and rat
bioassay data was 275. Of these, 161 or 32 were negative or positive in both species, respectively; 33 were positive in mouse but
negative in rat, and 49 were negative in mouse but positive in
rat. Implications of 65 pesticides which were positive in mouse
were evaluated. Among 33 pesticides which were positive in mouse
only, 9 (3.3%, 9/275) could not be ruled out human relevancy. The
number of key study for ADI setting among mouse bioassays was
8 (2.9%, 8/275, i.e., 4 in the 33 mouse-positives but rat-negatives
and 4 in the 32 positives in both species). As the lowest-observedadverse-effect levels (LOAELs) for general toxicity were lower than
the LOAELs for carcinogenicity in all of the 8 studies for ADI setting,
there were no study for ADI setting based on the carcinogenicity.
Organophosphate and organochloride pesticides might be mouse
speciﬁc carcinogens based on the analysis of chemical class of pesticides, which are carcinogenic to mouse and/or rat.
Conclusions: These results suggest that the contribution of
a mouse bioassay is little to identify carcinogenic hazards with
human relevancy or to set ADI, resulting in low utility of it in
addition to a rat bioassay.
Financial support: This work was supported by the FSCJ (2015
Cabinet Ofﬁce Research for Assessment of the Effect of Food on
Human Health, Topic No. 1501). The opinions expressed in this
abstract are those of the authors, and do not necessarily reﬂect
those of FSCJ.

and CO by 98% in THS2.2M aerosol compared to MRC smoke. Uptake
was conﬁrmed by nicotine and menthol concentrations in blood.
Respiratory frequency across THS2.2M groups was comparable to sham even at higher nicotine concentrations while it
was signiﬁcantly reduced in MRC groups. Systemic toxicity and
histopathological changes in the respiratory tract were signiﬁcantly
reduced in THS2.2M-exposed rats compared to MRCs. Pulmonary
inﬂammation and the effects on the transcriptome and proteome
were also much lower after THS2.2M than MRC exposure.
Conclusion: Heating of tobacco rather than burning leads to
a remarkable reduction of toxicologically relevant aerosol constituents resulting in notably and signiﬁcantly lower biological
effects.

http://dx.doi.org/10.1016/j.toxlet.2016.07.543

Introduction: Four kinds of artiﬁcial sweeteners – sodium saccharin, aspartame, acesulfame-K and sucralose – are permitted in
Korea. Recently, the change of the regulation has expanded food
categories in which artiﬁcial sweeteners may be used. After the
change, this is the ﬁrst exposure assessment of artiﬁcial sweeteners
which may reﬂect the increased exposures.
Objective: The objective of this study is to estimate daily intakes
of sodium saccharin, aspartame, acesulfame-K and sucralose, which
may have increased after the expansion of the permitted food categories, and compare them with the acceptable daily intakes (ADIs)
to evaluate safety of artiﬁcial sweetener uses in the Korean population.
Materials and methods: Four artiﬁcial sweeteners were measured simultaneously using HPLC-ELSD in more than 900 food
items commercially available in Korean market, including both
domestic and imported samples. Food consumption data were
obtained from the Korean National Health and Nutrition Examination Survey (KNHNES) 2010 to 2013, which encompasses more
than 28,000 individuals. All statistical analyses were carried out
using SAS 9.4.
Results: The average EDIs were lower than 13% of ADIs in all artiﬁcial sweeteners. The men’s EDI level was higher than the women’s.
The EDI level among 18 years old or yourger population was higher
than other age groups’ EDIs.
Conclusions: The estimated daily intakes of artiﬁcial sweeteners were considered safe in Korean population in any of the
sub-population.
Financial support: This research was supported by a grant
(15162MFDS056) from Ministry of Food and Drug Safety in 2015.
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Introduction: Smoking cigarettes is a major risk factor for
human health. Modiﬁed Risk Tobacco Products (MRTP) are being
developed to reduce smoking-related health risk.
Objective: To assess the toxicity of a mentholated version of the
Tobacco Heating System 2.2 (THS2.2M), a potential RRP, in a 90-day
OECD rat inhalation study. In addition transcriptomics and quantitative proteomics of nasal epithelium and lung were performed to
investigate exposure effects at the molecular level.
Material and methods: Sprague-Dawley rats were exposed
nose only to air (sham), to THS2.2M (at 15, 23 and 50 g nicotine/l), and to mentholated reference cigarettes (MRCs) (at 23 g
nicotine/l). The reference cigarette 3R4F (at 23 g nicotine/l) was
included as an internal reference. MRCs were designed to meet
3R4F speciﬁcations for TPM, CO, and nicotine.
Results: Due to the absence of combustion the levels of harmful and potentially harmful constituents in THS2.2M aerosol were
much lower than in smoke from MRCs or 3R4F at equal nicotine
concentrations. For example, aldehydes were reduced by 75–90%

http://dx.doi.org/10.1016/j.toxlet.2016.07.544
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aerosol revealed reduced cellular and molecular
exposure effects compared with cigarette
smoke
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Introduction: Chemical sensitization has signiﬁcant acute and
chronic health implications. Skin sensitization is one of wellstudied adverse outcomes; on the other hand, validated standard
methods for identifying the hazard for respiratory sensitization are
not available.
Objective: Recently, OECD developed the OECD QSAR toolbox
and several proﬁlers related to the skin sensitization mechanism
are implemented. Chemical respiratory sensitizers seem share
some mechanisms with chemicals that cause skin sensitization.
Applicability and predictability of these proﬁlers as an in silico
screening tool for chemicals of their potential of skin sensitization
and also respiratory sensitization are of interesting and evaluated
in this study.
Methods: The GHS classiﬁcation by the Japanese government
until 2013 was used as a data source of this analysis. Structure of
chemicals which classiﬁed as positive or negative (pos: 394, neg:
313) for skin sensitization are proﬁled using four types of proﬁlers
of the OECD Toolbox version 3.1.
Results: More than 70% of chemicals, which have a proteinbinding alert, are labeled as a skin sensitizer in GHS. But, more than
50% of chemicals which have no alert are also labeled as a skin sensitizer. The alert of protein binding proﬁlers are developed based on
the reaction chemistry mechanisms focused on chemical sensitizer
form covalently binding to proteins and other mechanisms, such
as non-covalent reactions with metals and Redox cycling, which
have linked to skin sensitization. Thus, we subclassiﬁed the chemicals based on their chemical structure and evaluated. As a result,
predictability of the proﬁlers on detection of a skin sensitizer was
dependent on the structural class. In some of structural groups,
such as aniline, phenol and chemicals contain heavy metal atoms,
most of the skin sensitizers were not detected. Thus, these structural groups may be out of the applicability domain of the proﬁlers.
Furthermore, most respiratory sensitizer chemicals have a skin sensitization potential and belong to some speciﬁc structural groups,
such as diisocyanates and chemicals contain heavy metal atoms.
Conclusions: These results indicated that the OECD Toolbox
is useful for screening and prioritization of chemicals in skin and
respiratory sensitizations.
Financial support: This work was supported by Health and
Labour Sciences Research Grants (H27-Kagaku-Ippan-009).
http://dx.doi.org/10.1016/j.toxlet.2016.07.546
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Introduction: Modiﬁed risk tobacco products (MRTPs) are being
developed with the aim of reducing smoking-related health risks.
The Tobacco Heating System 2.2 (THS2.2) is a candidate MRTP that
is based on the concept of heating tobacco, rather than burning it.
Objective: The objective of this study was to assess in a systems toxicological manner the respiratory effects of the aerosol
generated by the mentholated version of THS2.2 (THS2.2M) within
a 90-day rat inhalation study in comparison to cigarette smoke (CS)
from reference cigarettes.
Materials and methods: The inhalation was conducted according to OECD test guideline (TG) 413. Sprague–Dawley rats were
exposed nose-only to air, to THS2.2M aerosol (15, 23 and 50 g
nicotine/l), and to mentholated reference CS (23 g nicotine/l). The
endpoints as described in the OECD TG 413 were complemented
by transcriptomics and proteomics analyses of respiratory nasal
epithelium (RNE) and lung tissue and by lipidomics analysis of lung
tissue.
Results: The adaptive response of the RNE to CS included
squamous cell metaplasia and an inﬂammatory response, with
high correspondence between the molecular and histopathological
results. In contrast to CS exposure, the adaptive tissue and molecular changes to THS2.2M aerosol exposure were much weaker
and were limited mostly to the highest THS2.2M concentration
in female rats. In the lung, CS exposure induced an inﬂammatory
response, triggered cellular stress responses, and affected sphingolipid metabolism. These responses were not observed or were
much lower after THS2.2M aerosol exposure.
Conclusions: Overall, this system toxicology analysis complements and reconﬁrms the results from classical toxicological
endpoints and further suggests the potential of THS2.2M to present
reduced health risks compared to cigarettes.
Financial support: Philip Morris International is the sponsor
and the source of funding of this project.
http://dx.doi.org/10.1016/j.toxlet.2016.07.547
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Possible non-cancer and cancer risk of
communities surrounding gold mine tailings
storage facilities in Gauteng and North-West
due to silica dust inhalation
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Introduction: Biosimilars are biological medicinal products
that contain a version of the active substance of an already
authorized original biological medicinal product (the innovator or
reference product). The ﬁrst approved biosimilar medicines were
small proteins, and more recently biosimilar versions of innovator monoclonal antibody (mAb) drugs have entered development
as patents on these more complex proteins expire. There are currently major differences between how biosimilars are regulated
in different parts of the world, leading to substantial variability in
the amount of in vivo nonclinical toxicity testing required to support clinical development and marketing of biosimilars. There are
approximately 30 national and international guidelines on biosimilar development and this number is growing. The European Union’s
guidance describes an approach that enables biosimilars to enter
clinical trials based on robust in vitro data alone; in contrast, the
World Health Organization’s guidance is interpreted globally to
mean in vivo toxicity studies are mandatory, though these guidelines are currently being updated.
Methods: We reviewed our own experience working in the
global regulatory environment, surveyed current practice, determined drivers for nonclinical in vivo studies with biosimilar mAbs
and shared data on practice and study design for 25 marketed and
as yet unmarketed biosimilar mAbs that have been in development
in the past 5 years.
Results: An in vivo toxicity study was carried out for all products.
There were a total of 26 in vivo studies carried out for 25 products, with 2 in vivo studies in rats being conducted for one product.
For all products, there were no differences detected between innovator and reference products in the in vivo studies. The majority
(75%) of the in vivo studies were in cynomolgus monkeys, with the
remaining studies done in rodents.
Conclusions: These data showed a variety of nonclinical in vivo
approaches, and also demonstrated the practical challenges faced
in obtaining regulatory approval for clinical trials based on in vitro
data alone. The majority of reasons for carrying out nonclinical
in vivo studies were not based on scientiﬁc rationale, and therefore the authors have made recommendations for a data-driven
approach to the toxicological assessment of mAb biosimilars that
minimizes unnecessary use of animals and can be used across all
regions of the world.
1 On

behalf of the NC3Rs working group on biosimilars.
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Introduction: Despite the known association between occupational exposure to crystalline silica and adverse health effects (e.g.
silicosis and cancer), the risk associated from exposure to crystalline silica from environmental sources has not yet been fully
studied. Gold mine tailings storage facilities (TSFs) are known to
be such a dust-generating source in South Africa, particularly in
Gauteng and the North-West.
Objective: The objective of this study was therefore to assess the
potential of exposure to tailings dust by surrounding communities
as well as the presence of crystalline silica in tailings dust and the
determination of risk associated in developing respiratory diseases.
Materials and methods: Environmental PM10 ﬁlters and personal PM4 ﬁlters were collected in communities surrounding TSFs
and the crystalline silica polymorph content on the ﬁlters were
determined using direct-on-ﬁlter X-ray diffraction (XRD) methodology. Their size distribution analysis was also conducted using
a scanning mobility particle sizer and aerodynamic particle sizer.
The risks for both cancer-related and non-cancer-related endpoints
were calculated based on the crystalline silica levels measured on
the personal PM4 ﬁlters.
Results: Environmental PM10 and personal PM4 sampling
showed that surrounding areas experienced silica levels as high
as 90 g/m3 and 51 g/m3 , respectively. All samples consisted
mostly of quartz (73–87%) with only trace amounts of tridymite and
cristobalite. A large percentage of incidental nanoparticles were
identiﬁed (67–71%) indicating the potential of the dust to lodge
deep within the lungs. These results, as well as the frequency of
exposure to dust obtained from meteorological data were used
to calculate risk of disease, with hazard quotients between 5.5
and 16.2 for potential non-cancer risks and 3–9 individuals out
of 10,000 potentially developing cancer over a 70 year life-time
period.
Conclusions: These results have therefore clearly indicated
unacceptable risk to surrounding communities from exposure to
crystalline silica emanating from these TSFs.
http://dx.doi.org/10.1016/j.toxlet.2016.07.549
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In the 1800s the ﬁrst commercial infant foods based on bovine
milk became available and attempted to mirror human milk
composition. Food additives are now used to attain speciﬁc characteristics in products and are approved for use in infant foods.
These products are strictly regulated by many authorities, including
Codex, US FDA and the European Commission. Within Codex, additive safety evaluation is undertaken by the Joint Expert Committee
on Food Additives.
This evaluation is based on the derived Acceptable Daily Intake
(ADI), though the ADI is generally not applicable for infants <12
weeks of age. Ongoing efforts around the world are investigating how to better reﬁne safety assessment approaches and testing
requirements in general. As a contribution to these scientiﬁc discussions within the specialized nutrition area, we have compiled
and reviewed the existing toxicological data for selected food additives, focusing on the suitability of the data to support safe use
in early life. Analysis of these data suggests that the necessity
to generate additional data depends on knowledge of use levels and intakes, previous exposure in the target population, the
chemical nature of the additive and its expected fate (ADME and
digestion) in the infant. Consideration of whether or not the chemical is identical to endogenous physiological metabolites, and if
organs, which are known to be immature in early life, would be
targets for toxicity are key elements to combine with review of
existing toxicological studies to enable decision making on the
adequacy of existing ADIs. Here we present how a case by case integrated approach can help to structure data package requirements
and appropriately address any data gaps using targeted studies in
juvenile model systems resulting in a rigorous approach to safety
assessments.
In summary, a multifaceted safety evaluation, taking into
account the whole body of evidence, is essential to identify what
additional data may be needed to ensure safety in early life.
http://dx.doi.org/10.1016/j.toxlet.2016.07.550
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Introduction: An innovative, science-focused approach was
taken for the development of the new insecticide Sulfoxaﬂor
(IsoclastTM ) to ensure human health safety, both from the toxicological hazard and exposure/risk assessment perspectives, to fully
meet global regulatory requirements.
Objective: There were two critical issues identiﬁed as particularly important to investigate further in the animal toxicity studies:

