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ABSTRACT NUMBER: 3320
Poster Board Number: P101
TITLE: 3D Histological Characterization of Precision-Cut Lung Slices for Inhalation Studies
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Johnson, T. Villani, and G. Gardner.
Visikol Inc., North Brunswick, NJ. Sponsor: E. Lewis
KEYWORDS: Particulates; Inhalation Toxicology; Inflammation
ABSTRACT: Inhalation studies for allergens and pathogens typically rely upon flow cytometry which
provides quantitative analysis of cell proteins associated with immune cells. However, flow cytometry
does not provide information on the migration of these cells within the lung and is highly limited in
describing the complexities of the lung. Due to these limitations, researchers have begun adopting
precision cut lung slices (PCLS) as an in vitro tool as they are able to provide significantly improved in
vivo relevancy. However, one of the current limitations in using PCLS models is that they are approx. 250
µm in thickness which is too thick to image through using confocal microscopy. Therefore, it is
challenging to capture data from these tissues past a few cell layers due to optical attenuation. Through
this work, a rapid tissue clearing technique was applied to PCLS models in a high-throughput/well-platecompatible format to enable whole mount 3D imaging of the entire PCLS model with confocal
microscopy. It was shown that this tissue clearing approach was compatible with several commonly
used labels (e.g. DAPI, CD68, tomato lectin, PDGFR, alpha-smooth muscle actin) and that uniform
labeling as well as complete tissue characterization could be accomplished.
ABSTRACT NUMBER: 3321
Poster Board Number: P102
TITLE: Real Time Monitoring of Human Primary Cell Panel for Evaluating On/Off Target Toxicity of BiSpecific T Cell Engagers
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Jin, and Y. Abassi. ACEA Biosciences, Inc.,
San Diego, CA.
KEYWORDS: Pharmaceuticals; Alternatives to Animal Testing; Safety Pharmacology
ABSTRACT: Cancer immunotherapy empowers the patients’ own immune system to specifically
recognize and destroy cancerous cells. Though designed to specifically kill cancer cells, side effects such
as cytokine storms and on/off-target toxicity towards normal tissue/organs remain as considerable
safety concerns that can be difficult to predict using animal models. Bi-Specific T cell Engagers (BiTEs)
are engineered antibodies where the single chain heavy fragments (scFvs)of two monoclonal antibodies
are artificially fused together. One scFv is specific for target antigen expressed on cancer cells and the
opposing scFv targets the CD3 receptor on T cells. These BiTE antibodies serve to facilitate the
interaction of the immune system with the tumor cells. In order to explore potential on/off target
immune-mediated toxicity of BiTE antibodies, a panel of human primary cells representing different
tissues were exposed to EpCAM-CD3 BiTE in the presence of PBMCs and monitored in real-time using
the xCELLigence RTCA system. Our data shows that EpCAM BiTE did mediate PBMC-mediated
cytotoxicity of different cell types in a manner that correlated with the expression level of EpCAM.
Importantly, an irrelevant BiTE (CD19) whose target is not expressed in the primary cells did not induce
significant PBMC-mediated cytotoxicity. The extent of PBMC toxicity mediated through EpCAM-CD3
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varied amongst different media conditions. Overall, our data suggest in vitro RTCA assays utilizing
human primary cells can be used to evaluate the on/off-target toxicity of reagents used for cancer
immunotherapy.
ABSTRACT NUMBER: 3322
Poster Board Number: P103
TITLE: Biological Effects of Cigarette Smoke and Novel Tobacco Product Vapor on Human Organotypic
Bronchial Epithelial Cultures Analyzed Using an In Vitro Aerosol Exposure System
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Ishikawa, K. Matsumura, N. Kitamura, K.
Ishimori, Y. Takanami, and S. Ito. Japan Tobacco Inc., Yokohama, Japan.
KEYWORDS: Alternatives to Animal Testing; Cell Culture; Microarray
ABSTRACT: Recent innovations in cell culture technology and exposure systems enable direct exposure
of human organotypic bronchial epithelial cultures to aerosols generated from various tobacco
products. In the study presented here, we used the Vitrocell® exposure system and MucilAir™ bronchial
epithelial culture to investigate the biological effects of emissions from the 3R4F reference cigarette and
a novel tobacco vapor product (NTV) that we recently developed. The amount of 3R4F smoke and NTV
vapor delivered to the MucilAir™ cultures were controlled by the dilution flow and the number of
cigarettes smoked. The amount of total particulate matter (TPM) delivered to the cells under each
exposure conditions was estimated using nicotine as the representative chemical in TPM. The cells were
subjected to single exposure to five exposure dose of 3R4F smoke and three NTV vapor; the maximum
dose of 3R4F smoke was 8.14 µg/cm2 by nicotine weight and 164.7 µg/cm2 by TPM weight. While the
maximum dose of NTV vapor was 6.29 µg/cm2 by nicotine weight and 603.8 µg/cm2 by TPM weight. The
cells exposed to 3R4F smoke, NTV vapor or air control was incubated for 48 hours, and then analyzed
the effects on cytotoxicity, cell and tissue morphology, cytokine secretion, and global gene expression.
Destruction of columnar ciliated epithelium and an increase in cytotoxicity were observed in the cells
exposed to the high dose of 3R4F smoke. Significant increases in interleukin (IL)-1β and IL-8 secretion
were observed in the cells as well, compared with levels in air-exposed controls (maximum of 4.2 and
75.9 fold-change, respectively). Microarray analysis revealed a dose-dependent increase in the number
of differentially expressed genes following 3R4F smoke exposure, compared with expression in airexposed controls (maximum of 1,748 genes). In contrast, no changes were detected in any of the
analyzed endpoints following NTV vapor exposure. Overall, our results suggest that the biological effects
of NTV vapor are lower than those of 3R4F smoke. The findings are in line with those of previous studies
that have shown that NTV has a simpler vapor chemistry, and elicits lower in vitro cytotoxicity than 3R4F
smoke.
ABSTRACT NUMBER: 3323
Poster Board Number: P104
TITLE: Evaluating Mode-of-Action of Acrolein Toxicity in an In Vitro Human Airway Tissue Model
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Xiong1, Q. Wu1, L. Muskhelishvili2, K.
Davis2, M. Bryant1, H. Rosenfeldt3, S. M. Healy3, and X. Cao1. 1US FDA/NCTR, Jefferson, AR; 2Toxicologic
Pathology Associates, Jefferson, AR; and 3US FDA, Silver Spring, MD.
KEYWORDS: In Vitro and Alternatives; Mode-of-Action; Inhalation Toxicology
ABSTRACT: Acrolein, a highly reactive unsaturated aldehyde, is found at extremely high concentrations
in both mainstream and side-stream tobacco smoke. Exposure to acrolein via cigarette smoking has
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been associated with acute lung injury, chronic obstructive pulmonary diseases (COPD) and asthma.
Although mechanisms of acrolein toxicity, especially those at biochemical and molecular levels, have
been extensively studied using monolayer cell models, acrolein-mediated airway tissue responses and
remodeling have not been evaluated due to the lack of suitable in vitro models. In this study, we
developed a novel in vitro strategy to represent the inhalation exposure to acrolein experienced by
smokers and systematically examined the adverse respiratory effects caused by non-cytotoxic doses of
acrolein in a well-differentiated human airway epithelial tissue model culturing at the air-liquid-interface
(ALI). A single 10-min exposure to acrolein induced oxidative stress and inflammatory responses, with
changes in protein oxidation and GSH depletion occurring immediately after exposure. Repeated
exposure to acrolein for 10 days (10 min/day) resulted in significant structural and functional changes
that recApitulate adverse sequelae of COPD such as alterations in the beating frequency and structures
of ciliated cells, inhibition of mucin expression and secretion apparatus, and development of squamous
metaplasia. In summary, our study not only identified the key toxicity events of acrolein toxicity but also
demonstrated that human airway tissue models can recApitulate the functional and structural
alterations observed in acrolein-exposed animals, suggesting their potential application for studying
tissue responses related to human respiratory disease induced by cigarette smoke or its constituents
(i.e. acrolein).
ABSTRACT NUMBER: 3324
Poster Board Number: P105
TITLE: Enhanced In Silico Prediction of Drug-Induced Phospholipidosis Using Internal and External
Datasets
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. R. Dugyala1, A. Parenty2, and S.
Glowienke2. 1Novartis Institutes for Biomedical Research, East Hanover, NJ; and 2Novartis Institutes for
Biomedical Research, Basel, Switzerland.
KEYWORDS: Pharmaceuticals; Predictive Toxicology; Alternatives to Animal Testing
ABSTRACT: Drug-induced phospholipidosis (PLD) is a well-documented lysosomal disorder where
phospholipids accumulate in cells due to dysfunctional lysosomal enzymes. PLD can occur in various
organs including liver, kidney, heart, lung, bone marrow, eye and brain. Early prediction of PLD in drug
discovery is crucial to prevent attrition at the later stages of the drug development. Therefore, in silico
methods are proposed to generate PLD assessment information with less need to perform in vitro or in
vivo studies or to help prioritize testing. in silico predictions present a less time-consuming and less
expensive high-throughput approach that can be applied when rapid understanding of potential
toxicological consequences is needed or when only limited test material is available. Derek Nexus (Lhasa
Ltd) is an expert system that predicts structure-toxicity relationships on the basis of structural fragments
that were found to be associated with a given toxicity effect. The commercially available knowledge
base (KB) of Derek Nexus (v. 2012) that contains 4 PLD alerts (amine, aryl piperazine or analogue, 2deoxystreptamine and erythronolide or analogue) was found to be insufficiently predicting PLD effects
of Novartis drug candidates. Therefore, on the basis of our proprietary data, we have developed 6 new
alerts and updated the model. The updated model was evaluated using our internal compounds as well
as a publically available dataset (96 and 121 compounds, respectively). Following the update, the
sensitivity of PLD prediction increased from 4 to 89% for the internal dataset with a specificity of 96%.
Similarly, the sensitivity for the public dataset was increased from 47 to 62% with a specificity of 100%.
Accuracy of PLD prediction also increased from 72 to 94% for the internal dataset and 76 to 83% for the
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external dataset. In conclusion, Derek prediction accuracy for PLD was improved in a significant manner
after addition of 6 new structural alerts, for both the internal and external datasets.
ABSTRACT NUMBER: 3325
Poster Board Number: P106
TITLE: In Vitro Approaches to Grouping of Complex Substances and UVCBs: A Case Study of Olefin
Streams
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: W. D. Klaren1, F. A. Grimm1, H. Shen2, and I.
Rusyn1. 1Texas A&M University, College Station, TX; and 2Shell Chemical LP, Houston, TX.
KEYWORDS: In Vitro and Alternatives; Dose-Response
ABSTRACT: Complex substances pose a major challenge for registration and health assessments because
of the Unknown or Variable composition, Complex reaction products and Biological (UVCB) nature of
these products. Regulatory submissions of UVCB substances under the High Production Volume program
in the US and REACH in Europe include grouping and read-across methods to fill in data gaps; however,
concerns exist about the precision of groupings based on broad similarity parameters like manufacturing
process or physico-chemical properties of UVCBs. UVCB substances that derive from petroleum refining
process are highly complex and can be variable in composition based on the source of crude oil or
natural gas and manufacturing process variations. Previously, we showed that in vitro bioactivity
profiling of UVCBs may be a sensible approach to increase confidence in grouping of these substances
through “biological read-across”. This project aimed to apply a “biological read-across” principle to
grouping complex substances in a case study of two olefin stream categories, the low benzene naphthas,
and resin oils and cyclodiene dimer concentrates. A panel of human induced pluripotent stem cellderived organotypic cell types (neurons, hepatocytes, endothelial cells, cardiomyocytes, macrophages
and myoblasts) was exposed to dimethyl sulfoxide extracts of 27 olefin stream substances and 18
supporting chemicals. We used high-content in vitro assays to evaluate the biological activity in dose
response across 5 log dilutions. Assays were evaluated for quality based on phenotypic controls and
extensive replicate analyses. Concentration-response modeling was used to derive points of departure
for each substance/chemical and phenotype. Data from all cell lines and assays were integrated using
the Toxicological Priority Index (ToxPI) approach to derive similarities in bioactivity and to establish
groups of the screened substances and supporting chemicals. Supported by a contract with the
Foundation for Chemistry Research and Initiatives through a co-funding agreement between the
American Chemistry Council’s Olefins Panel and the Members of the Lower Olefins and Aromatics REACH
Consortium.
ABSTRACT NUMBER: 3326
Poster Board Number: P107
TITLE: Use of Ex Vivo Precision-Cut Lung Slices as a Screening Tool for Potential Respiratory Toxicity of ELiquids
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Raabe1, M. Aragon1, D. Sheehan1, K.
Amin2, M. Oldham3, W. J. McKinney3, M. Lee3, and H. P. Behrsing1. 1Institute for In Vitro Sciences, Inc.,
Gaithersburg, MD; 2University of Minnesota, Minneapolis, MN; and 3Altria Client Services, Richmond, VA.
KEYWORDS: Alternatives to Animal Testing; Predictive Toxicology; Inhalation Toxicology
ABSTRACT: The Family Smoking Prevention and Tobacco Control Act gave the FDA regulatory authority
over next generation tobacco products (NGTP) such as e-vapor products. E-vapor products liquids
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contain a variety of ingredient combinations that should be assessed for human risk. One human lungrelevant testing platform with reasonable throughput, is human precision-cut lung slices (HuPCLS).
HuPCLS are arguably the most complex non-animal model of the lung, retaining native architecture and
immune-competent cells over multi-week culture periods. HuPCLS were exposed to three
concentrations (0.1%, 0.5%, and 1.2%) of propylene glycol (PG; an E-vapor product constituent)
continuously for 16-days. Exposure-effects were evaluated biochemically (WST-8 assay) and
histologically (viability assessment of H&E stained slides). Positive control treatments consisted of 10 µM
Phortress and 13 µM bleomycin. HuPCLS were fed every day with fresh medium ± treatment and
harvested at days 4, 8, and 16. Untreated control (UC) HuPCLS viability was confirmed using protein and
adenylate kinase assays. Histologically interpreted, UC lost 30% viability while WST-8 viability results
indicated no loss over 16 days in culture. Phortress caused severe damage by day 4 and bleomycin by
day 8 (histologically & WST-8 viability). Prolonged 1.2% PG exposure diminished WST-8 viability by ~30%
at day 16 which agreed with histological results. High osmolality is the suspected mechanism of toxicity.
No effect histologically or via WST-8 viability was noted for prolonged exposure to 0.1% and 0.5% PG.
PG, a common E-vapor product ingredient, at 1.2% had adverse effects in a human pulmonary model
but only after prolonged exposure. The HuPCLS platform has huge potential to serve as a screening tool
for e-liquid (and other materials of concern) by elucidating potentially relevant, long-term events
following NGTP ingredient exposure.
ABSTRACT NUMBER: 3327
Poster Board Number: P108
TITLE: Human In Vitro Models for Respiratory Toxicology: Evaluation of Goblet Cell Hyperplasia, Mucus
Production, and Ciliary Beating Assays
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Frentzel1, M. Aragon2, J. Hoeng1, S. Ito3, S.
Ishikawa3, J. Budde4, A. Maione5, P. Hayden5, W. Fields6, B. Keyser6, L. Haswell7, D. Azzopardi7, and H.
Behrsing2. 1Phillip Morris International, Neuchatel, Switzerland; 2IIVS, Inc., Gaithersburg, MD; 3Japan
Tobacco, Yokohama, Japan; 4ITL-Reemtsma Cigarettenfabriken GmbH, Hamburg, Germany; 5MatTek,
Inc., Ashland, MA; 6RAI Services Company, Winston-Salem, NC; and 7British American Tobacco,
Southampton, United Kingdom.
KEYWORDS: Alternatives to Animal Testing; Predictive Toxicology; Lung; Pulmonary or Respiratory
System
ABSTRACT: Robust non-animal models and assays for pulmonary toxicology are required to make
competent product development and risk assessments for new materials requiring toxicity testing.
Three in vitro assays (goblet cell hyperplasia [GCH], ciliary beat frequency [CBF], and MUC5AC
quantitation) were evaluated for performance and reproducibility. To assess these assays, 6 laboratories
contributed data using a common protocol utilizing IL-13 as an inducer of adverse mucociliary-relevant
tissue changes. MatTek EpiAirway™ and Epithelix MucilAir™ 3D tissue models were used to evaluate
endpoints using histology for GCH, software-based applications, Cilia FA and SAVA, for CBF, and ELISA
assay for MUC5AC. Continuous 10 ng/mL IL-13 (GCH, MUC5AC) exposures or one hour 10 µM procaterol
(CBF) exposures prior to day 7 and 14 time-points were included as positive controls. Quality control
endpoints (e.g. adenylate kinase tissue content and trans-epithelial electrical resistance) were also
evaluated. Multi-fold increases (ranging from 2.6 to 33-fold, and 1.5 to 238-fold) in MUC5AC-stained
goblet cells were measured in both tissue models after exposure with IL-13 after 7 and 14 days
induction, respectively. For CBF, procaterol caused a significant increase, and IL-13 elicited a significant
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decrease as expected. However, the MUC5AC ELISA did not yield consistent results when frozen apical
rinse samples were thawed and assayed. These results suggest these non-animal test systems may
provide consistent, human-relevant data corresponding to key events involved in respiratory disease. A
streamlined protocol using these controls will be applied toward additional testing. These assays,
utilized in a pragmatic manner with other in vitro assays have the potential to be included in a Reduced
Risk Product assessment framework.
ABSTRACT NUMBER: 3328
Poster Board Number: P109
TITLE: In Silico Prediction and In Vivo Measurement of Estrogen-Like Effects of Bisphenol Analogues in
Zebrafish
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Kubota1, Y. Wakayama1, M. Nakamura1,
Y. Kawai1, Y. Yoshinouchi2, H. Iwata2, M. Hirano3, and H. Nakata4. 1Obihiro University of Agriculture and
Veterinary Medicine, Obihiro, Japan; 2Center for Marine Environmental Studies, Ehime University,
Matsuyama, Japan; 3National Institute of Technology, Kumamoto College, Yatsushiro, Japan; and
4
Kumamoto University, Kumamoto, Japan.
KEYWORDS: Endocrine Disruptors; Aquatic Toxicology; Receptor; Nuclear Hormone
ABSTRACT: Bisphenol A (BPA) has been commonly used in many consumer products such as baby
bottles and food containers. Since numerous studies have shown that BPA causes endocrine disruption
through the activation of estrogen receptors (ERs), the use of BPA has been replaced by bisphenol
analogues (BPs). The objective of this study is to evaluate the estrogenic potency of a wide array of BPs
by in silico and in vivo approaches using zebrafish as a model species for environmental toxicology and
for human health. We constructed in silico homology models of the ligand binding domains of zebrafish
ERs (zfERs), including zfERα, zfERβ1, and zfERβ2. Molecular docking similations of 26 BPs with zfERs
using ASEDock revealed that the interaction energy for many of BPs were lower than that of BPA.
Exposure of zebrafish embryos to selected BPs (16 representatives) resulted in the induction of
cytochrome P450 19A1b (CYP19A1b) mRNA expression by most of BPs in a dose-dependent manner.
Minimum structural requirements for BPs induction of CYP19A1b expression appear to be a hydroxy
group at the para position on the phenyl ring. Our results also showed that each BP has a different
induction efficacy and potency, as revealed by different fold-induction and 50% effective concentration
(EC50) value, respectively. Co-exposure to selected BPs and an ER antagonist (fulvestrant) inhibited the
induction of CYP19A1b mRNA expression as compared to the respective BP alone, indicating the
involvement of zfER(s), at least partly, in the in vivo CYP19A1b induction. The interaction energies of BPs
to zfERα and to zfERβ1 showed a tendency of positive correlations with EC50 for in vivo CYP19A1b
induction by BPs. The present study demonstrates that various BPs induce CYP19A1b mRNA expression,
ostensibly through zfERα and zfERβ1, with greater induction potencies than that of BPA. The results also
suggest that in silico simulations of interaction between BPs and ligand-binding pocket of zfERs can
predict in vivo estrogen-like potencies of untested chemical substances.
ABSTRACT NUMBER: 3329
Poster Board Number: P110
TITLE: Applicability of the Embryonic Stem Cell Test (EST) and the Zebrafish Embryo Test (ZET) as In Vitro
Alternative Assays to Assess Pre-Natal Developmental Toxicity of Petroleum Substances
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. Kamelia1, S. Brugman1, L. de Haan1, H. B.
Ketelslegers2, I. M. C. M. Rietjens1, and P. J. Boogaard1,3. 1Wageningen University and Research,
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Wageningen, Netherlands; 2Concawe, Brussels, Belgium; and 3Shell International B.V., The Hague,
Netherlands.
KEYWORDS: In Vitro and Alternatives; Developmental Toxicity; Prenatal; Polycyclic Aromatic
Hydrocarbons
ABSTRACT: As most petroleum substances (PS) are produced at a volume of >100 tonnes/year in the EU,
they need to be assessed for prenatal developmental toxicity (PDT). This would require substantial
numbers of animals if it is done following current OECD guidelines. The use of in vitro assays, such as the
EST and ZET, may reduce animal experimentation and resources needed to study the PDT potencies of
PS. PS are UVCBs, comprising hundreds to millions of different hydrocarbons, including polycyclic
aromatic hydrocarbons (PAHs). PDT, as observed with some PS, has been associated with the presence
of 3-7 ring PAHs. To investigate this hypothesis, DMSO-extracts of 9 PS, with variable PAH content, and 2
gas-to-liquid product (GTL), which are devoid of PAHs, were tested in the EST and ZET. In the EST, the
ability of test compound to inhibit the differentiation of ES-D3 cells into cardiomyocytes was used as a
readout. The EST results showed that PS inhibited ES-D3 cells differentiation in a concentrationdependent manner at non-cytotoxic concentrations, and that their potency was proportional to their 37 ring PAH content (Kamelia et al., 2017). In contrast, GTL did not inhibit ES cell viability or
differentiation at all. The ZET makes use of fertilized embryos to evaluate in vitro PDT. In the ZET, a
general morphology scoring system, is used to assess effects of chemicals on the development of
zebrafish embryos from 4- to 96- hours post fertilization. The results in the ZET showed a concentrationdependent inhibition on zebrafish embryos development upon exposure to PS, while both GTL showed
no effects. The effects induced by PS in the ZET include delayed-development, deformed body shape,
malformations of the tail, heart, and yolk-sac. in vitro PDT potencies in both EST and ZET were compared
to published in vivo PDT studies. Good correlations exist between them, although the EST gave a higher
correlation (R2=0.97) than the ZET (R2=0.67). To conclude, our results showed the applicability of both
EST and ZET to assess in vitro PDT of PS, within and among classes, and that this potency is proportional
to their PAH content. This supports our hypothesis that PAHs are the main inducers of the PDT in some
PS.
ABSTRACT NUMBER: 3330
Poster Board Number: P111
TITLE: Optimization of Normal Human Bronchial Epithelial (NHBE) 3D Cell Cultures for In Vitro Lung
Model Studies
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. E. Rayner1, P. Makena2, G. L. Prasad2, and
E. Cormet-Boyaka1. 1Ohio State University, Columbus, OH; and 2RAI Services Company, Winston-Salem,
NC.
KEYWORDS: Cell Culture; Alternatives to Animal Testing
ABSTRACT: Several factors including cigarette smoke, pollutants, genetic mutations, and infection affect
the function of the respiratory epithelium including mucociliary apparatus. Robust in vitro lung models
and assays are required for risk assessment to reliably and consistently measure key events leading to
respiratory diseases. A challenge with primary human epithelial cell-based models is limited
characterization and biological variability among different isolates. To understand how the culture
conditions affect the epithelial phenotype, we evaluated several passages of NHBE cells from three
donors (one from Lonza® and two from in-house), cultured in an air-liquid interface (ALI) and assessed
the bronchial epithelial phenotype, culture characteristics, cell integrity and differentiation. NHBE cells
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obtained from Lonza® were grown in three different expansion media in the presence and absence of
Rho kinase inhibitor or 3T3 Swiss albino feeder cells. Cells then formed differentiated epithelial layers in
ALI. Optimally differentiated cultures were obtained with cells seeded at 1.5x105 cells/cm2 in
PneumaCultTM Ex-PLUS (expansion medium)/PneumaCult ALI (differentiation medium) (StemCellTM
Technologies). Cells from all three donors were successfully cultured up to seven passages and
differentiated epithelial layers could be grown from passages 1-6. However cells from passages 1-4
optimally differentiated into a ciliated pseudostratified columnar epithelium with goblet cells as
evidenced by trans-epithelial electrical resistance (TEER) (>330 Ohms.cm2), presence of columnar
ciliated cells , and cystic fibrosis transmembrane conductance regulator-mediated short-circuit currents
(>3µA/cm2). Interestingly, amiloride-sensitive epithelial sodium channel short-circuit currents
significantly declined at passage 2, but remained stable thereafter. A significant decline was observed in
TEER in some donors, as well as ciliary beat frequency (CBF) after passage 4. No change in airway surface
liquid (ASL) meniscus length was observed up to passage 6. These results demonstrate, for the first time,
how epithelial cell phenotypic features are altered when cultured in different media, under different
conditions and between cell passages, and highlight the criticality of evaluating phenotypic endpoints
when developing in vitro lung models.
ABSTRACT NUMBER: 3331
Poster Board Number: P112
TITLE: In Vitro Toxicity Testing: To CMax or Not To CMax?
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. C. White, Q. Shi, and W. B. Mattes. US
FDA/NCTR, Jefferson, AR.
KEYWORDS: Cytotoxicity; Cell Culture; Predictive Toxicology
ABSTRACT: In vitro toxicity testing of both investigational and approved therapeutics is an essential
component to pre- and post-clinical evaluations. To ensure clinical relevance, these in vitro tests are
often carried out at concentrations in multiples of the clinical Cmax (the maximal serum concentration)
for each compound of interest. However, even among classes of related drugs, Cmax values differ
substantially between compounds. When exposing cells to Cmax-based concentrations, it is common to
see studies employing 30 to 100-fold multiples of Cmax, irrespective of whether the drug’s Cmax is in the
nanomolar (nM) range or the micromolar (µM) range. Thus, for compounds with a Cmax of 1-10 µM, 100fold concentrations can approach millimolar (mM) levels in vitro. Such high concentrations may produce
myriad nonspecific cytotoxic effects not directly related to the biology of the compound, which
complicates data interpretation. We hypothesized that in vitro cytotoxicity would associate with higher
Cmax values when exposing cells to Cmax -based concentrations. We examined in vitro cytotoxicity data for
up to 31 FDA-approved small molecule kinase inhibitors in human iPSC-derived cardiomyocytes and
primary rat hepatocytes, along with published cytotoxicity data for 344 drugs and chemicals in primary
human hepatocytes. Calculation of correlation coefficients (Pearson’s) along with Fisher’s exact test
analysis of contingency tables revealed a significant association between a positive assay score (for
multiple endpoints) and Cmax. Taken together, these results support careful examination of Cmax values as
a starting point for in vitro toxicity screens, and suggest that when Cmax translates to ≥1µM, positive
results at higher Cmax multiples (≥10-100x) may purely be a function of concentration. This could have
significant impacts on the predictive power of in vitro testing, particularly when attempting to pro- or
retrospectively relate in vitro data to clinical outcomes.
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ABSTRACT NUMBER: 3332
Poster Board Number: P113
TITLE: Mechanism Prediction through Dose-Responsive Phase-Specific Effects on the Zebrafish
Photomotor Response Assay
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Phillips1, M. Widder2, C. Carbaugh2, J.
Horsmon1, M. Feasel1, R. Kristovich1, and K. Glover1,3. 1US Army Edgewood Chemical Biological Center,
Aberdeen Proving Ground, MD; 2US Army Center for Environmental Health Research, Fort Detrick, MD;
and 3Defense Threat Reduction Agency, Ft. Belvoir, VA.
KEYWORDS: Chemical and Biological Weapons; In Vitro and Alternatives; Methods/Mechanism
ABSTRACT: Zebrafish are proving to be a useful model for characterizing the toxicity of chemicals. In
particular, behavior based assays, such as the photomotor response (PMR) in embryos at 24-30 hours
post-fertilization, have been shown to elicit reproducible behavioral signatures that are representative
of chemical mechanisms of action. The PMR assay is based on detecting changes in movement in
response to a specific pattern of light stimuli, which is defined by three phases: 1) spontaneous
movement, 2) the PMR, and 3) a refractory phase. Previous studies have shown how changes in
movement across all three phases after chemical exposure can be used to create “behavioral barcodes”
representative of pharmacological target activity. However, limited work to date has focused on the
dose-responsive effects of different chemical classes on zebrafish in each phase of the PMR assay.
Therefore, we analyzed several substances with established or unknown mechanisms of toxicity for
phase specific effects at different doses. These substances included inhibitors of aerobic respiration,
acetylcholinesterase inhibitors and several chemical weapon precursor compounds. Overall, we were
able to show phase-specific responses for several compounds that correspond to known mechanisms of
action. Cyanide and carbonyl cyanide m-chlorophenylhydrazine both had notable effects on the
spontaneous movement phase without affecting the PMR response at the same dose.
Acetylcholinesterase inhibiting organophosphate pesticides, including chlorpyrifos and parathion,
notably affected the refractory phase. Several precursor compounds decreased activity across all
phases, indicating a general, non-specific toxicity mechanism. While others, such as methyl benzilate,
extended the PMR phase at low doses. Overall, this work shows the potential for extending the
predictive capability of behavioral profiles in zebrafish by analyzing dose-responsive effects in various
phases of the PMR. Disclaimer: Research was conducted in compliance all Federal requirements. The
views expressed are those of the authors and do not constitute endorsement by the US Army.
ABSTRACT NUMBER: 3333
Poster Board Number: P114
TITLE: Inhibiting Reproduction in Caenorhabditis elegans Prevents Swimming Exercise-Induced
Protection of Mitochondria
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. S. Bell1, J. H. Hartman1, L. L. Smith1, K. L.
Gordon1, D. R. Sherwood1, R. Laranjeiro2, M. Driscoll2, and J. N. Meyer1. 1Duke University, Durham, NC;
and 2Rutgers, The State University of New Jersey, Piscataway, NJ.
KEYWORDS: Undergraduate Student; Pesticides; Non-Mammalian Species
ABSTRACT: Exercise greatly improves health, reducing risk of cardiovascular disease, neurological
disease, and cancer. However, mechanisms underlying these protections are not well-understood, partly
due to the cost and time investment of long-term exercise studies in rodents or humans. We developed
a long-term exercise protocol in C. elegans nematodes, which included a 6-day, twice daily swimming
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exercise regimen. While exercising, nematodes were without food, so we used two control groups: one
group which was fed ad libitum, and one control group which was given the same food restriction as the
exercise group but did not swim. Following this regimen, we assessed mitochondrial health and
sensitivity to mitochondrial toxicants. Exercise protected against age-related decline in mitochondrial
morphology (i.e., progressive fragmentation) in the body-wall muscle, as visualized with mitochondrialocalized GFP (p<0.0001). In functional mitochondrial assays, dietary restriction also increased basal
mitochondrial respiration (20% for dietary restriction alone, 30% for exercise, p<0.0001 for each
compared to food control). By contrast, exercise increased spare respiratory capacity 30% (p<0.05),
while dietary restriction alone decreased spare capacity more than 50% (p<0.0001). We measured a
modest increase (10-15% increase in median) in lifespan in exercised animals compared to both control
groups (p=0.007). Finally, exercised animals, and to a lesser extent, dietary restricted animals were
significantly protected against lethality from exposure to the mitochondrial toxicants rotenone and
arsenic. However, the observed benefits of exercise were lost in sterile animals. Neither dietary
restriction nor exercise significantly protected against lethality from toxic exposures or increased life
span (p>0.05) in either a genetically sterile strain (glp-1) or a wildtype strain treated with the
reproduction-inhibiting drug fUDR. Together, these findings may implicate a role for the germline in
mediating exercise effects, either directly or through an indirect mechanism of organismal metabolic
reprogramming.
ABSTRACT NUMBER: 3334
Poster Board Number: P115
TITLE: Application of the Reconstructed Human Epidermis Model to Evaluate the Skin Irritation of
Topical Products Used in Daily Life
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Sun, G. Tao, C. Li, Y. Wang, and Y. Shuai.
Shanghai Municipal Center for Disease Control and Prevention, Shanghai, China. Sponsor: M. Xia
KEYWORDS: In Vitro and Alternatives; Alternatives to Animal Testing
ABSTRACT: Detergent, personal care, and cosmetics products are widely used in daily life for cleaning,
moisture, and refresh purposes. The increasing demands for safety evaluation of these products in China
urge the development of in vitro methods for toxicological safety assessment. This study was conducted
to evaluate the skin irritation of topical usage products in daily life by using the reconstructed human
epidermis model EpiSkinTM (produced in China). First, 10 Proficiency Substances (PS) recommended by
OECD TG439 with known irritation scores, such as isopropanol and cyclamen aldehyde, were tested
according to OECD TG439. PS were applied directly to EpiSkin for 15 minutes and removed by rinsing
with PBS. After 42h post-treatment incubation, tissue viability was measured by MTT test. A threshold to
identify the irritant is that 50% OD value of untreated control in MTT test. The results showed that the
classification of the 10 PS was in good accordance with the data provided by validated reference
methods in OECD TG439. Next, 27 finished products (including 6 fundamental cosmetics, 10 make-up
and beauty cosmetics, 6 cleansing cosmetics and 5 detergents) were evaluated by the improved method
(18 hours exposure) and the results were compared to the traditional Draize test. The results showed
that the predictability of 27 products reached 70.4%. Among the 27 products, 16 fundamental and
beauty cosmetics were 100% predicted. While the predictability of the cleansing cosmetics and
detergents was only 27.3%. Then the exposure time (i.e. 4 hours) in Draize test was applied to the
current in vitro method and evaluate the cleansing cosmetics and detergents again. The predictability
was improved from 27.3% to 36.4%. It could be that excessive amount of surfactants in these products
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caused irreversible damage to the lipid layer of the cell membrane. Generally speaking, EpiSkinTM skin
irritation test is suitable for the safety evaluation of the fundamental and beauty cosmetics. The
limitation in safety evaluation of detergent and cleansing cosmetics should be further investigated.
ABSTRACT NUMBER: 3335
Poster Board Number: P116
TITLE: Optimization of DNA Barcode Method to Assess Altered Chemical Toxicity Due to CYP-Mediated
Metabolism
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Woolard, G. Carswell, S. Simmons, and B.
Chorley. US EPA, Durham, NC.
KEYWORDS: Risk Assessment; In Vitro and Alternatives; Cell Lines, Transfected
ABSTRACT: A drawback of current in vitro chemical testing is that many commonly used cell lines lack
chemical metabolism. To address this challenge, we present a method for assessing the impact of
cellular metabolism on chemical-based cellular toxicity. A cell line with low endogenous metabolism
(HEK293T) was engineered to overexpress cytochrome P450 monooxygenase (CYP) recombinant
transgenes prevalent in human liver (CYP1A1, CYP1A2, CYP2E1, and CYP3A4). Each of the five clones
(four CYPs and one empty vector control) were mated to unique DNA barcodes and used as surrogates
of cell viability that could be distinguished in a mixed clonal culture by PCR. Four known cytotoxic
chemicals (rotenone, fluazinam, galangin, and zoxamide) were evaluated. We evaluated general
cytotoxicity on individual clones using CellTiter-Glo (CTG) and CellTiter-Blue (CTB). Toxicity was observed
with both assays for all chemicals tested (p<0.05 vs. DMSO controls; two-tailed t-test), however CTG
results did not agree with observable cell loss after rotenone (9% vs. ~60% loss) and galangin (12% vs.
~65% loss) exposures. Morphological characteristics indicated different necrotic, apoptotic, or a
combination of cell death mechanisms mediated by these chemicals, partially explaining assay
discrepancies. To assess the cytotoxic impact on individual clones, DNA was isolated from dosed cells
and barcodes were quantified using equal volumes by digital droplet PCR (ddPCR) in a mixed clonal
culture. A strong correlation (Pearson’s r = 0.29-0.93, x̄ = 0.69) between total DNA concentration and
individual DNA barcode counts were observed, suggesting barcode counts were representative of DNA
isolated. However, the predicted monotonic loss of DNA due to lower cell viability was not observed,
suggesting these measurements were not representative of individual clonal toxicity. We speculate this
discrepancy is the result of excess DNA retained in the extracellular matrix which may be influenced by
the mechanism of cell death and/or plating matrix. Future optimization of cell culture conditions and
efficient washing of DNA associated with non-viable clonal cells will be necessary to refine this method.
The overall goal will be to adapt this barcode method as a high-throughput screen to rapidly assess CYPmediated chemical toxicity. This abstract does not necessarily reflect US EPA policy.
ABSTRACT NUMBER: 3336
Poster Board Number: P117
TITLE: Outcomes of Developmental Exposure to Total Particulate Matter from Cigarette Smoke in
Zebrafish (Danio rerio)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Massarsky1, N. Jayasundara2, L. Glazer1, E.
D. Levin1, G. L. Prasad3, and R. T. Di Giulio1. 1Duke University, Durham, NC; 2University of Maine, Orono,
ME; and 3RAI Services Company, Winston-Salem, NC.
KEYWORDS: Polycyclic Aromatic Hydrocarbons; Environmental Toxicology; Non-Mammalian Species