rodent carcinogenicity and rat developmental toxicity. A review of
the scientiﬁc approach and of the available regulatory reviews for
sulfoxaﬂor indicates that human safety was agreed.
Materials and methods: Mode of Action (MoA) programs, consisting of in vitro, ex vivo and in vivo experiments, were conducted to
show that these effects were not relevant to humans and posed no
hazard to human health. In addition, Toxicokinetic measurements
enabled in vitro to in vivo extrapolation (IVIVE).
Results: Liver tumorigenesis in rodents has been attributed to a
CAR/PXR-mediated (‘phenobarbital-like’) with a tailored MoA program covering rat, mouse, and human Test systems. This pathway is
not activated in humans and, consequently, rodent liver tumors are
not relevant to human health risk assessment. Sulfoxaﬂor induced
foetal limb abnormalities and neonatal death in rats at high doses
being agonist to the foetal, but not the adult, rat muscle nicotinic
acetylcholine receptor (nAChR). Sulfoxaﬂor was shown to have no
agonism at human foetal or adult muscle nAChRs. The regulatory
acceptance of these approaches has been ratiﬁed globally during
the registration of this molecule.
Conclusions: In conclusion, these examples show that mechanistic studies with molecular endpoints can elucidate the MoA for
key effects caused in animal models and, importantly, determine
their relevance to human health risk assessments in a regulatory
framework.
http://dx.doi.org/10.1016/j.toxlet.2016.07.551
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Introduction: Betamethasone (BM) is a potent drug of antirheumatic, anti-inﬂammatory and immunosuppressive action, and
it is the drug of choice for antenatal treatment, promoting fetal
lung maturation and thus decreasing the incidence of respiratory
distress syndrome and neonatal mortality and morbidity. Studies
in rats have shown that prenatal exposure to this drug promoted
changes in testosterone levels and sperm parameters in adulthood,
though there are few studies on the female offspring.
Objective: To study the possible changes in reproductive parameters of female rats caused by in utero exposure to BM.
Materials and methods: Pregnant Wistar rats were divided
(n = 13/group) in a control group and one treated with 0.1 mg/kg
of BM on gestational days (GD) 12, 13, 18 and 19. The female offspring was evaluated for: body weight at postnatal day (PND) 1 and
13, anogenital distance (AGD), nipples count, age of vaginal opening and ﬁrst estrous (indicators of the onset of puberty), estrous
cyclicity, organ weights, hormone levels, ovaries and uterus morphology, sexual behavior, fertility test and pharmacological assays.
Statistics: Student’s t-test or Mann–Whitney test, p ≤ 0.05.
Results: There was a decrease in weight gain of pregnant
females after the beginning of treatment and a decrease of litter
weight on PND 1. The exposure in utero to BM promoted morphological virilization in females, as demonstrated by the increased
relative AGD, which is naturally higher in males. These females also
showed a variation in the number of nipples, delay in the age of
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onset of puberty (vaginal opening and ﬁrst estrous) and increase in
the ovary and uterus relative weights and LH levels. There were
alterations on myometrial and endometrial areas and the pharmacological assays showed that BM treatment increased uterus
contractility. In this same group, the number of estrous decreased
and the length of the cycle, in days, increased. The females prenatally exposed to BM performed less lordosis when paired with
non-treated males during the sexual behavior test. Intrauterine
BM exposure also decreased fertility, as revealed by the increase
in post-implantation loss and the incidence of reabsorptions, and
lower fetal weight was registered on GD 20.
Conclusions: Our results show that prenatal BM exposure
impaired sexual development and provoked long-term deleterious
effects on morphofunctional reproductive aspects of female rats.
Financial support: FAPESP (grant #2014/13660-1).
http://dx.doi.org/10.1016/j.toxlet.2016.07.553
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Introduction: Zearalenone (ZEA) is a nonsteroidal estrogenic
mycotoxin found in several food commodities worldwide. ZEA can
cause reproductive disorders, genotoxicity, and testicular toxicity
in humans and animals. Sertoli cells play a key role in spermatogenesis; however, there is a paucity of data on the toxic effects of
ZEA on Sertoli cells.
Objective: This study investigated the effects of ZEA on the
cytoskeletal structure and autophagy of Sertoli cell.
Materials and methods: Primary Sertoli cells from rats aged
18–21 days were exposed to different concentration (0, 5, 10, and
20 M) of ZEA. The levels of ROS were detected by ﬂow cytometry. The effects of ZEA on the cytoskeletal proteins of ␣-tubulin,
F-actin, and the nucleus structure were observed by the confocal
laser scanning microscopy. The effects of ZEA on the expression of
vimentin, a-tublin, and N-cadherin were assessed by QRT-PCR and
Western-Blot.
Results: ZEA can promote an increase in ROS level, cause disruption and collapse of ␣-tubulin ﬁlaments and F-actin bundles, and
reduce the expression of vimentin, a-tublin, N-cadherin on the protein and mRNA levels. The levels of LC3-II proteins became elevated,
speciﬁc punctate distribution of endogenous LC3-II increased, and
numerous autophagosomes appeared, which suggest that ZEA
induced a high level of autophagy. N-acetyl-l-cysteine exerted
protective effects against ZEA-induced the increase of ROS level,
autophagy and disruption of cytoskeletal structure. The autophagic
inhibitor chloroquine (CQ) prevented the disruption of ␣-tubulin
and F-actin, and inhibited the reduction of the expression of
vimentin, a-tublin, N-cadherin on the protein and mRNA levels.
Conclusions: These ﬁndings showed that ZEA treatment can
damage the cytoskeletal structure and induce autophagy on Sertoli cells by elevating the cellular ROS level. Inhibiting autophagy
can protect the ZEA -induced damage of the cytoskeletal structure.
http://dx.doi.org/10.1016/j.toxlet.2016.07.554
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Effect of perﬂuorooctanoic acid in the
generation of stress oxidative and cell death
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Introduction: Perﬂuorinated compounds (PFCs) are a class of
anthropogenic, ubiquitous, persistent pollutants widely used in
the production of common household and consumer goods. The
best known PFCs are perﬂuorooctane sulfonic acid (PFOS) and perﬂuorooctanoic acid (PFOA). These compounds may have different
effects on health and fertility. In rodents, PFOA induces hepatotoxicity, oxidative damage, and acts as a tumour promoter and
non-genotoxic. In humans it is related to changes in the levels of
LH and FSH hormones and semen quality in adult men exposed to
PFOA in uterus. In women, a negative correlation between levels of
PFCs in the follicular ﬂuid and the fertilization rate was observed
in patients undergoing in vitro fertilization cycles.
Objective: To determine the effect of perﬂuorooctanoic acid in
the generation of oxidative stress and cell death induction in the
early oogenesis in mice in vitro.
Materials and methods: Fetal ovaries were dissected out from
19.5 days post-coitum CD-1 mouse embryos and grown for 7
days, when cultures were exposed to 0, 50, 100 and 150 M
PFOA for 24 h. Cell viability (Annexin V-568) and oxidative stress
[2 ,7 -dichlorodihydroﬂuorescein-diacetate (DCFH-DA)] were then
assessed.
Results: Apoptotic and necrotic cell death was signiﬁcantly
increased in fetal ovary explants exposed to 100 and 150 M
PFOA. The median lethal concentration (LC50 ) was 110 M. Oxidative stress, as evaluated by the DCFH-DA assay, was signiﬁcantly
increased in fetal ovary explants exposed to 28 and 100 M PFOA.
Conclusions: Exposure of fetal mouse oocytes to PFOA significantly decreases the viability of oocytes at concentrations of 100
and 150 M. The observed increase in cell death is probably based
on the oxidative stress generated by PFOA.
Financial support: Consejo Nacional de Ciencia y Tecnología
(CONACYT) CB-2012-01-180043.
http://dx.doi.org/10.1016/j.toxlet.2016.07.555
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The reproductive toxicity of Zishen Yutai pill on
rats and offspring in perinatal period
L. Zhou, J. Jiang, Y. Yang, Y.B. Wu, D.W. Yan, L. Xu, L.M. Chong,
Z.Y. Sun
National Evaluation Centre for the Toxicology of Fertility Regulating
Drug, Department of Pharmacology and Toxicology, Shanghai
Institute of Planned Parenthood Research, Xuhui District, Shanghai,
PR China
Objective: Zishen Yutai pill (ZYP) is one of the most commonly
used Chinese medicines in prevention of early pregnancy loss due
to threatened and recurrent miscarriage. Although it is widely used,
its toxicity during perinatal period has not been well understood.
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Its main components include Radix Codonopsis, Radix Dipsaci,
Polygoni Multiﬂori, Atractylodes macrocephala, Morinda ofﬁcinalis, Eucommia Ulmoides, Semen Cuscutae and Radix Rehmanniae
Praeparata. In recent years, the research on ZYP has been increased
year by year. Previous studies have shown that ZYP combined with
phloroglucinolis is signiﬁcantly effective in the treatment of threatened abortion.
Methods: Pregnant rats (F0) were exposed to 6 g/kg, 12 g/kg and
24 g/kg body weight/d of ZYP by intragastric administration from
gestation day 15 (GD15 ) to through parturition and lactation up to
weaning, i.e. post-natal day 21 (PND21 ). Water and propylthiouracil
(PTU, 15 mg/kg) were used as the negative control and positive control, respectively. The mating was done between the treatment (ZYP
or PTU) group and negative control group when the F1 pups were
born 63 days.
Results: The reproductive capacity of F0 and F1 generation
decreased signiﬁcantly after PTU exposure (P < 0.05); however, the
body weight and reproductive ability of F0, the physical development and feed consumption of F1 as well as the reproductive ability
and survival rate of F2 rats were not signiﬁcantly changed in the ZYP
group compared with the negative control group (P > 0.05).
Conclusion: There was no statistically signiﬁcant evidence of
perinatal toxicity under ZYP exposure.
This work was supported by Shanghai experimental animal scientiﬁc and technological innovative action plan (No:
14140901302); Shanghai professional service platform of nonclinical evaluation of drug against male reproductive and urinary
diseases (No: 15DZ2290400).
http://dx.doi.org/10.1016/j.toxlet.2016.07.556
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Betamethasone causes multigenerational
reproductive impairment in male rats
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Introduction: Betamethasone (BM) is the drug of choice for the
antenatal treatment in the promotion of lung maturation. Previous
studies have reported that prenatal BM treatment reduces male
sperm quality and can negatively impact the pituitary–adrenal axis
in the second generation of treated rats.
Objective: Our objective was to evaluate the reproductive consequences of male rats whose fathers were exposed to BM during
prenatal development.
Materials and methods: Pregnant Wistar rats (n = 10/group)
were separated into two groups: controls (vehicle) and BM-treated
(0.1 mg/kg). Rats were treated on gestational days 12, 13, 18 and
19 via an intramuscular injection. One male pup from each mother
was placed in individual cages and was mated at postnatal day
(PND) 110 with non-treated females. Two males from each litter were analysed for body weight, anogenital distance at PND 1,
and preputial separation (after PND30). On PND 45 and 110, one
male was sacriﬁced and the body and reproductive organ weights,
sex hormone levels, histopathology, and immunohistochemistry
for Cx43 and PCNA was done. Another male was used to evaluate sexual behavior performance, accessory gland contractility and
fertility.

Results: In the betamethasone group there was a signiﬁcant
reduction in body weight at PND 1 as well as a delay in the
onset of puberty. On PND 45, paired testis, epididymis, vas deferens, and adrenal weights were increased. Despite the decreased
weight of the seminal vesicles, the contractility of the tissue was
increased with both norepinephrine and carbachol. Serum LH levels were increased while FSH levels were decreased. There was
also a decrease in the Leydig cell volume. The number of morphologically normal sperm, their motility, and daily sperm production
were all reduced. Rat sexual behavior was affected by treatment as
they were unable to mount the females. Furthermore, male fertility,
as determined by intrauterine insemination, was reduced in BMtreated rats. The histopathology of testis and epididymis as well as
the immunostaining for Cx43 and PCNA in the testis were similar
between groups.
Conclusions: Prenatal BM exposure leads to multigenerational
long-term reproductive impairment in male rats. These results raise
concern for humans, considering the use of BM in pregnant women.
Financial support: FQRNT, NSERC (155065-06) and FAPESP
(grant #2012/25350-1).
http://dx.doi.org/10.1016/j.toxlet.2016.07.557
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Effect of quality sperm and DNA damage by
thallium exposure in mice mature sperm
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Introduction: The use of metals has contributed to cultural and
technological developments. Thallium is released into the environment from industrial sources, production of electrical energy,
cement plants and reﬁning processes. The deposition of atmospheric thallium has contaminated surface soils, exposing humans
to thallium via oral, dermal, and inhalation routes. Men are
inevitably exposed to metals due to their ubiquity in nature. Several studies have been established an increased incidence in sperm
quality alterations, and environmental and lifestyle factors are
among the possible causes contributing to this deterioration.
Objective: We evaluated Thallium (Tl) effects on sperm quality
and DNA damage in mature sperm in mice.
Materials and methods: Adult male mice were administered Tl (15 or 25 mg/kg bw/v.o./day/5 days) and euthanized 24 h
post-treatment (hpt). Spermatozoa were obtained from cauda
epididymis–vas deferens, and then evaluated for sperm quality and
DNA damage by SCSA.
Results: Tl acute exposure caused a dose–response decrease
in quality sperm, where sperm viability and motility showed
decreases (85–72% and 75–60%, both doses) and morphology
showed a slight increase (6–15%, both doses) after Tl exposure,
compared to the controls. An increase in DFI% (fragmented DNA)
showing values of 4- and 16-fold at doses of 15 and 25 mg/kg,
respectively, compared to the controls.
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Conclusions: These data suggest that Tl is cytotoxic and
genotoxic, evidenced by alterations in sperm quality (Viability > Motility > Morphology) and DNA damage in maturing
spermatozoa.
Financial support: Study supported by UAGro.
http://dx.doi.org/10.1016/j.toxlet.2016.07.558
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Effects of cadmium exposure on spermatids and
maturing sperm of mice
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Introduction: Cadmium (Cd) is a heavy metal; it is considered
environmental toxicant and occupational health hazard. Non-toxic
concentrations of Cd in water are 0.005–0.04 mg/L, daily intake.
The effects of Cd on sperm quality and damage DNA are mostly
inconsistent.
Objective: We evaluated the effects of cadmium chloride
(CdCl2 ) on sperm quality and DNA damage, as well as their ability to cause oxidative stress, exploring the two sensitive stage(s) of
spermatogenesis.
Materials and methods: Adult male mice were administered
CdCl2 (1.6 and 3.2 mol/kg/every third day) for 5 and 15 daystreatment (dt) and euthanized 24 h post-treatment. Spermatozoa
were obtained from cauda epididymis–vas deferens and evaluate for sperm quality, DNA damage by Comet Assay, oxidative
stress through malondialdehyde (MDA) production and reactive
oxidative species (ROS) generation were evaluated by CellROX®
Kit.
Results: Cd at 5-dt did alter all sperm quality parameters and
these decreased in a dose-dependent relationship to both doses.
Cells collected at 15-dt (1.6, low dose) showed decreased viability
(22%), motility (29%) and morphology normal (4%). Cd increased
dose-dependent the %DNA (2.4- and 3.6-fold) and OTM (9.5- and
15.3-fold) at both doses. At 15-dt (low dose) the Cd increased
the %DNA and OTM at 1.7- and 4.7-fold, respectively. At 5-dt, Cd
increased (2-fold) MDA production, only at higher dose. ROS were
increased at both doses and exposure time (0.7- and 1-fold: 5-dt
and 1.4-fold: 15-dt), all compared to the control group.
Conclusions: These data suggest that spermatid and mature
spermatozoa are target cells to CdCl2 exposure. In addition, sperm
quality alterations and DNA damage are related with ROS generation and MDA, suggesting these as possible mechanisms of action
in the two stages of spermatogenesis.
Financial support: Study supported by UAGro.
http://dx.doi.org/10.1016/j.toxlet.2016.07.559
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The fungicide vinclozolin (V) is used for agricultural settings.
In rat serum V is non-enzymatically hydrolyzed to M1 and M2
metabolites. V is metabolized to at least seven metabolites by
cytochrome P450. V and M1 and M2 metabolites were classiﬁed
as endocrine disruptors. Several studies have shown that V causes
abnormal male reproductive tract and alters sperm quality and
testosterone balance. The blood–testis barrier (BTB) is a susceptible structure to be affected by anti-androgenic xenobiotics. The
information about toxicokinetic and dosimetry of V and its metabolites is limited. The objective of this study was to determine the
dosimetry V and its metabolites and to identify the effect on the
BTB in adult male rats by exposure to repeated doses. Adult male
Wistar rats were administered po with V (100 mg/kg/d) during
7 d. Animals were sacriﬁced 8 h after the last dose, organs were
removed and serum was obtained. V and its metabolites were
extracted from serum and organs with acetonitrile adjusting pH at
5.5. Serum conjugated and non-conjugated metabolites were evaluated using enzymatic reaction with ␤-glucuronidase/sulfatase
obtained from H. pomatia. V and its metabolites were analyzed
by HPLC/DAD. Testes were processed to evaluate the effect on
BTB. M5 metabolite was the most abundant in all organs analyzed; it had an important presence in organs with high content of
androgen receptor as prostate, epididymis, testes, seminal vesicles,
and brain. V and M1 and M2 metabolites were highly accumulated in fat. Liver was the organ with the highest quantities of
all detected metabolites followed by kidney. M5 was the only
metabolite that signiﬁcantly increased after enzymatic hydrolysis using ␤-glucuronidase/sulfatase in serum. V treatment induced
the appearance of a leaky BTB by using a biotin tracer coincident
with loss of the integrity and function of this structure. Occludin,
claudin-11 and ZO-1 were diminished and disturbed by numerous breaks in the BTB circumscribed to each Sertoli cell near the
basement membrane. These results indicate that M5 is the main V
metabolite by exposure to repeated doses; in addition, it could play
an important role in the development of anti-androgenic effects on
male reproductive system previously reported in literature.
Funded by Conacyt-Mexico #168384 and by the Pesticide Toxicology Network #253789/271775.
http://dx.doi.org/10.1016/j.toxlet.2016.07.560
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Acrosome reaction and sperm DNA
fragmentation as predictors of male fertility
and the relationship with environmental
factors
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Introduction: About 15% of couples are infertile worldwide
with 40% due to a male factor. Sperm quality has declined in last
decades, and environmental pollutants are risk factors for infertility. Current sperm quality parameters based on WHO do not predict
fertilization or embryo development.
Objective: To identify markers of sperm function that better
predict successful fertilization and embryo development, and their
relationship with environmental factors in patients undergoing
assisted reproduction.
Materials and methods: A cross-sectional study was conducted
in 69 patients undergoing egg donation procedure in a fertility
clinic. After spermatozoa capacitation with 10% HSA/2h, spontaneous (sAR) and calcium ionophore induced acrosomal reactions
(iAR) were evaluated using anti-CD46-FITC and ﬂow cytometry. Acrosome response to the ionophore challenge (ARIC) was
calculated. Sperm DNA damage was evaluated by the SCSA technique (DNA Fragmentation Index – %DFI), ROS were quantiﬁed
using 2 ,7 -dichloroﬂuorescin-diacetate, and environmental exposure was assessed by questionnaire. Fertilization rate and embryo
viability were determined by personal of the clinic.
Results: Participants (40.20 ± 6.08 years old) were mostly
normospermic (65.22%). In vitro fertilization (IVF) rate was
60.32 ± 20.16% after incubation with 12.34 ± 5.31 eggs per patient,
and 49.85 ± 31.30% of viable embryos. Signiﬁcant associations were
observed between IVF rates and sAR (r2 = −0.27), iAR (r2 = 0.15), and
ARIC (r2 = 0.27). A mean value of 21.79 ± 6.29%DFI was observed
with 29% of samples exceeding the limit of good DNA integrity
(25%DFI). A positive association between %DFI and the percentage
of degraded embryos (r2 = 0.14) was observed. WHO sperm quality did not predict male fertility success. Multivariate analyses to
obtain the best model to predict male fertility considering environmental factors (occupation, lifestyle, habits, etc.) are in process.
Preliminary data show a positive association between ROS and %DFI
in patients living near to a smithy (r2 = 0.15).
Conclusion: AR can predict higher fertilization rates, and %DFI
the embryo viability; both may be affected by environmental factors.
Financial support: PEI-Conacyt 231793.
http://dx.doi.org/10.1016/j.toxlet.2016.07.561
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Introduction: Lead (Pb) exposure is associated with male
reproductive effects, including poor sperm quality and function.
Alterations in sperm acrosome reaction (AR), which is essential for

oocyte fertilization, have been observed in animal models exposed
to high Pb concentrations. These effects on sperm function have not
been reported at low Pb concentrations, similar to environmental
exposure levels in polluted areas, nor the potential mechanisms of
action.
Objective: To evaluate the effect of Pb exposure on sperm cells
during a spermatogenic cycle (45-day), assessing the sperm quality,
and AR: initial (oAR), spontaneous (sAR), and induced (iAR).
Methods: Sexually mature CD1 mice (12 weeks of age) were
exposed to 0.01% Pb2+ for 45 days in drinking water (control group = 4, treated group = 6). Animals were sacriﬁced 1 day
post-treatment, and spermatozoa were obtained from cauda
epididymis–vas deferens in Human Tubal Fluid medium. AR
was evaluated using DAPI-PNA lectin labeling, and ﬂuorescence
microscopy before and after sperm capacitation using 0.8 mg/mL
BSA/2 h (to assess oAR and sAR, respectively), and after an incubation with calcium ionophore (10 M/1 h) to assess iAR.
Results: Blood Pb levels in treated mice were <20 g/dL. No
differences in sperm viability, motility or concentration were
observed after the Pb treatment compared to the control group.
However, Pb exposure during a spermatogenic cycle altered the
sperm acrosome compared to the control group. We observed an
increase in oAR in Pb-treated animals (45 ± 3.9% vs 56.6 ± 2.1%,
p = 0.02), this is, the spermatozoa did not have acrosome, suggesting an effect during the acrosome formation; also an increase in sAR
(52.5 ± 1.8% vs 65.6 ± 2.8%, p = 0.035) was observed, suggesting that
the acrosome was lost during the capacitation process, and ﬁnally,
Pb-treated animals showed a marginal increase in iAR (64.6 ± 3.4%
vs 78.5 ± 3.1%, p = 0.057), suggesting an alteration in the acrosome
function.
Conclusions: Pb exposure during a spermatogenic cycle alters
the acrosome formation as well as its function, possibly by targeting
different stages of the spermatogenesis. We are in the process of
evaluating the possible mechanism(s) of action.
http://dx.doi.org/10.1016/j.toxlet.2016.07.562
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Introduction: Di(2-ethylhexyl) phthalate (DEHP) is the most
widely used plasticizer worldwide, and it is present in many commonly used products such as paints, medical devices, food and
beverage containers, toys and personal care products, posing a risk
to human health.
Objective: Due to the ability of DEHP to exert toxicity on ovarian
follicular development, and possibly target the oocyte, this study
investigated the impact of low levels of DEHP on estrous cyclicity,
ovulation rate, oocyte viability, oocyte fertilization and early zygote
development.
Methods: Female CD1 mice were dosed orally with 20, 200 and
2000 g/kg/day DEHP or corn oil daily for a period that targeted the
ﬁrst three reproductive cycles (12–15 days). After dosing, oocyte
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PP25.8
The biomarker research of chronic prostatitis

with CP/CPPS IIIA, CP/CPPS IIIB and benign prostatic hyperplasia
(BPH). IL-8 is a reliable biomarker in seminal plasma for chronic
prostatitis/chronic pelvic pain syndrome (CP/CPPS), and for BPH,
and also the IL-8 levels were correlated with symptom scores and
serum PSA values, increasing its value as a biomarker for prostate
inﬂammation.
Monocyte chemoattractant protein 1 (MCP-1) and macrophage
inﬂammatory protein-1␣ (MIP-1␣) recruit monocytes and
macrophages via their release from ﬁbroblasts and macrophages
in joints of patients with rheumatoid arthritis and perpetuate the
inﬂammatory process. For MCP-1 and MIP-1␣, chronic pelvic pain
syndrome subtypes had statistically higher levels than the control
group and patients with benign prostatic hyperplasia. MCP-1 and
MIP-1␣ within the prostatic ﬂuid in both chronic pelvic pain syndrome subtypes provide candidate future biomarkers for chronic
pelvic pain syndrome. In addition, macrophage inﬂammatory
protein-1␣ increase in expressed prostatic secretions provides
a new marker for clinical pain in chronic pelvic pain syndrome
patients. Given these ﬁndings prostatic dysfunction likely has a
role in the pathophysiology of this syndrome.
This work was supported by Shanghai experimental animal scientiﬁc and technological innovative action plan (No:
14140901302); Shanghai professional service platform of nonclinical evaluation of drug against male reproductive and urinary
diseases (No: 15DZ2290400).
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PP25.9
Female infertility induced by vanadium
inhalation in a murine model

fertilization and zygote development was assessed using mating
and in vitro fertilization techniques.
Results: Estrous cyclicity assessed as the number of days spent
per stage, ovulation rate assessed by a superovulation protocol, and
oocyte viability assessed with propidium/Hoechst staining were
similar in control mice and DEHP-treated mice. Exposure to DEHP
and then in vivo mating revealed signiﬁcantly increased number of
unfertilized oocytes, increased number of zygotes at the 1-cell stage
and decreased number of zygotes at the 4-cell stage, compared
to control. However, exposure to DEHP and in vitro fertilization
revealed no alterations in fertilization and zygote development
compared to control. To provide evidence on a possible mechanism
of toxicity, a group of mice were exposed to 5-ﬂuorouracil (5FU), a
compound that inhibits cell division, which caused similar effects
to those observed in in vivo mated female mice.
Conclusion: DEHP mainly targets zygote development at the 1cell stage via unknown effects on the oviduct of the exposed female.
Our data further suggest that DEHP may delay zygote development
via disrupting cell division (cleavage).
Conacyt México CB-167678.
http://dx.doi.org/10.1016/j.toxlet.2016.07.563

Chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) is an
important public health problem. CP/CPPS is a poorly understood
entity characterized by pelvic or perineal pain, irritative voiding
symptoms, and sexual dysfunction, and, from a clinical point of
view, is truly lacking a cause that would allow a more rationaldriven therapy.
Currently, there is not a “golden standard” in diagnosis of prostatitis, while the detection of biomarkers can be helpful for the
diagnosis, treatment and prognostic monitoring of prostatitis. Following signiﬁcant improvements of the methods of detection in
biological ﬂuids, a number of prostate inﬂammation biomarkers
were identiﬁed and quantiﬁed, in peripheral blood, urine and seminal plasma.
In fact, white blood cells (WBC) count in expressed prostatic secretions (EPS) has long been considered as the marker
of prostatitis. However, it does not appear to be the optimal
marker of inﬂammation and the current categorization of chronic
prostatitis/chronic pelvic pain syndrome III B and asymptomatic
inﬂammatory prostatitis as inﬂammatory or non-inﬂammatory
based on WBC count appears to offer little clinically useful information. And whilst WBC can be found in the prostatic ﬂuid or seminal
plasma of asymptomatic men as well as in that of men with pelvic
pain. Also, the measures of the NIH-CP Symptom Index in symptomatic men show no correlation with WBC in EPS or seminal
plasma.
As the prostatitis biomarkers, cytokines/chemokine may have
high sensitivity and good speciﬁcity. Interleukin 8 (IL-8) is a proinﬂammatory cytokine and plays an important role in different
inﬂammatory diseases. Signiﬁcant correlations between IL-8 levels and symptom score results were found. IL-8 values strongly
correlated with CP/CPPS. Moreover, the patients with higher levels of IL-8 reported the worst symptoms. The study has shown that
IL-8 was signiﬁcantly elevated compared to controls in patients

N. Meléndez-García, P. Bizarro, M. Altamirano-Lozano, E.
Rendón-Huerta, R. Guerrero-Alquicira, T. Fortoul
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Introduction: Epidemiological studies have proven a relationship between maternal exposure to PM2.5 and pregnancy outcomes
(low birth weight, intrauterine growth retardation, preterm birth).
Particulate matter is composed, among others substances, by
metals which produces miscarriages, menstrual disorders and
stillbirth in occupationally exposed women. In animal models,
particularly vanadium inhalation induces anestrus, lowers progesterone, and estrogen serum concentrations in female mice.
However, it has not been evaluated if these alterations produce
infertility in exposed females. Metals could interfere with the
endocrine system but also in delocalizing expression of connexins
and decreasing its expression, which are for important embryo’s
implantation.
Objective: To evaluate vanadium inhalation effect on connexins
in female mice fertility.
Materials and methods: 15 CD1 female mice inhaled vanadium
pentoxide (V2 O5 ) 0.02 M. The postcoitusV-group inhaled vanadium
just 1 h at 5th day after mating, meanwhile V4-WK group inhaled
V 1 h, twice a week per four weeks and control group inhaled only
the vehicle. Ovaries and uterus were collected and processed for
routine histological technique, and also Cx43 and cx26 immunohistochemistry analysis was performed. The number of implantations
and corpus luteum per dam were counted.
Results: Control females presented 14 implantation sites,
whereas in exposed mice during 4-WKs there were not any
implantation sites, therefore we were not able to analyze connexin
expression in implantation sites. Because of that we included a
poscoitusV-group. Embryo reabsorptions were observed in this
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former group and decreased stain for both connexins in epithelium
and in the decidua.
Conclusions: Vanadium inhalation prevents embryo implantation in females exposed for 4 WKs before, this ﬁnding indicates that
lower levels of progesterone and estradiol induced by vanadium
(reported in previous works) have the potential to induce infertility. In addition, embryo resorption in mice exposed just 1 h at 5th
dpc suggests that embryo implantation is very sensitive to vanadium and maybe to other air pollutants. Hence, vanadium should
be considered as an endocrine disruptor and reprotoxic.
Financial support: CVU 630707. Posgrado en Ciencias Biológicas, UNAM. CONACyT.
http://dx.doi.org/10.1016/j.toxlet.2016.07.565
PP25.10
Bisphenol-A does not alter mRNA levels of
genes encoding proteins involved in
communication and expansion of the cumulus
cells–oocyte complex
S.P. García-Zepeda, D.G. Acuña-Hernández, R.
Santacruz-Márquez, I. Hernández-Ochoa
Departamento de Toxicología, Cinvestav-IPN, Ciudad de México,
Mexico
Introduction: Cumulus cells maintain a close association with
the oocyte through gap junction intercellular communication (GJIC)
to facilitate the transfer of factors needed for the proper function of
the female gamete. Upon signaling pathways triggering ovulation,
luteinizing hormone (LH) induces mRNA levels of genes encoding proteins involved in cumulus cells (CC) expansion, including
Prostaglandin-endoperoxide synthase 2 (Cox2), Hyaluronan synthase 2 (Has2), Tumor necrosis factor alpha induced protein 6
(Tsg6), Versican (Vcan), and CD44 antigen (Cd44).
Objective: Because it has been shown that exposure to the
worldwide used plasticizer bisphenol-A (BPA) decreases communication via GAP junctions, and that BPA alters CC expansion, this
study evaluated whether BPA alters mRNA levels of genes encoding
proteins involved in communication and expansion of the cumulus
cells–oocyte complex (COC).
Materials: Female mice were orally dosed with BPA (20 and
50 g/kg bw/day), vehicle (corn oil) or diethylstilbestrol (DES) as a
positive control for 12–16 days. At the end of treatments, females
received ip 5 IU of equine chorionic gonadotropin (eCG), and 48 h
later were either sacriﬁced to collect COC or were administrated
ip with 5 IU human chorionic gonadotropin (hCG) to collect COC
at 10 h later. COC from eCG-primed mice were used to evaluate Luteinizing hormone/chorionic gonadotropin receptor (Lhcgr)
mRNA levels, whereas COC from hCG-primed mice were used to
evaluate Gap junction protein alpha 1 (Cx43), Gap junction protein
alpha 4 (Cx37), Cox2, Has2, Tsg6, Vcan, and Cd44 mRNA levels.
Results: The data showed similar mRNA levels of all genes
related to communication and expansion of COC.
Conclusion: These data suggest that transcription of main genes
related to communication and expansion of murine COC is not a
target of environmentally relevant doses of BPA.
Financial support: Conacyt-México CB-167678.
http://dx.doi.org/10.1016/j.toxlet.2016.07.566

PP25.11
Temephos decreases ovarian antral follicle
growth in an in vitro system
L. Millán-Mejía, S.P. García-Zepeda, I. Hernández-Ochoa
Departamento de Toxicología, Cinvestav-IPN, Ciudad de México,
Mexico
Introduction:
Temephos
(phosphorothioate
O,O,O,Otetramethyl O, di-p-; o -thio-phenyl) is a no systemic
organophosphate pesticide (OP) used worldwide in public
health campaigns to control Aedes aegypti mosquito, a transmitter
of dengue and zika viruses.
Recently, in vitro studies demonstrated that this OP exerts
cytotoxic and genotoxic effects on cellular systems possessing
metabolic activity. In spite of its extensive use, the potential detrimental effects of temephos on antral follicles, which are functional
units in the ovary that releases a fertilizable oocyte and that possess
a high metabolic and endocrine activities, remain to be elucidated.
Objective: The present study tested the hypothesis that environmentally relevant concentrations of temephos inhibit antral
follicle growth.
Materials and methods: Ovarian antral follicles isolated from
CD-1 female mice were cultured with vehicle control (dimethyl
sulfoxide; DMSO) or temephos (0, 0.5, 1, 2, 5, and 10 M) for up to 7
days. Follicle growth, measured as follicle diameters every 24 h, was
compared in vehicle control and temephos-treated follicles using
general linear models for repeated measures.
Results: Ovarian antral follicles cultured with 10 M temephos
had signiﬁcantly decreased growth compared to vehicle control at
days 6 and 7.
Conclusion: Temephos could have potential endocrine disrupting effects on the ovary.
Financial support: This study was partially supported by the
Pesticide Toxicology Network (Conacyt-Mexico #253789/271775),
and Conacyt-Mexico CB-167678.
http://dx.doi.org/10.1016/j.toxlet.2016.07.567
PP25.12
Genotoxic damage in sperm cells from
Long–Evans rats exposed to arsenic and its
relationship with poor quality sperm
M.S. Niño, L. Nava, J. Jimenez, N. Betancourt, R. Alcaraz, O.
Sambrano, J.M. Moran, E. Olivas
Department of Cell Biology and Ultrastructure, Universidad
Autónoma de Coahuila, Torreón, Coahuila, Mexico
Introduction: Day by day the groundwater in the Laguna in
Coahuila and Durango States, Northern Mexico is contaminated
with arsenic (As) due to the gradual lowering of the groundwater sources, then exposing people to high concentrations of As in
drinking water. Several animal studies have described the effects of
As in the male reproductive function, resulting in low sperm quality as well as a genotoxic effect in lymphocytes. In this study, we
assessed the genotoxic effects of As in rats exposed to As2 O3 in
drinking water.
Materials and methods: An experimental design was made
with 9 male Long–Evans rats 15 weeks old, and 215–240 g. The animals (n = 9) were randomly divided into 3 groups (n = 3 each). The
control group received distilled water and groups 1 and 2 received
a solution of As (As2 O3 ) dissolved in distilled water at concentrations of 0.025, and 0.05 mg L−1 , respectively for ﬁve days a week, for
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four weeks. The sperm samples were collected from the epididymis
in 2 mL of saline (0.9% NaCl) analyzing the sperm concentration,
motility, morphology and viability, as well as the sperm chromatin
dispersion (SCD). Statistical analysis was performed with the SPSS
20 statistical package, an ANOVA, and Tukey tests were applied to
compare the means between treatments.
Results: The overall ANOVA analysis showed signiﬁcant differences between groups in sperm concentration (P = 0.009) and
motility (P = 3.0E10−5). Post hoc Tukey test showed a signiﬁcant difference in sperm concentration between groups 1 and
2, compared to the control group (P = 0.033 and 0.009, respectively), and a linear regression analysis showed a correlation
between the fragmentation index with the sperm concentration and sperm progressive motility (r = −0.794, P = 0.011; −0.949,
P = 9.6E−5, respectively). For the variable fragmentation index, values for the control and As-treated groups were: 3.000 ± 1.000,
66.333 ± 4.163, and 82.333 ± 4.932, respectively; the ANOVA analysis showed signiﬁcant differences between groups (P = 5.1496E−7);
besides the post hoc Tukey test resulted in signiﬁcant differences
for groups 1 and 2 with respect to the control group (P = 7.1878E−7,
and 2.0E−6, respectively).
Conclusions: Preliminary results showed a decrease in sperm
concentration and motility by As exposure, which could be related
to the genotoxic damage caused by this metalloid. The sperm DNA
fragmentation may be related to other factors such as the formation
of reactive oxygen species (ROS), methylation of genes involved in
cell cycle regulation or chromosome damage.
Financial support: Universidad Autónoma de Coahuila, Torreón, Coahuila, Mexico.
http://dx.doi.org/10.1016/j.toxlet.2016.07.568
PP25.13
Effects of subchronic exposure to sibutramine
and/or rosuvastatin on reproductive
parameters of Wistar rats
P.V. Silva 1 , C.S. Borges 1 , T.L. Pacheco 1 , T.M. Figueiredo 1 , J.L.
Rosa 1 , G. Missassi 2 , G.A.A. Leite 2 , R.F. Silva 2 , M.T. Guerra 1 ,
A.F.G.M. Dias 1 , W.D.G. Kempinas 1
1
2
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Introduction: Obesity is a public health problem that has
been rising worldwide. Considered a disease, it is characterized by dyslipidemia and related to various morbidities such as
metabolic syndrome and cancer. Sibutramine, an anorectic drug,
has been used alone or associated with hypolipidemic drugs, such
as rosuvastatin, to treat obese patients. However, effects on the
reproductive parameters of these patients were not investigated.
Objective: To investigate the effects of subchronic exposure
to sibutramine and/or rosuvastatin on reproductive parameters in
male rats.
Materials and methods: Adult Wistar male rats (90 days)
were separated into control (C; saline and dimethyl sulfoxide),
sibutramine (S; 10 mg/kg), rosuvastatin (R; 5 mg/kg) and sibutramine combined to rosuvastatin (S + R) groups (n = 7–13/group)
and treated orally for 30 days in the dark cycle period. After
treatment, the following parameters were analyzed: body and
reproductive organ weights, sexual behavior, fertility after natural
mating and in utero artiﬁcial insemination and sperm parameters.
Results: There was a signiﬁcant reduction in the body weight
of S and S + R groups when compared to C group. In these animals,
there was a decrease in the absolute weights of full seminal vesicle
and ventral prostate, acceleration of epididymal sperm transit
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time and reduction of sperm numbers in the epididymal cauda.
Sexual behavior, fertility after natural mating, sperm production
and motility were not altered by the treatment. On the other hand,
fertility potential was reduced after in utero artiﬁcial insemination
in the S group.
Conclusions: The anorectic action of sibutramine was conﬁrmed by the reduction in body weight of the S and S + R groups.
In addition, these animals showed reduced reproductive organ
weights and epididymal sperm reserves and aceleration of epididymal sperm transit time, leading to reduced fertility observed
after in utero artiﬁcial insemination. By contrast, rosuvastatin had
no effect and did not potentiate sibutramine effects on the reproductive parameters investigated.
Financial support: FAPESP (grant #2014/15566-2).
http://dx.doi.org/10.1016/j.toxlet.2016.07.569
PP25.14
Aminosalicylates toxicity in pregnant carriers of
ulcerative colitis, perinatal outcome
H.O. Favela 1 , M.N. Betancourt 1 , M.J. Morán 1 , R.Y. Jaramillo 2 , C.J.
Nares 2 , G.F. Solís 2 , O.J. Zambrano 1 , P.A. Carrillo 1 , R.I. Balderas 3 ,
H.J. Favela 4
1 Biology Cell and Ultraestructure Department, Biomedical Research
Center, Faculty of Medicine, Autonomous Univeristy of Coahuila,
COAH, Mexico
2 Instituto Mexicano del Seguro Social UMAE No. 71, COAH, Mexico
3 Department of Genomics and Genetic Engineering, Faculty of
Chemical Sciences of the Autonomous University of Nuevo Leon,
Mexico
4 Faculty of Chemistry of the Juarez University of the State of
Durango, DGO, Mexico