The Toxicologist: Late-Breaking Supplement 2018

11

ABSTRACT: The effects of prenatal exposure to cigarette smoke remain a subject of major interest,
especially as it relates to neural development and adverse behavioral outcomes. Several studies have
investigated the developmental toxicity of cigarette smoke components in a zebrafish model, showing
that developmental exposure to total particulate matter (TPM; particulate phase of cigarette smoke)
leads to adverse physiological aberrations and locomotor hyperactivity. Thus, the current study
examines whether developmental TPM exposure of zebrafish embryos/larvae (F0) leads to physiological
and behavioral alterations, and whether adverse effects are observed in adult fish and the next
generation (F1; i.e. F0 offspring). We also examine whether behavioral effects are associated with
changes in neural development and bioenergetics. We demonstrate that TPM exposure during F0
development increased the incidence of deformities in F0 larvae, but F1 larvae did not exhibit any
deformities. TPM exposure also resulted in swimming hyperactivity in F0 larvae and several behavioral
changes were noted in F0 fish when they grew into adulthood. No hyperactivity was noted in F1 larvae.
Moreover, transcript abundance of neural markers Neurog1, Ascl1a, Elavl3, and Lef1 did not differ
significantly across treatment groups within F0 or F1. The temporal neural development as inferred from
the expression of Neurog1 in Tg(Neurog1:GFP) embryos/larvae was not affected by TPM exposure.
There were also no changes in F0 or F1 embryonic oxygen consumption rate (OCR; marker of
bioenergetics and mitochondrial health); however the OCR in the brain of F0 males was reduced with
TPM. We conclude that developmental exposure to TPM affects larval physiology and induces
hyperactive swimming behavior, but these effects do not persist in F1 larvae. Moreover, developmental
TPM exposure leads to long-lasting sex-specific behavioral outcomes in the F0 adult fish.
ABSTRACT NUMBER: 3337
Poster Board Number: P118
TITLE: Natural Hair Coloring Cosmetics Adulterated with PPD Showed a Higher Potential to Trigger
Allergic Contact Dermatitis in Comparison to PPD Alone
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Ávila1, G. Teixeira1, T. Rodrigues1, T.
Lindbergh2, M. Lindstedt2, S. Fonseca1, E. Lima1, and M. C. Valadares1. 1Federal University of Goiás,
Goiânia, Brazil; and 2Lund University, Lund, Sweden.
KEYWORDS: Alternatives to Animal Testing; Chemical Allergy; Natural Products
ABSTRACT: Plant-based hair coloring cosmetics such as henna-containing products (HPs) have been
considered as a safer alternative to synthetic ingredients-based hair dyes. However, allergic skin
reactions to HPs have been reported, possibly due to the adulteration with the synthetic skin sensitizer
para-phenylenediamine (PPD). This study examined 10 commercial HPs for the presence of PPD and
lawsone, the natural pigment/biomarker of henna, by HPLC. Furthermore, the allergenic potential of
HPs was investigated using an in vitro Integrated Testing Strategy (ITS) based on the Adverse Outcome
Pathways (AOP) for skin sensitization: key event 1) protein binding (micro-direct peptide reactivity
assay-mDPRA); key event 2) keratinocyte activation (HaCaT keratinocytes-associated IL-18 assay); key
event 3) dendritic cell activation [U937 cell line activation Test-USENS™/IL-8; human monocyte derived
dendritic cells activation assay; and Genomic Allergen Rapid Detection-GARDskin]. The ITS used,
previously established using 10 hair dye ingredients (HDIs), showed a higher accuracy (87.5-100%) in
relation to animal testing (accuracy=75%), when compared to human data. In contrast to what is
declared on the HPs labels, PPD was detected on all samples (0.029-4.321%), whereas lawsone was
found in 9 products (0.032-0.518%). Using the ITS established, HPs triggered high peptide reactivity,
increased IL-18 levels in HaCaT keratinocytes, increased CD86 expression in U937 cells and modulated
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the transcriptional levels of 200 genes referred to as the GARDskin prediction signature. Moreover,
these parameters were increased in HPs when compared to HDIs tested alone. Taken together, this
study showed that the HPs tested were adulterated with PPD at levels higher then permitted by
legislation of the Union European. In addition, one sample has not lawsone detected, the henna
biomarker, suggesting falsification. Moreover, the presence of PPD in all botanical mixtures tested
induced a higher allergenic response when compared to the ingredients alone, possibly by the formation
of new products or potentialization of the allergenic effects.
ABSTRACT NUMBER: 3338
Poster Board Number: P119
TITLE: Characterizing the Mechanism of Androgen-Induced Activity in the Luciferase Transactivation
Vm7luc4e2 Cell Bioassay: Pilot Study
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. C. Brennan, and D. E. Tillitt. US Geological
Survey, Columbia, MO.
KEYWORDS: Endocrine; Estrogens; Methods/Mechanism; Endocrine; Androgens
ABSTRACT: The chemically-activated luciferase expression (CALUX) human breast carcinoma
VM7Luc4E2 cell bioassay has an estrogen receptor-driven response element and is used for screening
estrogenic/anti-estrogenic chemicals by the Organisation for Economic Co-operation and Development
in 34 countries and in the US EPA’s Endocrine Disruptor Screening Program and multi-agency Tox21
Program. However, androgens such as testosterone (T) also induce luciferase activity, which could
confound screening results, particularly when screening environmental samples. Therefore, we thought
it prudent to explore this seeming agonistic activity from T in the VM7Luc4E2 cell line. We characterized
the activity of T and several other endogenous androgens (androstenedione [ATD], cis-androsterone [cAND], and dihydrotestosterone [DHT]) in the VM7Luc4E2 cell line and evaluated potential mechanisms
by which these androgens exert activity. All tested androgens resulted in agonist activity with 100%
efficacy (relative to 17β-estradiol [E2]) with half-maximal concentrations ranging from 2 nM (T) to 0.7
μM (c-AND) as compared to 3 pM for E2. Co-treating the androgens with estrogen antagonists,
fulvestrant or 4-hydroxytamoxifen (4-OHT), eliminated activity from androgen treatment in a dosedependent manner with complete elimination of activity at concentrations ≥ 50 nM fulvestrant and ≥ 1
μM 4-OHT. However, co-treating the androgens with androgen receptor antagonist 2-hydroxyflutamide
(2-OHF) required greater concentrations (>1 μM) to partially repress activity of T, ATD, and c-AND
treatments. Activity from E2 and DHT treatments was relatively unaffected by co-treatment with 2-OHF.
We next tested whether the aromatase pathway could be responsible for activity observed from T and
ATD treatments. We hypothesized that co-treatment of the four androgens with aromatase inhibitors
(AIs) should selectively block conversion of T to E2 and ATD to estrone (E1) but not affect activity of DHT
or c-AND. Three separate AIs effectively eliminated luciferase induction in VM7Luc4E2 cells from T
treatment (≥ 50 nM AI) in a dose-dependent manner and partially eliminated activity from ATD
treatment (IC50 0.1-1.0 nM). None of the tested AIs seemed to affect activity of the DHT, c-AND or E2 in
VM7Luc4E2 cells. Our results provide evidence of aromatase as a viable mechanism for T- or ATDinduced activity in VM7Luc4E2 cells, while further elucidation is required to determine why DHT and cAND cause activity in VM7Luc4E2 cells.
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TITLE: An In Vitro Human Co-Culture Model of the Hormone-Dependent Breast Cancer
Microenvironment: A Relevant Bioassay for the Screening of Endocrine Disrupting Chemicals
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Viau1, D. Yancu1, É. Caron-Beaudoin2, and
T. Sanderson1. 1INRS-Institut Armand-Frappier, Laval, QC, Canada; and 2Université de Montréal,
Montréal, QC, Canada.
KEYWORDS: Endocrine Toxicology; Pesticides; In Vitro and Alternatives
ABSTRACT: The use of in vitro models in toxicology has considerably improved our understanding of the
mechanisms by which chemicals cause adverse effects on humans and wildlife. The most commonly
used models are cell lines due to their low costs and ease to change their environments. Although it is
difficult to accurately recreate in vivo interactions when studies on animals and humans are not
possible, co-cultures are a promising approach to study intercellular communications. The association
between endocrine disrupting chemicals and hormone-dependent breast cancer is under intense
investigation. However, in vivo rodent models are not capable of representing the steroidogenic
processes involved in human hormone-dependent breast cancer development and progression. Here,
we present progress in the development of a physiologically relevant in vitro model of the human
estrogen-dependent breast cancer microenvironment suitable for the study of endocrine disrupting
chemicals. Hs578t (stromal-like) and T47D (estrogen-dependent tumoral) cells were evaluated for the
expression of key biosynthetic enzymes HSD17B1, CYP19 (aromatase), CYP17, AKR1C3 and HSD3B2,
required for the production of estrogens involved in tumor cell proliferation and tumor progression. The
two cell types expressed complementary enzymes that only together could produce estrogens from
normally circulating dehydroepiandrosterone. In addition, Hs578t cells had the same promoter-specific
expression profile for CYP19 as observed in clinical cases of breast cancer with recruitment of the
normally silent PII, I.3 and I.7 promoters and suppression of the I.4 promoter which is the main driver of
CYP19 expression in healthy breast stromal tissue. Cell proliferation in the co-culture model in response
to estradiol was increased as well as the estrogen-dependent expression of trefoil factor 1 (TFF1).
Several neonicotinoid pesticides were found to have a stimulatory effect on estrogen-dependent TFF1
gene expression in T47D cells in co-culture, which did not occur in T47D cells alone. We conclude that
our newly developed co-culture system provides improved physiologically and toxicologically relevant
information on the effects of endocrine disrupting chemicals on complex steroidogenic interactions
between tissues that would be missed by single cell-type bioassays.
ABSTRACT NUMBER: 3340
Poster Board Number: P121
TITLE: Towards an IATA for Chemical Respiratory Sensitization: Establishment of Reference Chemicals to
Evaluate In Vitro and In Silico Approaches
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Sullivan1, N. Baker2, S. Cochrane3, S. J.
Enoch4, J. Ezendam5, G. Patlewicz6, E. L. Roggen7, R. Settivari8, and K. Sewald9. 1Physicians Committee for
Responsible Medicine, Washington, DC; 2Leidos, Research Triangle Park, NC; 3SEAC, Unilever, Bedford,
United Kingdom; 4Liverpool John Moores University, Liverpool, United Kingdom; 5RIVM, Bilthoven,
Netherlands; 6US EPA, Research Triangle Park, NC; 73RsMC ApS, Lyngby, Denmark; 8The Dow Chemical
Company, Midland, MI; and 9Fraunhofer ITEM, Hannover, Germany.
KEYWORDS: Chemical Allergy; Regulatory/Policy; Respiratory Sensitization
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ABSTRACT: Public health and regulatory needs require approaches to detect and discriminate
respiratory sensitizers from dermal sensitizers; however no single method or strategy is generally
accepted. An Adverse Outcome Pathway (AOP) for respiratory tract sensitization by low molecular
weight organic chemicals has been published and is proceeding through the Organization for Economic
Cooperation and Development review process. This AOP is a useful foundation for the development and
assessment of in vitro and in silico test methods and combinations thereof within one or more
Integrated Approaches to Testing and Assessment (IATA). The published AOP identified several
promising approaches; however most of these have only been assessed with a few well-known
respiratory sensitizers (e.g., toluene diisocyanate or trimellitic anhydride). To further evaluate the utility
of these and other approaches, we have set out to build a more comprehensive list of reference
chemicals, including known respiratory irritants, non-sensitizers, and dermal sensitizers. The ideal list of
respiratory sensitizers should cover a range of chemical classes and include “challenging” chemicals,
such as respiratory sensitizers thought to elicit effects through dermal exposure and those for which
specific-IgE has not been detected in humans. To build the list, we are conducting a review of
established structure-based profilers, recent literature, and human clinical reports, focusing on data
verified in humans for translatability to human health outcomes. We are also making use of the Abstract
Sifter literature review tool (Baker et al., (2007)) to identify additional potential respiratory sensitizers.
Briefly, a set of PubMed MeSH terms describing adverse effects (AEs) for 92 known sensitizers was used
to query a large database of chemicals and AEs, yielding over 7000 chemicals of potential interest. The
top 500 ranked chemicals (based on article counts) are currently undergoing manual review. This
reference chemical list is an important step towards the assessment of potential test methods and the
creation of internationally-harmonized integrated approaches for the detection of chemical respiratory
sensitizers. Does not necessarily represent US EPA policy.
ABSTRACT NUMBER: 3341
Poster Board Number: P122
TITLE: Cardiovascular and Pulmonary Organs-on-Chips as Toxicological Model Platforms for Engineered
Nanomaterial Exposures
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. M. Ardoña, J. F. Zimmerman, B. B.
O'Connor, S. Ahn, C. O. Chantre, F. Eweje, T. Grevesse, J. U. Lind, and K. K. Parker. Harvard University,
Cambridge, MA. Sponsor: B. Beck
KEYWORDS: Exposure Assessment; Nanotechnology; Alternatives to Animal Testing
ABSTRACT: Despite the emergence of engineered nanomaterials (ENMs) as vital components of various
commercially-available products, excessive exposure to ENMs has been associated with negative health
outcomes such as respiratory and cardiovascular diseases. To completely understand the mechanisms of
ENM-induced diseases, there is a pressing need to develop physiologically relevant models in vitro that
faithfully recApitulate the native form and function of an organ or tissue. Moreover, it is also important
to accurately model the uptake, transport, and systemic distribution of nanomaterials through pertinent
biological barriers models. Organs-on-chips (OOC) offer a potential solution to many of these challenges,
by providing a platform that can be rationally designed and built from the ground up to mimic the native
target organ and barrier functions. By engineering OOC platforms coupled to biological barrier models,
we can have access to organ-specific ENM delivery and standardized test conditions in vitro. In
particular, we present the use and construction of “exposure chips” based on pulmonary or cardiac
muscular thin film (MTF) platforms as a strategy to extract contractile stress measurements. Such
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readouts, which can serve as a metric of tissue function, can be used together with structural and
metabolic investigations of tissue damage to create a combinatorial screening of ENM interactions with
human organ tissues through various exposure routes. These exposure chips can be used to determine
time- and dose-dependent direct effects of nanomaterials on both the structure and function of the
target tissue. The direct effects of ENMs on biological barrier function are also studied, such as by
measuring the pre- and post-ENM exposure permeability coefficients of fluorescent dyes crossing across
cellular layers. Overall, the presented testing platforms can be used to more comprehensively elucidate
the structural and functional outcomes resulting from the exposure of cardiac and airway tissues to
ENMs, as well as their underlying mechanisms.
ABSTRACT NUMBER: 3342
Poster Board Number: P123
TITLE: Six Months Inhalation Study to Investigate the Cigarette Smoke-Induced Emphysema-Like
Changes and the Effect of Smoking Cessation in Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Suzuki, Y. Motohashi, H. Ozaki, S. Onami,
T. Hirata, and T. Mine. Japan Tobacco Inc., Yokohama, Japan. Sponsor: S. Ito
KEYWORDS: Inhalation Toxicology; Lung; Pulmonary or Respiratory System; Biomarkers
ABSTRACT: Cigarette smoking is one of the risk factors for respiratory diseases such as chronic
obstructive pulmonary disease (COPD). Epidemiological studies have shown that risks can be reduced by
smoking cessation. In the current study, we present an animal model in which emphysema-like changes
were induced by cigarette-smoke (CS) exposure, and these changes were alleviated by smoking
cessation. Female C57BL/6 mice were exposed to filtered air (sham) or CS from a conventional cigarette
3R4F (750 μg/L total particulate matter; CS) for 4 hours/day, 5 days/week for 1, 2, 3, 4 or 6 months.
Intermittent exposure was adopted where daily 4-hour exposure was split into two 2-hour exposures
with a 30-minute break of filtered air exposure. In cessation groups, mice were exposed to CS for 1, 2, 3
or 4 months, followed by air exposure for 5, 4, 3 or 2 months, respectively. After completion of
exposure, mice were examined for emphysema-related changes as well as classic toxicological
endpoints. The results revealed that CS induced inflammatory responses (increased number of white
blood cells and inflammatory proteins in bronchoalveolar lavage fluid [BALF]) and emphysema-like
changes (dysfunction of pulmonary function) in the lungs of mice at each time point. Furthermore, we
observed alveolar destructive changes in mice exposed to CS for 6 months. In contrast, cessation
reduced these responses compared with CS exposed groups in a CS-exposure period dependent
manner. Specifically, cessation for 4 and 5 months reduced these responses so that the levels of
inflammatory protein in BALF and gene expression in the lung were similar to those of the sham group.
In the current study, we established a CS-induced emphysema model in mice. This model could be a
promising tool for COPD risk evaluation, enabling in vivo assessment of COPD-related risk associated
with the use of conventional cigarettes and emerging products, which include electronic cigarettes and
tobacco vapor products, and the effects of cessation or product switching.
ABSTRACT NUMBER: 3343
Poster Board Number: P124
TITLE: A Radiation-Induced Lung Fibrosis Model in the Female Rhesus Macaque
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Thrall1, S. Mahendra2, V. Bunker1, and T.
Rogers1. 1SNBL USA, Everett, WA; and 2Northwest Medical Physics Center, Lynnwood, WA.
KEYWORDS: Respiratory; Lung; Pulmonary or Respiratory System
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ABSTRACT: Focused radiation exposure to the thorax region results in a characteristic dose- and timedependent sequelae of lung disease characterized by the development of pneumonitis progressing to
pulmonary fibrosis. A whole thorax lung irradiation (WTLI) model has been developed for the male
rhesus macaque (Garofalo et al. 2014). The objective of this study was to develop a lethality dose profile
for WTLI specific to this institution, an endeavor necessary to validate the model prior to conducting
efficacy studies under the criteria of the FDA Animal Rule. The study design was similar to that described
previously, with the exception that female, rather than male, rhesus macaques were utilized. In brief, a
computed tomography (CT) scan was conducted prior to irradiation and used for treatment planning.
Animals were exposed to a single 6 MV photon exposure focused to the lung as determined by the CT
scan and treatment planning at a dose of 9.5, 10, 10.5, 11 or 11.5 Gy. Supportive care, including
administration of dexamethasone, was based on trigger-to-treat criteria and clearly defined euthanasia
criteria were used to determine moribund condition over 180 days post irradiation. Percent mortality
per radiation dose was 12.5% at 9.5 Gy, 25% at 10 Gy, 62.5% at 10.5 Gy, 87.5% at 11 Gy, and 100% at
11.5 Gy. The resulting probit plot for the WTLI model estimated a 180-day LD50 of 10.28 Gy, which
compares well with the previously published estimate of 10.27 Gy for the male rhesus. Microscopic
findings included appearance of fibroplasia of the interstitium, edema of the alveoli, hyperplasia of the
bronchiolar epithelium, and hyperplasia of type II pneumonocytes. Additionally, microscopic findings for
unscheduled euthanasia included dose related observations of myocardial degeneration of the heart
which contributed to moribundity. These data suggested the absence of a gender influence on the
radiation dose response for WTLI in the rhesus and provided an inter-laboratory validation of the
previously reported model. Therefore, lung fibrosis can be reproducibly developed in this large animal
model.
ABSTRACT NUMBER: 3344
Poster Board Number: P125
TITLE: Novel High-Throughput Screening of Transition Metal-Based Anticancer Compounds Using
Zebrafish Embryos and ICP-MS Analysis
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. Karas1, B. Buckley1,2, K. Cooper1,2, and L.
White1. 1Rutgers, The State University of New Jersey, Piscataway, NJ; and 2Environmental and
Occupational Health Science Institute, Piscataway, NJ.
KEYWORDS: Toxicity; Acute; Metals; Aquatic Toxicology
ABSTRACT: Approximately 40% of Americans will be diagnosed with cancer in their lifetime. Currently,
Cisplatin (cisPt) is one of the most successful and versatile anticancer therapies. Due to its success,
research has focused on synthesizing additional Pt-based compounds and expanded to transition metalbased. Screening large numbers of anticancer compounds makes the development of a high through-put
cancer model desirable. Teleost embryo development share many common signaling and cellular
pathways involved in tumorigenesis and metastasis, which can be used for comparing efficacy across
anticancer drug candidates. We hypothesize that the zebrafish model could be used to identify specific
targets and that high resolution inductively coupled plasma mass spectrometry (HR-ICPMS) could be
used for quantification of the delivered dose. As a proof of principle for using the zebrafish model for
emerging transition-metal complexes, we conducted dose response studies using cisPt. An additional
aim of this study was the development of an HR-ICPMS protocol for determining tissue dose, a common
limitation for the zebrafish model. A method was developed for the detection of Pt and was found that
for these concentrations: 0, 3.75, 7.5, 15, 30 and 60 mg/L the respective doses were: 0.05, 8.7, 23.5,
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59.9, 193.2, and 461.9 ng of Pt per embryo (Pt/E) with the average embryo mass at approximately 100
µg. A dose response curve for both lethality and a non-lethal delayed hatching endpoint (DHE) were
calculated: LC50 31 mg/L, LD50 193.2 Pt/E; LOAEL 3.75 mg/L and 8.7 Pt/E; and an EC50 of 4.6 mg/L for
DHE. Furthermore, the potential cause of the DHE (cisPt cross-linking activity) was investigated using
SDS-PAGE and HR-ICP-MS. CisPt preferentially bound to the chorion: doses of 7.5 mg/L resulted in 1.2
Pt/E in the larvae (4%) and 29.6 Pt/E in the chorion (96%) and doses of 15 mg/L resulted in 3.9 Pt/E in
the larvae (9%) and 37.5 Pt/E in the chorion (91%). The cross-linking mechanism of action can explain
these results and the observed DHE. The zebrafish and metal quantification by HR-ICPMS can be used
for screening and to establish the efficacy and toxicity of metal based anticancer compounds.
ABSTRACT NUMBER: 3345
Poster Board Number: P126
TITLE: A Single-Handed Jugular Venipuncture Method in Unanesthetized Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Cinquino. ITR Laboratories, Baie-D’urfe,
QC, Canada.
KEYWORDS: Methods/Mechanism; Safety Evaluation; Toxicity; Chronic
ABSTRACT: ITR is continuously striving towards refining techniques used in preclinical testing and
conforming to the Three Rs (3Rs; Replacement, Reduction, and Refinement) guiding principles for the
more ethical use of animal testing. The most recent improvement results in a considerable reduction in
the total number of mice used in toxicology studies, specifically for toxicokinetic sub groups, through the
development of a single-handed blood collection technique via the jugular vein. Utilizing this technique
allows for the sub groups of mice to be maintained throughout the course of a study for use on multiple
blood collection occasions. In pre-clinical toxicology studies, blood collection in mice, even for small
volumes, is standardly performed terminally via the abdominal aorta or cardiac puncture, necessitating
a new subset of animals assigned to each blood collection occasion. In line with the principle of
reduction, the ITR method development included the use of twenty (20) un-anaesthetized mice of
varying body weights for the procurement of a single blood sample of volumes within 15%
(approximately 0.2 to 0.3 mL) of the animals’ total circulating blood volume (based on standard
acceptable industry guidelines). The samples were collected into tubes containing EDTA, which were
subsequently assessed for quality (presence of clots). The method development was considered
successful because there was no mortality or clinical signs, and the samples were of acceptable quality
(absence of clots). In conclusion, the single-handed jugular venipuncture technique can be considered a
contribution to the reduction of the total population of mice required to meet the objectives of a preclinical toxicology study. This technique is a beneficial method that eliminates the requirement for
anesthetics, permits the collection of high quality samples on multiple occasions, and includes the
continued protection of the health and wellbeing of the animals.
ABSTRACT NUMBER: 3346
Poster Board Number: P127
TITLE: Intranasal Dosing of Rabbits: Dose Volume and Handling of Dosed Animals
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Rose, T. Plachta, J. Justen, and K. Nelson.
MPI Research, Mattawan, MI.
KEYWORDS: Lung; Pulmonary or Respiratory System
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ABSTRACT: Delivery of vaccine therapy is traditionally done via injection. However, vaccine delivery at
the site of mucosal infection is potentially more directly efficacious, enhancing the local immune
response. One such site is the upper respiratory mucosa, spurring investigation of targeted intranasal
vaccine delivery. Proper consideration of animal models for mucosal delivery of potential therapeutics is
a critical component of the preclinical evaluation of mucosal immunization. Here we address the
evaluation and dosing of the rabbit for upper respiratory mucosal immunization. While often used for
vaccine safety studies, rabbit models do not have large nasal cavities and thus dose volume may be a
significant factor. Given these issues, an investigation of the appropriate volume for nasal dosing in this
less traditional model species was conducted. Rabbits were intranasally dosed with dyed saline, using a
range of restraint methods and a maximal dose level was identified. A subset of dosed animals was
necropsied and lungs evaluated for macroscopic and microscopic evidence of dye or respiratory lesions.
While dye was noted in the upper respiratory tract and the lungs of multiple animals, with increasing
incidence at high dose volumes, there was no microscopic evidence of dye or of lung or tracheal lesions.
This evidence suggests that high dose volumes of intranasally dosed material will potentially be
aspirated by dosed rabbits. However, aspiration of the relatively small amounts of fluid, in the absence
of a specific irritant or inflammatory component to the test material, does not seem to cause
microscopically visible lesions in the lower respiratory tract.
ABSTRACT NUMBER: 3347
Poster Board Number: P128
TITLE: An Improved Approach for Extending the Duration of Tethered Infusion in Non-Human Primates
Past 90 Days
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. M. Benedict, K. Watson, B. Megrath, and
S. Jacobson. SNBL USA, Everett, WA.
KEYWORDS: Safety Pharmacology; Toxicity; Chronic
ABSTRACT: The continuous infusion of drugs in tethered non-human primates is becoming increasingly
important in safety pharmacology and drug development programs. In some cases, the duration of long
term studies is limited by how well an intravenous tether infusion system is tolerated by the animals. A
program to significantly improve existing hardware and procedures was undertaken to successfully
perform a tethered intravenous infusion study on a large number of non-human primates (Macaca
fascicularis) for 99 days. A new infusion jacket was developed in conjunction with a commercial vendor
that incorporated integrated adjustability and padding to improve fit and decrease irritation to the
animal. The implanted catheter was updated to incorporate new design elements to decrease irritation
to the vein, provide more secure placement, and increase catheter survivability and ease of
replacement. Use of an Electronic Data Capture System (EDCS) and updated processes were
implemented so that technicians could focus more on animal care and infusion specific data could be
captured electronically. The program resulted in more accurate and consistent data that was easier to
interpret. Tolerability of the hardware by the animals was improved and measurements associated with
animal welfare were superior to previous systems. There was also a substantial positive impact on the
life span of the equipment while also decreasing personnel hours required to perform the infusion
procedures.
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ABSTRACT NUMBER: 3348
Poster Board Number: P129
TITLE: Regulation of Cyp19a1a in the Zebrafish Ovary
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. E. Kossack, and B. W. Draper. University
of California Davis, Davis, CA.
KEYWORDS: Ovary; Endocrine Disruptors; Reproductive and Developmental Toxicology
ABSTRACT: Zebrafish are a widely used model in toxicology but their application for toxicologic studies
of endocrine disruptors remains controversial because the mechanism of sex determination in zebrafish
is not well understood. In laboratory strains, sex determination occurs in the absence of a typical sex
chromosome. Before sex is determined, both males and females have a bipotential gonad that
expresses a mosaic pattern of male and female specific genes, such as amh and cyp19a1a, respectively.
cyp19a1a encodes for aromatase, which converts androgen into estrogen, and is the zebrafish ortholog
of mammalian CYP19A1. Data from the Draper lab has shown that without Cyp19a1a, all zebrafish will
develop as male (Dranow et al., 2016). Later in development, females exposed to aromatase inhibitors
that prevent the function of Cyp19a1a, such as fadrozole, will sex revert to male (Uchida et al., 2004). In
contrast, zebrafish exposed to exogenous estrogen will develop as female (Fenske et al., 2005). These
observations led to the hypothesis that sex differentiation is ultimately controlled by estrogen formed
by Cyp19a1a. Surrounding each oocyte in the ovary are two major somatic cell populations: theca cells,
which are an outer steroidogenic population, and granulosa cells, which form an inner follicle layer.
Theca cells express cyp19a1a consistently after sex is determined around 20 days post fertilization (dpf).
Granulosa cells form a follicle layer around the oocyte and do not express cyp19a1a until the oocyte has
reached approximately 280 µm in diameter (or late stage II). The distinct expression of cyp19a1a in
these cell types suggests differential transcriptional regulation in theca and granulosa cells that may be
vulnerable to chemical disruptors. To elucidate the different factors that may be regulating the
expression of cyp19a1a, ATAC-seq was performed on FACS-sorted theca and granulosa cells to uncover
differential transcription factor binding in the promoter region of cyp19a1a. The findings of this study
will further enhance the use of zebrafish as a model to define the molecular mechanisms of endocrine
disrupting compounds.
ABSTRACT NUMBER: 3349
Poster Board Number: P130
TITLE: Sex Differences in Cocaine-Seeking: Contributions of Hippocampal Monoamine Signaling and
Exposure to Chlorpyrifos
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Kohtz, N. Gandhi, J. Zhao, and G. AstonJones. Rutgers, The State University of New Jersey, Piscataway, NJ.
KEYWORDS: Organophosphates; Neurotoxicity; Developmental; Behavioral
ABSTRACT: There is evidence for sex differences in cocaine addiction from both clinical and preclinical
studies. In particular, preclinical studies indicate that females may be more sensitive than males to
stress-induced drug seeking. The dorsal hippocampus (DH) is prominently involved in the stress
response, as are the locus coeruleus norepinephrine (LC-NE) and dorsal raphe serotonin (DR 5-HT)
systems. Moreover, DH receives strong inputs from LC-NE and DR 5-HT neurons. These systems are
highly sensitive to disruption by environmental toxicants during development, in particular by the
organophosphate insecticide Chlorpyrifos (CPF). We hypothesized that the stress associated with nonreinforced drug seeking during early abstinence (on extinction day 1 (ED1)) may contribute to drug