Introduction: Ulcerative colitis affects persons in reproductive
age. Its attention in the pregnancy represents a multidisciplinary
challenge.
Objective: To describe the toxicity and perinatal outcomes in
patients with ulcerative colitis and pregnancy treated with aminosalicylates and steroids.
Materials and methods: Study design: case series, observational, descriptive, retrospective, not intervencional. Seven patients
were analyzed with ulcerative colitis, pregnant, from January 1,
2010 until May 30, 2015. There was evaluated diagnosis, evolution
of the illness, medical, obstetric complications, and perinatal outcomes. Inclusion: Patients with CUCI with histological assertion,
pregnant women. Exclusion: absence of histopathological report.
The statistical analysis carried out by scattering measurements,
analysis of central tendency, Pearson correlation and Statistical
analysis program SPSS Version 23.
Results: Age average was 29 years. The correlation between
the age gestational and the weight of the product was .909
(p = 0.01) with a signiﬁcance of 99%. The age gestational was 38.6
weeks (SD ± 1.31) and the weight of the newborns was 2671 g
(SD ± 579.78). The patients who did not suspend its treatment with
aminosalicylates/steroids or they initiated them in pregnancy, had
an association of .538 in accordance with the grade of severity of
the illness (just as not pregnant women). There were no signiﬁcant
differences in the extension of the illness (Montreal) (p = 0.94), and
the gestational age (p = 0.49) as for the activity/reference during the
pregnancy. Neither abortions nor congenital malformations were
brought in any case.
Conclusions: The aminosalicylates are safe during the pregnancy. They allow to term pregnancy, with better survival for the
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product in spite of presenting underweight at birth, collaborating
with a low morbidity and maternal mortality.
http://dx.doi.org/10.1016/j.toxlet.2016.07.570
PP25.15
Taurine prevents sexual dysfunction of
alloxan-induced diabetic mice
E. Martínez-Galero 1 , T.T.R. Torres-Carrillo 1 , G.A. Arroyo-Razo 2 , L.
Garduño-Siciliano 1
1

Departamento de Farmacia, Escuela Nacional de Ciencias
Biológicas, Instituto Politécnico Nacional, Ciudad de México, México
2 Lab. de Química Verde, FES-Cuautitlán-UNAM, Estado de México,
México
Introduction: A common chronic complication among diabetic
men is sexual dysfunction. It is therefore important to evaluate
compounds with little or no toxicity which may decrease potentially diabetes-induced sexual dysfunction and thus improve men
life quality. Protein glycation and oxidative damage are two mechanisms involved in the development of sexual dysfunction. Taurine
(Tau) is a non toxic amino acid with antioxidant activity and antiglycation.
Objective: The aim of this study was to investigate the effect of
taurine on sexual dysfunction caused by diabetes in mice.
Materials and methods: ICR male mice sexually mature were
randomized into ﬁve groups: (1) Negative Control, (2) Tau 2%, (3)
Diabetic Control, (4) Diabetic-Tau 1% and (5) Diabetic-Tau 2%. Diabetes was induced administrating alloxan 200 mg/kg i.p. and Tau
treatment was provided by dissolving the amino acid in drinking
water. Water consumption, blood glucose and body weight were
determined weekly along study (42 days). On day 40, animals were
subjected to a sexual behavior test and were sacriﬁced at the end
of treatments. Reproductive organs were collected and weighed.
Spermatozoa were collected from epididymis and vas deferens to
evaluate spermatic account viability and motility.
Results: In addition to hyperglycemia and polydipsia, which
are typical signs of diabetes, alloxan-treated mice exhibited sexual
behavior deterioration evidenced by decreased number of mounting trials, as well as by increased licking behavior and mounting
latencies. Further, alloxan-treated mice decreased sperm count and
motility. Meanwhile, taurine-treated mice did not modiﬁed blood
glucose levels, but signiﬁcantly reversed deterioration of sexual
behavior and sperm quality induced by alloxan-treatment.
Conclusions: According to the results presented above, it can
be concluded that taurine may be a potential treatment to prevent
sexual dysfunction caused by diabetes.
Financial support: This work was funded by the SIP20144409
project.
http://dx.doi.org/10.1016/j.toxlet.2016.07.722
P26: Target Organ Toxicity
PO26.1
Mechanistic studies on diethylene glycol
poisoning to develop new therapies?
K.E. McMartin, C. Robinson, T. Conrad, G. Landry
Dept of Pharmacology, Toxicology, and Neuroscience, LSU Health
Sciences Center, Shreveport, LA, USA
Objectives: Diethylene glycol (DEG) ingestion, mostly through
adulterated pharmaceuticals, has produced numerous mass poi-

sonings in the developing world. DEG poisoning is extremely
difﬁcult to diagnose and the only effective treatment has been
hemodialysis, which also lacks wide availability. Our goal is to
understand the mechanisms of DEG toxicity in order to develop
drugs that might be useful, particularly in suspected poisonings world-wide. DEG poisoning is characterized by acute kidney
injury, hepatotoxicity and peripheral neuropathy. To understand
the mechanism of toxicity, we have shown in human, animal, and
cellular studies that diglycolic acid (DGA) appears to be the key
metabolite that accumulates and produces a necrotic toxicity in
the kidney. The goal of these studies is to conﬁrm that DGA is the
toxic metabolite and to assess how it accumulates in target organs.
Materials and methods: Adult Wistar rats were gavaged with
doses of DGA from 0–300 mg/kg, urine was collected and blood and
tissues were collected at 48 h. Studies in human proximal tubule
(HPT) cells compared the uptake and efﬂux of DGA with that of
succinate, the dicarboxylate transporter substrate in the kidney.
Results: These studies have conﬁrmed that DGA induces a
toxic syndrome virtually identical to that of DEG, with renal and
hepatic damage. DGA accumulated in kidney and liver tissue only at
300 mg/kg. DGA concentrations in the kidneys and liver correlated
with renal and hepatic injury. Histopathologic and chemical analysis showed that DGA exhibited moderate liver damage and marked
renal injury, but only at 300 mg/kg. Transport studies showed that
DGA was slowly taken up by HPT cells from both the apical and
basolateral directions, but was efﬂuxed from cells only in a small
amount.
Conclusions: These results provide direct evidence for DGA as
the toxic metabolite of DEG. The steep dose–response threshold for
toxicity suggests a saturable step in DGA transport. DGA appears to
accumulate in the kidney due to a slow uptake, but essentially no
transport out of the cell. Future studies will assess the transport
pathways to design ways to reduce this accumulation and hence
DGA toxicity, which could lead to new therapies for DEG poisoning.
http://dx.doi.org/10.1016/j.toxlet.2016.07.572
PO26.2
Effects of arginine vasopressin (AVP) deﬁciency
and the use of conivaptan on the blood pressure
in normal and spontaneous hypertensive rats
(SHR)
M. Villanueva-Rodríguez 1 , A. Organista-Esparza 1 , V.
Viñuela-Berni 1 , P. Huerta-Carreón 1 , C.V. Rivera-Cerecero 2 , R.
Chavira-Ramirez 3 , A. Quintanar-Stephano 1
1
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Introduction: Previously, we described that neurointermediate
pituitary lobectomy (NIL) in normotensive rats, induced an early
but transient diabetes insipidus and permanent low mean blood
pressure (MBP).
Objective: Study the mechanisms that regulate blood pressure
and ﬂuid balance in AVP deﬁcient animals.
Materials and methods: We evaluated the effects of NIL on AVP
and oxytocin (OT) serum levels and MBP, water intake and urine
output, urine Na and K concentrations and Na and K serum levels
from time 0 to 6 h and at 3, 15, 45 and 90 days post NIL, whereas
the renin-angiotensin II-aldosterone system (RAAS) was assessed
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at 3 and 45 days post NIL. All values were compared with their
control group. Also we blocked the V1a and V2 AVP receptors using
conivaptan and the MBP effects were measured.
Results: NIL caused signiﬁcant and permanent low AVP and
OT serum level (10.6 ± 0.8 vs 2.4 ± 0.16 (pg/ml) (SE), SHAM vs NIL
respectively), transient diabetes insipidus of 15 days of duration
and a signiﬁcant and permanent decrease of the MBP in 70% of the
NIL animals. Hypotension was apparent 30 min after NIL. No significant differences in the RAAS and serum electrolytes were evident,
whereas urine electrolytes were lower in NIL rats (Na; 33.08 ± 6.177
vs 58.99 ± 15.061 and K; 67.148 ± 12.515 vs 126.9 ± 26.97 respectively). Conivaptan decreases the MBP in the 85% of the SHR treated
animals.
Conclusions: (1) The permanent deﬁciency of AVP (NIL animals) is responsible of the low BP levels. (2) The normal Na and
K serum levels are due to the remnant basal concentrations of AVP.
(3) The NIL surgery and the AVP receptor blockers represent a novel
model for the study of homeostatic, cardiovascular and endocrine
mechanisms of essential hypertension.
http://dx.doi.org/10.1016/j.toxlet.2016.07.573
PO26.3
Erythrophagocytosis of lead-exposed
erythrocytes by renal tubular cells may
contribute to lead-induced nephrotoxicity
So-Youn Kwon, Jin-Ho Chung
College of Pharmacy, Seoul National University, Seoul, South Korea
Introduction: Nephrotoxicity associated with lead poisoning
has been frequently reported in epidemiological studies; but the
underlying mechanisms have not yet been fully elucidated.
Objective: We examined the role of erythrocytes, one of the
major bodily lead reservoirs, in lead-associated nephrotoxicity.
Methods and results: Co-incubation of lead-exposed erythrocytes with renal proximal tubular cells (HK-2) signiﬁcantly
potentiated renal tubular cytotoxicity, reﬂecting a role of erythrocytes in lead-induced nephrotoxicity. Morphological and ﬂow
cytometric analysis revealed that HK-2 actively phagocytized
lead-exposed erythrocytes, mediated by phosphatidylserine (PS)
externalization on erythrocyte membrane and generation of PSbearing microvesicles. Increased oxidative stress and expression
of nephrotoxic biomarkers such as NGAL or KIM-1 were observed
in HK-2 cells undergoing erythrophagocytosis. Moreover, TGF-␤,
a marker of ﬁbrosis, was signiﬁcantly up-regulated in HK-2 cells
by erythrophagocytosis. The signiﬁcance of erythrophagocytosis in
lead-induced nephrotoxicity was examined in vivo in rats exposed
to lead via drinking water for 12 weeks. Increased iron deposition and generation of oxidative stress in renal tissues were
found in lead-exposed rats, which matched well the histopathological alteration, ﬁbrosis and expression of KIM-1, NGAL and
TGF-␤.
Conclusions: Our data strongly suggest that erythrophagocytosis and iron deposition could signiﬁcantly enhance nephrotoxicity
following lead exposure, shedding a new light on the understanding
of lead-associated kidney damage.
http://dx.doi.org/10.1016/j.toxlet.2016.07.574
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Inﬂammatory mediators produced by the
ocular surface after mycotoxin exposure impact
the nasal epithelium
S. Achard 1 , M. Bossou 1 , Y. Serssar 1 , J. Menotti 1 , I. Momas 1 , N.
Seta 1,2
1 Paris Descartes University, Faculty of Pharmacy of Paris, Public
Health Environment Laboratory (EA4064), Paris, France
2 Bichat Hospital, Biochemistry Laboratory, Paris, France