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seeking via β-adrenergic and 5-HT neurotransmission in DH. Herein, we investigated both the
therapeutic potential of manipulating DR 5-HT and LC-NE neuron projections to the DH in adult male
and female rats self-administering cocaine, and then extended these studies to examine the effects of
CPF on sex-differences in cocaine-seeking. First, we targeted DH receptor targets of 5-HT and NE
signaling. Antagonism of β-adrenergic signaling in the DH with betaxolol plus ICI-118,551 (β1 and β2
antagonists) reduced cocaine-seeking persistently in females only. Antagonism of 5-HT signaling with
WAY100,635 plus GR127935 (5-HT1A/1B antagonists) was effective in reducing cocaine-seeking in males
and females persistently. Next, using chemogenetic techniques we identified that NE from LC specifically
drove female cocaine-seeking, whereas 5-HT from DR drove cocaine-seeking in both males and females.
We then tested the effects of gestational exposure (GD 6-20) to 6mg/kg/day CPF on sex-differences in
cocaine seeking. CPF exposure resulted in shorter periods of cocaine-acquisition, greater cocaine-intake,
and exacerbated extinction resistance compared to vehicle administered controls. Notably, sex
differences normally observed on ED1 were eliminated by CPF, indicating disruption of LC(NE) signaling.
Thus we propose that LC-NE projections to dHPC CA1 may be a crucial circuit for targeting cocaineseeking behaviors, particularly in females and CPF exposed males. This work was supported by PHS
DA016511 and DA006214 to GAJ and NIEHS 4T32ES007148 to ASK.
ABSTRACT NUMBER: 3350
Poster Board Number: P131
TITLE: Physiological Changes and Perturbation of Lipid Metabolism in Offspring after Prenatal Exposure
to Bisphenol S in C57BLl/6N Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Baek, Y. Ahn, M. Choi, and S. Kim. Seoul
National University, Seoul, Korea, Republic of.
KEYWORDS: Lipids; Metabolism; Biomarkers
ABSTRACT: Due to the similarities of chemical structure and characteristics, bisphenol S (BPS) has been
introduced to industries as a substitute of bisphenol A (BPA), a well-known endocrine disruptor, leading
to similar concerns against environmental health. Limited evidence of toxicity is available on prenatal
exposure. This study aims to identify the markers of health effects, especially for lipid metabolism in the
offspring. BPS was given to pregnant C57BL/6N mice at 0, 21.4, 214 and 1072 ppm in 0.5% ethanol
vehicle via drinking water for ten days (GD 9) before delivery. The offspring was separated from their
dams after three weeks of lactation. Each group was sacrificed at birth, pre-pubertal age (PND 21),
pubertal (PND 56) and adult (PND 161); body size and organ weights were recorded and lipids, adipokine
hormone, insulin and glucose in serum were measured with ELISA kits. Serum lipidome was determined
by UPLC-qTOF-MS followed by lipid annotation and pathway analysis. In pre-pubertal mice, decreases of
the body weights and adipose tissues were found at the lowest dose of BPS and dose-dependence
differed by gender; the serum triglyceride (TG) decreased and LDL cholesterol and glucose increased at
middle or high dose in males, while TG and total cholesterol decreased at low dose, and insulin and LDL
increased in the medium or high dose in females. After the pubertal period, the treatment effects on
body weights disappeared, while total fat, subcutaneous (SAT) and brown adipose tissues (BAT)
decreased in males, and total fat and SAT increased in females at medium dose exposure in puberty; the
serum glucose, total cholesterol and adiponectin decreased at low dose in males while LDL, glucose and
adiponectin increased in the females with no dose-dependence. Adult male mice showed decreased VAT
at high dose; LDL, TC and TG increased in males at high dose. Among the lipidome, we identified more
Lysophosphatidylcholine (LPC), Phosphatidylcholine (PC), Spingomyelin (SM), Phosphatidylethanolamine
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(PE) and cholesterol ester species involved in the metabolic pathways associated with
glycerophospholipid, sphingolipid and purine in the exposed mice. In conclusion, we found changes in
phenotypes and lipid metabolism among the offspring after prenatal exposure to BPS, and the changes
of lipid profile suggest potential markers of early biological effects although confirmation through
further studies is needed.
ABSTRACT NUMBER: 3351
Poster Board Number: P132
TITLE: Efficacy and Safety Assessment of Topical Therapy in a Mouse Model of Inflammatory Acne
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. E. Nikoulina, S. Smith, S. Womble, J.
Leong, C. Smith, and V. Naageshwaran. Absorption Systems California LLC, San Diego, CA. Sponsor: L.
Manza
KEYWORDS: Cytokines; Inflammation
ABSTRACT: In the treatment of acne vulgaris the target organism is primarily Propionibacterium acnes, a
gram-positive bacteria found in the pilosebaceous glands of human skin. Presence of these pathogens is
associated with inflammatory lesions in the skin and related to direct stimulation of the innate immune
response. Development of efficacious and safe topical therapies for acne is dependent on translatable
preclinical models that can reflect the inflammatory response of human acne and incorporate
physiological parameters of the skin barrier. P. acnes (ATCC6919) freeze-dried powder aliquot was
rehydrated and propagated to prepare two concentrations (107 CFU/mL 109 CFU/mL) of inoculum. The
suspensions were injected intradermally to the left ear and into two sites on the backs of N=12 mice
(SKH1 and BALBL/c-nu). One week after inoculation ear thickness was measured to assign animals to
different experimental groups. Test product was applied on the surface of the skin at the injection sites
once per day and at each time point tissue samples were collected by excisional biopsy of the
inflammatory nodule. Samples were fixed in 10% NBF for histology and IHC. Skin samples were also
collected for bioanalysis to determine skin exposure. Ears were snap frozen for ELISA analysis (TNF-alpha
and IL-1 beta). Two concentrations of the inoculum were also applied to excised porcine skin ex vivo and
absorption and growth of bacteria established under anaerobic conditions. Preliminary results indicate
the sensitivity of the BALBL/c-nu mouse strain in exhibiting early inflammatory reactions such as
epithelial proliferation and lesion formation. Tissues have been collected at each time point for
histopathology and ELISA analysis. Bacterial films were successfully established on the excised porcine
skin using both concentrations of the inoculum and thereby suitable for time kill assays. This project was
undertaken to develop and establish an inflammatory model of acne in nude mice. Since the endpoint is
to determine functional outcome and histological changes, a living model was established using two
mouse strains with varying immune responses; the hairless SKH1 mice (euthymic and
immunocompetent) and BABL/c-nu mice that lack a thymus and unable to produce T cells and therefore
are immunodeficient. Additionally a model using excised porcine skin with an active biofilm was
established for the purpose of running in vitro time kill screening assays. This provides the framework
for translatable models that can be used to show the safety and efficacy of topical medications for acne
treatments.
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ABSTRACT NUMBER: 3352
Poster Board Number: P133
TITLE: Porcine Stress Syndrome: An Animal Model for Exertional Heat Stroke
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. Kaufman1, M. Greenberg1, S. Davis2, and
A. Hepner1. 1Eagle Pharmaceuticals, Woodcliff Lake, NJ; and 2MPI Research, Mattawan, MI.
KEYWORDS: Pharmaceuticals
ABSTRACT: Porcine Stress Syndrome (PSS) is a well-characterized neuromuscular disorder associated
with an autosomal recessive mutation in the ryanodine receptor 1 gene. PSS swine exhibit potentially
fatal hyperthermia and metabolic abnormalities (hyperthermic/hypermetabolic crisis) in response to
diverse types of physical stress. Malignant hyperthermia (MH), a rare and potentially fatal condition in
humans, has been well-studied in PSS swine, which develop an MH-like crisis when exposed to MHtriggering agents. Approval of an MH therapeutic in humans (Ryanodex [dantrolene sodium
nanosuspension, a ryanodine receptor antagonist]) was based on Animal Rule efficacy studies in PSS
swine. Because of clinical similarities between MH and exertional heat stroke (EHS) in humans, we
exposed PSS swine to treadmill exercise or heat to determine if they would exhibit a
hyperthermic/hypermetabolic crisis like EHS in humans. Both studies received ACUC approval. In the 1st
study, PSS swine underwent extensive treadmill training prestudy. On Day 1, PSS swine (N=6) exercised
on a treadmill until onset of hyperthermic/hypermetabolic crisis (core body temperature of 42◦C), at
which time they were removed from the treadmill. Due to the challenge involved in treadmill training, a
second study was performed in which PSS swine (N=11, same supplier) were anesthetized with nontriggering MH agents and exposed to passive heating until protocol-defined criteria for crisis were met.
Use of anesthetized swine allowed for closer evaluation compared to awake animals. Parameters
evaluated in both studies included temperature (rectal, deltoid, gluteus); arterial pCO2, pH, lactate,
HCO3; hematology; clinical chemistry; ECG, and ETCO2 (2nd study only). The ryanodine mutation was
confirmed for each animal (both studies). Both volitional treadmill exercise and passive heating of
anesthetized PSS swine provoked comparable hyperthermic/hypermetabolic crises as evidenced by
changes in laboratory parameters. Mean values for maximal changes in key parameters (treadmill ± SD
& passive heating ± SD) were: core temperature - 43.0 ± 1.38◦C & 42.7 ± 0.89 (baseline, 36.5 - 39.5◦C);
arterial pH - 7.08 ± 0.361 & 6.93 ± 0.286 (baseline, 7.345 - 7.565); arterial lactate - 10.7 ± 7.63 mmol/L &
11.6 ± 7.98 mmol/L (baseline, 0.37 - 2.33 mmol/L); K+ - 6.08 ± 2.067 mmol/L & 6.99 ± 1.88 mmol/L
(baseline, 3.30 - 4.40). EHS in humans is characterized by the same metabolic abnormalities, in addition
to CNS impairment. Volitional treadmill exercise and exposure of anesthetized PSS swine to heat
provoke similar hyperthermic/hypermetabolic crises that mimic EHS in people.
ABSTRACT NUMBER: 3353
Poster Board Number: P134
TITLE: Plasma Protein Turnover Rates in Rats Using Stable Isotope Labeling, Global Proteomics, and
Activity-Based Protein Profiling
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Piehowski, K. Tyrrell, J. Hansen, D.
Thomas, T. Murphree, A. Shukla, T. Luders, T. Luders, J. Madden, Y. Li, A. Wright, and J. Smith. PNNL,
Richland, WA.
KEYWORDS: Proteomics; Proteome; Biomarkers
ABSTRACT: Protein turnover is important for general health on cellular and organism scales providing a
strategy to replace old, damaged, or dysfunctional proteins. Protein turnover also informs of biomarker
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kinetics, as a better understanding of synthesis and degradation of proteins increases the clinical utility
of biomarkers. Here, turnover rates of plasma proteins in rats were measured in vivo using a pulse-chase
stable isotope labeling experiment. During the pulse, rats (n=5) were fed 13C6-labeled lysine (“heavy”)
feed for 23 days to label proteins. During the chase, feed was changed to an unlabeled equivalent feed
(“light”), and blood was repeatedly sampled from rats over 10 time points for 28 days. Plasma samples
were digested with trypsin and analyzed with liquid chromatography-tandem mass spectrometry (LCMS/MS). MaxQuant was used to identify peptides and proteins and quantify heavy:light lysine ratios. A
system of ordinary differential equations was used to calculate protein turnover rates. Using this
approach, 273 proteins were identified, and turnover rates were quantified for 157 plasma proteins with
half-lives ranging 0.3-103 days. For the ~70 most abundant proteins, variability in turnover rates among
rats was low (median coefficient of variation: 0.09). Activity-based protein profiling was applied to
pooled plasma samples to enrich serine hydrolases using a fluorophosphonate (FP2) activity-based
probe. This enrichment resulted in turnover rates for an additional 17 proteins. This study is the first to
measure global plasma protein turnover rates in rats in vivo, measure variability of protein turnover
rates in any animal model, and utilize activity-based protein profiling for enhancing turnover
measurements of targeted, low-abundant proteins, such as those commonly used as biomarkers.
Measured protein turnover rates will be important for understanding of the role of protein turnover in
cellular and organism health as well as increasing the utility of protein biomarkers through better
understanding of processes governing biomarker kinetics. This work was supported by a Laboratory
Directed Research and Development award from Pacific Northwest National Laboratory (PNNL).
ABSTRACT NUMBER: 3354
Poster Board Number: P135
TITLE: Accurate Animal Tracking: from Weaning to Necropsy
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. Gien. Envigo, Indianapolis, IN. Sponsor: G.
Banish
KEYWORDS: Biotech Products
ABSTRACT: Using radio frequency identification for electronic study tracking, including animals, surgery,
dosing, necropsy, data acquisition and management can improve accuracy, quality and efficiency during
toxicology research. Monitoring test subjects can start before the study begins. Using programmable
RFID microchip technology and software to capture, process and analyze data, researchers can create a
complete accurate record for each individual. The tracking can start before any dosing begins, as far
back as weaning. Using this technology we were able to track groups of research animals starting with
the implantation of a medical device and vascular catheters until necropsy. Introduction: Monitoring
outcomes is an important part of a surgery lab. Documenting and working on improvement of the
surgery model, procedures or surgeon, is key to maintaining the 3 R’s, reduction, refinement and
replacement. We complete over sixty thousand surgeries per year so monitoring quality and efficiency in
a paper-based system leaves us with a lot of extra data entry and delays recognition of complications
and issues. Purpose: At first we were looking to advance efficiency, quality, and the 3R’s, while providing
a better model to the researcher. As the project progressed, we realized it would allow identification of
any surgeon training deficiencies as well as surgical models that required improvement. Methods: We
wanted to monitor the animal from the time it entered surgery until the time it left surgery, keeping
track of everything that happened to that animal including weights, analgesic given, anesthesia, length
of anesthesia, length of surgery procedure, recovery, health checks and monitoring and which staff
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member completed them. We needed to pass all this information onto the toxicology department
before they began their study. Another unique challenge was making it easy enough for surgery and
support technicians to use and comply with, as well as working in an aseptic environment. This data was
collected in a database and we were able to pull data hourly, daily, weekly or at any interval. Results:
Using this new surgery application we have been able to increase efficiency, monitor and identify
surgeon success and retraining needs. We have been able to provide a complete history of what the
animal received for analgesics, anesthetics and when they received them. We can also monitor animal
checks, when they occurred and any recurring issues that appear post-surgery. With all of this data, we
have improved training, efficiency, identification of surgery issues and procedural problems. We can also
identify highly successful surgeons and use them to train our new staff as well as staff that may be
having issues with certain surgeries. We have been able to create a complete animal health record for
each individual animal that can be transferred to toxicology software which enables a full set of data to
be captured.
ABSTRACT NUMBER: 3354a
Poster Board Number: P136
TITLE: Parallel RNA and miRNA Sequencing of Regenerating Zebrafish Fin Reveals Age-Independent
Signaling Dynamics during Blastema Formation
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. A. Garland. Oregon State University,
Corvallis, OR.
KEYWORDS: Gene Expression/Regulation
ABSTRACT: Zebrafish fin regeneration is a complex biological phenomenon involving spatiotemporal
control of numerous molecular signaling pathways. As such, it a useful process for elucidating pathways
affected by chemical exposure using targeted chemical and genetics approaches or with highthroughput, blinded chemical library screens. Importantly, processing of miRNAs into mature transcripts
is required for fin regeneration. Following fin injury, cells dedifferentiate to form a blastema that
eventually regrows all lost tissue. We therefore sought to identify genes, pathways, and miRNA targets
involved in fin regeneration during blastema formation. We conducted parallel RNA and miRNA
sequencing from the same regenerating fin tissue at one day post-amputation (dpa). Since senescence
affects both wound healing and miRNA expression, three age cohorts were used to identify the
common, age-independent changes in gene expression: juvenile (4 weeks), adult (4 months), and elder
(2+ years). Using MetaCore, we found that enriched GO processes for upregulated genes at 1 dpa
included cell cycle regulation (particularly G2/M transition), proteolysis, and ubiquitin conjugation. The 1
dpa downregulated genes had enriched GO processes for cell differentiation, proliferation, and
adhesion, reflecting the transition from differentiated tissues to undifferentiated blastema. At 1 dpa, 25
upregulated and 14 downregulated miRNAs were common across all three age groups. The
Bioinformatics Resource Management (BRM) tool was used to analyze lists of miRNAs and mRNAs with
anti-correlated expression patterns. We identified 7 upregulated and 7 downregulated miRNAs with at
least one mRNA target from our data. The oncomiR miR-21 was among the highest upregulated miRNAs.
Additionally, miR-21 was the only miRNA with immature transcripts detected in the RNA data,
suggesting intensive transcription of miR-21 precursors during blastema formation. BRM predicted over
a dozen high-confidence targets for miR-21 in our data including transcripts involved in nerve growth,
extracellular matrix dynamics, oxidative stress, autoimmunity, and modulation of FGF signaling. Our
data set also revealed log2 fold changes > 3 for potentially novel mRNAs, lncRNAs, and miRNAs. Taken
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together, this study identified several genes and pathways involved in blastema formation that can be
targeted using genetic or pharmacological intervention.
ABSTRACT NUMBER: 3355
Poster Board Number: P137
TITLE: In Vivo Tissue Distribution and Elimination of DUR-928, a Novel, First in Class Therapeutic for the
Treatment of Hepatic and Renal Disease
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. R. DePass. Durect Corporation, Cupertino,
CA.
KEYWORDS: Pharmaceuticals; Biliary Excretion; Disposition
ABSTRACT: DUR-928 ((5-cholesten-3β,25-diol 3-sulfate (25HC3S)) is a recently discovered endogenous
sulfated oxysterol that has been demonstrated to play a key regulatory role in mammalian lipid
metabolism, inflammatory responses, cell survival and tissue regeneration. This first in class molecule is
being developed for the treatment of hepatic and renal disease. The absorption, distribution,
metabolism and excretion (ADME) of [4-14C]-DUR-928-derived radioactivity were studied in rats. The
plasma pharmacokinetics (PK), the routes of elimination and excretion mass balance, and the tissue
distribution and tissue PK were determined using quantitative whole body autoradiography methods in
male Sprague Dawley (N = 19) and male Long Evans (N = 9) rats following a single intravenous bolus dose
of [4-14C]-DUR-928 at 10 mg/kg. Blood samples were collected for PK up to 72 hours postdose. Urine and
feces were collected through 168 hours (h) postdose. Following blood collection, animals were
euthanized by CO2 inhalation and carcasses frozen for processing. The mean plasma extrapolated C0 was
25,900 ng-eq/g, and AUClast was 27,900 h*ng-eq/g. The terminal elimination phase T1/2 was 26.6 h for
total radioactivity. The majority of the recovered radioactivity was in feces (83%), indicating that biliary
excretion is the primary route of excretion in rats, with 84% of the dose recovered in the first 48 h. DUR928 and/or its metabolites were broadly distributed and detected by quantitative whole body
autoradiography in all tissues except the eye (lens). Tissue T1/2 values were generally <10h. Whole blood
Cmax was 8530 ng-eq/g, and AUClast was 25,200 h*ng-eq/g. There was a negligible difference in plasma
and whole blood exposure. The Cmax and AUClast for [4-14C]-DUR-928-derived radioactivity were highest
in the liver: 87,900 ng-eq/g and 364,000 h*ng-eq/g, respectively. Moderately high concentrations were
detected in the kidney (44,000 ng-eq/g), higher than the maximum plasma concentration of 12,400 ngeq/g. Concentrations were below quantitation limit in all tissues except adrenal gland, harderian gland,
liver and small intestine by 168 h postdose. As calculated using AUClast, the tissue:plasma ratio was
highest for liver at 11.4. The current ADME study results highlight the preferential uptake of DUR-928 in
selected target organs, and support the continued development of the compound for organ injury and
disease involving the liver and kidney.
ABSTRACT NUMBER: 3356
Poster Board Number: P138
TITLE: Interactions between the Gut Microbiota and the Liver Determine Metabolism of Dietary Flavan
3-ols: Effects of Non-Alcoholic Steatohepatitis
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Deng, J. Barney, M. C. Petriello, J.
Hoffman, A. J. Morris, and B. Hennig. Superfund Research Center, University of Kentucky, Lexington, KY.
KEYWORDS: Metabolism; Biotransformation
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ABSTRACT: Phytochemicals are bioactive compounds found in many plant based foods with proven or
potential beneficial health effects. In many cases the bioavailability and biological activities of
phytochemicals is dependent on or influenced by metabolism by the gut microbiota and liver. This
process could be altered in settings of metabolic diseases including non-alcoholic liver disease. In the
present study, the metabolism of green tea flavan-3-ols was investigated in control mice and a mouse
model of nonalcoholic steatohepatosis (NASH). We determined the metabolic profile of a diet
administered green tea extract containing four flavan-3-ols, epigallocatechin gallate (EGCG), epicatechin
gallate (ECG), epigallocatechin (EGC), and epicatechin (EC) in mice fed an amino acid supplemented
control diet (CD) or a methionine-choline deficient diet (MCD) which results in steatohepatitis. Mice
were fed diets containing the green tea extract for 8 weeks, and urine samples were collected 24-h
before animal sacrifice and tissue harvest. The metabolites were analyzed by UPLC coupled electrospray
ionization multistage mass spectrometry using a quadrupole orbitrap instrument. We identified
microbiome-mediated degradation and hepatic methylation, glucuronidation and sulfation as major
pathways for metabolism of dietary green tea flavan 3-ols. In comparison to control mice, both parent
and phase II flavan 3-ol metabolites were increased significantly in NASH mice with a concomitant
decrease in microbiome derived flavan-3-ol metabolites in urine. Metabolomic analysis revealed
reduction of gut derived metabolites in NASH mice, including p-cresol sulfate, p-cresol glucuronide, and
secondary bile acids which are consistent with alterations in the gut microbiome in NASH animals. We
also found that the methyl donor, S-adenosylmethionine was depleted in livers of NASH mice, which
likely explains the reduced production of methylated flavan-3-ol metabolites. Our findings support the
concept that interactions between the gut microbiota and the liver are important determinants of the
metabolism of dietary phytochemicals and demonstrate that these interactions are altered in the setting
of nonalcoholic steatohepatosis.
ABSTRACT NUMBER: 3357
Poster Board Number: P139
TITLE: Evidence for Alternate Binding Modes for Short-Chain N-Acylamino Acid Binding to P450BM-3
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. C. Haines. Sam Houston State University,
Huntsville, TX.
KEYWORDS: Cytochrome P450
ABSTRACT: The P450 cytochrome called P450BM-3 has long been a model enzyme for probing P450
structure and function, and in recent years has gained importance as a template for evolution of new
enzyme activities including more efficient generation of drugs and drug metabolites. Originally found to
be a fatty acid hydroxylase, we have previously reported a number of N-acylamino acids that are more
efficient substrates of the native enzyme. Very recent analysis of shorter chain (11 carbon) N-acylamino
acids with terminal alkynes, along with earlier evidence on N-acylglycines of varying chain length, have
provided evidence that these compounds alternate between two different binding modes. Kinetic and
spectroscopic characterization show that although for long-chain (16-carbon) compounds the
methionine derivatives are much better substrates than glycine derivatives, with shorter chains (11-12
carbons) this switches and the glycine derivatives are better substrates than methionine derivatives.
Comparison of existing crystal structures of P450BM-3 provides a possible explanation for this:
acylglycines may slip deeper into the active site in an alternative binding mode, with the amino acid
carboxylate interacting with Tyr51, similar to the carboxylate of fatty acid substrates, instead of
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interacting with the B’-helix as N-acylamino acids have normally been found to do. This provides new
insight into how P450s bind to highly flexible substrates.
ABSTRACT NUMBER: 3358
Poster Board Number: P140
TITLE: Comparison of CYP3A4/CYP3A5 Activity against T-5 Substrate Using In Silico Approach:
Application for Drug Metabolism and Toxicity
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Sharma1, F. Bree1, S. Martin1, S. Routier2,
and C. Chesne3. 1EuroSafe, Saint Gregoire, France; 2Institut de Chimie Organique et Analytique,
Université d'Orleans, Orleans, France; and 3Biopredic International, Saint Gregoire, France. Sponsor: D.
Steen
KEYWORDS: Cytochrome P450; Biological Modeling; Systems Biology
ABSTRACT: The CYP3A4 is involved in the metabolism of more than 50 % of the clinical drugs, however
considerable overlap in substrate specificity between CYP3A4 and CYP3A5 makes difficult to
differentiate their activities during the in vitro drug-drug interaction, drug metabolism and drug induced
toxicity prediction. Discovery of T-5 and its oxidation reaction to N-oxide by CYP3A5 provide significant
comparison with CYP3A4 during in vitro drug metabolism. Here, we report comparison of
CYP3A4/CYP3A5 activity against T-5 substrate using Molecular Docking. The X-Ray protein structures of
CYP3A5 and CYP3A4 were obtained from protein data bank, for CYP3A5 code 5VEU has two active site
pockets P1/P2 and CYP3A4 code 1TQN with one active site pocket A1. The substrate T-5 structure was
determined by Gauss view and optimized by Avogadro. Furthermore, molecular docking was performed
between T-5 and CYP3A4/CYP3A5 using Autodock software (2). Docking approach confirmed that T-5
bind strongly (binding free energy ∆G = -12.80 kcal/mole at P1 active site pocket of CYP3A5 than CYP3A4
active site pocket A1 (∆G = -9.80 kcal/mole). However, CYP3A5 made weak complex with T-5 at pocket
P2 (binding free energy ∆G = -7.48 kcal/mole). Structure analysis of CYP3A5/T-5 complex at pocket P1
revealed that T-5 forms 10 H-bonds and 13 π-cation interactions than CYP3A4/T-5, 7 H-bonds and 11 πcation interactions at A1. Therefore, we predict that T-5 has more affinity for CYP3A5.
Our molecular docking approach confirmed that there is a significant difference between active site
pockets of CYP3A4/CYP3A5 toward substrate T-5 which is not able to predict by in vitro approach.
Substrate T-5 act as proof of concept to differentiate the activities between CYP3A4/CYP3A5 and later
this study will be extended for Testosterone, Midazolam and Nifedipine in the poster. Our in silico
approach will be helpful to design in vitro experiments using CYP3A4/CYP3A5 in order to predict
precisely the role of these enzymes in drug metabolism and toxicity.
ABSTRACT NUMBER: 3359
Poster Board Number: P141
TITLE: High-Throughput Screening for Zebrafish Cytochrome P450 1A Substrates Provides Insight into
Enzyme Function
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Alsop1, C. Kempthorne1, D. Liscombe2,
and J. Y. Wilson1. 1McMaster University, Hamilton, ON, Canada; and 2Vineland Research and Innovation
Centre, Vineland Station, ON, Canada.
KEYWORDS: Biotransformation and Toxicokinetics
ABSTRACT: The cytochrome P450 1A enzyme (CYP1A) in vertebrates is well known in toxicology for its
metabolism of polycyclic aromatic hydrocarbons and other contaminants. However, there have been
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few attempts to comprehensively examine CYP1A substrates in non-mammalian species such as fish.
The present study examined heterologously expressed zebrafish CYP1A in a high-throughput screen
(HTS) of 6,250 pharmacologically active, natural or off-patent small-molecule compounds. Nicotinamide
adenine dinucleotide phosphate (NADPH) consumption was used as an endpoint to indirectly measure
catalytic activity The screen yielded 175 hits that generated NADPH depletion (i.e. CYP1A activity)
greater than 50% of the positive control (7.5 μM 7-methoxyresorufin; MR), including 36 that induced
activity greater than MR. Aromatic structures were present in 49 of the top 50 hits and hits possessed a
range of affinities for CYP1A, based on Km and EROD IC50 values (nM to μM). Hits included contaminants
(e.g. benzo[a]pyrene) and pharmaceuticals (e.g. fenofibrate). However, the most predominant
compounds were plant secondary metabolites (72% of the top 50 hits), including flavonoids (e.g. pratol,
dalbergione), quinones (e.g. 1,4-naphthoquinone, juglone), and quinolones (e.g. camptothecin). Many of
these compounds are known to be toxic to vertebrates. Concentrations of pratol and camptothecin
were quantified during incubations with CYP1A by LC-MS; loss of pratol was 98% at 0.5 h, while
camptothecin loss was 23% at 1 h. Combinations of hydroxylated and demethylated products were
observed for pratol, and hydroxylated products for camptothecin. These findings indicate an important
role of CYP1A in the metabolism of naturally and anthropogenically generated xenobiotics, while the
former may have been a driving force of CYP1A evolution.
ABSTRACT NUMBER: 3360
Poster Board Number: P142
TITLE: In Vitro Characterization of Oral Absorption of Non-Pharmaceutical Chemicals
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: G. S. Honda1,2, C. Strock3, R. Dinallo3, D.
Angus3, R. G. Pearce1,2, R. S. Thomas1, and J. F. Wambaugh1. 1US EPA, Research Triangle Park, NC; 2Oak
Ridge Institute for Science and Education, Oak Ridge, TN; and 3Cyprotex US, LLC, Watertown, MA.
KEYWORDS: Bioavailability; Alternatives to Animal Testing
ABSTRACT: The toxicokinetic extrapolation of in vitro exposure to in vivo doses may be improved by
using data for fraction absorbed (Fa) through the intestine, but these data are not commonly available
for non-pharmaceutical compounds. Caco-2 cells, developed from human colon carcinoma cells, form a
polarized monolayer that behaves similarly to the human intestinal epithelium. Permeability rates in the
Caco-2 assay are highly correlated with Fa (Artursson et al.). In this work, permeability was measured in
vitro using a Caco-2 assay for 404 ToxCast chemicals. Transport was assessed from apical to basolateral
(Papp,AB) and 353 chemicals had detectable values of Papp,AB. Fa in humans was estimated from Papp,AB using
a previously published model (Darwich et al.). For orally dosed pharmaceuticals, it is typically expected
that Fa is near 1. In this work, 80% of the 353 ToxCast chemicals had predicted Fa ≥ 0.90, while the
median Fa for the other chemicals was 0.57. While assuming Fa = 1 may be a reasonable estimate, there
are many cases where Fa was predicted to be significantly lower. The predicted Fa from the Darwich
model, as well as predicted Fa from the model by Usansky and Sinko (requiring volume of distribution),
were compared with literature values for Fa in human for 20 chemicals, and results were highly
correlated (MSE of 0.01 and 0.06). Predicted Fa was then used to estimate the fraction of oral
bioavailability (Fbio) by incorporating previously measured values for intrinsic hepatic clearance (Clint) to
determine first pass hepatic clearance (FFP). Assuming similarity for Fa between rats and humans,
calculated values for Fbio from the Darwich and Usansky models were strongly correlated when
compared with in vivo measured values in the rat (MSE of 0.12 and 0.07, respectively) for 14 chemicals.
Predicted Fbio were also determined using in silico values for Fa from GastroPlus coupled with FFP

The Toxicologist: Late-Breaking Supplement 2018

29

determined from in vitro measured Clint. GastroPlus predictions were correlated with in vivo measured
values in the rat (MSE of 0.11), suggesting the potential of using in silico methods to predict Fa. This
abstract does not necessarily reflect US EPA policy. Artursson et al. Adv. Drug Deliv. Rev. 2001, 46, 27-43.
Darwich et al. Current Drug Metabolism, 2010, 11, 716-729. Usansky, H.; Sinko, P. J. Pharm. Exp. Ther.,
2005, 314, 391-399.
ABSTRACT NUMBER: 3361
Poster Board Number: P143
TITLE: Hepatobiliary Disposition of 15 Non-Therapeutic Chemicals in Sandwich-Culture Rat Hepatocytes
using B-CLEAR Technology
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. F. Wambaugh1, J. P. Jackson2, K. Brouwer2,
A. Herman2, G. S. Honda1,3, R. G. Pearce1,3, and R. S. Thomas1. 1US EPA, Research Triangle Park, NC;
2
Qualyst Transporter Solutions, a BioIVT company, Durham, NC; and 3Oak Ridge Institute for Science and
Education, Oak Ridge, TN.
KEYWORDS: In Vitro and Alternatives; Biotransformation and Toxicokinetics; Cell Culture
ABSTRACT: Toxicokinetic (TK) data are important but often unavailable for chemicals associated with
environmental exposure. Relatively high throughput, in vitro TK (HTTK) methods have been developed
to predict TK using intrinsic hepatic clearance and plasma protein binding. However total clearance is
often underestimated by current HTTK methods, suggesting that assays for other major clearance
mechanisms are needed. Biliary clearance is an important hepatic clearance mechanism describing
hepatocellular uptake followed by biliary excretion of the molecule into the bile. To determine the
impact of this clearance mechanism on HTTK predictions, the biliary clearance and hepatocyte
partitioning (Kp, the ratio of cellular to nominal concentration) were evaluated in sandwich-cultured rat
hepatocytes (SCRH) using B-CLEAR® technology. Hepatocytes cultured in a sandwich-configuration form
functional bile canalicular networks and maintain the expression and function of key uptake and efflux
transporters. in vitro predictions of biliary clearance utilizing B-CLEAR® technology has been
demonstrated to strongly correlate with in vivo biliary clearance. Fifteen chemicals from the ToxCast
library were selected. HTTK predicted renal and hepatic metabolic clearance underestimates observed
clearance by more than a factor of ten for 12 of the chemicals. SCRH with tight junctions intact or tight
junctions modulated (e.g. open) were exposed to each compound at two concentrations (10 and 30 µM)
for 10 and 30 minutes. Post incubation supernatant and cell lysates were analyzed using LC-MS/MS. Kp
values for 7 out of the 15 compounds ranged from 3 to 30, indicating significant hepatic accumulation.
In addition, 3 out of 15 compounds had Kp less than 1, and 3 had Kp approximately equal to 1. These
differences were evident at both time points and concentrations. Observed cellular accumulation was
compared with predictions from a mathematical model for in vitro partitioning (Armitage et al., 2014),
finding reasonable correspondence. Accumulation of three chemicals (Diclosulam, Quinclorac, and
Monobutyl phthalate) was significantly over-predicted by the partitioning model, indicating a possible
role for efflux transporters (basolateral/biliary) for these chemicals although biliary excretion was not
directly observed. Overall, the results indicate the importance of accounting for hepatic accumulation
but do not indicate that biliary clearance explains the underestimation of clearance, pointing to a
potential role for extra-hepatic metabolism. This abstract does not necessarily reflect US EPA policy.
Armitage, et al. ES&T 48.16 (2014): 9770-9779.
ABSTRACT NUMBER: 3362
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TITLE: Toxicokinetic Properties of Diglycolic Acid, the Toxic Metabolite of Diethylene Glycol
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Robinson, C. Jamison, J. Dagenhardt, and
K. McMartin. LSU Health Shreveport, Shreveport, LA.
KEYWORDS: Toxicokinetics; Clinical Toxicology; Renal
ABSTRACT: Diglycolic acid (DGA) is the toxic metabolite of diethylene glycol (DEG). DGA has been shown
to elicit acute kidney injury and hepatotoxicity, while human case reports show delayed onset of
neurological dysfunction in patients following DEG ingestion. Virtually nothing is known about the toxic
mechanism of DGA-specifically regarding toxicokinetics. Therefore, we wanted to analyze the kinetic
parameters of DGA in an effort to further elucidate the mechanism of this toxic metabolite. Based on
the toxicity DGA has been shown to produce, we hypothesized that DGA will be distributed to kidney,
liver and brain tissue. To carry out our toxicokinetic studies, adult male Wistar rats were implanted with
jugular vein catheters and dosed with 14C-DGA at 100 mg/kg or 300 mg/kg and sacrificed at 24, 48 or 96
hours. Kidney, liver and brain were collected and analyzed for radioactivity. Blood, urine and feces were
collected every 3-12 hours until sacrificed and processed. DGA accumulated in kidney, liver and brain
tissue. Additionally, DGA exhibited a relatively long half-life (~12h) and higher overall exposure at higher
doses, with nearly all of DGA being excreted in the urine (~90%). Moreover, DGA exhibited first-order
kinetics in an animal model which will aide in understanding the tissue uptake of DGA, in turn helping us
to better understand the mechanism of toxicity in an effort to develop effective antidotal therapy.
ABSTRACT NUMBER: 3363
Poster Board Number: P145
TITLE: Systemic Exposure of Phenolic Benzotriazoles in Male Harlan Sprague Dawley Rats following
Repeated Oral Administration
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Mutlu1, C. R. Blystone1, N. L. South2, J. A.
Pierfelice2, T. A. Cristy2, B. L. Burback2, and S. Waidyanatha1. 1NIEHS, Research Triangle Park, NC; and
2
Battelle Memorial Institute, Columbus, OH.
KEYWORDS: Toxicokinetics; Environmental Toxicology
ABSTRACT: Phenolic benzotriazoles are used as UV stabilizers in a variety of consumer products and
have been detected in the environment suggesting potential human exposure. Due to lack of toxicity
data, 14-day toxicity studies were conducted with 9 chemicals in male rats (n=5) following oral exposure
(30 to 1000 mg/kg or 0.07 to 4.7 mmol/kg depending on the chemical). Chemicals were selected to
represent unsubstituted (2-(2H-benzotriazole-2-yl)phenol, (PBZT)), monosubstituted (drometrizole; 2(2H-benzotriazol-2-yl)-4-tert-butylphenol (tBu-BZT); octrizole), disubstituted (2-(2H-benzotriazol-2-yl)4,6-bis(1-methyl-1-phenylethyl)phenol (diMeEtPh-BZT), 2-(2H-benzotriazol-2-yl)-4,6-bis(1,1dimethylpropyl)phenol (ditPe-BZT); 3-(2H-benzotriazol-2-yl)-5-(1,1-dimethylethyl)-4hydroxybenzenepropanoic acid, octylester (OcEst-BZT) and halogenated trisubstituted (bumetrizole; 2(5-chloro-2H-benzotriazol-2-yl)-4,6-bis(1,1-dimethylethyl)phenol (ditbu-ClBZT)) compounds. The goal
was to determine systemic exposure by quantitating free (unconjugated parent) and total (free and
conjugated parent) analyte levels in plasma of rats to aid in interpretation of toxicity data. Free and total
levels increased with the increasing dose for all compounds. Free levels of unsubstituted PBT was the
lowest ≤ 25 pmol/mL) and was ≤ 0.2% that of total demonstrating extensive conjugation. In general, as
the size of substituent and/or the degree of substitution increased, the free levels increased, and the
corresponding total levels decreased. For example, for monosubstituted drometrizole, tBuP, and
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octrizole with methyl, t-butyl and tetramethyl butyl substitution, respectively, free levels increased with
the increasing size of the substituent with free levels approximately equal to total levels. For di- and
trisubstituted compounds free levels ≥ total levels. The total levels, which can be considered as a
measure of the totality of exposure, were ≥ 61-fold different between the chemicals in the class, when
adjusted to mmol/kg dose. Taken collectively, these data suggest that the metabolism alone doesn’t
explain the observed differences in the systemic exposure between the chemicals in the class and other
aspects of disposition may also play a significant role.
ABSTRACT NUMBER: 3364
Poster Board Number: P146
TITLE: Regulation of the MDR1 Transporter at the Human Blood-Brain Barrier: Interaction of HDAC
Inhibitors and Aryl Hydrocarbon Receptor Signaling
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. You1, X. Wen1, J. R. Richardson2, and L. M.
Aleksunes1. 1Rutgers, The State University of New Jersey, Piscataway, NJ; and 2Northeast Ohio Medical
University, Rootstown, OH.
KEYWORDS: Epigenetics; Receptor; Aryl Hydrocarbon; Pharmacokinetics
ABSTRACT: Multidrug Resistance Protein 1 (MDR1, ABCB1) is a key efflux transporter that extrudes
chemicals from the blood-brain barrier (BBB) and regulates the efficacy and/or toxicity of xenobiotics in
the brain. Our previous studies have indicated that the histone deacetylase (HDAC) inhibitor
suberoylanilide hydroxamic acid (SAHA) or Zolinza® significantly up-regulated the expression and the
function of MDR1 in immortalized human brain capillary endothelial (hCMEC/D3) cells, a model of the
BBB. In the current study, we sought to identify the mechanism by which HDAC inhibitors up-regulate
the MDR1 transporter. Using a panel of HDAC inhibitors including SAHA, we found that the upregulation of MDR1 mRNA by HDAC inhibitors mirrored increases in the mRNA expression of the aryl
hydrocarbon receptor (AHR) (R2=0.9). We investigated the role of AHR in regulating MDR1 in human
brain endothelial cells by testing the effects of β-naphthoflavone (BNF), an AHR activator, and CH223191 (AHRi), an AHR inhibitor, during HDAC inhibition. At 6 hr, BNF alone had no effect on MDR1
mRNA expression while SAHA increased it by 160%. However, concurrent exposure to both BNF and
SAHA induced MDR1 mRNA by 290%. mRNA expression of CYP1A1, a known target of AHR, was also
increased to a much greater extent by this combination. At 12 hr, AHRi did not significantly change the
basal level of MDR1 mRNA, but attenuated SAHA-mediated induction of MDR1 mRNA by 60%. Induction
of CYP1A1 mRNA by SAHA was also significantly reduced by AHRi. Collectively, these results suggest that
AHR is a potential regulator of MDR1 transporter following HDAC inhibition in human blood-brain
barrier cells. (Funded by R01ES021800, P30ES005022, and a Bristol-Myers Squibb Fellowship).
ABSTRACT NUMBER: 3365
Poster Board Number: P147
TITLE: A Novel Human Hepatocyte Exogenous Metabolic-Activating System for the Evaluation of
Protoxicants
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. P. Li. In Vitro ADMET Laboratories Inc.,
Columbia, MD.
KEYWORDS: Metabolic Activation; In Vitro and Alternatives; Hepatocytes
ABSTRACT: High throughput cytotoxicity assays using non-hepatic target cells lack a major determinant
of xenobiotic toxicity, namely, hepatic metabolism. Hepatic xenobiotic metabolism may lead to higher
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toxicity via the formation of metabolites with cytotoxicity significantly higher than that of the parent
chemical (metabolic activation), or conversation of a cytotoxic parent chemical to noncytotoxic
metabolites (metabolic detoxification). While liver post-mitochondrial supernatant (liver S9) have been
used successfully as a metabolic activating system for in vitro genotoxicity assays, it is not applicable for
in vitro cytotoxicity assays due to inherent cytotoxicity of the S9-cofactor mixture. We report here a
novel exogenous metabolic system, the MetMax™ human hepatocytes (MMHH), as a potentially useful
system for the incorporation of hepatic metabolism in cell based in vitro toxicity assays. MMHH was
prepared as cryopreserved permeabilized human hepatocytes supplemented with phase I and II drug
metabolizing enzyme cofactors. MMHH is intended to be used by direct addition to the wells containing
the target cells, thereby can be applied to virtually all high throughput screening multi-well plates,
including 96-, 384-, and 1536-well plates. The permeabilized membranes allow hepatic metabolites to
readily diffuse from the hepatocytes to interact with the target cells. Proof-of-concept of the application
of MMHH as an exogenous metabolic system to evaluate metabolite toxicity was demonstrated using
HEK cells, a commonly used cell line for in vitro cytotoxicity determination. HEK cells were seeded in a
96-well plate. After overnight culturing, the cells were treated with solvent control and 7 concentrations
of four model chemicals known to be have metabolism-dependent cytotoxicity: acetaminophen,
cyclophosphamide, ifosfamide and 2-napthylamine, in the absence and presence of MMHH. Heatinactivated MMHH was used as a negative control. All four chemicals were shown to have their
cytotoxicity towards HEK 293 cells significantly enhanced by the presence of MMHH, and with the
metabolic activation abolished by heat-inactivation. We conclude that MMHH represents a promising
experimental system to provide exogenous hepatic metabolism to in vitro toxicity assays that do not
possess metabolic capacity.
ABSTRACT NUMBER: 3366
Poster Board Number: P148
TITLE: Comparison of Arsenic and Uranium Toxicity in Human T-Lymphocytic Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Schilz, E. Dashner-Titus, K. L. Cooper, K.
Simmons, S. Alvarez, X. Zhou, and L. G. Hudson. University of New Mexico, Albuquerque, NM.
KEYWORDS: Toxicity; Acute; Exposure, Environmental; Metals
ABSTRACT: Communities in the western region of the United States are frequently exposed to metal
mixtures in the soil, water and air from numerous unremediated abandoned uranium mines. Metals
including Arsenic and Uranium co-occur in and around these sites at levels higher than the USEPA
maximum contaminant levels (MCL) and pose unknown health risks. Evidence of uranium’s chemical
toxicity in immune cells is limited however, research suggests that exposure to uranium increases the
likelihood of immune dysfunction. We compared the toxicity of uranium as uranyl acetate in Jurkat
(human T-lymphocytic) cells to the known mechanisms of arsenic toxicity including decreased cell
viability, initiation of oxidative stress, disruption of Poly (ADP-ribose) polymerase (PARP) and retention
of DNA damage. Arsenic induces cytotoxicity at 3 uM. In contrast uranium caused no toxicity in Jurkat
cells at 100 uM. Arsenic, but not U, enhanced cytotoxicity induced by the DNA damaging agent
etoposide. Proposed mechanisms of metal toxicity include generation of oxidative stress. Uranium
increased oxidative stress at 2 and 4 hours as measured by 2',7' –dichlorofluorescin diacetate (DCFDA)
which was confirmed by increased expression of the oxidative stress markers superoxide dismutase
(SOD) and catalase (CAT). Another mechanism of toxicity by certain metals is disruption of zinc finger
motifs in DNA repair proteins. Peptide studies support that Arsenic and Uranium bind and disrupt the
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zinc-finger of the DNA repair protein PARP. Arsenic, but not Uranium, inhibits PARP activity in Jurkat
cells as measured by the PAR ELISA, but both Arsenic and Uranium induce retention of DNA damage
with the addition of Zinc being protective. The marked differences in the direct and augmented
cytotoxicity of Arsenic and Uranium, and the lack of inhibition of PARP activity by uranium despite
inhibition of DNA repair by both metals, suggest distinct mechanisms of uranium vs arsenic toxicity in
human T-lymphocytic cells.
ABSTRACT NUMBER: 3366a
Poster Board Number: P149
TITLE: A Novel Human Hepatocyte Assay for Reactive Metabolite Formation: MetMax Human
Hepatocyte GSH Depletion Assay
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Loretz, and A. P. Li. In Vitro ADMET
Laboratories Inc., Columbia, MD.
KEYWORDS: Reactive Intermediate; Glutathione; In Vitro and Alternatives
ABSTRACT: Reactive metabolite formation is a major mechanism of drug toxicity. A drug with
hepatotoxicity illicited by reactive metabolites may have two complications in safety evaluation: 1.
Inaccuracy of extrapolation of preclinical animal results to humans due to species differences in
metabolism; and 2. Potential idiosyncratic drug toxicity in limited human populations due to individual
differences in drug metabolism due to environmental and genetic factors. We report here a novel
experimental system for the identification of drug candidates forming reactive metabolite, namely, the
MetMax™ cryopreserved human hepatocyte (MMHH) glutathione (GSH) depletion assay. MMHH are
permeabilized, cofactor-supplemented human hepatocytes. The advantages of MMHH over
conventional cryopreserved human hepatocytes are that the cofactor components, including GSH
contents, can be readily controlled by exogenous addition, as the endogenous cofactors are significantly
reduced due to the permeation process. The MMHH GSH depletion assay consists of MMHH
supplemented with cofactors for drug metabolism and GSH. For the optimization of assay conditions,
three model drugs known to form reactive metabolites: acetaminophen, cyclophosphamide, and
ifosfamide, were added to MMHH supplemented with various concentrations of GSH at multiple
incubation durations. Results suggest that MMHH at 1 million cells per mL with 100 uM GSH at an
incubation time of 60 min. as the assay conditions, using a high throughput format of 384 well plates,
using an addition-only protocol: 1. Addition of test articles at a volume of 25 uL per well; 2. initiation of
reaction via the addition of MMHH with GSH; 3. incubation for 60 minutes followed by addition of GSHGlo (Promega Inc., Madison) and quantification of luminescence. Dose dependent GSH decrease was
observed for all four model drugs. No GSH depletion was observed for heat-inactivated MMHH. Our
results suggest that the MMHH GSH depletion assay represent a physiologically relevant assay for the
identification of drugs with potential to cause hepatotoxicity via the formation of reactive metabolites in
human hepatocytes.
ABSTRACT NUMBER: 3367
Poster Board Number: P150
TITLE: A Mechanism of Action Prediction Scheme Using a Structural Alert System
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: F. Bauer1, and P. Thomas2. 1KREATiS, L'Isle
d'Abeau, France; and 2CEHTRA/KREATiS, L'Isle d'Abeau, France. Sponsor: D. Arrieta
KEYWORDS: Alternatives to Animal Testing; In Vitro and Alternatives; Computational Toxicology
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ABSTRACT: Mammalian and Environmental toxicology are increasingly focussing on Adverse Outcome
Pathways (AOP) in an effort to map toxic effects of chemicals. The first step of an AOP, often referred to
as a Molecular Initiating Event (MIE) or Mechanism of Action (MechoA), defines the direction of the
pathway but the end result for each species may be completely different (e.g. a carcinogen for a rat may
be a baseline toxic for an algae). Nevertheless, the difference in AOP between the algae and the rat may
be completely predicted once the chain of events for each species is known. The first step in
understanding and predicting complete AOPs therefore resides in cataloguing and defining completely
all possible MechoAs and then following each downstream to check for the ultimate outcome per
species (with a QSAR per MechoA and per species). Using accumulated knowledge on MechoAs from
hundreds of molecules in different species, we developed a set of structural alerts in a classification
scheme based on 6 general MechoAs sub-divided into 23 detailed MechoAs which cover the vast
majority of chemical interactions leading to toxicity. The decision tree predicts separate MechoAs for
different species whenever applicable. Although mainly developed using data on mammals and fish,
other species (e.g. plants and invertebrates) are also included. Using a training set of 301 molecules, and
validation set of 493 molecules this method achieved 92.0% correct classification for the training set and
92.3% for the validation set. This model is both simpler and performs better than the previous model we
developed (Bauer et al., 2018) and could be used in risk assessment to strengthen mechanistic
interpretation and weight of evidence approaches as well as a starting point for QSAR approaches. This
model will be continuously enhanced with the addition of new rules and minor corrections as needed
ABSTRACT NUMBER: 3368
Poster Board Number: P151
TITLE: Defining Uncertainty in Publicly Available High-Throughput Screening Data from the ToxCast
Program
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Brown1,2, E. Watt3, W. Setzer2, R. Judson2,
and K. Paul Friedman2. 1Oak Ridge Institute for Science Education, Oak Ridge, TN; 2US EPA, Research
Triangle Park, NC; and 3Pfizer, Inc., Groton, CT.
KEYWORDS: In Vitro and Alternatives; Predictive Toxicology
ABSTRACT: The US Environmental Protection Agency (EPA) ToxCast data pipeline (tcpl) has been applied
to >1000 assay endpoints to enable first tier data processing of heterogeneous bioactivity data from
high-throughput screening. This analysis generated concentration-response parameters, including the
50% activity concentration (AC50). Quantifying the uncertainty in these AC50 values may indicate when
ToxCast data more strongly support precise interpretation. There are multiple sources of potential
variability in these AC50s, resulting from biological variance, experimental error, or curve-fitting
procedures. The primary objectives of this work were to: (1) implement a bootstrap resampling method,
available as the toxboot R package, for generation of uncertainty information for AC50s from tcpl; (2) to
develop a new level of tcpl to track uncertainty information and inform use of ToxCast data; and, (3)
derive trends in the uncertainty information to develop a greater understanding of ToxCast data. Briefly,
toxboot uses smooth nonparametric bootstrap resampling to add random normally distributed noise to
give a resampled set of concentration-response values. The resampled data is fit to the three ToxCast
models (constant, Hill, gain-loss), repeated 1000 times, and then >50 variables relating to model fitting
parameters are stored in a Mongo database. The resulting data were used to generate point estimates,
winning model, and hitcall for each of the 1000 resamples. Summary statistics (hit percent, median
AC50, and AC50 95% confidence interval) were generated based on the toxboot resampling. Hit percent,
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the probability of a positive hitcall given the collection of resampled data, may be useful for predictive
modeling in place of binary hitcall. Overall, 78% of positive ToxCast hitcalls corresponded to a hit
percent ≥ 90, and the median AC50 confidence interval width was 0.368 log10(µM). The AC50 median
and confidence interval quantify AC50 variability. Application of toxboot to ToxCast data provides a
statistically robust means of estimating the uncertainty in AC50 values and evaluating the reproducibility
of curve fits from tcpl. This abstract does not necessarily reflect US EPA policy.
ABSTRACT NUMBER: 3369
Poster Board Number: P152
TITLE: Hepatic Transcript Profiles to Predict Sexually Dimorphic Drug Metabolism
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Fuscoe1, Q. Shi1, T. Han1, L. Ren1, J. J.
Greenhaw1, J. Hanig2, R. Beger1, L. Pence1, L. Schnackenberg1, T. Schmitt1, V. Desai1, C. Moland1, and V.
Vijay1. 1US FDA/NCTR, Jefferson, AR; and 2US FDA, Silver Spring, MD.
KEYWORDS: Pharmaceuticals; Pharmacokinetics; Toxicogenomics
ABSTRACT: Safety assessments of new drug candidates are an important part of the drug development
and approval process. Often possible sex-and/or age-associated susceptibilities are not adequately
addressed and better assessment tools are needed. It was hypothesized that hepatic transcript profiles
of drug metabolism enzymes (DMEs) can be used to predict sex-and/or age-associated differences in
drug metabolism, and possible adverse events. Comprehensive hepatic transcript profiles were
generated in F344 rats of both sexes at 9 ages, from 2 weeks (pre-weaning) to 104 weeks (elderly). Large
differences in the transcript profiles of 29 DMEs/transporters were found between adult males and
females (8-52 weeks). Using the Pharmapendium database, 41 drugs were found to be metabolized by 1
or 2 cytochrome P450 (cyp) enzymes encoded by sexually dimorphic mRNAs, and thus are candidates for
evaluation of possible sexually dimorphic metabolism and/or toxicities. Suspension cultures of primary
hepatocytes from 3 male and 3 female adult rats (11-12 weeks old) were used to evaluate the
metabolism of 2 of the drugs predicted to have sexually dimorphic metabolism- fentanyl (metabolized
mainly by cyp3a62 and cyp3a2) and terfenadine (metabolized mainly by cyp3a2). The sexually dimorphic
expression of 4 cyp’s was verified in the cultured cells during a 2 hr incubation time and was found to be
stable and closely matched the in vivo hepatic expression: cyp2c7, ~4-fold higher expression in females
than males; cyp2c11 and cyp3a2, >2000-fold higher expression in males than females; and cyp3a62, ~5fold higher expression in males than females. The pharmacokinetics of the drug or its metabolite was
analyzed by liquid chromatography/mass spectrometry using multiple reaction monitoring. Significant
sexually dimorphic metabolism was found for both drugs, with fentanyl having a half-life of 35 min in
male hepatocytes and 52 min in female hepatocytes. The rate of formation of fexofenadine, the primary
metabolite of terfenadine, was >4-fold higher in male than female hepatocytes. Thus, transcript profiles
may allow identification of potential sex-related differences in drug metabolism.
ABSTRACT NUMBER: 3370
Poster Board Number: P153
TITLE: Computational Systems Toxicology of a Large Mixture of Endocrine-Disrupting Chemicals
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: X. Coumoul1, R. Barouki1, and K. Audouze1,2.
1
University Paris Descartes - Inserm UMR-S1124, Paris, France; and 2University Paris Diderot, Paris,
France.
KEYWORDS: Endocrine Disruptors; Computational Toxicology
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ABSTRACT: Integrative computational approaches combining systems biology and toxicology can help in
deciphering the modes of action (MoAs) of endocrine disrupting chemicals (EDCs) mixtures and thereby
in identifying their putative health effects 1. We have developed a network-based model to explore
biological pathways linked -not to a single substance- but to a large mixture of chemicals. A mixture of
147 EDCs from the recent list of prioritized substances compiled by the European Commission was
investigated. These EDCs are of high priority as they might be either highly persistent in the
environment or produced by industries at high volume. First, we compiled biological information related
to these chemicals using various sources such as the ToxCast database2. We were able to retrieve
information (i.e. EDC-protein associations) for half of the substances. Since proteins tend to function in
groups in biological systems, the EDC-protein associations were expanded to protein complexes by using
high confidence interactome3. Finally, functional modules were identified using machine learning
methods, and different biological levels of information were explored (pathways, diseases, adverse
outcome pathways (AOPs)). Integration and statistically ranking of such information allow to identify
potential biological and toxicological pathways altered by such mixture. The advantage of using
systematic exploration of a biological space is the possibility to determine pathways and targets for large
mixture of EDCs, which is difficult by systematic experimental screening. Therefore, such computational
approaches open new possibilities for the generation of hypothesis linking mixture of EDCs and human
health and the delineation of complex new MoAs. 1. Kongsbak, K., Vinggaard, A. M., Hadrup, N. &
Audouze, K. A computational approach to mechanistic and predictive toxicology of pesticides. ALTEX 31,
11-22 (2014). 2. Richard, A. M. et al. ToxCast Chemical Landscape: Paving the Road to 21st Century
Toxicology. Chem. Res. Toxicol. 29, 1225-1251 (2016). 3. Li, T. et al. A scored human protein-protein
interaction network to catalyze genomic interpretation. Nat. Methods 14, 61-64 (2017).
ABSTRACT NUMBER: 3371
Poster Board Number: P154
TITLE: Characterizing Regulatory Chemical Space by Tox21 In Vitro and In Silico Methods
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Sedykh1, D. Svoboda1, R. Shah1, and S.
Auerbach2. 1Sciome LLC, Research Triangle Park, NC; and 2NIEHS, Research Triangle Park, NC.
KEYWORDS: QSAR; Predictive Toxicology
ABSTRACT: Timely risk assessment of currently used industrial and environmental chemicals is an
ongoing challenge. Several recent initiatives, such as the ToxCast program and Tox21 collaborative
screening have aimed to address these demands. In our previous work we have developed a panel of
over forty in silico models that extend the coverage of Tox21 in vitro assays, enabling prediction of assay
results for diverse substances based on their chemical structure. In this study we have applied our panel
of quantitative structure-activity (QSAR) assay models to characterize several chemical collections of
regulatory use, such as approximately 60k substances from the US EPA’s Toxic Substances Control act
(TSCA) substance inventory and 7k chemicals from EU ECHA’s Registration, Evaluation, Authorisation
and Restriction of Chemicals (REACH) list. In particular, each screened chemical received a predicted
activity score for each Tox21 assay. For each chemical, these predictions constituted its profile of
biological interactions. We then used these profiles to analyze and explore the bioactivity space of these
chemical collections. This was done in part by relating them to known toxicants and reference chemicals
with well understood mechanisms of toxicity. Overall, around 8% of studied substances were predicted
to have at least one potentially perturbative interaction (as gauged by Tox21 assay models) at 10uM
threshold, while less than 3% of chemicals were predicted to have two or more such interactions.
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Currently implemented in KNIME platform and R studio environment, this characterization workflow
provides a fast and resource-efficient way to estimate potential biological interactions of yet untested
substances (requiring only chemical structure as a SMILES string). Consequently, chemicals with high
concern (e.g., predicted by this workflow to have potent interactions that in turn may lead to strong
perturbation of biological systems) can be prioritized for follow-up studies of their impact on the
biosphere.
ABSTRACT NUMBER: 3372
Poster Board Number: P155
TITLE: Comparative Domain of Applicability Assessment of REACHAcross Machine Learning QSAR Models
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Rowlands1, J. D. Moore2, P. J. Spencer2, P.
Sura2, S. L. Abraham1, and T. H. Luechtefeld3. 1Underwriters Laboratories, Northbrook, IL; 2Angus
Chemical Company, Buffalo Grove, IL; and 3Johns Hopkins Bloomberg School of Public Health, Baltimore,
MD.
KEYWORDS: QSAR; Computational Toxicology; Alternatives to Animal Testing
ABSTRACT: Quantitative Structure-Activity Relationship (QSAR) models for predicting hazard endpoints
are built on a sufficiently large dataset of substances with experimental data on the hazard endpoint of
interest ('training dataset'). The applicability of the model is typically restricted to substances sufficiently
similar to the molecules in the training dataset in general terms. The multidimensional sphere within
which predictions are considered relevant is defined as the ‘domain of applicability’ (DoA) of the model
for the specific endpoint. A new machine learning QSAR model called REACHAcross has been developed
through collaboration between UL and researchers from Johns Hopkins University that predicts GHS
chemical hazard classifications for nine hazard endpoints. It was initially created using the publically
available toxicology data from nearly 10,000 chemicals registered under REACH and has since been
expanded to include toxicology data from other public databases. This highly dense chemical map
constituted a large DoA that allows finding similar molecules for most structures. The larger chemical
training dataset for REACHAcross has resulted in a high predictive accuracy of > 70% and broad chemical
coverage for all endpoints that have been validated following OECD validation principles. A test dataset
of 216 chemicals was used to compare the DoA’s for REACHAcross with that of TOPKAT and OECD Times
for mutagenicity and skin sensitization. The DoA for mutagenicity was 91% for OASIS Times, and 74% for
TOPKAT and REACHAcross. For skin sensitization the DoA’s were 80% for REACHAcross, 79% for TOPKAT
and 68% for OASIS Times. Since there was no assessment of the variability within the DoA calculations
so no statistical differences were determined. These results indicate that TOPKAT and REACHAcross had
comparative DoAs for both hazards and compared with these two tools, OASIS Times had a larger DoA
for mutagenicity and a smaller DoA for skin sensitization. Further differences between DoAs were
observed when assessed based on chemical classes. While this DoA assessment is not a validation of the
predictive accuracy for these endpoints for these tools, in general the prediction of properties of novel
chemicals that are located outside the applicability domain is less reliable than prediction within the
applicability domain.
ABSTRACT NUMBER: 3373
Poster Board Number: P156
TITLE: Strain Profiles: Moving Beyond Binary Ames Classification
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Fowkes, A. Cayley, and R. V. Williams.
Lhasa Limited, Leeds, United Kingdom. Sponsor: C. Barber
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KEYWORDS: Computational Toxicology; Genotoxicity
ABSTRACT: A significant amount of published bacterial reverse mutagenicity assay data was generated
prior to the existence of the current test guidelines and as a result may not completely satisfy these
guidelines, in terms of strain and metabolic activation combinations tested. Furthermore, publication of
directed testing of specific chemical classes in reduced Ames tests is common place in the literature. In
both cases, confidence in a negative result may be eroded due to gaps in testing. However, it is
important to be aware of instances where these data are sufficient and those where they are not, in
order not to waste useful knowledge. A workflow was devised to curate bacterial reverse mutagenicity
strain data to support both the construction of training sets for in silico prediction systems and readacross during expert review. Bacterial reverse mutagenicity data was collated from public and
proprietary mutagenicity datasets. For each experiment the test compound, bacterial strain, metabolic
competency and result were extracted. Chemical structures and assay data were standardised, which
included the grouping of strains not described in the current test guideline into a single category.
Compound-assay pairs were identified and conflicting results were resolved by applying a hierarchy
derived from the confidence in the data sources. The workflow generated is able to resolve the activity
of compounds which may have been tested as a range of salt derivatives and which have produced
different results under varying assay conditions. The dataset was analysed to identify characteristics
which could be a consequence of grouping data from a variety of sources with different testing profiles.
For active compounds, 80% were detected in either TA98 and TA100, whilst 5% were only active in nonstandard Ames strains. Whilst for negative compounds, 94% had experimental results for either TA98 or
TA100. Clustering of the dataset enabled the creation of strain profiles for chemical features. These
aggregated strain profiles help to identify where metabolic activation is necessary and enable the strain
data for individual compounds to be evaluated in a wider context. This dataset also supports the expert
review of in silico predictions by enabling the expert to rapidly assess if sufficient testing has been
performed.
ABSTRACT NUMBER: 3374
Poster Board Number: P157
TITLE: The Development and Validation of In Silico Toxicology Models for Use in Early Drug Discovery
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Naven1, and T. Takai2. 1Takeda,
Cambridge, MA; and 2Takeda, San Diego, CA.
KEYWORDS: Safety Evaluation
ABSTRACT: The ability to identify unproductive chemical space early in drug discovery is a strong driver
of Computational Toxicology efforts. However, given that project teams often encounter unchartered
chemical space then it is important to determine how best to evaluate their predictive performance,
particularly when outside of the applicability domain. Using proprietary data, various fingerprint and
property-based QSAR models were created for the safety endpoints of hERG (human Ether-à-go-goRelated Gene) and Cytochrome P450 3A4 (CyP3A4) inhibition, in vitro 3T3-phototoxicity and HepG2
cytotoxicity. An analysis of the performance of these models suggests that the best ‘real-life’ method for
evaluating their reliability is to reserve, pseudo-prospectively, the most recently acquired data from the
training set to act as a test set, as opposed to relying on a cross-fold validation strategy. For example,
the sensitivity of an ECFP6-based Bayesian model for in vitro phototoxicity is 82% for the training set,
but falls to 71% and 65% when using an internal cross-fold validation and a pseudoprospective test set,
respectively. For CyP3A4 inhibition, the decrease in performance is less, with respective sensitivity
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values of 83%, 80% and 74% respectively. The analysis highlights that in silico modelling is particularly
useful for the prediction of mechanistic-based assays, such as hERG and CYP3A4 inhibition owing to the
capture of robust structure-activity relationships within the model. In contrast, for models based on
complex toxicity endpoints, such as cytotoxicity, an assessment of the applicability domain is useful to
understanding the relevance of a prediction from such a model. Ultimately, one of the many advantages
of QSAR methodology is the rapid identification of structure/property-toxicity relationships and activity
cliffs that can be used to inform better drug design.
ABSTRACT NUMBER: 3375
Poster Board Number: P158
TITLE: Amine Compound Toxicity: Techniques to Separately Analyze the Properties of the Cationic and
Free Base Forms
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: W. Irwin. US EPA, Arlington, VA.
KEYWORDS: Mechanisms; Biomarkers; Safety Evaluation
ABSTRACT: Amines are common compounds in food, pharmaceuticals and household chemicals. If the
amine pKa is in the physiological range, it is actually a mixture of two compounds (cation and free base)
with differing charge, solubility, partitioning and toxicity, determined by pH. This presentation discusses
techniques to separately evaluate these differing properties of the cationic and free base forms. The
acute toxicity of various sodium and ammonium salts with various pH values (i.e. sulfate, bicarbonate,
phosphate, chloride, etc) were assessed in rats. Bupivacaine (BP) is a myotoxic anesthetic regularly
utilized in spinal blocks during Caesarian surgery, described previously (J. Biol. Chem. 277: 12221-7). The
toxicological and physical properties of BP were assessed vs pH on muscle cells and mitochondria.
Membrane potential, calcium, oxygen consumption and solubility were measured vs pH. Separate
physical and toxicological properties of the cationic and free base forms of BP and ammonium salts vs
pH were analyzed utilizing biochemical equilibrium equations. Unpublished results show that BP toxicity
is inversely related to the cationic form, but conversely solubility correlates to the cationic form.
Interestingly, the muscle and mitochondrial toxicity of BP (pKa=8.1) correlates to the free base form,
which has reduced solubility at elevated mitochondrial pH values. Unpublished results reveal that the
acute toxicity of ammonium salts also correlates to the free base form (i.e. ammonia), which increases
with elevated pH values. Comparison of the ammonium salt to sodium salt results with the same anions
indicates that the toxicity is not simply related to pH values or the anions. Techniques to individually
analyze amine toxicity based on the separate cationic and free base forms are valuable in compound
design (i.e. modulation of pKa). Amine properties vs pKa and pH influence toxicity, tissue partitioning
and clearance. Determination of toxicity vs pH for each amine form has implications on target
tissues/organelles based on solubility and charge (i.e. acidic stomach/lysosomes, alkaline small
intestine/mitochondria). These analysis techniques also have applications to common molecule types
such as organic acids with pKa values in the physiological range. Disclaimer: The views expressed in this
abstract are those of the authors and do not represent Agency policy or endorsement. Mention of trade
names or commercial products should not be interpreted as an endorsement by the US EPA.
ABSTRACT NUMBER: 3376
Poster Board Number: P159
TITLE: Combined Gastrin-Releasing Peptide-29 and Glucagon-Like Peptide-1 Reduce Body Weight More
Than Each Individual Peptide in Diet-Induced Obese Male Rats

The Toxicologist: Late-Breaking Supplement 2018

40

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. R. Mhalhal, M. Washington, K. Newman,
J. Heath, and A. Sayegh. Tuskegee University, Tuskegee, AL.
KEYWORDS: Metabolism; Receptor; G-Protein Coupled; Food Safety/Nutrition
ABSTRACT: To test the hypothesis that gastrin releasing peptide-29 (GRP-29) combined with glucagon
like peptide-1 (7-36) (GLP-1 (7-36)) reduce body weight (BW) more than each of the peptides given
individually, we infused the two peptides (0.5 nmol/kg each) in the aorta of free feeding, diet-induced
obese (DIO) male Sprague Dawley rats, once daily for 25 days, and measured BW. We found that GRP-29
and GLP-1 reduce BW, GRP-29 reduced it more than GLP-1 and GRP-29+GLP-1 reduce BW more than
each peptide given alone. This reduction was accompanied by decrease 24-hour food intake (normal rat
chow), meal size (MS), duration of first meal and number of meals, and increase latency to the first
meal, intermeal interval (IMI) and satiety ratio (IMI/MS, amount of food consumed per a unit of time).
Furthermore, the peptides and their combination decreased 24-hours glucose levels. In conclusion, GRP29+GLP-1 reduce BW more than each of the peptides given individually.
ABSTRACT NUMBER: 3377
Poster Board Number: P160
TITLE: Effects of Chemicals and Pathway Inhibitors on a Human In Vitro Model of Secondary Palatal
Fusion
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. G. Belair, C. J. Wolf, C. Wood, S.
Moorefield, C. Becker, H. Ren, A. Fisher, and B. D. Abbott. US EPA, Research Triangle Park, NC.
KEYWORDS: Developmental/Teratology; Alternatives to Animal Testing
ABSTRACT: The mechanisms of tissue and organ formation during embryonic development are unique,
but many tissues like the iris, urethra, heart, neural tube, and palate rely upon common cellular and
tissue events including tissue fusion. Few human in vitro assays exist to study human embryonic
developmental processes, and there is a need for an in vitro tool to study development events like tissue
fusion. Cleft palate can result from failure of fusion of the palatal shelves and is the most common
craniofacial birth defect in humans. In this study, we engineered a model system that recApitulates the
cellular architecture and events of palate fusion and allows us to assess the influence of suspected
teratogens, growth factors, and pathway inhibitors. Spheroids mimicking the palatal mesenchyme were
formed from human Wharton’s jelly stromal cells (HWJSCs), which were differentiated to an osteogenic
lineage over 7 days to mimic the osteogenic phenotype of embryonic palate. Differentiated HWJSC
spheroids expressed genes associated with ECM production, angiogenesis, cell adhesion, and skeletal
system development. Spheroids were covered with human neonatal epidermal keratinocyte progenitor
cells (HPEKp) to mimic the cellular architecture of the palate, and spheroids less than 275 µm in
diameter were optimal for promoting at least 50% coverage over the spheroid surface with HPEKp.
Pharmacological inhibitors against known morphogenesis pathways identified the BMP pathway as
critical for fusion and the EGF, FGF, HGF, and IGF pathways as critical for both fusion and survival of
palatal organoids. We compared these findings with an epithelial wound healing assay and observed
that EGF, IGF, and BMP inhibition reduced epithelial cell migration by at least 50%, suggesting that these
pathways are involved in epithelial cell morphogenesis. We studied 12 cleft palate teratogens (identified
from rodent models) in the in vitro fusion model and identified that tretinoin and tributyltin chloride
interfered with the fusion and survival of palatal organoids, while valproic acid and triamcinolone
interfered with the fusion of palatal organoids in a dose-dependent fashion. Finally, although we have
established involvement of the EGF pathway in spheroid fusion, we did not observe disruption of
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spheroid fusion by exposure to TCDD, a palate teratogen known to disrupt EGF signaling, either dosed
by itself or with added EGF, which suggests that spheroid fusion may be differently sensitive to EGFdisrupting chemicals compared to palate fusion. Our studies demonstrate the feasibility of using human
stem cells and three-dimensional co-culture to mimic the cellular and molecular events of palate fusion.
ABSTRACT NUMBER: 3378
Poster Board Number: P161
TITLE: Quantitative Bias Analysis of the Association between Subclinical Thyroid Disease and
Perfluoroalkyl Substances
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Yoon1, M. Moreau1, P. Mallick1, P. Ward2,
C. Housand1, J. Campbell2, B. Allen3, H. Clewell1, and M. Longnecker2. 1Scitovation, Research Triangle
Park, NC; 2Ramboll, Durham, NC; and 3Independent Consultant, Chapel Hill, NC.
KEYWORDS: Perfluoronated Agents; Biological Modeling; Epidemiology
ABSTRACT: Some epidemiological studies have shown an association between serum concentrations of
perfluorinated alkylated substances (PFAS) such as perfluorooctanoic acid (PFOA) and perfluorooctyl
sulfonate (PFOS) and thyroid function. For example, an association of subclinical thyroid disease with
PFOA and PFOS has been reported in NHANES data (Wen et al. 2013). Thyroid hormones are known to
affect glomerular filtration rate (GFR), and GFR is a major determinant of PFAS clearance. Therefore, the
thyroid disease status of an individual will affect PFAS serum concentrations, and thyroid stimulating
hormone concentration (TSH) and GFR will be associated in the absence of a toxic effect of PFAS on the
thyroid. Our objective was to quantitate how much of the reported association between TSH levels as a
measure of thyroid disease status and serum PFAS concentrations is due to variation in TSH. A life-stage
physiologically-based pharmacokinetic (PBPK) modeling technique was used to conduct a Monte Carlo
(MC) analysis. Serum PFOA and PFOS data in Wen et al. were simulated. A Markov chain model was
used to assign a thyroid disease status for each individual, which was in turn used to assign the
respective individual’s TSH and GFR. The distribution of age, serum PFASs, thyroid disease status, and
body mass index (BMI) in the simulated population closely matched those in the Wen study. Modelsimulated serum PFAS and thyroid disease status were used to calculate the odds ratios (ORs) for the
association between subclinical thyroid disease and PFAS concentrations, using the same statistical
approach as in the target study. The ORs in the simulated female data were 1.59 (95% CI 1.55-1.64) for
subclinical hypothyroidism and 0.38 (95% CI 0.34-0.43) for hyperthyroidism, as compared to 7.45 (95%
CI 1.14-48.12) and 0.99 (95% CI 0.13-7.59) in the observed data. The similarity in the direction of
association in the simulated and observed data, which was clearest for subclinical hypothyroidism,
supports bias due to pharmacokinetics. The next step (determine sensitivity of ORs to model parameters
and assumptions) will further characterize the sources of pharmacokinetic bias for the PFAS-thyroid
disease status associations.
ABSTRACT NUMBER: 3379
Poster Board Number: P162
TITLE: Predicting the Protein Binding Affinity of Legacy and Emerging Per- and Polyfluorinated Alkyl
Substances (PFAS)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: W. Cheng, and C. A. Ng. University of
Pittsburgh, Pittsburgh, PA. Sponsor: A. Barchowsky
KEYWORDS: Alternatives to Animal Testing; Computational Toxicology; Physiologically-Based
Pharmacokinetics
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ABSTRACT: Per- and polyfluorinated alkyl substances (PFAS) are industrial chemicals that have become
pervasive environmental contaminants. Among them, long-chain perfluorinated alkyl acids are
extremely persistent, bioavailable, and bioaccumulative. Concern regarding their toxicological effects
led to (largely voluntary) phase-outs, but many “alternative PFAS” with a variety of chain lengths,
degrees of fluorination, and functional head groups have increased production to fill market demand.
Yet very little is known about the bioaccumulation potential and toxic effects of these replacement
compounds. Given the costs in time, resources, and animals of substance-by-substance evaluation, a
reliable method to screen PFAS for hazard would be of great benefit. Here, we evaluate the use of
molecular dynamics (MD) to predict the protein binding affinity of a suite of 15 legacy and replacement
PFAS. We consider 7 perfluorocarboxylic acids (perfluorobutanoic acid, PFBA, perfluoropentanoic acid,
PFPeA, perfluorohexanoic acid, PFHxA, perfluoroheptanoic acid, PFHpA, linear perfluorooctanoic acid,
PFOA, and perfluoro-2-methylheptanoic acid, 2m-PFOA), 3 perfluorosulfonates (perfluorobutane
sulfonate, PFBS, perfluorohexane sulfonate, PFHxS, and perfluorooctane sulfonate, PFOS), and 5
alternative PFAS (ADONA, GenX, EEA, F-53, and F-53B). The binding affinity of these chemicals are
evaluated for two proteins with experimental data available: rat and human liver fatty acid binding
protein (rL-FABP and hL-FABP, respectively). We use the AMBER molecular dynamics (MD) suite with the
following workflow: the initial protein-PFAS complex structures were generated from molecular docking;
based on these structures, MD simulations were performed and the Molecular Mechanics/Poisson Boltzmann Surface Area (MM/PBSA) method was used to calculate the free energies of binding. We find
that this approach performs remarkably well for predicting PFAS binding affinity to rL-FABP, with a
correlation coefficient of 0.95 between predictions and measurements. For hL-FABP, predictions are
more variable, particularly for perfluorocarboxylic acids. Our results suggest that the alternative PFAS,
ADONA and EEA, as well as F-53 and F-53B are at least as strongly bound to rL-FABP as PFHxA and PFOS,
respectively and to hL-FABP as PFOA and PFOS, respectively. Binding affinity appears to correlate well
with total number of fluorinated carbons, with little impact of the ether groups in the replacement
PFAS. These substances are therefore not necessarily safer alternatives to long-chain PFAAs, particularly
when the total number of fluorinated carbons is greater than 6.
ABSTRACT NUMBER: 3380
Poster Board Number: P163
TITLE: Development of a Maternal-Fetal Physiologically-Based Pharmacokinetic Model: Assessing Fetal
BPA Exposure through Simulation
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: W. Chou1, P. Lin1, and M. Chen2. 1National
Health Research Institutes, Miaoli County, Taiwan; and 2Institute of Environmental and Occupational
Health Sciences, National Yang-Ming University, Taipei City, Taiwan.
KEYWORDS: Exposure Assessment; Endocrine; Estrogens; Computational Toxicology
ABSTRACT: Prenatal exposure to Bisphenol A (BPA) has been associated with a wide range of adverse
outcomes in epidemiological studies. However, BPA risk assessment is hampered due to the difficulty of
determining internal exposure in the maternal-fetal unit. In this study, we developed a human motherfetus PBPK model for BPA and its glucuronide conjugate (BPAG) taking into accounting the changes in
physiological and metabolic parameters during pregnancy. Model validation included the assessed
similarity and residues between the simulated and observed time course of BPA and BPAG in pregnant
rhesus monkey and non-pregnant women after dosing. The goodness of fit plots indicated that the
developed PBPK model adequately modeled the measured BPA and BPAG plasma concentration
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obtained after oral BPA administration in pregnant rhesus monkey and non-pregnant women. Modelpredicted total BPA concentrations in fetal plasma (3.09 ± 0.85 ng/ml) are consistent with measured
levels in human cord blood (3.5 ± 1.28 ng/ml) in a Taiwan birth cohort study. The developed PBPK model
could be used to assess potential adverse effects of BPA exposure to the fetus in human populations.
ABSTRACT NUMBER: 3381
Poster Board Number: P164
TITLE: Differentiation of Liver Injury Risk of Macrolide Antibacterial Drugs Using the Heptox Virtual Liver
Platform
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Das1, S. D. Lahiri2, D. Anderson2, K.
Subramanian1, and R. A. Alm2. 1Syngene International Ltd., Bangalore, India; and 2Macrolide
Pharamceuticals, Watertown, MA.
KEYWORDS: In Vitro and Alternatives; Systems and Integrative Toxicology; Systems Biology
ABSTRACT: Macrolides are a broad class of natural or semi-synthetic natural products used to treat a
wide range of respiratory infections and are among the most commonly prescribed antibacterial drugs.
Newer semi-synthetic analogs, such as the ketolides telithromycin (TEL) and solithromycin (SOL), have
been associated with more significant liver injury when compared to the earlier macrolides azithromycin
(AZM) and clarithromycin (CLR). This DILI risk with ketolides resulted in an FDA black box warning against
TEL and a withdrawal from the US market and a rejection of the SOL application citing the need for
additional safety data to characterize the liver injury risk. In contrast, the safer macrolides such as AZM
remain highly used in the community. The discrepancy in liver toxicity between the two sub-groups of
macrolides needs to be understood better. The HepTox® virtual liver systems biology platform was used
to evaluate these 4 compounds to ascertain the predictive ability for the different types of drug-induced
liver injury. Compounds were tested in a panel of in vitro assays at multiple concentrations up to the
IC50 of HepG2 cell viability. The results from these assays were then used as input in computer
simulations of liver function. All four compounds were shown to inhibit mitochondrial complex I activity
depolarizing the mitochondrial membrane and reducing cellular ATP levels in a dose-dependent manner.
As such, all 4 compounds possess some necrosis risk, consistent with the elevated liver transaminase
levels observed clinically. Further, all 4 compounds were observed to inhibit liver fatty acid uptake to
varying degrees, but failed to show any meaningful differentiation. None of the compounds were
predicted to cause oxidative stress induced glutathione depletion. However, the most significant
differentiation was obtained with the prediction of cholestatic risk. Both SOL and TEL are predicted to
cause cholestasis at higher concentrations by increasing the level of bile acids in serum, primarily driven
by potent BSEP inhibition which is further exacerbated by lowered cellular ATP levels. Taken together,
this analysis demonstrates that the HepTox® platform can successfully differentiate the more toxic
macrolide antibacterial drugs and can be used to simulate the potential liver toxicity risks of novel
synthetic macrolides to ensure that safer molecules enter clinical development.
ABSTRACT NUMBER: 3382
Poster Board Number: P165
TITLE: Enabling High-Throughput Transcriptomics (HTTr) for Mechanistic Toxicology by Tuning Dynamic
Range
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. M. Yeakley, D. Goyena, P. Shepard, and B.
Seligmann. BioSpyder Technologies, Inc., Carlsbad, CA.
KEYWORDS: In Vitro and Alternatives; Gene Expression/Regulation; Methods/Mechanism
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ABSTRACT: HTTr offers a powerful, sensitive way to characterize biological responses to compound
exposures. However, expression profiling by RNA-seq can be costly and labor intensive in large-scale,
statistically powered dose-response studies. The large range of transcript abundance means that highly
expressed genes dominate sequencing output, limiting the number of samples sequenced and/or the
detection of low abundance RNAs. This bias toward highly expressed genes can mask low abundance or
better classifiers for response mechanisms. Different approaches have been taken to address this issue,
but all add to cost and effort. A better method would be to tune the dynamic range to decrease the
contribution of highly abundant transcripts predictably and quantitatively, thereby permitting backcalculation of the actual relative abundance of each gene and maximizing sensitivity to changes in rare
transcripts. TempO-Seq® is a targeted expression profiling assay with sequencing output, measuring
content up to the whole transcriptome. It is well suited for HTTr because it does not require purification
or cDNA synthesis and runs entirely in solution without serial purifications. Inactive TempO-Seq probes
that could not be amplified or sequenced were added to the assay at known ratios to predictably
attenuate counts from abundant transcripts. Assay sensitivity for measuring rare transcripts and for
increasing sample throughput was assessed across a range of attenuation from 0.5% of probes
contributing 29% of total reads to 10% of probes contributing 79% of total reads, to achieve a decrease
in dynamic range of up to 2 logs. Signal attenuation across this range was linear, independent between
probes, and could be accurately back-calculated to their unattenuated equivalents. Differential
expression fold changes and average percent CVs were unaffected by attenuation. Because dynamic
range was predictably limited, sequencing space was better utilized, resulting in 3-fold greater read
counts for each of the unattenuated transcripts at the highest level of attenuation. A model that
accounts for the redistribution of read counts from the abundant transcripts to the whole population
was tested on assays of MCF-7 cells. When 40% of total reads were attenuated to half the maximum
residual level, there was a saving of 42% of sequencing space, equivalent to ~72% more samples being
included in the same run. Selectively limiting the dynamic range of TempO-Seq through attenuation of
abundant transcripts increased its sensitivity for rare transcripts and offers substantial benefit for HTTr,
enabling toxicologists to perform statistically powered high throughput transcriptomics.
ABSTRACT NUMBER: 3383
Poster Board Number: P166
TITLE: Developing Quantitative Adverse Outcome Pathways (qAOP) for C. elegans Reproduction Failure
Using Bayesian Network Model
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Jeong, Y. Cha, T. Song, and J. Choi.
University of Seoul, Seoul, Korea, Republic of.
KEYWORDS: Risk Assessment; Bioinformatics; Predictive Toxicology
ABSTRACT: Adverse Outcome Pathway (AOP) is developed to provide the framework that organizes the
mechanistic or predictive relationships between molecular initiating events (MIE), key events (KE) and
final adverse outcomes (AO). For quantitative understanding of an AOP, it should be required to
establish the causal linkage/connection between the MIE and the AO. A Bayesian network is a graphical
model that presents probabilities of the dependencies between any two variables. Bayesian networks is
capable of diagnostic, predictive and inter-causal reasoning. In this study, we explore the potential use
of Bayesian network model to develop quantitative AOP. Previously we intensively studied molecular
mechanism of toxicity of silver nanoparticles (AgNPs) in the nematode Caenorhabditis elegans (C.
elegans) using transcriptomics and functional genetics tools. With this information and other literature