Background: Mycotoxin exposure is associated with asthma
and chronic airway inﬂammation in farm workers after longterm exposures with cereals or forages. However, if inhalation is
the main exposure pathway, exposure of biological contaminants
concerns also the ocular surface leading to irritations, underlying phenomena to the allergic manifestations. These “gateways”
communicate between them by humoral or cellular exchanges
such as cytokines or dendritic cells respectively, and participate
to respiratory diseases exacerbation by increasing inﬂammatory
responses.
Objective: In order to test the hypothesis that the eye takes part
in the occurrence of respiratory symptoms, we studied, using an
in vitro approach, the relationship between the eye and the nose for
the occurrence of respiratory symptoms, via inﬂammatory markers.
Material and methods: Human corneal epithelial cells (HCE,
Episkin) and human reconstituted nasal epithelium (MucilAir,
Epithelix) were used. Mycotoxins tested were aﬂatoxin B1 and
gliotoxin. To deﬁne both concentration and exposure time allowing
to produce conditioned medium containing inﬂammatory markers in the absence of toxicity, HCE cells were ﬁrst exposed to each
mycotoxin at different times and concentrations. Then, conditioned
media were brought into contact with MucilAir during 4 weeks. The
effects were assessed by viability tests (xCELLigence and MTT) and
cytokine production (IL-8).
Results: For each mycotoxin tested, a relationship dose- and
time-dependent was observed. The following conditions were considered to produce conditioned medium: aﬂatoxin at 32 g/mL
and gliotoxin at 250 ng/mL for 48 h of exposure. The reconstructed
epithelium of nasal origin brought into contact with the conditioned medium showed an increase in IL-8 production.
Conclusions: Our results reveal essential data on the interactions that can exist between ocular and nasal routes of exposure.
These results may lead to strengthen our understanding of the
mechanisms leading to the occurrence of respiratory symptoms,
and to propose guidelines for personal protective equipment to be
used by exposed workers in the farming community.
http://dx.doi.org/10.1016/j.toxlet.2016.07.575
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PP26.1
Plasticizer di(2-ethylhexyl)phthalate alters
osteoblast differentiation of bone marrow
stromal cells and bone mineral density and
microstructure in mice
S.H. Liu 1 , D.C. Chan 2 , C.K. Chiang 1 , S.C. Sun 1 , C.Y. Chiu 1 , R.S.
Yang 3
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Introduction: Plasticizer di(2-ethylhexyl)phthalate (DEHP) is
an endocrine disruptor. Recently, epidemiological studies showed
that phthalate metabolites levels in the urine are associated with
low bone mineral density (BMD) in older women. However, the
detailed effect and mechanism of DEHP on osteoblastogenesis and
adipogenesis and bone loss remain to be clariﬁed.
Objective: We investigated the effects and mechanisms of DEHP
and its active metabolite mono(2-ethylhexyl)phthalate (MEHP) on
osteoblast and adipocyte differentiation from bone marrow stromal
cells (BMSCs) in vitro and BMD and microstructure in vivo.
Materials and methods: A cell model of primary mouse BMSCs
and a mouse model of long-term exposure with DEHP were used.
BMSCs differentiation was measured by biochemical and immunocytochemical assays. Bone microstructure and BMD in mice were
determined by microcomputed tomography (CT).
Results: Osteoblast differentiation was signiﬁcantly and dosedependently decreased by DEHP and MEHP (10–100 M) without
cytotoxicity to BMSCs. The mRNA expressions of alkaline phosphatase, runt-related transcription factor-2 (Runx2), osteocalcin,
Wnt1, and ␤-catenin were also signiﬁcantly decreased in DEHPtreated BMSCs during differentiation. MEHP (1–10 M), but not
DEHP (10–125 M), signiﬁcantly increased the adipocyte differentiation of BMSCs and peroxisome proliferator-activated receptor-␥
(PPAR-␥) mRNA expression. Exposure of mice to DEHP (1, 10, and
100 mg/kg) for 8 weeks altered BMD and microstructure. In BMSCs
isolated from DEHP-treated mice, osteoblastogenesis and Runx2
expression were decreased, and adipogenesis and PPAR-␥ expression were increased.
Conclusions: These ﬁndings suggest that DEHP exposure
may inhibit osteoblastogenesis and promote adipogenesis of
BMSCs through the Wnt1/␤-catenin-regulated and PPAR-␥-related
signaling pathways, respectively, and thus triggering bone loss.
Financial support: This study was supported by grant from
Ministry of Science and Technology of Taiwan (MOST103-2314-B002-035).
http://dx.doi.org/10.1016/j.toxlet.2016.07.576
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Proteinuria, albuminuria and KIM-1 as
predictors of kidney damage associated with
tobacco consumption
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Smoking is a risk factor (RF) for several pathologies. However,
the relationship between smoking and kidney damage is not clear.
On the other hand, the clinical diagnosis of kidney disease is based
on the determination of serum creatinine (Crs). It has some limitations, when Crs increases because the glomerular ﬁltration rate
has decreased at approximately 50%.
The aim of this work was to evaluate if smoking induce kidney injury by using common (Crs, urea, proteinuria, albuminuria)
and newer [neutrophil gelatinase-associated lipocalin (NGAL), kidney injury molecule-1 (KIM-1) and n-acetyl-␤-d-glucosaminidase
(NAG)] biomarkers.
Urine samples were collected from adult patients who attended
a family doctor. Four groups were made, 1: no smokers without
RF; 2: no smokers with RF; 3: smokers without RF and 4: smokers
with RF. It was considered RF: diabetes mellitus, arterial hypertension and frequent consumption of NSAIDs. Serum biomarkers (Crs
and urea) and albuminuria were obtained from medical records.
In urine, the analysed markers were: proteinuria (Bradford technique); NGAL, KIM-1 (ELISA); and NAG (commercial Kit). In group
3, urinary cotinine levels were measured (ELISA) and correlated
with urinary excretion of biomarkers.
No signiﬁcant differences were observed between any of the
studied groups in serum markers or in urinary NAG and NGAL. Proteinuria was statistically higher in groups 2, 3 and 4 than group
1. Albuminuria appeared statistically increased in smokers (groups
3 and 4) and KIM-1 only in group 4. A statistical signiﬁcant correlation was found between urinary cotinine and proteinuria or
albuminuria.
Smoking could be related to impaired renal function as indicated by proteinuria and albuminuria. With the correlation results
it could be assumed that the greater the consumption the higher the
biomarker increase. Otherwise, KIM-1 results indicate that smoking could pose a high risk of suffering kidney damage in patients
with RF.
Financial support: Predoctoral fellowships: Casanova AG
[University of Salamanca and Banco Santander (Spain)] and
Hernández-Sánchez MT [Junta de Castilla y León (Spain) and the
European Social Fund from the European Commission].
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Nephrotoxicity limits the therapeutic use of the antineoplastic
drug cisplatin. In this regard, our group has demonstrated experimentally that the administration of sub-toxic doses of cisplatin
can induce acute kidney injury (AKI) when they are followed by a
second nephrotoxic drug, also at sub-toxic doses.
The aim of this study was to elucidate how long the predisposition due to the ﬁrst agent lasts.
For that purpose, male Wistar rats were divided into 5 groups:
control (vehicle), CP2.5 (cisplatin i.p. 2.5 mg/kg at day 0); and
2·CP2.5, 4·CP2.5 and 6·CP2.5 (cisplatin i.p. 2.5 mg/kg at day 0, and
cisplatin i.p. 2.5 mg/kg on day 2, 4 or 6, respectively, as the second
nephrotoxic). Renal function was evaluated by plasma and urinary
biomarkers. Renal histopathological studies (hematoxylin–eosin)
were performed to evaluate tubular injury.
Control, CP2.5 and 6·CP2.5 groups did not show any signiﬁcant alteration on their measured biomarkers, unlike 2·CP2.5 group,
which developed a signiﬁcant AKI from the sixth day of treatment;
and 4·CP2.5 group, whose biomarkers suffered a slight alteration
from the eighth day. The histopathological study revealed that
2·CP2.5 group showed distal tubular dilation, intratubular proteinaceous deposits and edema. The other groups did not show any
relevant structural abnormalities. These results indicate that AKI
predisposition due to cisplatin reaches its maximum grade 2 days
after the ﬁrst dose of treatment and it could still be present 4 days
after. And that predisposition is lost by day 6.
It can be concluded that in rats, cisplatin-induced predisposition
to AKI is temporary and disappears six days after exposure to the
drug. These results pave the way to clinical studies and to a preventive and personalized handling of cisplatin dosage in an individual
basis.
Financial support: This work was supported by grants from
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de Castilla y León and the European Social Fund from the EC.
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Introduction: Fluoride (F) is an endemic water pollutant across
the world. Recent data has proved that F also affects other organs
besides bone and teeth, including kidneys. F is excreted mostly in
urine: F is freely ﬁltered by the glomerulus but a fraction is reabsorbed by proximal tubules and due to this, these organs are highly
exposed. The impact of ﬂuoride on gene regulation has been widely
studied; however, no speciﬁc mechanism has been identiﬁed yet.
MicroRNAs (MiRNAs) are sequences of single stranded RNA with
a length of 17–22 nucleotides, which comprise a class of regulatory molecules of gene expression in multicellular organisms and
play an important role in the negative regulation of transcription
of messenger RNA (mRNA).
Objective: The aim of this study was to analyze if a subchronic
exposure to F could induce modiﬁcations in the expression of
inﬂammatory-related miRNAs in kidneys.
Materials and methods: Recently weaned male Wistar rats
were exposed to 15 and 50 mg F/L in drinking water for 80 days. At
the end of exposure urine samples were obtained for F determination. Both kidneys were extracted and frozen, and afterwards, total
RNA was obtained from renal cortex. Quantitative RT-PCR was performed for the analysis of a panel of inﬂammation-related miRNAs.
A Masson Trichrome stain was performed for semi-quantiﬁcation
of collagen ﬁbers in parafﬁn embedded kidneys.
Results: Different patterns of expression of several
inﬂammatory-related miRNAs were detected in the renal cortex from rats subchronically exposed to F. Most of these miRNAs
are related to inhibition of the EMT process. A higher up-regulation
of these miRNAs was observed in the group exposed to 50 mg F/L.
Also, a signiﬁcant increment of collagen ﬁbers was observed in
the group exposed to 15 mg F/L conﬁrming the EMT/early ﬁbrosis
induction.
Conclusions: These observations suggest that most of the miRNAs up-regulated by F exposure could be related to a response of
the kidney to counter F effects by inhibition of the EMT process.
Financial support: Funded by CONACYT (Grant 239689).
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Introduction: A new approach to study the causes of kidney diseases includes environmental xenobiotics. Fluoride (F) is known
to cause deleterious effects in the kidney, however the precise
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mechanism is not fully understood. F can inhibit cellular respiration affecting intracellular oxygen. Low oxygen tensions alter the
cell homeostasis and activates the hypoxia-inducible factor 1 (HIF1). HIF-1 is an heterodimeric protein, constituted by HIF-1␣ and
HIF-1␤. Under hypoxic conditions, HIF-1␣ stabilizes, translocates
to the nucleus and dimerizes with HIF-1␤ to induce the expression of genes involved in cellular adaptation and survival. Previous
studies from our group showed a possible preconditioning effect by
the exposure to F and a subsequent nephrotoxic stimulus (gentamicin), to rule out a possible interaction of pharmacokinetics, we used
another way of inducing renal damage: ischemia (which stabilizes
HIF-1a).
Objective: The aim of this study was to evaluate if previous
exposure to F could affect the expression of HIF-1␣ induced by a
subsequent renal ischemia.
Materials and methods: Male Wistar rats were exposed to 0, 15
and 50 ppm of F in drinking water for 40 days (F0, F15 and F50). On
day 39 of exposure urine samples were collected for creatinine and
F quantiﬁcation. On day 40, a 40 min renal ischemia was performed
(i0, i15 and i50). Then, plasma and kidney samples were obtained
for creatinine quantiﬁcation, and for HIF-1␣ protein and histology
evaluation, respectively.
Results: Urine F increased depending on the concentration of
exposure. Plasma creatinine did not change after exposure to F but
increased after ischemia in all experimental groups. HIF-1␣ protein increased after ﬂuoride exposure, however in ischemic groups
there seems to be an additive effect. Histology analysis supports
these ﬁndings.
Conclusions: Results suggest an effect of renal preconditioning
demonstrated by the induction of protein expression of HIF-1␣,
since this activates genes involved in adaptation and cell survival
under a hypoxic event.
Financial support: Conacyt 239689.
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Introduction: In Mexico during 2013, chronic kidney disease
(CKD) was reported as the 2nd disease with most morbility, just
after cardiovascular diseases. In Tlaxcala, the hospital admissions
almost tripled from 2004 to 2012, mainly in with patients under
25 years. In children, main risk factors for CKD are structural
alterations, obesity and urinary tract infections as well as exposure to environmental pollutants such as heavy metals, ﬂuoride or
pesticides.
In kidney, xenobiotics causes molecular alterations used as early
biomarkers of damage that facilitates early detection of CKD.
Objective: The aim of this study was to assess environmental
risk factors related with early kidney disease in children of Apizaco
(Tlaxcala, Mexico).
Materials and methods: A cross-sectional study was conducted
in 120 children (6–15 years old), residents of the municipality
of Apizaco in Tlaxcala, Mexico. Nutritional state was evaluated. Concentration of F− in water and urine were measured
by potentiometry, using an F− ion-selective electrode. Kidney
health was assessed measuring urinary concentrations of Kidney