The Toxicologist: Late-Breaking Supplement 2018

45

review, we build AOP “NADPH oxidase and P38 MAPK activation leading to reproductive failure in
Caenorhabditis elegans (found at AOP-Wiki: https://aopwiki.org/aops/207)”. The AOP is constituted the
NADPH oxidase (MIE), Reactive oxygen species (ROS) formation (KE1), oxidative stress/PMK-1 P38 MAPK
activation (KE2), HIF-1 activation (KE3), mitochondrial damage (KE4), DNA damage (KE5) and apoptosis
(KE6). This lead to the AO, reproductive failure. For experimental evaluation of the AOP and generate
quantitative data for Bayesian network modeling, qRT-PCR was performed on the wildtype (N2), and
reproductive toxicity test was performed using functional genetics mutants as well as the N2. Finally
Bayesian network model was constructed using R statistics software. The results show that the Bayesian
network model has the potential to find the quantitative relationship in the AOP. Acknowledgement:
This work was supported by a grant from the Korean Ministry of Environment through "Environmental
Health R&D Program" (2017001370001).
ABSTRACT NUMBER: 3384
Poster Board Number: P167
TITLE: Identification of Absorption, Distribution, Metabolism, and Excretion (ADME) Genes Relevant to
Steatosis Using a Gene Expression Approach
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. A. Abedini, A. R. Walsh, and H. A. El-Masri.
US EPA, Research Triangle Park, NC.
KEYWORDS: Hepatocytes; Gene Expression/Regulation; Bioinformatics
ABSTRACT: Absorption, distribution, metabolism, and excretion (ADME) impact chemical concentration
and activation of molecular initiating events of Adverse Outcome Pathways (AOPs) in cellular, tissue, and
organ level targets. In order to better describe ADME parameters and how they modulate potential
hazards posed by chemical exposure, our goal is to investigate the relationship between AOPs and
ADME related genes and functional information. Given the scope of this task, we began using hepatic
steatosis as a case study. To identify ADME genes related to steatosis, we used the publicly available
toxicogenomics database, Open TG-GATEsTM. This database contains standardized rodent chemical
exposure data from 170 chemicals (mostly drugs), along with differential gene expression data and
corresponding associated pathological changes. We examined the chemical exposure microarray data
set gathered from 7 chemical exposure treatments resulting in pathologically confirmed (minimal,
moderate and severe) incidences of hepatic steatosis. From this differential gene expression data set,
we utilized differential expression analyses to identify gene changes resulting from the chemical
exposures leading to hepatic steatosis. We then selected differentially expressed genes (DEGs) related
to ADME by filtering all genes based on their ADME functional identities. These DEGs include enzymes
such as cytochrome P450, UDP glucuronosyltransferase, flavin-containing monooxygenase and
transporter genes such as solute carriers and ATP-binding cassette transporter families. The up and
downregulated genes were identified across these treatments. 31 genes were upregulated and 39 genes
were down regulated in all treatments. Meanwhile, 9 genes were both up regulated and downregulated
across all the treatments. This work highlights the application of bioinformatics in linking AOPs with
gene modulations specifically in relationships to ADME and exposures to chemicals. This abstract does
not necessarily reflect US EPA policy.
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ABSTRACT NUMBER: 3385
Poster Board Number: P168
TITLE: MiRNA Regulation in Sult2a1 Expression and Function
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Li, B. Knox, S. Chen, L. Guo, W. Tong, and
B. Ning. US FDA/NCTR, Jefferson, AR.
KEYWORDS: Systems Biology; Hepatic; Phase II Metabolism
ABSTRACT: MicroRNAs (miRNAs) are a class of small non-coding RNAs that negatively regulate
expression of genes involved in many biological processes including drug metabolism. As a phase II drug
metabolizing enzyme, Sulfotransferase Family 2A Member 1 (Sult2A1) catalyzes sulfation of many
hormones, neurotransmitter and drugs and exerts important protective effects in the liver. However,
little is known about the role that miRNAs play in post-transcriptional modulation of Sult2A1 expression.
To that end, we conducted a comprehensive computational analysis predicting miRNAs that potentially
regulate Sult2A1 expression and function by directly binding to the 3’-UTR of Sult2A1 mRNA. First,
putative miRNA binding sites on Sult2A1 3’-UTR were predicted using microRNA.org. RNAhybrid was
then utilized to calculate the minimum free energy (MFE) for hybridization between these predicted
candidate miRNAs and Sult2A1 transcript. Furthermore, we analyzed deep sequencing data from 50
human liver samples and compared the expression of Sult2A1 mRNA and miRNA candidates. Our results
showed that hsa-miR-486-5p can potentially bind to Sult2A1 3’-UTR at multiple positions with MFE all
less than -20 kcal/mol, indicating a high probability of efficient gene regulation in cells. Additionally, the
expression of miR-486 is inversely correlated with that of Sult2A1 in the liver samples. Our in silico
analysis provides a solid foundation for further experimental investigation of miRNA regulation of
Sult2A1-dependent detoxification and may shed lights on discovery of novel miRNA biomarkers.
ABSTRACT NUMBER: 3386
Poster Board Number: P169
TITLE: Flow Cytometry and Global Metabolomics as Tools to Study the Impact of Xenobiotics on
Microbiome Physiology and Function
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Cai, R. G. Nichols, and A. D. Patterson.
Pennsylvania State University, University Park, PA.
KEYWORDS: Metabolism; Metabolomics; Exposure, Environmental
ABSTRACT: Sequencing-based approaches have dramatically advanced exploration of the diverse and
complex microbiome community while metabolomics (i.e., chemical fingerprinting) approaches have
helped to uncover the metabolic contributions of the microbiome to host metabolism. However, the
fundamental questions regarding the interaction of xenobiotics or toxicants, the microbiome, and host
remain unanswered. Here, we describe a new approach that combines in vitro bacterial incubation, flow
cytometry, mass spectrometry- and 1H NMR-based metabolomics to understand how xenobiotics and
toxicants influence the gut microbiome physiologically, metabolically and compositionally. The bacterial
cells were isolated from mouse cecal content and exposed to a typical xenobiotic TEMPOL for 4h under
strict anaerobic condition. The flow cytometry data suggested DiBAC+ and Pi+ cells were significantly
increased with TEMPOL exposure, indicating excessive membrane depolarization and loss of membrane
integrity. CFDA+ cells were significantly decreased with TEMPOL exposure, indicating compromised
metabolic activity. NMR metabolic profiling revealed a unique, strong and direct correlation of bacterial
physiology and bacteria metabolites, including short chain fatty acids, branched chain amino acids,
amino acids, glucose and oligosaccharides, suggesting the disrupted bacteria metabolic activity is
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strongly correlated with the bacterial membrane damage by direct xenobiotic exposure. Orbitrap-LCMS
analysis discovered over 90 significantly changed bacterial metabolites (identified: 26, annotated: 65),
providing additional biomarkers for microbial membrane damage and metabolism disruption upon
xenobiotic exposure. In addition, in vivo mice study of TEMPOL (5 days gavage) showed the very similar
bacterial physiology and metabolic status characterized with flow cytometry and 1H NMR, respectively,
indicating the feasibility of the in vitro methods. Our results, through comparison of in vitro and in vivo
studies with representative xenobiotic TEMPOL suggests that in vitro exposure can influence the gut
microbiome physiologically and functionally without direct involvement of the host response. This novel
combination of flow cytometric and metabolomic analysis permits detailed metabolic evaluation of
microbiota viability, physiology, and metabolic activity, and provides unique insight into the potential
direct impacts xenobiotics and toxicants have on microbial physiology for better inform risk assessment.
ABSTRACT NUMBER: 3387
Poster Board Number: P170
TITLE: High-Throughput Toxicity Screening for Preserved Eyedrops in Human Conjunctival Epithelial Cells
Using Fully Automatic Microfluidic System
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Kim, K. Kim, K. Cho, and J. Kim. Dankook
University, Cheonan, Chungnam, Korea, Republic of.
KEYWORDS: Biological Modeling; Systems Biology; Cytotoxicity
ABSTRACT: We have developed a fully automated microfluidic based high throughput toxicity screening
system to evaluate toxic effect of preserved eyedrops against human conjunctival epithelial cells. This
system has 8 individually addressable cell culture chamber array groups where the linear gradient
concentrations of preservative drugs with 8 different doses can be generated by microfluidic diffusive
mixers. Each diffusive mixer was integrated with micropumps connected to the media and the drug
reservoirs respectively for generating the desired concentrations. This component is simple to easy
handle for doing experiment, because there are not any extra equipment to perfuse the solution such as
syringe pumps. The human epithelial cell array is periodically exposed to the preservative with the
programmed microprocessor(Arduino mini) system during a couple of days without extra handling after
seeding the cells into the microfluidic device and also, this device does not require the continuous
generation of solutions compared to the previous systems. Therefore, the total amount of drug being
consumed per experiment is less than a few hundred microliters. The utility of this system is
demonstrated through investigating the viability of the human cell line with the benzalkonium chloride
(BAC). Our results suggest that the system can be used for screening and optimizing the amount of
preservative used in eyedrops. Funding Source: This work was supported by a grant (NRF2015R1D1A1A01060713) from Ministry of Education, Science and Technology.
ABSTRACT NUMBER: 3388
Poster Board Number: P171
TITLE: Combined Laser Capture Microdissection and Mass Spectrometry (LCM-MS) to Identify, Localize,
and Quantify Biologics in Specific Anatomic Microenvironments
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. Wei, S. Quazi, D. R. Dufield, K. R. Percival,
and S. P. O'Neil. Pfizer Inc., Andover, MA.
KEYWORDS: Proteomics; Systems Biology; Kidney
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ABSTRACT: Biologics represent over 30% of approved drugs and have been used to treat a broad range
of diseases. The toxicological effects of several biologics have been reported in preclinical studies;
however, the pathogenesis for these toxicities is often poorly understood. Correlating the precise spatial
biodistribution of biologic test articles with the histopathological pattern of toxicological lesions
observed in exploratory toxicity studies is helpful for understanding the pathogenesis of toxicity;
however, the frequent absence of test article-specific antibodies precludes the use of
immunohistochemistry, which would normally be used to localize proteins in tissues. Here, a tissue
proteomics approach (LCM-MS) that combines laser capture microdissection (LCM) and mass
spectrometry (MS) was developed to identify, localize, and quantify biologics in specific anatomic
microenvironments in tissue sections. A therapeutic monoclonal antibody (mAb-Y) that had been
associated with glomerulopathy in cynomolgus monkeys was used as the substrate for developing LCMMS methods. Lysates prepared from glomeruli that had been collected from kidney cryosections by LCM
were enriched for mAb-Y by immunoprecipitation, digested with trypsin and injected into a
ThermoFisher LTQ orbitrap mass spectrometer for identification and quantification. Two proteotypic
peptides for mAb-Y were identified and a calibration curve was generated by adding a fixed amount of
“heavy-labeled” (13C,15N) peptide to different amounts of intact mAb-Y and measuring the ratio of mAbY light/heavy peptide concentration versus the ratio of the peak areas under the curve from heavy and
light peptide spectra generated by multiple reaction monitoring MS. The calibration curve was linear,
with a correlation coefficient of 0.994 (p<0.0003), and the lower limit of quantification (LLOQ) for mAb-Y
was 2.5 ng/ml. LCM-MS was then used to measure mAb-Y concentrations in lysates of LCM-captured
glomeruli from 6 mAb-Y-dosed versus 6 vehicle-dosed monkeys. Glomerular lysates (2.5 µg) were
immunoprecipitated with biotinylated goat anti-human Fc antibody, and the protein eluted from
streptavidin dynabeads was trypsinized and injected into a Sciex QTRAP 5500 mass spectrometer. mAbY was identified and quantified in glomeruli from 2 of 6 monkeys in the high-dose group (4.0 and 5.2
ng/ml, respectively) after a 6-month recovery period but not in 6 vehicle controls. The LCM-MS
approach can be used to identify and quantify other protein biologics in specific anatomic
microenvironments to facilitate understanding of the toxicity of biotherapeutics in development.
ABSTRACT NUMBER: 3389
Poster Board Number: P172
TITLE: Using Immortalized Hepatocytes from Wild-Type and Gclm Knockout Mice to Investigate the
Relative Toxicity and Nrf2 Activation of SN2 Reactive Electrophiles
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Botta1, C. C. White1, F. Melnikov2, C. M.
Schaupp1, E. G. Gallagher1, B. W. Brooks3, J. Kostal4, A. M. Voutchkova-Kostal4, P. T. Anastas2, and T. J.
Kavanagh1. 1University of Washington, Seattle, WA; 2Yale University, New Haven, CT; 3Baylor University,
Waco, TX; and 4George Washington University, Washington, DC.
KEYWORDS: Glutathione; Oxidative Injury
ABSTRACT: Many new chemicals enter the US market annually with limited toxicity information for most
of them. An important principle of Green Chemistry is to make predictions of toxicity based on
structure/activity models. We examined the toxicity of a group of reactive electrophiles (glycidol,
styrene oxide, sodium decylsulfate, 3-bromo-1-propanol, dibromoacetonitrile) whose reaction with
nucleophiles, such as glutathione (GSH), was predicted to proceed via the SN2-mechanism. Cells with
lower levels of GSH should be more susceptible to these chemicals and therefore have more activation
of the Keap1/Nrf2 pathway. Glutamate cysteine ligase (GCL) is rate-limiting for GSH synthesis. GCL is
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composed of catalytic (GCLC) and modifier (GCLM) subunits. We made GSH deficient Gclm knock out
(KO) mice with by replacing exon 1 of the Gclm gene with a β-galactosidase/neomycin
phosphotransferase fusion gene, allowing for the assessment of Gclm promoter activity in Gclm KO mice
and cells by assaying for β-Gal mRNA levels, and β-Gal enzyme activity. We established immortalized
(IM) hepatocyte cell lines from wild type (IM WT) and Gclm KO (IM KO) mice. IM WT and IM KO cells
were exposed to the above chemicals and to hydroquinone and t-butylhydroquinone (oxidative stress
inducing positive controls) at varying doses and assessed for viability, GSH levels, and mRNA levels of the
Nrf2 target genes Gclc, Gclm, NADPH quinone oxidoreductase-1 (Nqo1), heme oxygenase -1 (Hmox1),
and β-Gal. Adaptive increases in the relative expression of Nqo1 and Hmox1 mRNAs were more robust
in IM KO hepatocytes suggesting that loss of Gclm sensitized them to Nrf2 activation by these reactive
chemicals and oxidants. Moreover, Gclm promoter activity in IM KO hepatocytes (as reported by β-Gal
expression) was highly correlated with Gclm mRNA expression in WT hepatocytes, and with Hmox1 and
Nqo1 mRNA expression in both cell types. Taken together, the data show that comparison of Nrf2
response in IM WT and IM KO hepatocytes is a useful tool for highlighting the role of GSH in SN2
reactions, and the promise of quantitative structure-activity modeling for predicting the toxicity of SN2
reactive chemicals to hepatocytes. Supported by NSF CHE-133963, NIH P30ES007033, NIH T32AG000057
and EPA RD83573801.
ABSTRACT NUMBER: 3390
Poster Board Number: P173
TITLE: Development of a Sensitive LC/MS Assay for Measuring Thyroid Hormones T3 and T4 in Late-Fetal
and Neonatal Rat Samples
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Groeber, S. Bell, J. Lucarelle, C. Quang, L.
Moran, M. Badamy, and P. Coder. Charles River Laboratories, Ashland, LLC, Ashland, OH.
KEYWORDS: Endocrine; Thyroid; Biomarkers; Juvenile Toxicity
ABSTRACT: Drugs and chemicals have the potential to perturb thyroid hormone homeostasis with
associated deficits in neurological development and function. Guidelines published by the Organization
for Economic Co-operation and Development (OECD), as well the US EPA, require the evaluation of
circulating levels of T3, T4, and thyroid stimulating hormone (TSH) in fetal (Gestation Day (GD) 20) and
neonatal specimens to address this risk. Sensitive assays capable of measuring T3, T4, and TSH are
required and traditional electrochemiluminescent immunoassays (ECLIA) are inadequate. In response, a
highly sensitive LC-MS/MS method was developed. Samples are extracted using a Supported Liquid
Extraction (SLE) solid phase method. UHPLC-MS/MS analysis is performed with reverse phase
chromatography using a C18-phenyl hexyl stationary phase. A surrogate analyte approach utilizing
stable isotopically labeled standards of T3 and T4 are used for quantitation in adult rat serum, thus
having matching calibration, quality control, and sample matrices. The validated ranges allow
multiplexed analysis of developmental and adult samples. Assay performance was demonstrated near
the lower limit of quantitation (nearest GD20 samples) using GD20 serum quality control samples.
Endogenous T3 and T4 levels were measured, then a controlled overspike of T3 and T4 was added and
analyzed. Precision and accuracy were within standard requirements of ± 20% for inter-day RSD and RE
[1.1% RE (12.4% RSD) for T3; -10.4% RE (12.3% RSD) for T4]. Validation results using the surrogate
analyte approach met all precision and accuracy requirements and stability parameters have been
established. UHPLC-MS/MS offers sensitivity enhancements capable of determining T3 and T4 in the
thyroid development stage of rats. Sample volume (50 uL) is superior to ELISA methodology (>200 uL) to

The Toxicologist: Late-Breaking Supplement 2018

50

achieve T3 and T4 measurements. The method was applied to determine basal levels of T3 and T4 in
GD20 (16.9 - 19.8 and 2566 - 3650 pg/mL for T3 and T4, respectively) and PND 4 (131 - 202 and 17,200 28,500 pg/mL for T3 and T4, respectively) rat serum samples, data previously below limits of detection
in traditional assays. In addition to technical performance, UHPLC-MS/MS advances the 3Rs initiative
(replace, reduce, refine) reducing animals on study and conserving serum samples.
ABSTRACT NUMBER: 3391
Poster Board Number: P175
TITLE: Analysis of Immune Response following Arsenic and Polycyclic Aromatic Hydrocarbon Exposure in
a Cohort of Human Volunteers from Bangladesh
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: F. T. Lauer1, F. Parvez2, T. Islam3, R. M.
Santella2, P. Factor-Litvak2, N. Alam3, M. Eunus3, M. Rahman3, X. Liu2, H. Ahsan4, J. H. Graziano2, K. Liu1, L.
G. Hudson1, and S. W. Burchiel1. 1University of New Mexico College of Pharmacy, Albuquerque, NM;
2
Mailman University School of Public Health, New York, NY; 3University of Chicago Field Research Office,
Dhaka, Bangladesh; and 4University of Chicago, Chicago, IL.
KEYWORDS: Immunotoxicity; Polycyclic Aromatic Hydrocarbons
ABSTRACT: Arsenic and polycyclic aromatic hydrocarbons (PAHs) are environmental contaminants
known to have significant immunotoxicity. The purpose of the present studies was to investigate the
immunotoxicity of combined exposures to arsenic and PAHs in a population in Bangladesh. Subjects
were recruited from the Health Effects of Arsenic Longitudinal Study (HEALS) cohort, established to
investigate the health outcomes of arsenic exposure. The current study design utilized smoking as a
source of exposure to PAH and water as a source of arsenic exposure. Peripheral blood mononuclear
cells (PBMC) were isolated from 197 participants, cryopreserved and shipped via a dry liquid nitrogen
container to the University of New Mexico for cell recovery, viability, and multiple measures of immune
function, including T-cell proliferation (TCP) and cytokine production by CD3/CD28 activated cells.
Urinary arsenic (UAs) (µg/g Cr) was similar between never smokers (Mean = 1511+ 184SE) and smokers
(Mean = 1708+ 169SE). PAH-DNA adducts in PBMC were lower in the never smokers (Mean = 1.8
adducts/108 nucleotides) than in smokers (2.7/108). In never smokers and smokers, TCP was not
associated with UAs (adjusted for age, education, body mass index, and betel nut use). PAH-DNA
adducts, however, were associated with a decrease in TCP in smokers in adjusted data. UAs and PAHDNA adducts were analyzed in adjusted data for changes in cytokines. In never smokers, there was a
slight increase in IL-1β associated with UAs and decreases in IL-2, IL-6, IL-10 and IL-17A associated with
PAH-DNA adducts. In smokers, there were no changes seen that were associated with UAs. However,
PAH-DNA adducts were associated with decreases in IL-1β, IL-10, and IL-17A. These studies demonstrate
immunotoxicity in never smokers and smokers associated with exposure to arsenic. In never smokers
and smokers, immunosuppression was associated with PAH-DNA adducts.
This work is supported by NIH R01 ES019968S1 and P42 ES009089.
ABSTRACT NUMBER: 3392
Poster Board Number: P176
TITLE: Atrazine Impairs Human CD4+ T Cell Activation and Proliferation
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Karmaus, N. Chapman, Y. Dhungana, and
H. Chi. St. Jude Children's Research Hospital, Memphis, TN.
KEYWORDS: Immunotoxicology; Mechanisms; Alternatives to Animal Testing
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ABSTRACT: Atrazine (ATR) is a xenobiotic herbicide of human health concern due to its widespread use
and contamination of US streams and groundwater samples. Much of the variation in the immune
system is driven by environmental factors, which includes exposure to xenobiotics. Previous reports,
including from us, indicate that ATR impairs murine T cell activation and proliferation. However, the
effect of ATR (3 and 30 μM) or vehicle (VH; 0.1% ethanol) on human T cells had not been investigated.
Using sorted CD4+ naïve T cells (CD4+CD25−CD45RA+CD45RO−) from human donors, we evaluated the
effect of ATR on gene expression changes and proliferation as a result of activation. ATR (3 and 30 μM)
reduced T cell proliferation in response to both phorbol myristate acetate / ionomycin (PMA/Io) and
anti-CD3/CD28 in the presence of IL-2, suggesting impairment of T cell activation independent of the
stimulus used. ATR treatment (3 and 30 μM) did not increase 7-AAD staining compared to VH,
suggesting no effects on cell death. Gene expression analysis revealed robust decreases with ATR
treatment (30 μM) in IFNG, CDK1, and MYC gene expression, induced after stimulation with antiCD3/CD28 in the presence of IL-2. No drastic changes were observed in CDK6 and FOS in the presence of
ATR (30 μM), despite gene expression changes in responses to stimulus. Overall these data suggest that
ATR impairs human CD4+ T cell activation and proliferation by select transcriptional changes. Studies
with single cell transcriptomics are currently ongoing to dissect the cellular heterogeneity and changes
in cellular activation trajectory as a result of ATR treatment.
This work was supported in part by the SOT Colgate-Palmolive Postdoctoral Fellowship Award in in vitro
Toxicology.
ABSTRACT NUMBER: 3393
Poster Board Number: P177
TITLE: Heart Fibrosis Due to Trypanosoma cruzi Infection Increases by Exposure to Dialkylphosphates
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. M. Medina Buelvas1, E. Estrada-Muñiz1,
M. Shibayama-Salas1, M. Rodríguez-Sosa2, and L. Vega1. 1CINVESTAV, Mexico City, Mexico; and
2
Universidad Nacional Autónoma de México, Estado de México, Mexico.
KEYWORDS: Immunotoxicity; Pesticides; Infectious Disease
ABSTRACT: The diethyldithiophosphate (DEDTP) is a metabolite produced by the degradation of
organophosphorus pesticides and a dialkylphosphate (DAP) chemically synthesized for commercial use.
Some studies show that the world population is chronically exposed to DAPs, but the studies showing
deleterious effects of DEDTP are limited. Previous studies in our laboratory showed that the exposure to
DEDTP (0.01 g/kg) in BALB/c mice increase the ratio of alternatively activated macrophages (Mo)
CD206+F480+ (M2), which is usually associated with anti-inflammatory responses. This increase in M2
may have effects on the immune response to challenges such as parasitic infections. For example,
Trypanosoma cruzi Ninoa (T. cruzi Ninoa) is a protozoan responsible for Chagas disease that is controlled
by the host through the Mo activation and inflammatory response and produces chronic Chagas'
myocarditis that conduces to fibrosis. Therefore, our objective is to determine if the exposure to DAPs
modifies the induction of fibrosis in the heart due to T. cruzi Ninoa infection in Balb/c mice. To this end,
we used 6-8 weeks BALB/c mice, exposed to one dose of DEDTP (0.01 g/kg) 24 h before infection with T.
cruzi Ninoa. We observed that exposure to DEDTP increased the parasite load in blood by 50% at the
infection peak and enhanced myocardium tissue damage, since we observed more inflammatory
infiltrated cells and fibrosis in exposed infected animals than in unexposed infected animals. Likewise,
exposure to DEDTP increased the proportion of M2 phenotype associated with tissue repair. Thus,
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suggesting that the exposure to DEDTP has an immunomodulatory effect inducing M2 polarization that
allows higher parasitic loads and increases the myocardial damage produced by T. cruzi Ninoa infection.
ABSTRACT NUMBER: 3394
Poster Board Number: P178
TITLE: Pre-Natal and Early Life Exposure to Arsenic: Effects on Tuberculosis Pathogenesis
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Rychlik1, I. Sanchez1, S. Attreed1, S. S.
Sanchez2, F. Castriota2, H. Zhang1, C. M. Steinmaus2, M. T. Smith2, and F. Sille1. 1Johns Hopkins University
Bloomberg School of Public Health, Baltimore, MD; and 2University of California School of Public Health,
Berkeley, CA.
KEYWORDS: Immunotoxicity; Developmental/Teratology; Metals
ABSTRACT: Globally, more than 140 million people are exposed to arsenic in drinking water at levels
higher than the 10 µg/L WHO guideline. Inorganic arsenic, the most significant chemical contaminant in
drinking-water worldwide, is a confirmed carcinogen, and is associated with adverse impacts on immune
health. Tuberculosis, an easily transmitted respiratory bacterial infection, is ranked in the top ten causes
of death worldwide, with an estimated 1.4 million individuals dying from the disease annually. In a
unique study area in Chile, prenatal exposure to inorganic arsenic (iAs) in drinking water was associated
with a doubling of mortality attributed to Mycobacterium tuberculosis (Mtb) infection, with a larger
impact on males than females. This example underlines the significant impact that prenatal exposures to
environmental contaminants can have on the immune system and disease states later in life. To study
this unique exposure scenario, we utilize a mouse model of prenatal and early life exposure to iAs
followed by Mtb infection. Briefly, C57Bl/6 mice were exposed from gestation day 9 till birth with or
without postnatal exposure to 4 weeks of age (weaning). Male and female offspring were infected at 6
weeks of age with a sublethal dose of H37Rv strain of Mtb. Colony forming units in lung samples were
assessed at 1, 7, and 21 days following exposure to analyze implantation, as well as innate and adaptive
immune responses. We will investigate cytokines involved in infectious disease response in
bronchoalveolar lavage fluid. Preliminary data suggests that in utero arsenic exposure causes increased
Mtb burden in the lung compared to controls. Results from the current experiments will identify
whether sex differences and windows of exposure impact Mtb disease risk. Impact of the current
research could uncover the mechanisms behind sex-dependent immune response to infectious disease
and isolate key periods of susceptibility to arsenic exposure.
ABSTRACT NUMBER: 3395
Poster Board Number: P179
TITLE: Alterations in Immune Responses following the Aspiration of Fibrous or Crystalline Nanocellulose,
Carbon Nanotubes, and Crocidolite Asbestos in Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. O. Khaliullin1,2, E. Park3, M. R. Shurin4, E.
R. Kisin2, N. Yanamala2, and A. A. Shvedova2,1. 1West Virginia University, Morgantown, WV; 2NIOSH,
Morgantown, WV; 3Kyung Hee University, Seoul, Korea, Republic of; and 4University of Pittsburgh,
Pittsburgh, PA.
KEYWORDS: Immunotoxicology; Lung; Pulmonary or Respiratory System; Nanoparticles
ABSTRACT: In recent years an assortment of new synthetic organic and inorganic filamentous materials
have been developed. However, there are concerns regarding their possible effects on the environment
and human health. This study investigated effects of four fibrous materials, i.e.
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nanofibrillar/nanocrystalline celluloses (NCF and CNC), single-walled carbon nanotubes (CNT), and
crocidolite asbestos (ASB), with an emphasis on inflammation and immune responses found in the lungs,
spleen and changes in peripheral blood cell subsets. BALB/c mice (7 groups, n=6/group), were given
NCF, CNC, CNT, and ASB on Day 1 by oropharyngeal aspiration. A dose of 40 µg/mouse was chosen for
CNT and ASB, while 40 and 80 µg/mouse, were used for CNC and NCF. Mice were sacrificed at day 14
post-exposure and inflammatory responses as well as cytokine profiles were assessed in
bronchoalveolar lavage (BAL). Recruitment of immune cells and their phenotypic alterations in BAL and
spleens were evaluated using imaging flow cytometer and hematological analysis performed in the
whole blood. Total cells, mononuclear phagocytes, polymorphonuclears, lymphocytes, and
lactatdehydrogenase were significantly increased in ASB and CNT-exposed mice. Expression of cytokines
in BAL was different in mice exposed to four particle types, as revealed by hierarchical cluster analysis.
ASB-treated animals displayed responses characteristic of a T-helper (TH)-2-type immune polarization
state, supported by significant increases in IL-4 and IL-5 and attenuated IL-17A and IL-12p70 release.
Mice exposed to CNTs displayed signs of non-uniform immune responses, close to that observed with
ASB, albeit on a much smaller scale. CNC showed overall low pulmonary damage, although expression of
BAL antigen-presenting cells (APC) activation markers was increased, as were some chemokines (KC,
MIP-1α) in the high-dose group. NCF-treated mice exhibited an immune microenvironment favoring
differentiation of T-cells toward a TH1-phenotype, as revealed by increased APC activation, maturation,
and enhanced secretion of IL-12p70, MCP-1, MIP-1α, and GM-CSF. Pulmonary exposure to fibrous
materials led to discrete local immune cell polarization patterns with a TH2-like response caused by ASB
and TH1-like immune reaction to NCF, while CNT and CNC caused non-classical or non-uniform
responses. Nanocellulose agents did not behave as “asbestos-like” materials; the same can be said for
the studied CNT. It is important to take into account the alterations in immune response following
pulmonary exposure to new nanosized materials with fibrous morphology.
ABSTRACT NUMBER: 3396
Poster Board Number: P180
TITLE: The Effect of Arsenic Exposure in an Adult Mouse Tuberculosis Model
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: I. F. Sanchez1, K. Rychlik1, H. Zhang1, S.
Sanchez2, F. Castriota2, C. M. Steinmaus2, M. T. Smith2, and F. C. M. Sillé1. 1Johns Hopkins School of Public
Healh, Balitimore, MD; and 2University of California Berkeley, Berkeley, CA.
KEYWORDS: Immunotoxicity; Infectious Disease; Macrophage
ABSTRACT: Arsenic is a well-known human carcinogen, naturally forming in the earth’s crust and
leaching into drinking water sources. However, there is growing evidence that arsenic may also affect
the immune system, thereby manipulating the host’s response to infection. Specific to this study, there
is epidemiological evidence of increased tuberculosis mortality rates following arsenic exposure in a
unique study area in the North of Chile. The effect of arsenic on tuberculosis mortality risk appeared
stronger in men compared to women. Here, we aim to verify this increase of tuberculosis burden postarsenic exposure in an adult mouse model. Adult male C57Bl/6 mice (age 5 weeks) were chronically
exposed to 0ppb, 100ppb or 1000ppb inorganic arsenic, in the form of sodium (meta-)arsenite, in their
drinking water. Three weeks after exposure started, mice were infected at 7-8 weeks of age to 100 or
1000 colony forming units (CFU) of H37Rv strain of Mycobacterium tuberculosis (Mtb). CFU in lungs were
assessed at 1, 7, and 28 days following infection to assess arsenic-induced differences in Mtb growth.
Our preliminary data indicates that arsenic may affect the innate and adaptive immune responses to
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Mtb infections, leading to higher Mtb burden in the lung at day 7 and 28 post-infection. In addition, we
aim to investigate how arsenic specifically changes the function of macrophages, critical immune cells
for controlling an Mtb infection. To this end, we analyzed nitric oxide and cytokine production of in vivo
As-exposed macrophages. Our findings suggest a change in macrophage function that may alter overall
host immune response to Mtb infection. Future studies will focus on further investigating the causal
mechanisms involved in the increased tuberculosis risk after arsenic exposure.
ABSTRACT NUMBER: 3397
Poster Board Number: P181
TITLE: Microcystin Exposure in NAFLD Alters Tight Junction Protein and Modulates Paneth Cell Pathology
Via Nox-2 Activation
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Sarkar1, D. Kimono1, M. Albadrani1, F.
Alhasson1, R. Seth1, G. Scott1, P. Nagarkatti2, M. Nagarkatti2, and S. Chatterjee1. 1University of South
Carolina, Columbia, SC; and 2University of South Carolina School of Medicine, Columbia, SC.
KEYWORDS: Exposure, Environmental; Immunotoxicity
ABSTRACT: Nonalcoholic fatty liver disease (NAFLD) is a growing health concern among all ages. Center
for Disease Control lists NAFLD as a silent disease where the window for preventive approaches are
limited. We and others have shown previously that environmental factors can potentiate the
progression of NAFLD, however the mechanisms of Microcystin LR (MC-LR) induced potentiation of
NAFLD-related pathology remains unclear. Using both in vivo and in vitro experiments we show that MCLR exposure in NAFLD mice cause intestinal gut leaching and increase of tight junction protein Claudin-2.
The increase in Claudin-2 was equivocally observed in the distal intestines but was correlated well with
significantly increased oxidative tyrosyl radicals. Studies also showed a distinct pattern of NADPH
oxidase-2 (NOX2) activation in the cells of the crypts that was significantly identified to be Paneth Cells
following dual immunofluorescence labelling with EphB2. Paneth cells showed significant granulation
and disruption of cellular morphology following MC-LR exposure in NAFLD mice when compared to
either MC-LR alone or MCD diet fed mice that showed liver symptoms of NAFLD. Increased NOX-2
activation in Paneth Cells associated well with inflammosome activation as shown by NLRP3/ASCII and
NLRP3/Casp-1 colocalizations in these cells. Activation of inflammosome were verified with significantly
high IL-1β levels in Paneth cells and cells in the intestinal crypts suggesting a NOX-2 mediated innate
immune activation following MC-LR exposure in the NAFLD intestine. This associative result was further
confirmed using p47-phox knockout mice where the inflammosome activation, subsequent release of IL1β and changes in cellular morphology were significantly prevented. Thus, in conclusion, MC-LR
exposure in NAFLD could significantly alter intestinal pathology especially by modulating Paneth cell
redox status and can advance our understanding of the co-existence of NAFLD-linked inflammatory
bowel disease phenotypes in the clinic.
ABSTRACT NUMBER: 3398
Poster Board Number: P182
TITLE: Microbial Dysbiosis in Gulf War Illness Correlates Well with Altered Metabolism and Toll-Like
Receptor (TLR)-5 Expression That Is TLR-4 Dependent
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Kimono1, S. Sarkar1, F. Alhasson1, M.
Albadrani1, R. K. Seth1, G. Scott1, M. Nagarkatti2, P. Nagarkatti2, P. Janulewicz Lloyd3, S. Lasley4, R. D.
Horner1, K. Sullivan3, and S. Chatterjee1. 1University of South Carolina, Columbia, SC; 2University of South
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Carolina School of Medicine, Columbia, SC; 3Boston University School of Public Health, Boston, MA; and
4
University of Illinois College of Medicine at Peoria, Peoria, IL.
KEYWORDS: Liver; Immunotoxicology; Mechanisms
ABSTRACT: Gulf War Illness (GWI) is described as a series of pathological events that plagues the
veterans who participated in the first Persian Gulf War. Most of the associated pathologies have been
ascribed to chemical exposures like Pyridostigmine Bromide (PB) and insecticide Permethrin,
diethyltoluamide (DEET) and organophosphates. We recently showed that chemical exposure in GWI
caused microbial dysbiosis and decreased butyrate generating bacteria in mouse models that was linked
to increased gastrointestinal and neuronal inflammation. Since increased number of veterans complain
of metabolic complications as they age, the present study was focused to assess the liver metabolic
functions. Using a rodent model of GWI, both wild-type and transgenic mice were used for the study.
Results showed that GWI mouse liver showed a significant decrease in PPAR-γ, glucose transporters
Glut-1 and Glut-4 while SREBP1c was significantly decreased in these mice. Butyrate administration or
deletion of TLR4 significantly restored the gene expression patterns of these metabolic markers.
Interestingly, TLR5 which has been shown to be protective against steatosis and complications involving
fatty liver, was decreased significantly at the mRNA level in GWI mouse models but was reversed when
the protein levels were assessed raising the possibility of an adaptive role of this important innate
immune mediator. The TLR4 KO mice showed an inverse relationship with the TLR5 protein expression
while butyrate decreased TLR5 protein in hepatocytes that correlated well with its significant role in
preventing GWI liver abnormalities. In conclusion, we report a mechanistic approach to identify
increased metabolic abnormalities in GWI that can be key to therapeutic strategies in aging veterans
who face metabolic complications, weight gain and risks of chronic fatigue.
ABSTRACT NUMBER: 3399
Poster Board Number: P183
TITLE: Cigarette Smoke Condensate May Induce Apoptosis and Unbalance of the Immune Response
through Impaired Function of Cellular Components
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Park1, S. Lee2, J. Chang3, and K. Lee2.
1
Kyung Hee University, Yongin-si, Gyeonggi-do, Korea, Republic of; 2Korea Institute of Toxicology,
Jeongeup-si, Korea, Republic of; and 3Ajou University, Suwon-si, Gyeonggi-do, Korea, Republic of.
Sponsor: A. Shvedova
KEYWORDS: Immunotoxicology; Inhalants; Macrophage
ABSTRACT: Cigarette smoke (CS) contains approximately 7000 chemicals that are absorbed through the
alveoli in the lungs. In this study, CS condensate (CSC), an extract of the 3R4F reference cigarette,
contained various harmful free or particle-bound compounds. When treated to a mouse alveolar
macrophage cell line (MH-S cells) for 24 h, cell viability decreased in a dose-dependent manner, and
morphological changes which indicate apoptotic cell death were observed. Additionally, mitochondrial
damage, formation of numerous phagophores and autophagosome-like vacuoles, adhesion of
mitochondria and phagophores, and mitochondria-specific penetration of particles were observed in
CSC-exposed cells. At a 0.5% CSC dose, intracellular ROS was 120.3±9.1% that of control cells, and the
NO level was 2.2-fold that of control cells. While mitochondrial mass, mitochondrial potential, ER
volume and intracellular free calcium levels clearly increased in CSC-exposed cells, ATP production and
the fluorescence intensity of cells labelled with LysoTracker dye were significantly reduced. Importantly,
the expression of proteins related to apoptosis, ER stress, and DNA damage was enhanced by CSC

The Toxicologist: Late-Breaking Supplement 2018

56

exposure and was accompanied by an elevated proportion of annexin V-bound cells. Meanwhile, the
expression of proteins related to mitochondrial fusion (OPA1), mitochondrial fission (DRP1), and
autophagy (ATG5) was reduced in cells exposed to 0.5% CSC, the conversion of LC3B-I into LC3B-II was
also not significant. The levels of IFN-γ and MIP-1α were elevated following exposure to CSC, whereas
that of MCP-1α was inhibited. As well, the expression of CD195, a receptor for MIP-1α, was enhanced in
a dose-dependent manner, and that of CD54, an adhesion molecule, increased only at the highest dose.
Similarly, the expression of CXCR2, a receptor for IL-8, was 213.7±10.7% of control at a 0.5% CSC dose.
More interestingly, the expression of MHC class II, CD40, and CD80 were enhanced in CSC-treated cells
compared to control, whereas that of CD86 decreased in a dose-dependent manner. In conclusion, we
suggest that CSC induces apoptosis and disturbance in host defense mechanisms, and that these
responses may be due to impaired function of cellular components.
ABSTRACT NUMBER: 3400
Poster Board Number: P184
TITLE: A Preliminary Study of the Toxic Effects of Oral Lead Nitrate Exposure on Vital Organs of Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: I. M. Attafi1,2, H. M. Korashy3, S. A. Bakheet2,
K. A. Abujabal1, and I. A. AL-Alallah4. 1General Directorate of Health Affairs, Jazan, Saudi Arabia; 2College
of Pharmacy, King Saud University, Riyadh, Saudi Arabia; 3College of Pharmacy, Qatar University, Doha,
Qatar; and 4Pathology and Clinical Laboratories Medicine, King Fahad Medical City, Riyadh, Saudi Arabia.
KEYWORDS: Metals; Apoptosis; Immunotoxicity
ABSTRACT: Lead (Pb) is the second most commonly encountered toxic substances according to the
agency for toxic substances and disease registry 2017. Although Pb is considered being highly toxic to
different body organs, including brain, heart, kidney, and lung, the Pb distribution and their impact on
inflammation and apoptosis after repeated oral doses are not yet fully investigated. The vital organs
distribution of oral administration of Pb nitrate and their effect on serum biochemical parameters,
apoptosis and inflammation in male albino wistar rats was investigated. Thirty (30) rats weighing about
200 gm were randomly grouped into five study groups of six rats each. Control group received deionized
water and exposed groups received 10, 25, 50 and 100 mg/kg body weight of Pb (II) nitrate in deionized
water via oral route once daily for 3 consecutive days. One day after the last dose, animals were
scarified and blood samples were collected via cardiac puncture for serum biochemical analysis. Rats
vital organs were excised and processed for Apoptosis Analysis, histopathological examination and Pb
estimation. Single-Cell suspension from vital organs were prepared, labelled with Annexin V-FITC, for
apoptosis assessment by Beckman Coulter flowcytometry. Tissue samples were digested with nitric acid
for Pb estimation by inductively coupled plasma mass spectrometry. The Pb was accumulated in lung,
kidney, heart and brain tissues in dose dependent manner. Serum analysis showed significant increase in
creatine kinase-MB (CKmb), lactate dehydrogenase (LDH), and myeloperoxidase (MPO), while no
significant changes were observed in creatine and urea in Pb-exposed groups. The percentage of
apoptotic cells were increased in kidney, brain, heart, and lung tissues of Pb-exposed group than that in
control group by 2.7%, 9.4%, 18.2% and 22.8%, respectively. Histopathological analysis showed marked
congestion, interstitial inflammation, fibrosis, and focal cardiac muscle degeneration in heart, whereas
brain showed cells degeneration and increased inflammatory cells. However, sever interstitial
inflammation, fibrosis and increased alveolar collapse were observed in the lung, while the kidney was
with no marked histopathological changes. The results suggest that oral Pb exposure can cause Pb
accumulation to similar extents on rat vital organs, however Pb accumulation can cause apoptosis and
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histopathological changes to different extents on vital organs. The lung organ was more vulnerable for
Pb accumulation, apoptosis, and histopathological changes.
ABSTRACT NUMBER: 3401
Poster Board Number: P185
TITLE: Investigating the Reversible Folding of Staphylococcal Enterotoxins A and B Using Differential
Scanning Calorimetry
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: W. H. Tolleson, and O. A. Triplett. US
FDA/NCTR, Jefferson, AR.
KEYWORDS: Food Safety/Nutrition; Immunotoxicology; Gastrointestinal
ABSTRACT: Staphylococcal food poisoning (SFP) is one of the most common food-borne illnesses. SFP is
often associated with strains of Staphylococcus aureus producing one or more members of the
Staphylococcal enterotoxin (SE) protein family, particularly SEA and SEB. Most SFP cases appear to be
linked to the contamination of foods during handling; however, certain types of foods present known
risks for SFP. Bovine mastitis in dairy cattle may lead to the contamination of raw milk by S. aureus, for
example, and dairy products have been linked to SFP outbreaks. Heat treatments, i.e. pasteurization, are
designed to reduce or eliminate pathogens present in raw milk. Resistance to heat inactivation is a
notable characteristic associated with SE proteins. Moreover, reactivation of SE proteins following
extensive heat treatments at 80-100 °C has been reported. Differential scanning calorimetry (DSC) is a
technique uniquely suited to study thermal stabilities of proteins and the reversibility of their unfolding.
DSC was applied in the current study to compare the thermal stabilities of SEA and SEB and their
potential for reversible folding at pH 6.8 and 4.5; values selected to be consistent with whole milk and
fermented dairy products, respectively. We found that the thermal stability for SEA, in terms of melting
temperature (Tm), was greater at pH 6.8 (Tm 65.49 ± 0.07 °C) than at pH 4.5 (Tm 59.45 ± 0.12 °C), with no
evidence for reversible protein refolding with repetitive scans. In contrast, DSC results for SEB revealed
enhanced thermal stability at pH 4.5 (Tm 73.37 ± 0.07 °C) compared to pH 6.8 (Tm 69.79 ± 0.17 °C), with
clear evidence for reversible refolding observed at pH 4.5 but not at pH 6.8. The reversibility index for
SEB unfolding at pH 4.5, as calculated from excess heat capacity maxima, increased monotonically from
49.8% to 95.0% when comparing six consecutive scans. The observed calorimetric enthalpy for the
unfolding of SEB at pH 4.5 fit most closely to a van’t Hoff enthalpy model comprised of three separately
folding domains. DSC provides an important tool for the biophysical characterization of protein toxins.
The focus of our next study will be to compare the kinetics and reversibility of heat treatments,
performed under acidic and neutral conditions, to inactivate the biological activities of SEA and SEB.
ABSTRACT NUMBER: 3402
Poster Board Number: P186
TITLE: Plasma Viral and Cellular miRNAs Targeted-Biomarkers of Occult Viral Infections Prevalence and
Sepsis Aggressiveness
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Fuentes-Mattei, and G. A. Calin.
University of Texas MD Anderson Cancer Center, Houston, TX.
KEYWORDS: Inflammation; Biomarkers; Infection
ABSTRACT: Early detection of common (e.g., herpesvirus) and new emerging vi- ruses (e.g., Zika virus)
infections is extremely important for control of disease transmission, prompt initiation of treatment and
prevention of infection-related complications (e.g., immunotoxicities, carcinogenesis). Prevalence of
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Kaposi sarcoma-associated herpesvirus (KSHV/HHV-8), which is associated with carcinogenesis, varies
greatly in different populations and is underestimated by the currently available serological tests. We
analyzed four independent patient cohorts with post-surgical or post-chemotherapy sepsis, chronic
lymphocytic leukemia and post-surgical patients with abdominal surgical interventions. Levels of specific
KSHV-encoded plasma miRNAs were measured by reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) and by in situ hybridization (ISH) in bone marrow cells, and plasma KSHV/HHV-8 IgG
were measured by immunoassay. We also measured specific miRNAs from Epstein Barr Virus (EBV), a
virus closely related to KSHV/HHV-8, and determined the EBV serological status by ELISA for Epstein-Barr
nuclear antigen 1 (EBNA-1) IgG. In training/validation settings using independent multi-institutional
cohorts of 300 plasma samples, we identified in 78.50% of the samples detectable expression of at least
one of the three tested KSHV-miRNAs by RT-qPCR, while only 27.57% of samples were found to be
seropositive for KSHV/HHV-8 IgG (P< 0.001). The prevalence of KSHV infection based on miRNAs qPCR is
significantly higher than the prevalence determined by seropositivity, and this is more obvious for
immuno-depressed patients. Plasma viral miRNAs quantification proved that EBV infection is ubiquitous.
Interestingly, we showed in patient cohort and animal models that cellular and KSHV-miRNAs are
implicated in sepsis and may drive enhanced secretion of pro-inflammatory and anti-inflammatory
cytokines exacerbating sepsis. KSHV-miR-K12-12* can mimic some of the miRNA profile of our sepsisinduced mouse model. Since chronic viral infections represent risk factors for diseases and development
of infection-related complications, measurement of viral miRNAs by qPCR has the potential to become
the “gold” standard method to detect certain viral infections in clinical practice to predict
immunotoxicities and sepsis aggressiveness, especially in patients with low number of immune cells.
ABSTRACT NUMBER: 3403
Poster Board Number: P187
TITLE: Propionibacterium Acnes Strain Differences in Porphyrin Production
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Orellana1, E. Barnard2, and H. Li2.
1
California State University, Northridge, Northridge, CA; and 2University of California Los Angeles, Los
Angeles, CA.
KEYWORDS: Undergraduate Student; Inflammation
ABSTRACT: Skin plays an important role in protecting the inner body from infection and other physical
insults. One of the ways that the skin can fulfil this role is through the activities of the microorganisms
that reside on the skin. The gram-positive bacterium Propionibacterium acnes is a predominant member
of the skin microbiome. P. acnes strains can be classified into multiple lineages based on their
phylogeny. Individuals often carry multiple strains of P. acnes. It is known that some strains are
associated with healthy skin while others are associated with diseases, including the most common skin
disease, acne. In this study, we compared the porphyrin production of different strains of P. acnes under
different nutrient conditions. We observed that P. acnes strains cultured under different conditions
varied in porphyrin production. Investigating the skin microbiome at the strain level and molecular level
can aid in our understanding of the role of the skin microbiome in health and disease.
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ABSTRACT NUMBER: 3404
Poster Board Number: P188
TITLE: Common Antimicrobial Additive Increases Colonic Inflammation and Colitis-Associated Colon
Tumorigenesis in Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Yang1, W. Wang1, K. A. Romano2, M. Gu1,
K. Z. Sanidad1, D. Kim1, F. E. Rey2, and G. Zhang1. 1University of Massachusetts Amherst, Amherst, MA;
and 2University of Wisconsin-Madison, Madison, WI.
KEYWORDS: Inflammation; Gastrointestinal
ABSTRACT: Triclosan (TCS) is a high-volume chemical used as an antimicrobial ingredient in over 2,000
consumer products, such as toothpaste, cosmetics, kitchenware, and toys. Here we report that shorttime exposure to TCS, at relatively low doses, causes low-grade colonic inflammation, increases colitis,
and exacerbates colitis-associated colon cancer in mice. Exposure to TCS alters gut microbiota in mice,
and its pro-inflammatory effect is attenuated in germ-free mice. In addition, TCS treatment increases
activation of Toll-like receptor 4 (TLR4) signaling in vivo, and fails to promote colitis in Tlr4-/- mice.
Together, our results demonstrate that this widely-used antimicrobial ingredient has adverse effects on
colonic inflammation and associated colon tumorigenesis through modulation of the gut microbiota and
TLR4 signaling. Altogether, these results highlight the urgent need to reassess the effects of TCS on
human health, and potentially update policies regulating the use of this widely-used antimicrobial.
ABSTRACT NUMBER: 3405
Poster Board Number: P189
TITLE: Consumer Antimicrobials Enhance Colitis and Colitis-associated Colon Tumorigenesis in Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Z. Sanidad1, H. Yang1,2, W. Wang1, E.
Ozay1, M. Gu1, E. Karner1, J. Zhang1, L. M. Minter1, H. Xiao1, and G. Zhang1. 1University of Massachusetts
Amherst, Amherst, MA; and 2Xi’an Jiaotong University, Xi’an, China. Sponsor: Y. Park
KEYWORDS: Inflammation; Gastrointestinal; Carcinogenesis
ABSTRACT: Benzalkonium chloride (BAC), benzethonium chloride (BET), and chloroxylenol (PCMX) are
antimicrobial ingredients in many consumer products and are widely used in public spaces including
workspaces, hospitals, and homes. The US Food and Drug Administration (US FDA) asked the industry to
demonstrate that these compounds are safe for long-term use or ban them from the market. Therefore,
it is crucial to understand the effects of these compounds on human health. To date, the effects of these
antimicrobials on gut health are unknown. In this study, we examined the impact of BAC, BET, and PCMX
consumption on colitis and colitis-associated colon tumorigenesis in C57BL/6 mice. Our results show
that exposure to BAC and BET, but not PCMX, increased dextran sodium sulfate (DSS)-induced colonic
inflammation. Enhanced levels of immune cell infiltration, cytokines, and crypt damage in colon tissues
were found. Among the compounds, BAC showed the most potent pro-colitis effect and was further
evaluated in the azoxymethane (AOM)/DSS-induced colitis-associated colon cancer model. The results
showed that exposure to BAC increased AOM/DSS-induced colon tumorigenesis in mice. To explore the
mechanisms of the enhancement of colitis and colon tumorigenesis, we examined the gut microbiome
and Toll-like receptor 4 (TLR4) signaling in the mice. The 16S ribosomal RNA sequencing showed that
exposure to these antimicrobials modulated the gut microbiome and altered bacterial abundance at the
phylum and genus levels. We also found that exposure to these antimicrobials increases activation of
TLR4 signaling in the systemic circulation by disrupting intestinal barrier function, thus enhancing
circulating levels of bacterial products. Overall, our results suggest that these widely used antimicrobials

The Toxicologist: Late-Breaking Supplement 2018

60

could exaggerate disease development of inflammatory bowel disease and associated colon
tumorigenesis suggesting potential adverse effects of these antimicrobial compounds on gut health.
Further studies are urgently needed to characterize the impacts of these compounds on gut diseases.
ABSTRACT NUMBER: 3406
Poster Board Number: P190
TITLE: Cytotoxicity Response of Combustible Cigarette and Electronic Nicotine Delivery System in a 3D
Human Oral Tissue Model
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. Keyser1, A. Darlymple2, D. Thorne2, M.
Hollings3, A. Seymour3, M. Gaca2, and W. Fields1. 1RAI Services Company, Winston-Salem, NC; 2British
American Tobacco, Southampton, United Kingdom; and 3Covance Laboratories Ltd, Harrogate, United
Kingdom.
KEYWORDS: Apoptosis; Dose-Response; Cell Culture
ABSTRACT: According to the World Health Organization, risk factors for oral disease include unhealthy
diet, poor oral hygiene, viral exposures and tobacco use. The goal of this study was to evaluate the
cytotoxic response of a 3D human oral buccal model, EpiOral™, exposed to whole smoke (WS) from
scientific reference cigarettes (3R4F) or a market electronic nicotine delivery system (ENDS) whole
aerosol (WA). Nicotine, particulate deposition and free glycerol were also evaluated as potential
dosimetric tools for the WS/WA exposures. EpiOral™ tissues were exposed to either 3R4F WS HCI
(Health Canada Intense smoking regimen) or ENDS WA (CORESTA recommended method (CRM 81)),
respectively, with a 0.5 L/min dilution airflow and 20 mL/min vacuum generated by a VITROCELL® VC10®
smoking robot or concurrent clean air liquid interface (ALI) control. Dosing was achieved by increasing
the number of 3R4F or ENDS puffs. Cytotoxicity was measured 24 hours post-exposure by 3-(4,5-d-2-yl)2,5-diphenyltetrazolium (MTT) reduction. Nicotine and smoke particulate matter were captured in
DMSO during the exposures and assessed by gas chromatography (GC). Free glycerol generated during
the ENDS exposures was determined spectrophotometrically following collection into PBS. Exposure of
WS to EpiOral™ tissues induced a dose-dependent increase in cytotoxicity over a >2 hour exposure with
74 ± 7% cell death obtained with 25 (275 puffs) 3R4F cigarettes at 24 hours post-exposure. In contrast,
<15% cytotoxicity was observed in tissues exposed to (800 puffs) ENDS WA over a similar exposure time.
The dosimetric tools employed in this study confirmed a dose-dependent increase of the delivery of
either WS or WA to the exposure modules. The results show a potential utility of EpiOral™ tissues for
differentiating and understanding the toxicological impact of tobacco and ENDS products.
ABSTRACT NUMBER: 3407
Poster Board Number: P191
TITLE: FH Inactivation in Hereditary Leiomyomatosis and Renal Cell Cancer Is Synthetic-Lethal with
Ferroptosis Induction
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. J. Kerins, and A. Ooi. University of
Arizona, Tucson, AZ.
KEYWORDS: Pharmaceuticals; Tumor Suppressor Gene; Computational Toxicology
ABSTRACT: Hereditary leiomyomatosis and renal cell cancer (HLRCC) is a hereditary cancer syndrome
characterized by inactivation of the Krebs cycle enzyme fumarate hydratase (FH). HLRCC patients are at
a high risk of developing kidney cancer of type 2 papillary morphology that is refractory to current radioimmuno-, and chemo- therapies. Hence, an effective therapy for this deadly form of cancer is urgently
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needed. Here we show that FH inactivation (FH-/-) proves synthetic lethal with inducers of ferroptosis, an
iron- dependent and nonapoptotic form of cell death. Specifically, we identified gene signatures for
compound sensitivities based on drug responses for nine different drug classes against the NCI-60 cell
lines. These signatures predicted ferroptosis inducers would be selectively toxic to FH-/- cell line UOK262.
Preferential cell death against UOK262-FH-/- was confirmed with four different ferroptosis inducers.
Mechanistically, the FH-/- sensitivity to ferroptosis is attributed to dysfunctional GPX4, the primary
cellular defender against ferroptosis. We identified that C93 of GPX4 is readily post- translationally
modified by fumarates that accumulate in conditions of FH-/-, and that C93 modification represses GPX4
activity. Induction of ferroptosis in FH-inactivated tumors represents an opportunity for synthetic
lethality in cancer.
ABSTRACT NUMBER: 3408
Poster Board Number: P192
TITLE: Diclofenac Inhibits Autophagic Flux and Sensitizes Hepatocarcinoma Cells to Sorafenib-Induced
Cell Death
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Jung, S. Park, and B. Lee. Seoul National
University, Seoul, Korea, Republic of. Sponsor: B. Lee
KEYWORDS: Carcinogenesis; Apoptosis
ABSTRACT: Diclofenac is a nonsteroidal anti-inflammatory drug that provides analgesic and antipyretic
effects by inhibiting cyclooxygenase (COX). Autophagy is a self-degradative process that involves the
degradation of long-lived proteins and organelles. Recent studies show that inhibition of autophagy may
enhance the sensitivity of the anticancer drugs. In this study, we investigated the effect of diclofenac on
autophagy and whether diclofenac enhances the anticancer effect of sorafenib in hepatocarcinoma
cells. Treatment of HepG2 cells with diclofenac increased the GFP-LC3 puncta in cells transfected with
GFP-LC3 as well as the protein level of LC3B, SQSTM1/p62 and NBR1 in HepG2 cells. Diclofenac
suppressed the autophagic flux by impairing the lysosomal function, which was demonstrated in HepG2
cells transfected with tandem fluorescence-tagged LC3B. Suppression of autophagy by diclofenac
enhanced the chemosensitivity of sorafenib-induced cell death in HepG2 cells. Treatment of the cells
with sorafenib in the presence of diclofenac increased the cell death synergistically. In summary, these
data show that diclofenac is a novel autophagy inhibitor and could function as a potent anticancer drug
in combination therapies to overcome chemoresistance.
ABSTRACT NUMBER: 3409
Poster Board Number: P193
TITLE: Application of a Multiplexed High-Content Imaging (HCI)-Based Cell Viability and Apoptosis
Chemical Screening Assay with Results in MCF-7 Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. M. Willis, and J. Harrill. US EPA, Durham,
NC.
KEYWORDS: Cytotoxicity; Cell Culture; Computational Toxicology
ABSTRACT: The NCCT high throughput transcriptomics (HTTr) screening program uses whole
transcriptome profiling in human-derived cells to collect concentration-response data for large numbers
(100s-1000s) of environmental chemicals. To contextualize HTTr data, chemical effects on cellular
function were examined using a high content imaging-based, multiplexed cell viability and apoptosis
assay based on propidium iodide (PI) dye exclusion and caspase 3/7 activation. MCF-7 cells were plated
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in a 384-well format (10,000 cells/well) utilizing a BioTek MultiFlo FX dispenser. Following a 24h
recovery period, a total of 1,804 chemicals were tested at 8 concentrations (semi-log spacing up to 100
µM) for a single exposure duration (6 hr). A positive control chemical (ionomycin) was applied in
duplicate to each plate to evaluate assay performance. Chemicals were applied to each assay plate using
an ECHO 550 acoustic dispenser in a randomized pattern unique to each assay plate. After treatment,
cells were live-stained with Hoechst 33342 (nuclei), PI (cell viability), and CellEvent Caspase-3/7 Green
Detection Reagent (apoptosis) for 30 minutes before being fixed and imaged using an Opera Phenix high
content screening system. A workflow was developed using Harmony cellular imaging software. The
resulting cell-level measurements of PI and activated caspase 3/7 fluorescent intensity were exported
and analyzed utilizing customized scripts in R. The median Z-factor across plates for cell viability and
apoptosis endpoints was 0.70 and 0.50, respectively. Significant concentration-dependent decreases in
cell viability or increases in apoptosis exceeding a threshold of 15% were observed for 65 and 42
chemicals respectively. Of these chemicals, 32 were active for both endpoints. In a follow-up study,
increasing exposure duration resulted a greater percentage of active chemicals. In conclusion, this study
demonstrated the multiplexed assay’s ability to effectively detect chemicals which produce changes in
either cell viability or apoptosis. Future directions include applying this assay to additional cell lines and
examining the relationship between nucleus morphology (i.e. size and texture) and decreases in cell
viability or increases in apoptosis. This abstract does not necessarily reflect US EPA policy.
ABSTRACT NUMBER: 3410
Poster Board Number: P194
TITLE: Targeting the Major Regulator of Mitosis for Cancer Chemotherapy
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. M. Hoffman1, M. J. Bagah-Kognagba1, B. F.
Taylor2, J. O. Trent1, and J. C. States1. 1University of Louisville, Louisville, KY; and 2Glens Falls Hospital,
Glens Falls, NY.
KEYWORDS: Cell Proliferation; Genotoxicity
ABSTRACT: Mitosis-inhibiting drugs are anti neoplastic agents frequently used to treat multiple types of
cancer. Successful therapy is often hindered by drug-resistance, neurotoxicity, and limited supply. There
is high demand for new drugs with diverse cellular targets. The anaphase promoting complex/cyclosome
(APC/C) is a multi-subunit E3 ubiquitin ligase that promotes cell cycle progression, especially mitosis, by
marking key proteins for degradation. Thus, the APC/C offers great potential as an alternative target for
antimitotic drug development. The APC/C catalytic core consists of an ANAPC2/ ANAPC11 dimer.
Homology models of the ANAPC2/ ANAPC11 subunits were analyzed in silico to identify hit compounds
predicted to bind the ANAPC11-binding domain of ANAPC2 to prevent ANAPC11 association and inhibit
APC/C function. Inhibition of the APC/C will cause cell cycle arrest, likely in mitosis, leading to cell death
in cancer cells. Preliminary data indicate several propanol-amine and azaspiro compounds are active in
malignant lung cell lines compared to non-malignant cells. We aim to: 1) Show compounds induce
mitotic arrest; 2) Show compounds selectively induce cell death in malignant cells, and; 3) Determine
the mechanism of cell death. To determine if compounds induce mitotic arrest, mitotic indices were
measured in A549 and H460 lung cancer cells and HBEC3-KT immortalized non-transformed bronchial
epithelial cells after compound exposure. Apoptosis assays were performed to determine the mode of
cell death and demonstrate selective induction of apoptosis in cancer cells. Statistical analyses were
performed using one-way ANOVA. P less than 0.05 was considered statistically significant. Mitotic index
analyses demonstrate compounds significantly increase the portion of cells in mitosis. Apoptosis assays
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indicate hit compounds selectively induce apoptosis in cancer cells. These results support the
predictions that APC/C targeting compounds cause mitotic arrest and selectively induce apoptosis in
cancer cells. These data reveal a potential clinical therapeutic window, which can be improved by
additional compound development. Future studies of these compounds, with their unique mechanism
of action, will lead to a new class of anti-mitotic chemotherapeutics and tools to research the APC/C and
its role in cell cycle regulation. Funding: KY Lung Cancer Research Program and NIH grant
2R25CA134283.
ABSTRACT NUMBER: 3411
Poster Board Number: P195
TITLE: Evaluation of Fasiglifam, TAK-875-Induced Hepatotoxicity In Vitro and In Vivo
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Kim. Ewha Womans University, Seoul,
Korea, Republic of. Sponsor: K. Lim
KEYWORDS: Liver; Cell Culture; Cytotoxicity
ABSTRACT: Fasiglifam (TAK-875) a G-protein coupled receptor 40 (GPR40) agonist, significantly improves
hyperglycemia without hypoglycemia and weight gain, the major side effects of conventional antidiabetics. Unfortunately, in multi-center Phase 3 clinical trials, unexpected liver toxicity resulted in
premature termination of its development. Here, we investigated whether TAK-875 directly inflicts
toxicity on hepatocytes and explored its underlying mechanism of toxicity. TAK-875 decreased viability
of 2D and 3D cultures of HepG2, a human hepatocarcinoma cell line, in concentration- (> 50 μM) and
time-dependent manners, both of which corresponded with ROS generation. An antioxidant, Nacetylcysteine, attenuated TAK-875-mediated hepatotoxicity, which confirmed the role of ROS
generation. Of note, knockdown of GPR40 using siRNA abolished the hepatotoxicity of TAK-875 and
attenuated ROS generation. In contrast, TAK-875 induced no cytotoxicity in fibroblasts up to 500 μM.
Supporting the hepatotoxic potential of TAK-875, exposure to TAK-875 resulted in increased mortality of
zebrafish larvae at 25 μM. Histopathological examination of zebrafish exposed to TAK-875 revealed
severe hepatotoxicity as manifested by degenerated hypertrophic hepatocytes with cytoplasmic
vacuolation and acentric nuclei, confirming that TAK-875 may induce direct hepatotoxicity and that ROS
generation may be involved in a GPR40-dependent manner.
ABSTRACT NUMBER: 3412
Poster Board Number: P197
TITLE: Developmental Distribution and Toxicity of Polystyrene Nanoparticles in Zebrafish (Danio rerio)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. A. Pitt1,2, J. S. Kozal2, N. Jayasundara3,2, A.
Massarsky2, R. Trevisan2, N. Geitner2, M. Wiesner2, E. D. Levin2, and R. T. Di Giulio2. 1State University of
New York College of Environmental Science and Forestry, Syracuse, NY; 2Duke University, Durham, NC;
and 3University of Maine, Orono, ME.
KEYWORDS: Ecotoxicology; Nanotechnology; Undergraduate Student
ABSTRACT: Plastics are ubiquitous anthropogenic contaminants, including marco, micro, and nano-scale
(less than 100 nm in at least one dimension) particles that are a growing concern in aquatic
environments. The hazard of macro-plastics is well documented, but nano-plastics remain relatively
understudied. The current study examines the uptake, developmental toxicity, and tissue distribution of
polystyrene nanoparticles (PS NPs) in zebrafish (Danio rerio). The developmental distribution and
toxicity were examined by exposing zebrafish embryos to PS NPs (0.1, 1, or 10 ppm) from 6 hours post-
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fertilization (hpf) until 120 hpf with observations continuing until 144 hpf. The PS NPs were found to
penetrate the chorion, initially accumulate in the yolk sac, and migrate to the gall bladder, liver,
gastrointestinal tract, head, pericardium, and pancreas of the larvae throughout larval development.
The study found that exposure to PS NPs did not induce any significant mortality, deformities, or
changes to mitochondrial bioenergetics. Further, the PS NP exposed larvae exhibited bradycardia and
hypoactive locomotor activity, a toxicity pattern predicted by the particle localization in the heart and
brain. The capability of the PS NPs to affect the physiology and behavior indicates that they may reduce
organismal fitness in affected aquatic ecosystems.
ABSTRACT NUMBER: 3413
Poster Board Number: P198
TITLE: Neurobehavioral Toxicity Study of Environmentally-Relevant Concentrations of Fungicides Using
an Embryo-Larval Zebrafish (Danio rerio) as a Model
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. Kumar. Texas Tech University, Lubbock,
TX. Sponsor: O. Awoyemi
KEYWORDS: Aquatic Toxicology; Behavior; Biomarkers
ABSTRACT: Current application of fungicides in cereals, fruits, and vegetables has led to adverse effects
on aquatic ecosystem. In the current study, we compared the neurobehavioral toxicity of two classes of
fungicides (triazole and strobilurin) on larval zebrafish (Danio rerio). The goal of this project was to
relative fungicide toxicity using several behavioral endpoints and molecular biomarkers associated with
neurodevelopment. Zebrafish embryos were exposed to fungicides (tebuconazole, propiconazole,
myclobutanil, azoxystrobin, and pyraclostrobin) at different environmentally relevant concentrations, 10
ng/L, 100 ng/L, 10 ug/L, 100 ug/L and 1 mg/L, starting at 4 h post- fertilization (hpf) to 5 days post
fertilization (dpf). All experiments were conducted according to an approved protocol from the
Institutional Animal Care and Use Committee (IACUC), Texas Tech University. The behavior assays were
conducted to examine swimming behavior (total distance and velocity) at 5 dpf using Danio Vision®. The
stability of fungicides under experimental conditions were conducted and analyzed using LC-MS/MS.
Gene expression and enzymatic assays were measured to assess relative toxicity amongst fungicides.
The velocity and distance travelled by zebra fish larvae when exposed to triazole fungicides
(tebuconazole, propiconazole, and myclobutanil) were not significantly different from the controls.
However, in case of azoxystrobin, there was a significant change in the swimming behavior of the fish
larvae.
ABSTRACT NUMBER: 3414
Poster Board Number: P199
TITLE: Can Hydraulic Fracturing Waste Water Be Treated Sufficiently with Conventional Wastewater
Treatment?
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. Sakai1, A. Abdelmoneim1, D. Mueller2, E.
Craft2, and M. Mukai1. 1Cornell University, Ithaca, NY; and 2Environmental Defense Fund, Austin, TX.
KEYWORDS: Endocrine Disruptors; Aquatic Toxicology; Reproductive and Developmental Toxicology
ABSTRACT: Oil and gas wastewater from hydraulic fractured wells is a complex mixture consisting of
chemical additives used during the well completion phase. It also contains a range of organic and
inorganic constituents, including potentially naturally occurring radioactive materials, either originating
from oil/gas formations or as a result of chemical reactions resulting from interaction with injected
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chemicals. For such complex mixtures, the questions remains whether efficacy of conventional
wastewater treatment in reducing toxicity is sufficient, as many of the compounds are considered
endocrine disrupting compounds. To test for biological effects, produced water was collected from an
active production site in the Marcellus Shale and 5 conventional treatment methods were implemented
in a lab setting: (a) microfiltration, (b) lime softening, (c) chlorine dioxide (ClO2), (d) granular activated
carbon (GAC), and (e) thermal distillation. Wild-type zebrafish (Danio rerio) larvae (24/replicate, n=6)
were exposed to untreated, salinity-matched solution, or treated wastewater (in ranges 0-12.8% in 10%
Hank’s solution) for 3-6 days post fertilization (dpf) and LD50 curves were generated. Wastewater
treated by thermal distillation showed no lethality at all concentration tested. However, lethality in
zebrafish larvae in other treatment groups (or untreated controls) increased in a dose-response manner.
Compared to the salinity-matched solutions, lethality in the treated wastewater was significantly higher,
indicating other contributing factors. Among treatments, microfiltration did not significantly affect the
LD50 compared to the untreated wastewater, whereas lime softening, ClO2, and GAC significantly
increased the LD50. Lower concentrations of wastewater (<LD10) were used to expose larvae for gene
expression analysis. Combinations of wastewater treatments significantly decreased toxicity compared
to single treatments, as assessed by lethality as well as at transcriptional level of toxicity-related genes.
Our approach validates the use of zebrafish larvae as a high-throughput screening tool, especially when
complex mixtures of unknown identity are of toxicological concern. Moreover, results from this study
highlight the need for assessment of the efficacy of treatment processes used for oil and gas
wastewater.
ABSTRACT NUMBER: 3415
Poster Board Number: P200
TITLE: ECOTOX Knowledgebase: New Tools for Data Visualization and Database Interoperability
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Elonen1, J. Olker1, C. LaLone1, S. Erickson2,
M. Skopinski2, C. Horn2, S. Casey2, K. Fay2, A. Pilli2, and D. Hoff1. 1US EPA, Duluth, MN; and 2CSRA, Inc.,
Duluth, MN.
KEYWORDS: Environmental Toxicology; Risk Assessment
ABSTRACT: The ECOTOXicology Knowledgebase (ECOTOX) is a comprehensive, curated database that
summarizes toxicological data from single chemical exposure studies to terrestrial and aquatic
organisms. The ECOTOX Knowledgebase currently has curated data from over 47,000 references and
includes study details such as species taxonomic hierarchy, chemical purity, routes of exposure, and all
calculated or statistically derived endpoints provided by the authors. ECOTOX has the capability to refine
and filter data searches by 19 parameters (e.g. Species, Chemical, Effect, Control, Year, etc.) and
customize output selections from over 100 data fields for users’ specific applications. For over 30 years,
the ECOTOX Knowledgebase has provided risk assessors and researchers consistent information on toxic
effects of chemical substances for use in deriving benchmark concentrations, establishing water quality
criteria values, and other applications. Over this timeframe, toxicity testing has evolved with research
and decision-making including a greater variety of endpoints with more focus on mechanistic and
pathway-based data to evaluate the effects of chemicals across species. Over the past 10+ years, efforts
have been made to align ECOTOX with the changing technologies and the shifting toxicity testing
paradigm by adapting search terminology to better focus literature searches, updating search screens,
and curating additional data fields from the literature that capture, biochemistry, enzyme(s),
hormone(s), and genetics effect measures. More recently, there was a recognized need to enhance the
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ECOTOX Knowledgebase both computationally and scientifically, particularly by taking advantage of
state-of-the-art curation science and capabilities of data analytics and visualization. Therefore, advances
have been made in the development new user-friendly functionality that allows for data exploration
with interactive data visualization options while maintaining the data curation quality that has come to
be expected from the knowledgebase. Additionally, efforts are on-going to enhance interoperability
with other EPA databases and tools such that environmental regulatory agencies, the regulated industry,
and researchers can more effectively and efficiently search and use existing toxic effects data. These
additions will be available in ECOTOX Knowledgebase version 5.0, to be released in 2018.
ABSTRACT NUMBER: 3416
Poster Board Number: P201
TITLE: Neurobehavioral Effects of Organophosphates on Embryo-Larval Zebrafish at Environmentally
Relevant Concentrations
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Schmitt. Texas Tech University, Lubbock,
TX. Sponsor: K. Singh
KEYWORDS: Organophosphates; Pesticides; Aquatic Toxicology
ABSTRACT: Organophosphates are common surface water contaminants in both urban and agricultural
landscapes. Neurobehavioral effects on larval fish are known to occur at concentrations higher than
those reported; however, behavioral effects have yet to be investigated at environmentally relevant
concentrations. For this ongoing study, the developmental neurobehavioral effects of organophosphate
exposure on embryo-larval zebrafish (Danio rerio) were assessed using a larval zebrafish behavior assay.
Five common organophosphates (chlorpyrifos-oxon, methyl-parathion, malathion, dichlorvos, and
diazinon) were assessed individually at environmentally relevant concentrations. Embryos were exposed
to chlorpyrifos-oxon at 1mg/L, which resulted in fatality of all embryos. Subsequent embryos were
exposed to organophosphates at 100 µg/, 10 µg/L, 100 ng/L, and 10 ng/L starting at 4 h post-fertilization
(hpf) to 5 d post-fertilization (dfp). Behavior assays assessing swimming behavior (distance traveled and
velocity) were conducted at 5 dpf. Data was analyzed using one-way ANOVA with Tukey HSD post hoc
test. Zebrafish larvae were tested individually at 100 µg/L chlorpyrifos-oxon (p < 0.05) and 100 µg/L
diazinon (p < 0.05) and data revealed that zebrafish larvae traveled a significantly lesser distance than
the controls. All chlorpyrifos-oxon treatment groups travelled lesser distance than the control group.
Velocity of larva individually exposed to 100 µg/L chlorpyrifos-oxon and 100 µg/L diazinon decreased
significantly compared to their control groups. Preliminary chlorpyrifos-oxon and diazinon data indicates
behavioral changes at 100 µg/L in larva. No behavior changes of zebrafish larva were indicated in the
data for methyl-parathion, malathion, and dichlorvos at the exposed doses. Acetylcholinesterase (AChE)
activity will be assessed as investigation into organophosphates’ neurobehavioral effects continues.
ABSTRACT NUMBER: 3417
Poster Board Number: P202
TITLE: In Vitro Mutagenicity and Aquatic Toxicity Screening of Novel Energetics
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. M. Sikorski, V. H. Adams, E. N. Reinke,
and W. S. Eck. Army Public Health Center, Aberdeen Proving Ground, MD.
KEYWORDS: Mutagen; Aquatic Toxicology
ABSTRACT: In an effort to protect both soldiers and the environment from the toxicity associated with
handling, storing, and detonating military energetics, the US Army is dedicated to replacing toxic
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compounds with safer alternatives. The Toxicology Directorate of the Army Public Health Center (APHC)
is screening new munition formulation alternatives for the Army Environmental Quality Technology
Program and the Department of Defense Strategic Environmental Research and Development Program
(SERDP). The current focus is on finding replacements for the energetics RDX (hexahydro-1,3,5-trinitro1,3,5-triazine) and TNT (trinitrotoluene) that may cause adverse health effects and contaminate ground
water. Toxicity screening of new munition formulation alternatives early in the development process is
more cost effective than mitigating hazards from a fielded product. Five novel energetics, 1,4dinitroglycoluril (DNGU), 3,4-dinitropyrazole (DNP), 1,4,7-trinitrohexahydro-1-H-imidazo[4,5-b]pyrazine2(3H)-one (HK-56), 2,6-diamino-3,5-dinitro-2,3-dihydropyrazine 1-oxide (LLM-105), and 2,4,6-trinitro-3bromoanisole (TNBA), were evaluated for mutagenicity and acute aquatic toxicity using commercially
available kits. Compounds were first screened on Salmonella typhimurium AG-TA100 both with and
without microsomal metabolic activation (S9 fraction). DNP, HK-56, LLM-105, and TNBA were positive
for mutagenicity below concentrations that were cytotoxic: DNP (< 7µg/mL), HK-56 (100 µg/mL), LLM105 (10 µg/mL), and TNBA (1 µg/mL). DNGU was non-mutagenic in all tested S.typhimurium strains
(TA100, TA98, TA1535, and TA1537) up to 2000 µg/mL. DNGU was mutagenic only at concentrations
that also caused cytotoxicity in the E.coli pKM101/uvrA mixed tester strain. In the aquatic toxicity assay
using Vibrio bacteria, the EC50 values were: DNGU, 273.3 mg/L; DNP, 13.55 mg/L; HK-56, 1.1 mg/L; 0.8
mg/L LLM-105, and TNBA, 0.4 mg/mL. Using current GHS Acute Aquatic Toxicity categories, DNP is in
Acute Category III (harmful), HK-56 is in Acute Category II (toxic), and LLM-105 and TNBA are in Acute
Category I (very toxic). DNGU was the least toxic of the compounds tested based on these bacterial
assays. Pending further toxicity and performance testing, DNGU may be a suitable replacement for
currently fielded energetics.
ABSTRACT NUMBER: 3418
Withdrawn by Author