injury molecule 1 (KIM-1), Clusterin, Osteopontin and Cystatin-C
by a microsphere immunoassay (Luminex technology); general
examination of urine, blood chemistry were also performed and
we determined the Schwartz estimated glomerular ﬁltration rate
(eGFR) using the creatinine serum concentrations. The data were
analyzed with SPSS and STATA v.13.
Results: Participants showed normal development and physical parameters (weight, height, BMI). No statistical changes were
observed with EGO or microalbumina. However, most of the participants presented malnutrition; and the average eGFR obtained was
88.64 ± 0.97 ml/min/1.73 m2 , corresponding to a stage 2 of CKD.
Average urinary level of F− was 3.2 ± 0.111 ppm. Early biomarkers conﬁrmed a tubular alteration besides to the glomerular
damage.
Conclusions: The diminished eGFR traduces as improper kidney
function, that coupled with a possible level of malnutrition and the
exposure to ﬂuoride reveals the potential health risk that affect the
children population of Apizaco.
Financial support: CONACYT 239689 and Children Environmental Health Network (Conacyt-251229/271626).
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Bismuth trioxide nanoparticles (NP-Bi2 O3 ) are studied for different applications including catalysts, optical coatings, sensors
technology and X-ray imaging, amongst others; however, the toxic
health implications have not been entirely explored to date. Previous acute toxicity study showed high distribution of bismuth
(Bi) in kidney suggesting it as a target organ of NP-Bi2 O3 . The
aim of this work was to study the possible nephrotoxicity of NPBi2 O3 in Wistar rats after a repeated oral exposure through the
evaluation of glomerular ﬁltration rate (GFR), osmolarity, early
kidney injury biomarkers, histological analysis and Bi tissue quantiﬁcation. The Np-Bi2 O3 were physicochemical characterized in
suspension by the determination of the hydrodynamic size using
dynamic light scattering and zeta potential. Male Wistar rats were
exposed to 50 mg/kg/day of Np-Bi2 O3 in a stable suspension for
28 days, and blood samples were collected at 7, 14, 21 and 28
days. The Np-Bi2 O3 stability in suspension was measured after
15 min; the hydrodynamic size was 283.4 nm and the zeta potential of −12.31 mV. Kidney injury biomarkers and osmolarity did not
exhibit any signiﬁcant changes. Nevertheless, the exposed group
had a signiﬁcant increase in the GFR on days 21 and 28, and an
increased in free water clearance at day 28. Histological analysis of exposed group showed glomerular membrane thickening,
Bowman’s space reduction and parietal cells transdifferentiation;
additionally, the proximal tubules showed necrosis and a decreased
lumen. Bi levels in the kidney and urine were signiﬁcantly higher
in exposed group, therefore, if the Bi remain by long time could
have toxic effects. Our data suggest that subchronic exposure to NPBi2 O3 lead to tubular and glomerular changes due to an increased
local blood pressure evidenced by an increase of the GFR, which
could be the beginning of nephropathy processes. This work provides important information about the management that should
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have the Np-Bi2 O3 and its applications in the area of the health
especially.
Financial support: CONACYT 239689 and 167778.
http://dx.doi.org/10.1016/j.toxlet.2016.07.582
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Introduction: Because senescence is closely related to xenobiotic responses during ‘the lifetime’, a series of quantitative and
qualitative studies were conducted speciﬁcally on the changes
in cellular characteristics of hematopoietic stem/progenitor cells
(HSCs/HPCs) with or without a single-dose whole-body irradiation
(WB-IR) followed by natural aging.
Objective: After 2-Gy WB-IR, peripheral blood cells and mature
hematopoietic progenitor cells (CFU-GM) showed complete recovery in number within 4–6 weeks, although the number of immature
HSCs/HPCs remained low more than one year after the irradiation. In addition, Ccnd1, Fyn, and PiK3r1 showed upregulated
expressions only in the HSCs of mice irradiated at 21 months of
age compared with the control mice. To understand the background mechanisms, the cell cycle status of the HSCs/HPCs was
evaluated.
Materials and methods: The chronological changes in the cell
cycle status of cells in the lineage-negative, c-kit-positive, and stem
cell antigen 1 (Sca1)-positive (LKS) fraction as the HSC-riched fraction and CFU-GM as mature HPCs from C57BL/6 male mice were
evaluated on the basis of bromodeoxyuridine (BrdUrd) incorporation ratio in vivo until 21 months of age after 2-Gy WB-IR.
Results: In the case of cells in the LKS fraction, we found that
the ratios of BrdUrd incorporation in the irradiated groups with
2-week BrdUrd treatment were signiﬁcantly higher than that in
the control group at each observation time point. However, the
generation doubling time in the irradiated groups seems to be
longer than that in the control group, as determined from the
increase in BrdUrd-incorporation ratio from two to six weeks of
BrdUrd treatment. In the case of CFU-GM, the irradiated groups
showed higher incorporation ratios more than one year after the
irradiation.
Conclusions: These results indicate the perturbation of homeostasis to maintain hematopoiesis at numerically normal levels as
the radiation-induced late effect, which may cause hematopoietic
changes that lead to the development of leukemia.
Financial support: This study was supported in part by NIAID
(HHSN272200900059C).
http://dx.doi.org/10.1016/j.toxlet.2016.07.583
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Introduction: Sildenaﬁl, which is the PDE5 inhibitor to treat
erectile dysfunction, is widely used in humans all over the world.
However, it is still argued whether sildenaﬁl can induce infertility.
It was suggested that sildenaﬁl will bring adverse effects to prostate
after a long-time use, and we also found that the prostate weight of
rats was signiﬁcantly increased in 3 a months study. Since benign
prostatic hyperplasia (BPH) is a very common condition in men over
50 years of age in China and is one of the most common reasons for
surgery among elderly men, we hypothesized that sildenaﬁl could
aggravates symptom of BPH, thus we conducted the present study
and further investigated its underlying mechanisms.
Objective: To investigate the proliferation effect of sildenaﬁl on
the prostate of rats and further investigated its underlying mechanisms.
Materials and methods: According to animal body weight, 72
male 7-week-old Sprague-Dawley rats were divided into 6 groups
(n = 12), except the negative control and the sham operation group,
the other four groups of BPH model rats induced by testosterone
were treated with sildenaﬁl (5, 10 or 20 mg/kg, i.g., daily), or the
vehicle for 4 weeks. Animals were terminated on the next day after
the last treatment under pentobarbital sodium anesthesia. Blood
were collected to detect levels of testosterone (T), estradiol (E2 ),
prolactin (PRL) and prostatic binding protein (PBP) with an ELISA
kit. The prostate were removed and weighed, measured the volume,
separated into ventral prostate (VP) and dorsolateral prostate (DLP)
lobes, then ﬁxed in formalin solution for histological examination
or frozen in liquid nitrogen for detecting gene expression by qPCRarray analysis.
Results: In BPH rats, sildenaﬁl signiﬁcantly increased the
prostate volume (P < 0.05), the prostate weight (P < 0.01), the relative prostate weight (P < 0.01), and the weight of VP and DLP
(P < 0.01), and there was a dose–effect relationship. For VP and DLP,
prostatic epithelium and glandular cavity were marked increased
and enlarged in all BPH rats, and sildenaﬁl increased prostatic
epithelium compared with the control. Sildenaﬁl slightly increased
E2 and PBP levels. According to qPCR-array analysis, all genes relate
to the pathway of rat epithelial to mesenchymal transition (EMT)
were analyzed, and the results showed that sildenaﬁl induced
up-regulation of Fgfb1 and Tmeff1 (P < 0.01) and down-regulated
expression of Itga5 (P < 0.05), Spac (P < 0.05), Vcan (P < 0.05), and
Vim (P < 0.05) in DLP.
Conclusion: Oral exposure to low doses of sildenaﬁl could
aggravate testosterone-induced BPH in rats, and it may induce
prostate to proliferate through activating genes of EMT pathways.
Financial support: This work was supported by a grant
(No.21007041) from the National Natural Science Foundation of
China, a grant (No. 13DZ2291300, No. 15DZ2290400) from the
Shanghai Public Service Platform of Research & Development and
a grant (No. 201372) from the Talents Development Foundation of
Shanghai Municipality.
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Introduction: Scolopendra polymorpha is a venomous arthropod
widely distributed in Mexico and the US; its bite produces burning
pain, paresthesia and edema, among other symptoms. Several centipede venoms have been found to induce nociception, myotoxicity
and edema, amongst other activities. We have observed that intramuscular injection of S. polymorpha venom produces muscular and
nervous tissue damage in mouse.
Objective: To identify and characterize the venom component
which produces histological alterations over skeletal muscle in
mice.
Materials and methods: Venom was obtained by mechanical
stimulation of the centipede forcipules. Then it was lyophilized,
quantiﬁed and submitted to reverse-phase high performance liquid
chromatography (RP-HPLC). For tissue damage, the extensor digitorum longus (EDL) muscle was incubated in a saline solution (SS)
during 45 min and washed 3 times at 15 min intervals prior incubation with either whole venom (WV) or some of the HPLC fractions,
using SS as a negative control. Later on, muscle was processed with
liquid-nitrogen frozen isopentane and cut in a cryostat. 7 m thick
sections were cut and stained with haematoxylin–eosin (H&E) and
Gomori’s modiﬁed trichrome (GT) techniques to assess alterations.
In addition, muscle toxicity was tested by measuring the activity of
the enzyme creatine kinase (CK) in samples taken during the incubation procedure, before the addition of WV, fractions and/or SS
(0 min) and two more at 15 and 45 min after.
Results: Twelve fractions were obtained by RP-HPLC. Fractions
F4, F6, F7 and F8 were tested on skeletal muscle. H&E staining
showed loss of fascicle architecture, along with signs of necrosis
and inﬂammation in muscle exposed to WV, and fractions, whereas
SS exposed samples showed a higher level of conservation. Muscle
incubated with WV and fractions F4, F6 and F7 seem to cause elevated CK activity, which is an indicator of muscle damage, while SS
and F8 did not cause such increase at all.
Conclusions: We detected histological alterations after the
incubation of EDL muscle with both WV and HPLC venom fractions.
Also, determination of CK activity showed high levels in samples
from tissue incubated with WV and most fractions tested (F4, F6,
F7), this may indicate muscle damage by venom components. It
appears to be more than a single component responsible for muscular alterations in S. polymorpha venom.
Financial support: This project is sponsored by CONACyT grant
no. 267392.
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Introduction: Indoxyl sulfate (IS), a protein-bound uremic
toxin, accumulates in the body of chronic kidney disease (CKD)
patients. It has been reported to induce oxidative stress in several types of cell including vascular smooth muscle cells and
cardiomyocytes, which promote cell proliferation, migration, and
hypertrophy. The reactive oxygen species (ROS) production is
believed to be a key role of IS toxicity. An oral IS adsorbent, AST120, shows oxidative stress suppression in the systemic circulation
of uremic rats. Sarcopenia is a phenomenon of reducing muscle
mass, strength, and function which is prevalent in CKD patients.
Accumulation of ROS in skeletal muscles and the resulting decline
in muscle performance are hallmarks of sarcopenia. The possible
relationship between IS and sarcopenia is under investigation.
Objective: To investigate the role of IS in sarcopenia and ﬁnd
possible drug candidate for therapy.
Materials and methods: Mouse myoblast C2C12 cells were
maintained in growth medium and switched to differentiation
medium when cells reach 80% conﬂuence. IS was treated 2 days
before differentiation and refreshed every day. After 4 days of differentiation, cells were stained with H&E and myotube formation
is examined under microscope. Muscle differentiation markers,
myosin heavy chain (MHC), myogenin (MyoG), and MyoD are analyzed with western blot and real-time PCR. ROS production is
determined with DCF-DA reagent and examined with ﬂow cytometry. Muscle atrophy marker, atrogin-1 and MuRF1, are also analyzed
with western blot.
Results: IS shows inhibitory effect on C2C12 differentiation
without affecting C2C12 myoblast proliferation. IS inhibits muscle
differentiation markers, MHC and MyoG. ROS production is induced
by IS treatment and is attenuated by organic anion transporter
(OAT) inhibitor probenecid and ROS scavenger N-acetyl-l-cysteine
(NAC). NAC also reversed the inhibitory effect of IS on myotube
formation examined by H&E staining. Muscle atrophy marker,
atrogin-1 and MuRF1, however, shows no signiﬁcant change under
IS treatment.
Conclusions: C2C12 cell differentiation is inhibited by IS
through increasing ROS production which is conﬁrmation by ROS
scavenger NAC.
Financial support: This study was partly supported by a grant
from the National Taiwan University Hospital, Taiwan.
http://dx.doi.org/10.1016/j.toxlet.2016.07.586
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Introduction: CCl4 is a compound used in various industries. It
has a great toxicological potential affecting vital organs such as the
kidneys. To reduce the toxic effects of this hydrocarbon in work-
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ers in the workplace, it is important to study the nephroprotector
effect of quercetin, a ﬂavonoid distributed in plant, under schemes
of acute intoxication.
Objective: The alterations produced by CCl4 in kidneys of male
rats and the protective effect of quercetin in kidney tissue were
evaluated.
Materials and methods: Three groups of male Wistar rats of
250 g (n = 9) were divided into: (A) control group (corn oil), (B)
treated with CCl4 (in corn oil, ip) as follows: 13–25%, 0.2 ml/week
3 times/8 weeks), and (C) treated group with CCl4 + quercetin (CCl4
in corn oil, ip (13–25%, 0.2 ml/week 3 times/8 weeks) + Quercetin
10 mg/kg). Urinary ﬂow and urinary glucose and renal cortex analyses: malondialdehyde (MDA), ATP, and glutathione (GSH) were
evaluated. Also histology was performed using the technique of
hematoxylin and eosin. The results were analyzed with statistical
tests: ANOVA and Tukey Krammer.
Results: CCl4 induces oliguria, which was offset by quercetin,
also, CCl4 caused glycosuria while quercetin, maintained normal
urinary glucose concentrations. CCl4 destroys the integrity of mitochondrial affecting the energy reserve cells. Quercetin did not
reverse this damage. The CCl4 induces oxidative stress raising MDA
concentrations. GSH decreases because of a chronic intoxication
with CCl4; quercetin did not reverse this damage, but maintained
high concentrations of thiol. Histology in group B reﬂects necrotic
tubular cells, while there is a decrease in the extent of necrosis in
group C.
Conclusions: The CCl4 induced kidney alterations when administered chronically. The mechanism of action is through oxidative
stress. Quercetin did not completely reduce the renal damage
induced by CCl4 . The protective effect probably occurs through
mechanisms involving the entrapment of free radicals and antioxidant compounds synthesis.
Financial Support: Universidad Autónoma de Aguascalientes
and CONACyT.
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Introduction: Carbon tetrachloride (CCl4 ) is a potent toxic agent
that damages several organs, including kidneys. It causes notable
increase on oxidative stress through toxic metabolites production.
Vasodil® is a Ginkgo biloba (Gb) extract with antioxidant properties
applied in therapeutic practice.
Objective: To assess the possible protective effect of Ginkgo
biloba extract on the nephrotoxic effect of CCl4 in male Wistar rats.
Materials and methods: Male Wistar rats were exposed as follows: (A) control group: corn oil, (B) CCl4 group: a single dose of
1.5 g/kg from a CCl4 50% solution, (C) Gb + CCl4 group: 4 mg/kg of
Vasodil® /5 days + CCl4 (same dose as above), (D) CCl4 + Gb group:
CCl4 (same dose as above) + mg/kg of Vasodil® /5 days. Surgery renal
valuation was performed to asses: urinary ﬂow, glucose and protein urine concentrations, C-In, C-PAH, and TGG activity, and renal
cortex to evaluate: MDA, hematoxylin/eosin staining and mRNA
(PCR) for TNF-␣ transcript expression. Statistical analyses were
performed using Tukey and ANOVA tests.
Results: Elevated glucose and proteins concentrations were
found in B and D groups, meanwhile C showed normal values. TGG
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activity increased in B and D groups. Inuline and para-amino hippuric acid clearance were higher in C and D in comparison with B
group. Filtration fraction was elevated only in B group. There was an
increase in concentrations of MDA in B and D; C was normal. There
were histological changes: cellular swelling with proximal tubule
obstruction, and loss of brush border in all treatments; lesion areas
were not intense in C group. TNF-␣ transcript was absent in B group,
meanwhile treatments with Vasodil® showed normal expression.
Conclusions: The preventive treatment with Vasodil® is more
efﬁcient than the corrective treatment against nephrotoxic effects
induced by CCl4 .
Financial support: Universidad Autónoma de Aguascalientes
and CONACYT.
http://dx.doi.org/10.1016/j.toxlet.2016.07.588
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Hepatoprotective effect of Ginkgo biloba against
intoxication caused by a single dose of carbon
tetrachloride
E.T. Hernández, R.M. Chávez, F. Jaramillo, M.C. Martínez
Department of Physiology and Pharmacology, Universidad Autónoma
de Aguascalientes, Aguascalientes, Aguascalientes, Mexico
Introduction: Carbon tetrachloride (CCl4 ) is an aliphatic and
liposoluble hydrocarbon that can be easily absorbed; this compound is considered a potent hepatotoxic agent. Its damage
mechanism is through the increase of oxidative stress. Ginkgo biloba
extract (Vasodil® ) contains ﬂavonoid glycosides and terpene lactones with biological and pharmacological activities.
Objective: To demonstrate the hepatoprotective preventive
effect of Ginkgo biloba against the intoxication with a single dose of
CCl4 in Wistar male rats.
Materials and methods: Male Wistar rats were treated as
follows: (A) control group: corn oil, (B) intoxicated group: a single dose of 1.5 g/kg from a CCl4 50% solution and (C) treated
Ginkgo biloba group: 4 mg/kg of Vasodil® during ﬁve days previous
intoxication with CCl4 . Blood samples were collected by cardiac
puncture; the animals were euthanized to obtain liver samples.
GOT, GTP and albumin concentrations were evaluated in plasma,
and homogenized liver was analyzed to assess concentrations of
glutathione (GSH) and ATP. Histopathological analysis consisted on
haematoxylin/eosin staining of liver slices. Statistical analyses were
performed using Tukey and ANOVA tests.
Results: Transaminases activities were signiﬁcantly increased
in B and C groups, but the last one was less elevated. Albumin
concentrations were decreased in B group in comparison with A
and C. Reduced glutathione concentrations were evaluated as an
indicator of redox status; there was an evident decrease of GSH in
livers form B and C groups. The reduction was more signiﬁcant in
B group than in C group. The concentrations of ATP were diminished by CCl4 administration in B group, while the animals treated
with Vasodil® showed normal values. Histopathological changes
consisted in: necrosis in central zone of hepatic lobule in all the
animals that were administrated with CCl4 ; Vasodil® reduced the
number of lesion areas.
Conclusions: The administration of Ginkgo biloba extracts previous to the CCl4 intoxication, provides a partial protection partially
to the liver in rats.
Financial support: Universidad Autónoma de Aguascalientes
and CONACYT.
http://dx.doi.org/10.1016/j.toxlet.2016.07.589
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Red dye 40 degradation by enterobacteria of the
intestinal microbiota
E. Chávez 1 , A.I.A. Alonso 2 , E. Castañeda 1 , A.L. Sánchez 2 , G.
Salazar 3