Poster Board Number: P203

ABSTRACT NUMBER: 3419
Poster Board Number: P204
TITLE: Ensemble QSAR Modeling to Predict Multispecies Fish Toxicity Points of Departure
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Y. Sheffield, and R. S. Judson. US EPA,
Research Triangle Park, NC.
KEYWORDS: Aquatic Toxicology; QSAR; Biological Modeling
ABSTRACT: Due to the large quantity of new chemicals being developed and potentially introduced into
aquatic ecosystems, there is a need to prioritize chemicals with the greatest likelihood of ecological
hazard for further research. To this end, a useful in silico estimation of ecotoxicity can be provided by
quantitative structure-activity relationship (QSAR) models. We utilized the ECOTOX database to build a
QSAR model predicting toxicological endpoints for a wide array of different chemicals and fish species.
Because our desire is to prioritize chemicals for further study, our model maximizes domain of
applicability at the cost of prediction accuracy. A QSAR model was built to predict 50% lethal
concentration (LC50) in mg/m3 using experimental data from 347 species of fish, 2095 chemicals and
33,282 total experimental values. The top 50 fish species accounted for 88% of the data, with the most
common species (rainbow trout, bluegill, and fathead minnow) accounting for 41.7% of the data.
Chemical inputs for the model were OPERA chemical property predictions as well as ToxPrint chemical
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fingerprints. To maximize prediction robustness, we used an ensemble of machine learners with
statistically comparable accuracies, including random forest, support vector regression, k nearest
neighbors, and neural nets. Likewise, we used a range of feature selection methods and model
parameters. Additionally, the model was bootstrapped by repeatedly sampling different experimental
data for individual chemicals. Fivefold cross-validation, as well as leave-one-out external validation were
used to evaluate model performance. These validation approaches yielded a root-mean-squared error of
.91 for the log 10 of LC50. The coefficient of determination (R2) for the model predictions is .58. The
bootstrapped predictions fall within two standard deviations of at least one experimental value 57.7% of
the time. These results suggest that aggregating various kinds of chemicals and species yields
predictions generally within an order of magnitude of the observed result, consistent with the inherent
experimental variation; however, further refinements may increase model accuracy. This abstract does
not necessarily represent EPA policy.
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ABSTRACT NUMBER: 3420
Poster Board Number: P205
TITLE: Toxicological Effects of Anabaenopeptins and Cyanopeptolins to a Model Organism the Nematode
C. elegans
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. A. Lenz, T. R. Miller, and H. MA. University
of Wisconsin Milwaukee, Milwaukee, WI.
KEYWORDS: Ecotoxicology; Aquatic Toxicology
ABSTRACT: Cyanotoxins produced by algal blooms represent one of the most significant waterborne
microbial hazards to humans and aquatic environments. Anabaenopeptins and cyanopeptolins are
cyanotoxins that have been increasingly identified in water bodies around the world, yet their
ecotoxicological effects and human health implications have not been well understood. Here we
investigated the toxicological effects of three anabaenopeptins (anabaenopeptin A, B, and F) and three
cyanopeptolins (cyanopeptolin 1007, 1020 and 1041) to a model organism the nematode C. elegans,
from organismal to molecular levels. Toxicity endpoints included reproduction, lifespan, hatching rate,
growth, and activity of antioxidant enzymes. Microsystin RR and microginin 690 were also included in
the study for the purpose of comparison. All anabaenopeptins and cyanopeptolins reduced the worm’s
reproduction significantly at concentrations as low as 0.01 mg/L, which is tens to hundreds of times
higher than those found in the real environment. Microcystin RR showed comparable effects to the
worm’s reproduction as cyanopeptolins, whereas microginin 690 showed much less impact. For lifespan,
anabaenopeptins had greater impact than cyanopeptolins - at a concentration of 0.01 mg/L, the former
shortened the worm’s lifespan by 26% and the later by 17%, respectively. Furthermore, worms exposed
to anabaenopeptins showed a remarkable “vulval protrusion” phenotype during aging - over 90% of the
worms showed this phenotype during the three-week experiment. The occurrence of this phenotype in
worms exposed to cyanopeptolins was about 25% and was less than 10% in control worms. Microginin
690 induced a similar frequency of this phenotype as cyanopeptolins, whereas microcystin RR did not
induce any higher frequency compared to controls. Anabaenopeptins also showed greater impacts on
the worm’s hatching and growth compared to cyanopeptolins, but microcystin RR and microginin did
not induce significant effects on these endpoints. Both anabaenopeptins and cyanopeptoins induced
changes in enzyme activities, and the changes depended on both the type of toxins and the specific
enzyme examined. Our results suggest that these cyanotoxins can have significant toxicity effects to
aquatic organisms at environmentally relevant concentrations. More studies using different aquatic
species are needed to completely understand their ecotoxicity and the underlying mechanisms.
ABSTRACT NUMBER: 3421
Poster Board Number: P206
TITLE: Development and Application of a Novel Method for Screening Cyanotoxins in Water and Fish
Tissue via Liquid Chromatography Tandem Mass Spectrometry
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. P. Haddad, R. B. Taylor, L. Lovin, F.
Osburn, J. T. Scott, C. K. Chambliss, and B. W. Brooks. Baylor University, Waco, TX.
KEYWORDS: Aquatic Toxicology; Exposure Assessment; Non-Mammalian Species
ABSTRACT: Blue-green algae, or cyanobacteria, are prokaryotes that were among the first
photosynthesizing organisms on Earth. Under the proper conditions, cyanobacteria grow and can form
dense blooms that also produce harmful secondary metabolites known as cyanotoxins, which pose
significant health risks to humans and animals through multiple exposure pathways. Exposures to
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cyanotoxins in contaminated food, as well as drinking, medical, and recreational water have been
responsible for much illness and death in humans and animals all over the world. Identifying toxins
production by cyanobacteria present in water and fisheries is significant to ensure the high quality of
food and water for consumption and recreation. The current literature discusses many methods for the
detection of cyanotoxins. However, many of these methods only detect discrete classes of cyanotoxins
in one matrix (tissue, water, or algal cells). The few broad-spectrum screening methods available have
the ability to screen for several toxin classes but only in water or algal cells. Furthermore, these methods
do not include saxitoxin, a select agent, which several freshwater species of cyanobacteria have been
documented to produce. Thus, the present study proposes development and application of a multimatrix (water and fish tissue) screening method for actively understanding cyanotoxin occurrence and
bioaccumulation in lakes and reservoir systems. For the proposed methods chromatographic separation
was carried out using an Agilent 1260 Infinity HPLC. The HPLC system was interfaced with an Agilent
G6420 Triple Quadrupole Mass Spectrometer. Due to inadequate separation and retention of saxitoxin
using just Reverse Phase Chromatography (RPLC), two separate methods were used to separate toxins
for quantification. The first method achieves separation using Hydrophilic Interaction Chromatography
(HILIC) (anatoxin-a, saxitoxin, and cylindrospermopsin) on a Poroshell HILIC-Z column produced by
Agilent technologies. The second method achieved separation using RPLC (microcystin - LA, LY, LR, LF,
YR, RR and nodularin) on a Poroshell SB-C18 RPLC column produced by Agilent technologies. Two solid
phase extraction methods were chosen to isolate cyanotoxins from water. The Waters Oasis HLB was
chosen for microcystin - LA, LY, LR, YR, RR and nodularin, and the Supelclean ENVI-carb for anatoxin-a,
cylindrospermopsin, and saxitoxin. Lyophilized fish tissue was extracted with different liquid mixtures of
MeCN, MeOH, 0.3% acetic acid, or 0.1% formic acid to evaluate the best extraction mixture for each
matrix. Method detection limits, extraction efficiencies, and calibration linearity were evaluated for
method validation. Recoveries in water ranged from 92 - 102% and from 87 - 103% in fish tissue.
Method detection limits for all compounds in water were <1 ng/L and <1 µg/kg in fish tissue. The
application of this method within a eutrophic reservoir was used to examine cyanotoxins uptake and
bioaccumulation in caged channel catfish during summer and winter.
ABSTRACT NUMBER: 3422
Poster Board Number: P207
TITLE: Perfluorobutanesulfonic Acid (PFBS) Potentiates Adipogenesis of 3T3-L1 Adipocytes
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: W. Qi, J. M. Clark, A. R. Timme-Laragy, and
Y. Park. University of Massachusetts Amherst, Amherst, MA.
KEYWORDS: Perfluoronated Agents; Exposure, Environmental; Lipids
ABSTRACT: Perfluorobutanesulfonic acid (PFBS) is used as the replacement of perfluorooctanesulfonic
acid (PFOS) since 2000 because of the concern on its persistence in the environment and the
bioaccumulation in animals. Accumulating evidence has shown the correlation between the exposure to
perflorinated compounds and the enhanced adipogenesis. However, there is no report of the effect of
PFBS on adipogenesis. Therefore, the present work aimed to investigate the role of PFBS in adipogenesis
using 3T3-L1 adipocytes. 3T3-L1 preadipocytes were differentiated with or without 10, 50 and 100 μM
PFBS for 6 days. PFBS treatment extensively promoted the differentiation of 3T3-L1 preadipocytes to
adipocytes, resulting in significantly increased triglyceride level. In particular, the treatment of PFBS at
the early adipogenic differentiation period (day 0-2) significantly increased the triglyceride accumulation
after 6 days of adipogenesis, while no effect on triglyceride accumulation was observed when the cells
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were treated with PFBS at the later stage of differentiation (day 2-6). Further, we also observed a
significant increase in cell number after 2-day treatment of PFBS, implying an activated mitotic clonal
expansion which is a critical step in the early adipogenesis. PFBS treatment significantly increased the
protein and mRNA levels of the master transcription factors in adipocyte differentiation;
CCAAT/enhancer-binding protein α (C/EBPα) and peroxisome proliferator-activated receptor gamma-γ
(PPARγ). Consistently, acetyl-CoA carboxylase (ACC) and fatty acid synthase (FAS), the key proteins in
lipogenesis, were also up-regulated by PFBS treatment. In conclusion, PFBS increased the adipogenesis
of 3T3-L1 adipocytes. This project was supported in part by NIH R01ES028201.
ABSTRACT NUMBER: 3423
Poster Board Number: P208
TITLE: Comprehensive Assessments of Estrogenic Activities of Three Polyhalogenated Carbazoles
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Z. Meirong. Zhejiang University of
Technology, Hangzhou, China.
KEYWORDS: Endocrine; Estrogens; Receptor; Nuclear Hormone; Dioxin
ABSTRACT: Polyhalogenated carbazoles (PHCZs), as an emerging class of dioxin-like pollutants, has been
widely detected in the environment and biota. However, their exposure risk and toxicity remains largely
unknown. In this study, we combined dual-luciferase reporter gene assay via estrogen reporter (ER),
H295R steroidogenesis assay, uterotrophic assay in immature female Sprague-Dawley (SD) rats and
molecular docking simulation to evaluate the estrogenic effects and the possible mechanisms of 3
typical PHCZs. Results of reporter gene showed that 2,7-dibromocarbazole (2,7-BCZ), 3-bromocarbazole
(3-BCZ) and 2-bromocarbazole (2-BCZ) exhibited ER agonistic activities with a REC20 values of 6.17 × 10-7,
1.44 × 10-6 and 1.47 × 10-6 M, respectively. The H295R steroidogenesis assay showed that the PHCZs
upregulated the expression of CYP19 and induced estradiol (E2) production significantly. Uterotrophic
assay showed the significant increase of relative uterus weights, the uterine epithelium cell height, and
the number of uterine glands induced by the PHCZs. The three PHCZs can interact with ERα, and have
the potential to disturb the CYP19 expression, E2 secretion and uterine weight. Given the widespread
environmental occurrence of the PHCZs, further investigations are needed to address the possible
toxicological effects on human health.
ABSTRACT NUMBER: 3424
Poster Board Number: P209
TITLE: Caenorhabditis elegans Transcription Factors RNAi Library Screening for Identification of Toxicity
Pathway of Chemicals
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Kim, J. Jeong, and J. Choi. University of
Seoul, Seoul, Korea, Republic of.
KEYWORDS: Environmental Toxicology; Mechanisms
ABSTRACT: As public health concerns with chemical exposure increase, a more predictable and accurate
toxicity testing is required than traditional ones. In this context, we developed mechanisms-based
toxicity testing using the model organism, Caenorhabditis elegans. To evaluate the environmental
chemicals with little or no prior toxicological information, we developed effective approach for
identification of toxic mechanism. Our strategy is to rapidly screen for toxic mechanisms using the C.
elegans transcription factors RNAi libraries based on the automated biosorter, COPAS (complex object
parametric analyzer and sorter). We supplied 384 transcription factors RNAi to C. elegans then exposed
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the age-synchronized RNAi fed worm with various chemicals. As a toxicity indicator, reproduction of
RNAi fed worms was investigated by counting the number of off-springs from young adult using COPAS.
RNAi-fed worms that showed decreased sensitivity to chemicals than control (empty vector-fed) worms
were selected. Bioinformatics analysis was subsequently conducted on those TFs using KEGG and
REACTOME database for identification of toxicity pathway. As proof-of-concept chemicals, bisphenol A
(BPA), valproic acid (VPA) and diazinon (DIZ) were used and exposure to those chemicals was found to
alter signaling pathways, such as insulin-like signaling pathway for BPA, MAPK/ERK signaling pathway for
VPA and p38 MAPK signaling pathway for DIZ, respectively. The involvement of these pathways on toxic
mechanism of these chemicals was validated using C. elegans RNAi and mutants assays. Our C. elegans
transcription factor RNAi library approach could provide a clue for the mechanisms of toxicity of
chemicals and thus can be applied for mechanism-based chemical screening in risk assessment.
Acknowledgement: This work was supported by a grant from the Korean Ministry of Environment
through “Environmental Health R&D Program” (2017001370001).
ABSTRACT NUMBER: 3425
Poster Board Number: P210
TITLE: 1,3-Dichloropropene Drinking Water Risk Assessment
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: I. van Wesenbeeck, O. Cirugeda-Helle, J.
Baxter, and Z. Yan. Dow AgroSciences, Indianapolis, IN.
KEYWORDS: Exposure Assessment; Pesticides; Risk Assessment
ABSTRACT: Extensive toxicological studies and drinking water exposure data generated for 1,3dichloropropene (1,3-D) over the past four decades are available to inform the human health risk
assessment. Historically, 1,3-D has been considered a probable human carcinogen by USEPA and a low
dose linear extrapolation approach has been used for risk calculation. However, the weight of evidence
from cancer bioassays, repeat toxicity and genotoxicity studies supports that 1,3-D is not a carcinogen at
doses below the maximum tolerated dose and a clear point of departure can be established at which no
toxicological effects are observed. Thus, a threshold-based risk assessment is appropriate and human
health protective. Human exposures to 1,3-D from drinking water were obtained from extensive
monitoring studies as well as PRZM-GW model predictions. Monitoring study results from Canada,
European Union and the United States, conducted in high use areas were consistent with the 95th
percentile 1,3-D concentrations in groundwater (about 0.14 ppb) predicted by PRZM-GW, when refined
model input parameters based on new laboratory environmental fate studies were adopted. Finally,
aggregate chronic and cancer risk characterization from dietary food and drinking water were conducted
by two approaches. Using the threshold-based approach, the exposure is ≤ 0.1% of the RfD in the
highest exposed population (non-nursing infants) and using the highly conservative Q1* approach, the
calculated cancer risk is 7.83 x 10-7. In conclusion, a threshold-based risk assessment approach is
supported by toxicology data and human exposures to 1,3-D from drinking water are clearly below the
level of concern.
ABSTRACT NUMBER: 3426
Poster Board Number: P211
TITLE: Pesticide Exposure and DNA Methylation in Indigenous Mexican Farmworkers
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. M. Paredes Cespedes, G. López Martínez,
A. E. Rojas-García, I. M. Medina-Díaz, B. S. Barrón-Vivanco, C. A. González Arias, and Y. Y. BernalHernández. Universidad Autónoma de Nayarit, Tepic, Nayarit, Mexico. Sponsor: M. Hernández Ochoa
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KEYWORDS: Pesticides; p53
ABSTRACT: Epigenetics is the study of heritable changes in gene expression that occur without a change
in the DNA sequence. Several epigenetic mechanisms including DNA methylation can be modified by
environmental factors, such as pesticides. However, few studies have evaluated DNA methylation and
specific genes in vulnerable communities exposed to pesticides. This study evaluated global DNA
methylation and methylation in the p53 gene, and acetylcholinesterase activity in indigenous
farmworkers exposed mainly to organophosphate (OP). General information about the study population
was obtained from a structured questionnaire. An unexposed group was included. Blood samples were
collected to assess the acetylcholinesterase (AChE) activity, DNA and p53 gene methylation. The AChE
activity was determined spectrophotometrically using the Ellman method. DNA methylation in p53 was
quantified by pyrosequencing, and global methylation was estimated through LINE-1 using Pyromark
Q24 kit (Qiagen). According to the data, the geometric mean of age in participants was 40 years, 58%
were women and 42% were men. Further, the study population works 8 hours per day weekly. The data
also showed a lower percentage of methylation in farmworkers exposed to pesticides with respect to
the control group (p<0.001). The three CpG sites assessed in p53 showed that the third one had a higher
percentage of methylation in the unexposed group. These preliminary results suggest changes in the
global methylation as well as in the p53 gene in the exposed group. However, this subject warrants
further studies.
ABSTRACT NUMBER: 3427
Poster Board Number: P212
TITLE: Bifenthrin as an Endocrine Disruptor: Determining the Mechanism of Estrogenic Effects on
Zebrafish
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. C. Mundy1, B. W. Draper2, and R. E.
Connon1. 1University of California Davis, School of Veterinary Medicine, Davis, CA; and 2University of
California Davis, Davis, CA.
KEYWORDS: Pesticides; Endocrine; Estrogens; Aquatic Toxicology
ABSTRACT: Bifenthrin is a commonly used pyrethroid insecticide, and a known endocrine disrupting
compound. Bifenthrin has been shown to have estrogenic effects in fish, eliciting increases in plasma 17β-estradiol (E2) and upregulation of genes downstream of estrogen receptors (ERs) including
vitellogenin. Because bifenthrin has been shown in cell culture to activate estrogen receptors, and elicit
estrogenic responses in vivo, it has been assumed that bifenthrin acts as an ER agonist in vivo.
However, due to the presence of endogenously produced estrogen confounding a primary vs. secondary
effect, the direct activation of ERs by bifenthrin has yet to be confirmed in vivo. The goal of this project
is thus to determine in vivo if bifenthrin directly activates ERs. To measure ER activation directly, as
opposed to downstream events, transgenic estrogen receptor reporter fish were used. Tg(5xERE:egfp)
fish produce green fluorescent protien (GFP) driven by estrogen response elements. Tg(5xERE:egfp) fish
were exposed to bifenthrin at environmentally relevant concentrations as either larvae or juveniles, and
evaluated for GFP mRNA abundance via quantitative polymerase chain reaction (qPCR). Consistent with
previous findings that bifenthrin is estrogenic in juveniles and anti-estrogenic in larvae, bifenthrin was
found to increase relative GFP in juveniles by 1.4 log2 fold-change at 10ng/L, and slightly decrease
relative GFP in larvae by 0.3 log2 fold-change at 10ng/L, as well as alter estrogen receptor and
aromatase expression. These results support that the Tg(5xERE:egfp) fish can be used to measure the
endocrine disrupting effects of bifenthrin at environmentally relevant concentrations. Future
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experiments include the investigation of ER activation in response to bifenthrin exposure in the absence
of endogenously produced estrogen by using Tg(5xERE:egfp) crossed with null mutants for the
aromatases responsible for estrogen production. Using zebrafish as a model species, the results reveal
valuable knowledge of endocrine disruption mechanism applicable to wild fish populations and humans
at risk from exposure to this commonly used insecticide.
ABSTRACT NUMBER: 3428
Poster Board Number: P213
TITLE: Effects of High Fat Diet Intake on Cholinergic and Non-Cholinergic End Points of Organophosphate
Toxicity following Sub-Acute Exposure to Chlorpyrifos
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Kondakala, J. Holdridge, M. K. Ross, and
G. E. Howell. Mississippi State University College of Veterinary Medicine, Mississippi State, MS.
KEYWORDS: Organophosphates; Pesticides; Liver
ABSTRACT: Obesity is characterized by increased fat mass as well as increased adiposity and is
commonly associated with dyslipidemia when compared to normal individuals. Environmental
exposures to organophosphate (OP) and organochlorine (OC) pesticides, have been associated with
increased prevalence of obesity and type 2 diabetes. The acute toxicity of OP pesticides including
chlorpyrifos (CPS) is primarily attributed to inhibition of acetylcholinesterase (AChE). However, OP
pesticides have been shown to also inhibit non-cholinergic endpoints mainly monoacylglycerol lipase
(MAGL), fatty acid amide hydrolase (FAAH) and carboxylesterase (CES) enzymes. Metabolic alterations
related to obesity are well known but the effects of obesity on OP pesticide toxicity have not been
determined. Therefore, given the increasing prevalence of obesity, the present study was designed to
determine the effects of obesity on both cholinergic and non-cholinergic end points of OP toxicity. In
this study male C57BL/6J mice (5 weeks of age) were utilized and these animals were fed with normal
chow diet or high fat (60% kcal) diet for 4 weeks. The animals were treated for 10 days with CPS (2.0
mg/kg) or vehicle (corn oil; 1 ml/kg) via oral gavage. After the last dose, animals were fasted for 12
hours and then sacrificed. The effects of obesity on CPS toxicity were determined on AChE activities (red
blood cell, plasma, brain and skeletal muscle) and on non-cholinergic endpoints in liver (CES, MAGL and
FAAH activities). The results of the present study showed a significant decrease in the enzyme activities
of AChE (RBC and plasma) and CES and FAAH enzyme activities in liver. Interestingly, there was a
significantly greater degree of CPS-mediated CES and FAAH inhibition in the high fat fed animals
compared to the normal chow fed animals suggesting a dietary or phenotype interaction. In conclusion,
the present data showed a greater level of CPS-mediated inhibition of hepatic CES and FAAH enzyme
activities in obese animals when compared to normal animals indicating that obesity may increase in the
severity of CPS-mediated inhibition of non-cholinergic targets which may alter hepatic lipid metabolism
upon chronic exposure.
ABSTRACT NUMBER: 3429
Poster Board Number: P214
TITLE: Use of Pesticides and Perception of Related Toxicity in Humans and Animals Exposed in
Southwest Nigeria
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. O. Awotunsin. University of Ibadan,
Ibadan, Nigeria.
KEYWORDS: Pesticides; Organophosphates
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ABSTRACT: This study was based on survey of knowledge and practice of pesticide use among farmers
to determine the level of farmers’ education on the use and handling of pesticides. Data on the various
types of pesticides used requested for and generally used were collected from pet shops and agro-allied
stores in Oyo, Ogun and Lagos States. Questionnaires were administered to 100 farmers within Ibadan
(Oyo State) to determine the specific pesticides used in this region, handling procedure or protocol
adopted by the farmers, protective measures employed and their perception of the toxic potential of
these pesticides to the human handlers and the exposed animal populations. The survey report showed
that 34% of the farmers were educated; 42%,18% and 6% had primary, secondary and tertiary education
respectively. About 63.5% of them had been in farming for over 11-20years. 75% kept poultry while
others kept sheep/goat and cattle. About 75% sought information from extension agents on the use of
pesticides and majority of them use Dichlorvos (2,2 Dichlorovinyl Dimethyl Phosphate(DDVP). All the
farmers knew pesticides could pose health hazard to their animals but only 75% knew it could affect
humans. Only 40% knew of pesticide withdrawal period and they all had diverse opinions on route of
poisoning toxicity. It was concluded in this study that farmers and pet-owners in this region of Nigeria
use pesticides unethically and majority of them are not aware of the toxicity and hazards of wrong use
and handling of such pesticides, consequently exposing themselves and their animals to hazardous and
toxic levels of pesticides. Legislations on pesticides enacted to prevent pesticide abuse should be
enforced and awareness campaigns intensified to enlighten farmers and pet-owners on the potential
hazard pesticides pose to themselves, their animals and the environment. This would eventually prevent
unnecessary exposure through abuse/mishandling of pesticides and create a safer ecosystem at large.
ABSTRACT NUMBER: 3430
Poster Board Number: P215
TITLE: The Toxicological Effects of Sodium Fluoroacetate Metabolic Poisoning
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. J. McCranor, T. D. Young, N. A. Alli, M. K.
Abilez, R. J. Lewandowski, J. L. Devorak, and B. J. Wong. USAMRICD, Aberdeen Proving Ground, MD.
KEYWORDS: Pesticides; Chemical and Biological Weapons; Metabolism
ABSTRACT: Sodium fluoroacetate (SFA) is a colorless, odorless, tasteless, water-soluble metabolic poison
that, in the body, is synthesized to fluorocitrate (FC), which inhibits the citric acid cycle and reduces the
rate of cellular metabolism. The median lethal dose (LD50) of SFA for humans is approximately 2-10
mg/kg with a latent period of 0.5 to 6 hours before clinical symptoms are observed. No known antidote
exists for SFA, and current treatment protocols consist of only general supportive measures. Our studies
aimed to investigate potential therapeutics for SFA poisoning using both in vitro and in vivo models. We
observed that FC significantly impacts cell growth in human hepatocyte (15-20% decrease) and
cardiomyocyte (20-30% decrease) models and increases oxidative stress (20-40% increase) in
hepatocytes. We assessed potential therapeutics in our in vitro models and observed that co-incubation
with glutathione, N-acetyl-L-cysteine, D,L-Isocitric acid, and meclizine appeared to reverse the negative
effect of FC on cell growth. We also utilized an ingestion model in male Sprague-Dawley rats to
determine the in vivo toxicological profile of SFA poisoning. The LD50 of SFA in our model was 2.1 mg/kg
(1.7, 2.5 95% CI). At a 0.85 LD50 dose of SFA, a comprehensive metabolic panel revealed a significant (p
< 0.05) decrease in levels of albumin, alkaline phosphatase, potassium, chloride, and total protein, and
an increase in levels of aspartate transaminase and blood urea nitrogen. These results all indicate
inflammation, dehydration, and impaired liver, kidney, heart and lung function. Histological examination
in exposed rats revealed minimal to moderate hemorrhagic pulmonary edema at 24 hours. Future
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studies will assess lead compounds, identified in our in vitro models, in our rat SFA ingestion model.
Disclaimer: The views expressed in this abstract are those of the authors and do not reflect the official
policy of the Department of Army, Department of Defense, or the US Government. The experimental
protocol was approved by the Animal Care and Use Committee at the United States Army Medical
Research Institute of Chemical Defense and all procedures were conducted in accordance with the
principles stated in the Guide for the Care and Use of Laboratory Animals (National Research Council,
2011), and the Animal Welfare Act of 1966 (P.L. 89-544), as amended. N.A.A., M.K.A., and R.J.L. were
supported in part by an appointment to the Internship/Research Participation Program for USAMRICD,
administered by the Oak Ridge Institute for Science and Education through an agreement between the
US Department of Energy and the USAMRMC.
ABSTRACT NUMBER: 3431
Poster Board Number: P216
TITLE: An Investigation into the Behavioral, Molecular, and Physiological Responses of Embryo-Larval
Zebrafish Exposed to Types I and II Pyrethroids
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: O. M. Awoyemi, and J. Crago. Texas Tech
University, Lubbock, TX.
KEYWORDS: Pesticides; Exposure Assessment; Aquatic Toxicology
ABSTRACT: Pyrethroids are highly toxic to aquatic species. Most toxicity studies assess only single
chemicals, which makes it difficult to assess relative toxicity across classes of pyrethroids. There are
limited studies comparing the developmental toxicity of type I and II pyrethroids in aquatic systems at
environmentally relevant concentrations. The goal of this study was to compare the behavioral,
molecular and physiological effects of pyrethroid exposures in larval zebrafish (Danio rerio). Zebrafish
were exposed to type I (bifenthrin, permethrin) and type II (lambda cyhalothrin, deltamethrin,
esfenvalerate, fenvalerate) pyrethroids at 1000, 10, 0.1, 0.01 µg/L starting at 5 h post-fertilization (hpf)
to 5 d post-fertilization (dpf). The stability of pyrethroids across the 5 days was analyzed using GC-MS.
Gene expression and enzymatic assays were measured to assess relative toxicity amongst the
pyrethroids. Behavior assays assessing swimming behavior (distance traveled and velocity) were
conducted at 5 dpf. The type I pyrethroids (bifenthrin and permethrin) and type II pyrethroids
(esfenvalerate and lambda cyhalothrin), had significant (p<0.05) behavioral effects on the zebrafish as
compared to control. Type I pyrethroids demonstrated a U-shaped dose response with behavioral
endpoints at 5 dpf, whereas type II pyrethroids showed no specific pattern in dose response with
behavioral endpoints as compared to the control. Further studies are being carried out to assess the
molecular (gene expressions) and physiological (enzyme activities) responses of zebrafish exposed to
these pyrethroids.
ABSTRACT NUMBER: 3432
Poster Board Number: P217
TITLE: Acute Maneb Exposure Disrupts Cellular Energetics in Neuroblastoma Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Anderson, S. Aivazidis, and J. Roede.
University of Colorado Denver, Aurora, CO.
KEYWORDS: Pesticides; Neurotoxicology; Neurotoxicity; Pesticides
ABSTRACT: Maneb (MB), a manganese-containing fungicide, in combination with paraquat (PQ) has
been proposed as an environmental risk factor for Parkinson’s disease (PD), as chronic MB exposure
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causes pathology similar to that of PD in mouse models. Although the mechanism of PQ toxicity through
oxidative stress has been highly researched, MB’s precise mechanism and contribution to PD has not
been completely described. Recently it has been shown that MB may act as a cysteine thiol modulator,
acting on proteins with redox regulation through protein thiol alkylation. Additionally, several proteins
involved in cellular energy pathways have been shown to react through redox signaling and thiol
cysteine regulation. Understanding the mechanisms of these compounds in neurons and their effect on
mitochondrial function and energy pathways may aid in better characterization of PD pathology. In this
study, the neuroblastoma cell line, SK-n-AS, was analyzed with acute MB exposure using the Agilent
Seahorse XFp Analyzer. The glycolysis stress test kit showed significantly decreased glycolysis rate and
glycolytic capacity in cells exposed to 50 μM MB. Furthermore, the cellular mitochondrial stress kit
showed significantly decreased ATP production in the MB treated cells, which was confirmed using a
luminescence assay and mass spectrometry. These results support the hypothesis that enzymes involved
in mitochondrial ATP production and glycolysis are disrupted through modification of protein thiols.
Additionally, fuel flex assays show MB treated neuroblastoma cells are at capacity in all three fuel
pathways and offer no flexibility in fuel utilization. Together, these results present potential
perturbations in multiple facets of energy production after MB exposure in vitro possibly providing many
opportunities for successful intervention.
ABSTRACT NUMBER: 3433
Poster Board Number: P218
TITLE: Altered Sympathetic Connectivity is Correlated with Thermogenic Impairment following Perinatal
DDT Exposure
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. vonderEmbse, S. Elmore, P. Lein, and M.
La Merrill. University of California Davis, Davis, CA.
KEYWORDS: Pesticides; Exposure, Environmental; Neurotoxicology
ABSTRACT: Exposure to the ubiquitous and bioaccumulative pesticide dichlorodiphenyltrichloroethane
(DDT) and its metabolite dichlorodiphenyldichloroethylene (DDE) has been associated with increased
risk of type II diabetes and obesity. This effect appears to be mediated, in part, through reduced brown
adipose tissue (BAT) thermogenesis. Adrenergic innervation of BAT is critical to regulating heat
production. Release of norepinephrine from sympathetic neurons stimulates β3 adrenergic receptors
expressed by adipocytes to increase lipase activity and UCP1 transcription in BAT. We hypothesized that
perinatal exposure to DDT and/or DDE promotes persistent thermogenic dysfunction as a consequence
of decreased sympathetic innervation of BAT. To test this hypothesis, C57BL/6J mice were exposed to
environmentally relevant concentrations of DDT or DDE from gestational day 11.5 to postnatal day 5
(P5), and evaluated for metabolic and neuronal phenotypes. Decreased adaptive cold tolerance was
observed in DDT-exposed mice as early as P5 and P12. In the BAT of 4 month-old mice with DDT or DDE
exposure, there were no significant alterations of adipocyte morphology, or in the concentrations of
norepinephrine and its metabolite DHPG. Evaluation of synaptic density in BAT-innervating stellate
sympathetic ganglia revealed fewer synaptic connections at 4 months in toxicant-exposed mice
compared to vehicle, with a greater decrease in density in DDT compared to DDE mice. This finding is in
contrast to preliminary data revealing increased stellate synaptic density in DDT-exposed mice at P12.
While the small number of samples analyzed thus far precludes identification of statistically significant
differences, these preliminary data suggest that changes in the connectivity of the sympathetic nervous