PP26.16
Lung inﬂammation and toxicological
assessment in A/J mice in response to chronic
exposure to mainstream aerosol from
candidate modiﬁed risk tobacco product and
smoke from conventional cigarettes
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Introduction: Azo dyes such as red 40 are characterized by an
R1 -N = N-R2 structure and are widely used in the food industry, but
their anaerobic degradation in the gut microbiota by azoreductases
originate toxic or mutagenic aromatic amines, so their use has been
restricted in many countries.
Objective: Submit the red dye 40 to degradation by enterobacteria and partially characterize the products of its anaerobic
reduction.
Methods: Two enterobacter isolated from an infant together
with the reference strains Escherichia coli DH5␣, Escherichia coli
E2348/69, Citrobacter rodentium DBS13, and Enterobacter cloacae
were used to inoculate 30 ppm of red dye 40 samples. The degradation percentage was estimated by UV/vis spectroscopy and the
products of anaerobic reduction were characterized by HPLC using
a stationary phase of PS/DVB, mobile phase of 5 mM sulfuric acid
and a ﬂow rate of 0.650 mL/min.
Results: The isolates from the infant fecal sample were identiﬁed as Enterobacter sp. and Escherichia coli and the inoculation test
of these bacteria in red dye 40 yielded a degradation of 60% and
49% respectively. Regarding reference strains, the degradation percentages were as follows: Escherichia coli DH5␣ 83.2%, Citrobacter
rodentium DBS13 82%, Escherichia coli E2348/69 75.7% and Enterobacter cloacae 65%. The HPLC results showed that the degradation
products of red dye 40 by all the bacteria except the gut microﬂora
Escherichia coli had a retention time very similar to the control
1-naphthol when using wavelengths of 285 and 315 nm. When
comparing all of them with aniline, they all showed a similar retention time using wavelengths of 260 and 285 nm.
Conclusion: Degradation of a red dye 40 solution by different
types of bacteria used in this research revealed a formation of analogous compounds to 1-naphthol and aromatic amines. Aromatic
amines may cause urinary tract cancer, especially in bladder, and
they may increase risk for acute intoxication leading to methemoglobinemia. Since studies in rats had shown that 1-naphthol
causes heavy breathing, squinting eyelids, runny nose and diarrhea, it is important to limit this food colorant consumption due to
health risks.
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Chronic exposure to cigarette smoke is the leading cause of lung
cancer and chronic obstructive pulmonary disease. The A/J mouse
model is used to evaluate lung inﬂammation, lung cancer development, toxicological impact and the underlying molecular changes
upon life-time exposure to cigarette smoke (CS) from a reference
cigarette 3R4F or to aerosol from the Tobacco Heating System (THS)
2.2, a candidate modiﬁed risk tobacco product (cMRTP).
A/J mice were exposed for 6 hours per day for 5 days per week
with planned total exposure duration of 18 months. Quantiﬁcation
of pulmonary inﬂammation, lung function tests, histopathological evaluation, toxicological assessment as well as transcriptome
and proteome analysis of respiratory tract organs were performed
at interim dissections. Exposure to CS induced changes in red
blood cell proﬁles that are consistent with high carbon monoxide in CS smoke but were not observed following THS2.2 aerosol
exposure.
Exposure to CS also resulted in pulmonary inﬂammation, altered
lung function and molecular changes that are suggestive of emphysema but only minimal effects were observed following THS2.2
aerosol exposure. Signiﬁcant changes in the airway transcriptome
and proteome were observed following CS exposure, but only few
genes and proteins were altered following THS2.2 aerosol exposure. Biological network analysis identiﬁed perturbed molecular
processes that are consistent with CS exposure, but only minor
perturbations of cell stress responses were noted following THS2.2
aerosol exposure.
In summary, lung inﬂammation and the associated loss of pulmonary function and molecular perturbations were signiﬁcantly
reduced in mice exposed to aerosol from THS2.2 as compared to CS
exposure.
http://dx.doi.org/10.1016/j.toxlet.2016.07.723
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Hematological and metabolic alterations
induced by acute poisoning with nitrates in
Wistar rats
M.F. González-Delgado 1 , V. Hernández-Sifuentes 1 , E.Y.
Calleros-Rincón 1 , M.E. Gonsebatt 2 , R. Pérez-Morales 1
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2 Departmento de Medicina Genómica y Toxicología Ambiental.
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Introduction: Nitrate pollution is caused by over-fertilization
of soil and inadequate management of industrial and domestic
wastewater. Nitrates are reduced to nitrite inside the body and
they promote the transformation of hemoglobin to metaHb and
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RNS formation. Under a methemoglobinemia condition the cells
must adapt to hypoxia and oxidative stress generated by the highly
reactive metabolites, which induce to an adaptive response.
Objective: Analyze the effect of acute poisoning induced by
nitrate and determine their effects at hematological and metabolic
level.
Materials and methods: Male Wistar rats (n = 10 per group) of
2–3 months old and weighing 100–150 g were administered for 10
days with 19, 66 and 150 mg/kg of NaNO3 . Methemoglobin percentage and levels of NO2 /NO3 in plasma and liver tissue were
determined by spectrophotometry. Hematological and biochemical
parameters were determined.
Results: Alterations caused by acute nitrate poisoning were
found, as high percentages of methemoglobin (19% to 150 mg of
NaNO3 ) and were positively correlated with the levels of NO2 /NO3
in plasma (r2 = 0.92, p = 0.01). In the hematological parameters was
increased the number of white cells (p = 0.0001); while in biochemical parameters signiﬁcant differences in glucose (p = 0.0001) and
triglycerides levels (p = 0.0001) were found. Additionally, levels of
AST, ALT and LDH were determined in plasma ﬁnding an increase
in the activity at high exposure doses.
Conclusions: Nitrate poisoning induces alterations at hematological, metabolic and liver function level.
Financial support: This work was supported by grants from
Consejo Nacional de Ciencia y Tecnología (CONACYT CB-2014241713).

Results: An increase in cell progression was observed with DEHP
(1, 10 and 100 M) compared to control and MEHP-treated cells
(p < 0.05). A signiﬁcant dose-dependent decrease in the number of
positive cells to both surfactants (SP-B and SP-C) was observed with
both phthalates (DEHP and MEHP). No difference was observed in
the number of positive cells to ␣-SMA, and preliminary results show
a decrease number of cells positive to e-cadherin.
Conclusions: Our results suggest that both phthalates, DEHP
and MEHP, have effects on the lung function, promoting the cell
progression and decreasing markers of epithelial cells, and that they
may have a role in ﬁbrosis generation by promoting the EMT.

http://dx.doi.org/10.1016/j.toxlet.2016.07.724

Introduction: Even if serum creatinine and BUN have been
used as markers for kidney damage in clinical routine during
last decades, they are considered late markers and the ﬁnding
of new early markers is the current challenge. GAS1 protein is
expressed in brain, heart, lung, limbs, gonads and also kidney,
where changes have been evidenced in the glomerulus mesangial
cells during nephropathies; however, its presence in tubular parts
of the nephron has not been studied.
Objective: As an attempt to identify new molecules as early
biomarkers of acute kidney damage, we evaluate the expression
of GAS1 in proximal and distal tubules in experimental rat models
exposed to NaF (F50) or Gentamicin (GM), conﬁrming the tissular
damage using autophagic marker LC3B.
Materials and methods: 21 days old Wistar rats were orally
exposed to F50 (50 ppm) for 40 days or subcutaneously inoculated with GM (10 mg/kg/day) for 7 days. A control group was
also performed. At the end of the treatments, animals were sacriﬁced, kidneys were removed, sectioned histologically and dyed for
immunoﬂuorescence localization using confocal microscopy and
semi-quantitation of GAS1 and LC3B by densitometry analysis.
Results: An increase of LC3B in proximal and distal tubules of
rats exposed to F50 (subchronic kidney damage) with respect to
control was observed indicating a raise in autophagy, in contrast
with a decreased expression of GAS1.
In the model of rats exposed to GM (acute kidney injury), GAS1
and LC3B were both increased with respect to its control.
Conclusion: GAS1 protein was detected in both tubular structures of the nephron in 2 experimental models but the acute model
was the only one to present an overexpression of this molecule.
GAS1 protein could be a potential biomarker to evidence acute renal
tubular damage but not to monitor the evolution of subchronic
damage in kidney.
Financial support: CONACyT (grant 239689).

PP26.18
Effects of Di(2-ethylhexyl) phthalate (DEHP)
and Mono(2-ethylhexyl) phthalate (MEHP) on
cell progression and expression of proteins of
epithelial-mesenquimal transition: a possible
effect on ﬁbrosis?
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Introduction: The di(2-ethylhexyl) phthalate (DEHP) is a widely
used plasticizer. It is metabolized to mono(2-ethylhexyl) phthalate
(MEHP), which is considered the main and most toxic metabolite.
Inhalation is an important route of exposure of phthalates, however
their effects on the lung function are not well known. The epithelial
mesenchymal transition (EMT) is an important biological process
that is classiﬁed in three types: type I (during development), type
II (on ﬁbrosis) and type III (on cancer progression and metastasis). The EMT is characterized by the loss of epithelial markers and
appearance of mesenchymal markers.
Objective: To evaluate some epithelial and mesenchymal cell
markers, cell progression and secretion of surfactant on A549 cells
(human alveolar epithelial cells).
Methods: Progression of A549 cells was evaluated by the
wound-healing assay with the co-treatment with mitomycin C
(1.25 ng/ml) with different concentrations of DEHP (1, 10 and
100 M), and MEHP (1, 10 and 50 M), and positive control cells
incubated with the epidermal growth factor (EGF; 0.0125 ng/ml) at
24, 48 and 72 h. Epithelial and mesenchymal markers (e-cadherin,
and ␣-SMA), and the surfactant production (SP-B and SP-C) were
evaluated by ﬂow cytometry at 48 h in cells incubated with DEHP
(1, 10 and 100 M), and MEHP (1, 10 and 50 M), and transforming
growth factor (TGF␤; 5 ng/ml) as a positive control.
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