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system may contribute to the onset and persistence of dysfunctional thermogenesis caused by
developmental DDT exposure. Supported by NIEHS (grant # R01 ES024946).
ABSTRACT NUMBER: 3434
Poster Board Number: P219
TITLE: Screening of Chemical Warfare Agents in Internal Organs following Exposure to Lethal Doses
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Dachir, S. Lazar, I. Egoz, R. Gez, M. Cohen,
H. Gutman, H. Buch, S. Baranes, L. Cohen, E. Grauer, G. Yaacov, A. Shifrovitch, M. Magen, M. Elgarisi, T.
Shamai-Yamin, S. Gura, and N. Tzanani. Israel Institute for Biological Research, Ness Ziona, Israel.
KEYWORDS: Chemical and Biological Weapons; Percutaneous Absorption
ABSTRACT: Sulfur mustard (SM) and VX are chemical warfare agents (CWAs) that cause their deadly
affects through skin permeation and/or by inhalation. Thus, proper decontamination following exposure
to these agents is essential. Yet, CWAs that penetrate into the body upon exposure might accumulate in
different internal organs. The CWAs residuals might be hazardous to staff handling victims' remains as
well as to medical teams caring for injured soldiers. The main goal of this research was to gain
information on the distribution of the warfare agents VX and SM in internal organs following the worst
case scenario of cutaneous and whole body exposure to lethal doses. Pigs were exposed to a lethal dose
of liquid VX by dermal application, and hairless guinea pigs were exposed to lethal doses of VX and SM
vapors by whole body exposure. Following death, the animals' bodies were stored either at room
temperature or at 4°C. Various tissues (skin, subcutaneous fat, muscle, brain, lungs, heart, kidneys, liver
and spleen) were harvested immediately after death 6, 24, 48 and 72 hr after death, homogenized and
analyzed for the amount of free VX using GC-FPD and for free SM using GC-MS(SIM). For both CWA's the
highest level of agent was found in the skin regardless of exposure method or animal model. The levels
of free SM in the various tissues were much lower than those of VX probably due to the fact that SM is a
very reactive substance that reacts with the tissue immediately upon contact while VX tends to
accumulate and slowly diffuse. The results of this study suggest that only the skin might pose some
degree of risk in handling cadavers due to high levels of free VX or SM that accumulate following
percutaneous or whole body exposure to these warfare agents. This work was supported by the
Technical Support Working Group (TSWG) and the Israel Ministry of Defense, project #: 4440640908.
ABSTRACT NUMBER: 3435
Poster Board Number: P220
TITLE: Dermal VX Poisoning in the Gottingen Minipig; Effectiveness of RSDL Decontamination and
Atropine Treatment after Onset of Toxic Signs
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Hulet, N. Vincelli, J. Scotto, and D. Miller.
US Army ECBC, Aberdeen Proving Ground, MD.
KEYWORDS: Chemical and Biological Weapons; Organophosphates
ABSTRACT: VX is an extremely toxic organophospate acetylcholinesterase inhibitor. The 2017 murder of
Kim Jang Nam in a Malaysian airport using the banned chemical weapon underscores the ongoing threat
that nerve agents still pose. Malaysian chemist’s estimate that the dosage that Mr. Kim received was
approximately 1.4 times the estimated human lethal dosage. The current study was undertaken in order
to assess the effectiveness of decontamination and treatment started at the first overt sign of toxicity
after a potentially lethal dermal dose of the nerve agent. Young adult male Gottingen minipigs were
used for these studies. One week prior to agent dosing the animals were surgically implanted with an
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indwelling external jugular cannula in order to collect serial whole blood samples. The dermal LD50
delivered at the subauricular crease was previously determined to be 349.50 µg/kg. For the current
study, control animals (n=5) were dosed with 2 LD50s of VX delivered at the same anatomical site. At the
time of onset of the first toxic sign a blood sample was collected in order to assess inhibition of
acetylcholinesterase activity. A separate “treated” group of minipigs (n=5) were dosed with 2 LD50 of VX
in the same manner. However, for this group of animals at the onset of the first toxic sign the area of
agent of exposure was decontaminated with a 10 minute application of Reactive Skin Decontamination
Lotion followed by 3 successive wipes with water. Additionally, the animal was simultaneously given a
single bolus intramuscular injection of a mixture of atropine sulfate and 2-PAM chloride. All untreated
exposures resulted in animal lethality with the mean time to onset of first toxic signs, time to
convulsions, and time to death recorded as 135.2 (±12.5 SEM), 147.0 (± 10.0 SEM) and 494.2 (±69.5SEM)
minutes, respectively. The time to onset of toxic signs for the treated group (118.8 minutes ±19.1min
SEM) was not statistically different from the control group. At the time of the first overt toxic sign whole
blood acetylcholinesterase activity levels in both the control and treated groups were <10% of baseline
activity. All of the animals decontaminated with RSDL and treated with atropine and 2-Pam survived
with no progression of toxic signs.
ABSTRACT NUMBER: 3436
Poster Board Number: P221
TITLE: Evaluation of Inflammatory Consequences following Cessation of Nerve Agent-Induced Seizures
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. E. Karolenko, J. K. Chandler, E. A.
Johnson, D. L. Spriggs, and J. W. Skovira. US Army Medical Research Institute of Chemical Defense,
Gunpowder, MD. Sponsor: J. McDonough
KEYWORDS: Chemical and Biological Weapons; Inflammation
ABSTRACT: Organophosphate (OP) cholinesterase inhibitors cause excessive excitatory signaling in the
central nervous system that can result in persistent seizures and progressive brain damage. A robust
neuroinflammatory response is associated with seizure activity. Though great focus has been put toward
interventions to control OP-induced seizures and the associated neuropathology, little effort has been
directed toward examining the pathological processes that continue even when seizures have been
abated. Recently, inflammatory markers, likely released by reactive astrocytes and microglia, have been
shown to increase and remain significantly elevated following termination of OP-induced seizures. It is
well known that unresolved inflammatory responses, such as prolonged glial activation, contribute to
neurological diseases and cause long-term neurodegeneration. Patients receiving successful treatment
terminating OP-induced seizures may therefore still be at risk of chronic neurodegeneration from the
continuation of inflammatory processes initiated by seizure activity. The objective of this study is to
determine whether cellular neuroinflammatory responses continue following cessation of OP-induced
seizures and if the duration of seizures affects the extent of this response. Mice were surgically prepared
two weeks prior to the experiment with electrodes to record brain activity. The oxime HI-6 (50 mg/kg)
was given prior to nerve agent exposure to increase survival without affecting the onset of seizure
activity. Mice were exposed to the chemical warfare nerve agent sarin or soman to elicit seizure activity
(256 µg/kg and 147 µg/kg, respectively; control animals received an equivalent volume of saline).
Seizures were terminated with midazolam (5 mg/kg) and the centrally active oxime
monoisonitrosoacetone (50 mg/kg) at 15, 30, or 60 min following onset. Brain tissue was collected at 7 d
following exposure for immunohistochemical and stereological analysis of gliosis and cellular activation
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states. The results suggest that nerve agent casualties may still be at risk for progressive
neurodegeneration from the continuation of inflammatory processes even if seizures are successfully
terminated. Increases in activated astrocytes and microglia were observed following seizure durations of
30 min or longer.
ABSTRACT NUMBER: 3437
Poster Board Number: P222
TITLE: Reactivator Evaluation following Nerve Agent Exposure Using Mouse Phrenic Nerve
Hemidiaphragm Preparation
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Zimmerman, W. Holmes, and D.
Anderson. US Army Medical Research Institute of Chemical Defence, Aberdeen Proving Ground, MD.
Sponsor: J. McDonough
KEYWORDS: Chemical and Biological Weapons
ABSTRACT: Cyclosarin (GF) is a chemical warfare nerve agent that causes severe peripheral and central
nervous system effects because its potent acetylcholinesterase (AChE) inhibition prevents the
breakdown of the neurotransmitter acetylcholine (Ach). The resulting build-up of Ach causes
overstimulation at the neuromuscular junction, resulting in salivation, bronchoconstriction, seizures,
and central respiratory failure. Administration of atropine, a reactivator such as 2-PAM Cl, and an
anticonvulsant can be used as a lifesaving treatment for nerve agent poisoning. Assessment of the
efficacy of 2-PAM Cl and several additional reactivators—HI-6, MMB-4, SWRI-80A, and SWRI-80A(+)—to
restore function following nerve agent inhibition was completed with our ex vivo mouse phrenic nerve
hemidiaphragm preparation. Male C57BL/6 mice 8-10 weeks old were used for all studies.
Hemidiaphragm/phrenic nerve bundles/ribs were dissected and maintained in Radnoti tissue baths with
oxygenated (95%O2/5%CO2) Tyrode’s buffer solution at 37°C. Tetanic stimulation parameters were 100
Hz, 2 sec train, 5 volts, and resting tension ~3.5 g every 10 min. The experimental protocol consisted of
five phases: Acclimation (buffer only), 1 hr; Baseline (buffer only), 30 min; GF exposure, 30 min;
Reactivation, 1 hr; and Recovery (buffer only), 30 min. The GF bath concentration used was 1 x 10-7 M,
and bath concentrations for each reactivator were 200, 100 or 50 uM. Reactivator performance
assessment included comparison of peak area, action potential amplitude, and twitch tension during the
reactivation and recovery phases. At the conclusion of the tissue bath study, diaphragm tissue was
homogenized and analyzed for AChE activity. 2-PAM is the oxime reactivator currently fielded by the US
Army for nerve agent treatment. Several of the reactivators tested showed greater efficacy compared to
2-PAM, suggesting a better alternative to treat nerve agent poisoning. Disclaimers: The views expressed
in this abstract are those of the authors and do not reflect the official policy of the Army, DoD, or the US
Government. The experimental protocol was approved by the Animal Care and Use Committee at the
USAMRICD and all procedures were conducted in accordance with the principles stated in the most
current Guide for the Care and Use of Laboratory Animals; Animal Welfare Act and implementing Animal
Welfare Regulations, as amended; and Public Health Service Policy on Humane Care and Use of
Laboratory Animals. D. Zimmerman was supported in part by an appointment to the Research
Participation Program for the US Army Medical Research and Materiel Command administered by the
Oak Ridge Institute for Science and Education through an agreement between the US Department of
Energy and US Army Medical Research and Materiel Command.
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ABSTRACT NUMBER: 3438
Poster Board Number: P223
TITLE: Changes in Circulating Biomarker Levels Correlate with Symptomatic Toxic Outcome following
Nerve Agent Exposure in Male and Female Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. G. McGarry1, P. H. Beske1, A. N. Boelk1, M.
C. Babin1, J. A. Harvilchuck1, G. E. Platoff2, D. A. Jett3, and D. T. Yeung2. 1Battelle Memorial Institute,
Columbus, OH; 2National Institutes of Health/National Institute of Allergy and Infectious Diseases,
Bethesda, MD; and 3National Institutes of Health/National Institute of Neurological Disorders and Stroke,
Bethesda, MD.
KEYWORDS: Chemical and Biological Weapons; Organophosphates; Biomarkers
ABSTRACT: Following organophosphorus (OP) exposure, the inhibition of acetylcholinesterase can elicit
long-term neurologic deficits. In OP-exposed survivors, predicting the clinical trajectory of recovery has
proven difficult. A promising approach for improved prognostication may be through evaluating changes
in circulating biomarkers. To explore whether biomarkers previously linked with neuronal damage may
also be correlated with OP-induced toxicity, male and female Sprague-Dawley rats were challenged with
the chemical warfare nerve agent soman (GD) and circulating biomarker levels were longitudinally
characterized. Two distinct GD challenge levels were selected in the absence of medical countermeasure
treatment. The first, 0.2 x LD50, did not elicit toxic clinical signs of exposure and only transiently (2-6
hours) inhibited cholinesterase (~20-40%). The second, 0.7 x LD50, generated a spectrum of mild-tosevere toxic signs and resulted in the prolonged (up to 7 days) inhibition of cholinesterase activity (~6080%). Clinical observation following 0.7 x LD50 GD challenge revealed significant sex-dependent
differences between males (7% lethality, 36% symptomatic, 57% asymptomatic) and females (21%
lethality, 65% symptomatic, 14% asymptomatic). Induction of severe clinical signs of OP intoxication
(tremors and convulsions) was more prevalent in female rats. At varying time-points from 2 hours to 7
days post-challenge, serum was collected from GD-exposed rats and saline-treated controls and
evaluated using ELISA, colorimetric, or fluorometric kit-based assays. Candidate biomarkers included 4HNE, MDA, glucose, lactate, pyruvate, norepinephrine, glutamate, S100B, UCH-L1, and BDNF. No
differences in any of the biomarker levels were observed following 0.2 x LD50 GD challenge. However,
following 0.7 x LD50 GD challenge, increases in BDNF, S100B, and MDA were correlated with divergent
toxic outcomes of exposure with the following rank order: asymptomatic < symptomatic < lethal.
Consistent with the sex-dependent differences in clinical outcome, increases in biomarker levels were
greater in females compared to males following GD challenge. Collectively, this proof-of-concept study
provided valuable data by beginning to elucidate non-viable and viable biomarkers following OP
exposure.
ABSTRACT NUMBER: 3439
Poster Board Number: P224
TITLE: Calcification within the Piriform Cortex is an Early Pathological Consequence of Seizures Induced
by the Chemical Warfare Nerve Agent Soman
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Palmer, E. Johnson, R. Kan, and J. Skovira.
USAMRICD, Aberdeen Proving Ground, MD. Sponsor: J. McDonough
KEYWORDS: Chemical and Biological Weapons; Organophosphates; Neurotoxicity; Pesticides
ABSTRACT: Exposure to the chemical warfare nerve agent (CWNA) soman (GD) causes status epilepticus
(SE), leading to detrimental neurodegeneration characterized by apoptosis and necrotic processes.
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Similar excitotoxic environments have been suggested to cause an overwhelming activation of
glutamate receptors, leading to large increases in intracellular calcium concentrations. The extensive
neuronal cell death within the piriform cortex following GD initiated SE—and the possible increase of
intracellular calcium concentrations during this excitotoxic event—may result in representative, timedependent calcium deposition. Therefore, the present study was designed to evaluate the onset of
calcium deposition within the piriform cortex. Rats pretreated with HI-6 (125 mg/kg, ip) 30 min prior to
GD (180 ug/kg, sc) exposure were treated with atropine methyl nitrate (AMN, 2.0 mg/kg, im) to increase
survival. At various time points after the onset of seizures (1, 2, 3, 4, 5, 7, 14, 21, 28, 35, 42 or 49 days),
rats were anesthetized with sodium pentobarbital and then perfused with saline, followed by 10%
formalin. Brains were paraffin-processed and serially cut at 5 um. Adjacent sections were alternately
stained with H&E for pathological evaluation and Von Kossa for calcium deposition. Severe neuronal
injury was observed in various nuclei within the piriform cortex throughout the time points. The extent
of neuropathology was progressive as indicated by extensive neuronal loss. Calcium deposits were first
observed at 1 day after seizure onset up until 7 weeks post-exposure. Although the exact role of calcium
deposits in the piriform cortex remains to be elucidated, our findings suggest that calcification may play
a role in the elongated exacerbation of pathology within the brain prior to GD-initiated SE.
Disclaimer/Funding Statements. The views expressed in this abstract are those of the author(s) and do
not reflect the official policy of the Department of Army, Department of Defense, or the US Government.
The experimental protocol was approved by the Animal Care and Use Committee at the United States
Army Medical Research Institute of Chemical Defense and all procedures were conducted in accordance
with the principles stated in the Guide for the Care and Use of Laboratory Animals (National Research
Council, 2011), and the Animal Welfare Act of 1966 (P.L. 89-544), as amended. This research was
supported by the Defense Threat Reduction Agency - Joint Science and Technology Office, Medical S&T
Division. Devin Palmer was supported in part by an appointment to the Research Participation Program
for the US Army Medical Research and Materiel Command administered by the Oak Ridge Institute for
Science Education through an agreement between the US Department of Energy and US Army Medical
Research and Materiel Command.
ABSTRACT NUMBER: 3440
Poster Board Number: P225
TITLE: Spatiotemporal Expression of Neurodegenerative and Neuroinflammatory Biomarkers in the Rat
Brain following Acute Diisopropylfluorophosphate (DFP) Intoxication
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Guignet, S. Supasai, D. Bruun, and P.
Lein. University of California Davis, Davis, CA.
KEYWORDS: Organophosphates; Cytokines
ABSTRACT: While current medical countermeasures for acute organophosphate (OP) poisoning protect
against lethality and peripheral indications, there is an urgent need for treatments that protect against
persistent brain damage that develops following acute OP-induced status epilepticus (SE). However,
identification of pharmacologic targets and critical therapeutic windows for neuroprotection require a
better understanding of the spatiotemporal progression of neurologic sequelae. To address this data
gap, we used a rat model to characterize neurodegenerative and neuroinflammatory biomarkers in the
brain following acute intoxication with DFP. Adult male Sprague-Dawley rats were treated with a either
a single dose of DFP (4 mg/kg, sc) or equivalent volume of saline vehicle (VEH), followed by a combined
injection of atropine sulfate (2 mg/kg, im) and pralidoxime (2-PAM, 25 mg/kg, im) to rescue animals
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from peripheral cholinergic symptoms. Animals were euthanized at 1h, 3h, 6h, 12h, 24h, 3d and 7d
following DFP exposure, and brains were collected for both histological and biochemical analyses of
neurodegeneration and neuroinflammation. FluoroJade C staining in the hippocampus revealed a
significant increase in neuronal death beginning as early as 3h following DFP, with cell death numbers
still increasing at 12h relative to the same brain region in vehicle control animals. Corresponding
quantitative PCR analysis in the hippocampus revealed that gene expression of inflammatory cytokines
such as IL-1beta, were significantly upregulated compared to levels in the hippocampus of vehicle
control animals, but not until 12h following DFP. These data indicate that cell death, which is evident
during active SE, precedes, and thus may contribute to, the expression of neuroinflammatory signals,
associated with persistent OP-induced brain damage. Collectively, these preliminary findings suggest
that early intervention with an anti-inflammatory neuroprotective therapy may be required to
adequately protect the brain from long-term damage following acute OP intoxication. Funding: NIH
CounterACT program (NS079202); David and Dana Loury Foundation predoctoral fellowship to MG.
ABSTRACT NUMBER: 3441
Poster Board Number: P226
TITLE: Cell Cycle-Specific Sensitivity of Human Keratinocytes to Nitrogen Mustard
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Lang1, Y. Jan1, D. Steinritz2, H. Thiermann2,
K. Kehe3, L. B. Joseph4, G. M. Composto4, D. E. Heck5, and J. D. Laskin1. 1Rutgers University School of
Public Health, Piscataway, NJ; 2Bundeswehr Institute of Pharmacology and Toxicology, Munich,
Germany; 3Bundeswehr Medical Academy, Munich, Germany; 4Rutgers University Ernest Mario School of
Pharmacy, Piscataway, NJ; and 5New York Medical College, Valhalla, NY.
KEYWORDS: Alkylating Agents; Chemical and Biological Weapons; Cutaneous or Skin Toxicity
ABSTRACT: Vesicants, including sulfur mustard (SM, bis(2-chloroethyl) sulfide) and nitrogen mustard
(NM, bis(2-chloroethyl)methylamine, HN2), are bifunctional alkylating agents that are highly reactive in
the skin causing extensive inflammation, tissue damage and blistering. Keratinocytes are known to be
sensitive to SM and NM. Although the precise molecular mechanism of vesicant toxicity is unknown, SM
and NM can react with a variety of cellular macromolecules including DNA, RNA and proteins. We used
HaCaT cells, a human keratinocyte cell line, to examine the mode of action of HN2 in different stages of
the cell cycle. HaCaT cells are highly sensitive to HN2-induced cytotoxicity (LD50 = 8.3 ± 1.5 µM, n = 3, ±
SE, 24 hr treatment). Using techniques in flow cytometry, HN2 treatment was found to cause a timeand concentration-dependent block of the cells in the S phase of the cell cycle. HN2 caused marked
increases in expression of the DNA damage markers phospho H2AX (Ser139) and phospho p53 (Ser15),
and apopotic signaling markers, cleaved PARP and cleaved caspase. Increases in phospho H2AX indicates
that HN2 causes extensive DNA double strand breaks. When HaCaT cells were synchronized using a
double thymidine block, cells accumulated (>90%) in the early S phase of the cell cycle; release from the
thymidine block caused cells to accumlate in G2/M and G0/G1 after 9-15 hr. Cells in the S phase of the
cell cycle were 5-10 times more sensitive to HN2 (LD50 = 1.6 ± 0.6 µM) relative to non-synchronized
cells; cells in G2/M and Go/G1 were significantly less sensitive to HN2 (LD50 = 4.2-15.3 µM). S phase
synchronized cells also showed a marked (2-5 fold) increase in phospho H2AX and phospho p53 protein
expression, as well as cleaved PARP and cleaved caspase, when compared to non-synchronized cells.
Taken together, our data demonstrate that cells in S phase of cell cycle are more sensitive to vesicantinduced cytotoxity, possibly due to increased numbers of double strand DNA breaks during S phase and
enhanced caspase-mediated apoptosis. Support: NIH grants AR055073, NS079249 and ES005022.
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ABSTRACT NUMBER: 3442
Poster Board Number: P230
TITLE: Detecting Lead Contamination Using a Yeast Two Hybrid System
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Bianculli, and M. E. Gillespie. St. John's
University, Jamaica, NY.
KEYWORDS: Metals
ABSTRACT: Though the use of lead has been reduced in recent decades, its presence in the environment
remains a problem. In 2015, around 18 million people (adults and children) were impacted by violations
of the US Environmental Protection Agency’s (US EPA) Lead and Copper Rule. The primary compliance
failure was inadequate lead testing. We propose a method of detecting lead using yeast as a
biodetector; a simple living organism that can be easily grown and maintained in many different
environments. Initially described by Fields and Song in 1989, the yeast two hybrid system has been
modified to work as a colorimetric biological detector of lead. Not only is yeast easy to grow, here we
use pre-plated two-hybrid system colonies that change color in the presence of lead. When paired with
the appropriate controls this biological detector provides the user with a simple visual readout. The
yeast-two hybrid system was originally used to detect novel protein-protein interactions, which are
involved in many cellular processes. This technique relies on the GAL4 gene product, a transcriptional
activator in yeast. Fields and Song discovered that GAL4 could be chopped into two functional domains:
One, a DNA binding domain and the other, an activation domain. Other proteins could be fused to the
binding domain while a second protein (or a library of proteins) could be fused in frame to the activation
domain. This system of hybrid proteins and the separable, but functional domain properties of GAL4
allowed for the discovery of a multitude of protein-protein interactions. Our system expands the use of
the two-hybrid system to detect the presence of lead in an aqueous sample that has been added to the
growth media. Both domains of the two hybrid system were fused to two different neuronal proteins in
order to create a novel yeast two hybrid construct. In this two hybrid detection system the protein
interaction is disrupted in the presence of lead. The LacZ reporter system uses a colorimetric readout;
here yeast colonies change from blue to white in the presence of lead. We provide evidence that the
intensity of the blue color is related to lead concentration.
ABSTRACT NUMBER: 3443
Poster Board Number: P231
TITLE: Complex Role of NF-kappaB (κB)/RelA in Nickel, Lead, and Cadmium-Induced Toxicity
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Z. Zhang, Y. Mo, P. Koo, L. Chiu, C. Ip, and C.
Wong. Macau Pui Ching Middle School, Macao, Macao. Sponsor: K. Chan
KEYWORDS: Metals
ABSTRACT: It is known that heavy metals can cause various diseases such as cancers and
neurodegenerative diseases. However, the disease-causing mechanism of metal remains unclear.
Previous research shown that NF-kappaB (κB) is regulated by metals. Nevertheless, little is known about
the exact role of NF-κB under treatment of different metals. Moreover, there are few studies focusing
on how heavy metals affect embryonic fibroblast, an important type of cells in embryonic development.
By using RelA knockout (ko) mice embryonic fibroblast (MEF) cells, we report the complex role of NFkappaB (κB), a master transcriptional factor, upon treatment of three different heavy metal divalent
ions—cadmium (II) chloride (Cd2+), lead (II) acetate (Pb2+) and nickel(II) chloride (Ni2+). We performed the
viability test using wild type (WT) and RelA ko MEF cells to study the effects of heavy metals on cell
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death. We also used qPCR to study the mRNA expression levels of four NF-κB targeted cytokines (IL-6,
MCP-1, IP10, RANTES) upon metal treatments. Additionally, we used luciferase assay to study whether
transcriptional activity of NF-κB would be affected by different metals in HeLa cells. Our result indicated
that the NF-κB plays a dual role in metals induced toxicity. While the viability dropped significantly more
in RelA ko MEF cells upon Cd2+(p<0.05 at 20µM) or Pb2+ (p<0.05 at 200µM and 2mM) treatment; the
viability decreased more in WT cells upon Ni2+ treatment(p<0.05 at 500µM and 10mM).This indicated
that NF-κB plays a protective role in Cd2+ and Pb2+ induced toxicity but destructive role in Ni2+ induced
toxicity. We also found that bothNi2+ and Pb2+ repressed expression of all cytokines through NF-κB in
MEF. The mRNA level of all four cytokines in RelA ko MEF cells increased after metal treatment when
the level decreased in WT MEF cells. For example, the mRNA level of IL-6 is dropped by 42 percent upon
Ni2+treatment and IP-10 is dropped by 57 percent upon Pb2+treatment. Surprisingly, we found that the
NF-κB transcriptional activity increased upon Pb2+ treatment in HeLa cells. Our result shown the
interesting and complicated role of NF-κB in metal induced toxicity. The role of NF-κB varied upon
exposure to different metals and in cell types. The information could be useful for future studies in
regard of metal induced toxicity. This project is funded by Macau Fund for the Development of Science
and Technology, and supported by Prof. Vivien Ya Fan Wang of University of Macau, Ms Wai Man
Cheong of Macau Pui Ching Middle School and Mr. Leo Chi U Seak of Chinese University of Hong Kong.
ABSTRACT NUMBER: 3444
Poster Board Number: P232
TITLE: Arsenic Levels and Its Relationship to Non-Melanoma Skin Cancer in Adults
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. Fahnestock, J. Sabate, G. Siapco, B. Jabo,
and R. Smith. Loma Linda University, Loma Linda, CA.
KEYWORDS: Toxicity; Chronic; Metals; Exposure Assessment
ABSTRACT: Over the last decade, there has been an increasing concern regarding the total exposure to
arsenic from varied sources. Previous studies have shown identifiable associations between nonmelanoma skin cancer and high-water arsenic levels but this is not known in populations with low
arsenic exposure. The purpose of this study was to investigate associations between urinary arsenic
levels and non-melanoma skin cancer within the US population. A cross-sectional analysis of >9,000
individuals from the National Health and Examination Survey (NHANES) between years 2003-2012 was
conducted. Diagnosis of non-melanoma skin cancer was self-reported on the survey questionnaire while
urinary arsenic levels were determined from sample provided by participants. Descriptive statistics and
a log transformed logistic regression was conducted to test the associations between urinary arsenic
levels and non-melanoma skin cancer. Total urinary arsenic level is significantly associated with
increased odds of non-melanoma skin cancer for every 10µg/l increment in total urinary arsenic (OR:
1.02; 95% CI: 1.01-1.04). When stratified, those with urinary DMA levels >25 μg/L showed a 500%
increase in odds for non-melanoma skin cancer (OR: 5.24; 95% CI: 1.13-24.20). In a population with low
arsenic exposure, a significant but very weak association exists between total urinary arsenic levels and
non-melanoma skin cancer. However, significant strong associations are seen at higher levels of both
total arsenic and and DMA levels, which are equivalent to the lower levels in populations highly exposed
to arsenic. Therefore, further longitudinal research should be conducted to assess further possible
associations.
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ABSTRACT NUMBER: 3445
Poster Board Number: P233
TITLE: Cadmium Correlations with Other Metals in Idiopathic Pulmonary Fibrosis
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Orr, M. Smith, J. Fernandes, X. Hu, D.
Neujahr, D. P. Jones, and Y. Go. Emory University, Atlanta, GA.
KEYWORDS: Metals; Lung; Pulmonary or Respiratory System; Environmental Toxicology
ABSTRACT: Our studies of environmental cadmium (Cd) induced fibrosis and inflammation in mice
showed that Cd dosing resulted in changes in contents of other metals in lung. Multiple metals have
been associated with pulmonary fibrosis, but understanding of metal-metal interactions in idiopathic
pulmonary fibrosis (IPF) is limited. Previous studies show that higher Cd burden found in human females
and higher prevalence of fibrotic disease were reported in males. To gain an understanding of
correlations of Cd with other metals in human lungs removed from IPF patients upon lung
transplantation, we measured Cd and 13 other metals [Cd (mean ± SE), 23 ± 3.5 ng/g tissue, n = 11; 6
males (22.2 ng/g) and 5 females (24.5 ng/g)]. Results showed that Cd level in 11 IPF lungs is negatively
associated with Cr and positively associated with Mo (r = 0.8, p = 0.01). The results of sex-dependent
analysis of Cd interaction with other metals show that Cd correlation with Mo was much higher in
females (r = 0.98, p = 0.01) than males (r = 0.5). In males, Mn, Zn and Cu were highly correlated with Cd
(r = 0.9, p = 0.01). Overall metal-metal interactions show much stronger in males than females. Positive
association of vanadium and Cr were observed in both females and males (r = 0.9, p = 0.01). The results
showed that Cd-metal interactions were different by sex in IPF. These sex-differences in Cd-metal
interactions could contribute to sex differences in Cd accumulation and prevalence of IPF.
ABSTRACT NUMBER: 3446
Poster Board Number: P234
TITLE: Growth and DNA Damage of Scenedesmus acutus after Exposure to Low Nutrient Conditions in
Combination with Diverse Metal Stressors
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. N. Thompson, L. L. Hensley, A. Velazquez,
A. Peace, and G. D. Mayer. Texas Tech University, Lubbock, TX.
KEYWORDS: Environmental Toxicology; Metals; Genotoxicity
ABSTRACT: Aquatic systems are often heavily polluted with anthropogenic toxicants; the effect of these
contaminants is often considered either individually or in mixed models. However, the nutrient state of
the environment is often kept at optimal conditions in these experiments, which is not often true of
natural aquatic systems, where limited or excess nutrients are often observed. Nutrients have been
described as a knifes edge, with too little or excess nutrients having adverse effects on survival. In this
experiment, we tested a combination effect of low phosphorus and nitrogen conditions (1/10 of normal
media) and several metal stressors on the freshwater microalgae Scenedesmus acutus. We chose several
common metal pollutants; arsenic, copper and cadmium, each having a different mechanism of toxicity.
We found that arsenic was minimally toxic to the algae even at concentrations as high as 10mg/L
NaAs02. Copper exhibited toxicity at the lowest concentration with complete death observed around
6mg/L CuSO4, while complete death was observed at 10mg/L CdCl2. Cadmium in combination with low
phosphorous conditions caused an increase in toxicity with complete death occurring at approximately
4mg/L CdCl2. Arsenic and copper in combination with low phosphorous did not appear to impact the
toxicity of the metals. Additionally, we observed, qualitatively, that there was an increase in DNA
damage, measured by comet assay staining, in cells exposed to low phosphorous and cadmium. We will
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extend the testing of DNA damage assays into the other metals and apply quantitative metrics in
ongoing assays. We will also extend the comet assay to test for time to repair in algae exposed to metals
and nutrient stressors. Additionally, we plan to test both the growth and DNA damage of algae when
exposed to nitrogen limitation in combination with metal stressors.
ABSTRACT NUMBER: 3447
Poster Board Number: P235
TITLE: Alternative Splicing Events Induced in Human Keratinocytes by Chronic Arsenic Exposure
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. P. F. Cardoso1, L. Al-Eryani2, M. A. A.
Sayed1, J. W. Park1, and J. C. States1. 1University of Louisville, Louisville, KY; and 2National Cancer
Institute, Bethesda, MD.
KEYWORDS: Metals; Gene Expression/Regulation; Toxicity; Chronic
ABSTRACT: Background: Chronic arsenic exposure, mostly as a contaminant in drinking water, is
associated with an increased risk of developing skin, lung and urinary bladder cancer. The molecular
etiology of arsenic-induced cancer is not clear. Pre-mRNAs are often subject to alternative splicing that
either includes or excludes exons in the mature mRNA resulting in synthesis of functionally distinct
protein isoforms. The imbalance in isoform species can result in pathogenic changes in critical signaling
pathways. Arsenic exposure has been reported to induce differential mRNA splicing. Differential RNA
splicing was investigated in a model of skin carcinogenesis to test the hypothesis that alternative splicing
events induced by arsenite exposure play a role on the onset of skin carcinogenesis. Methods: Multiple
cultures of HaCaT cells, 4 each with 0 (As-) or 100 (As+) nM NaAsO2, were maintained separately for 7
weeks. We mapped 100x2bp paired-end RNA-seq reads to the human genome (hg38) and transcriptome
(Ensembl, release 82) using the software STAR (v2.5) allowing up to 3 nt mismatches per read and up to
2 nt mismatches per 25 nt seed. To identify differential arsenic events between the As- and As+ samples,
we used rMATS v3.2.5 (http://rnaseq-mats.sourceforge.net) to identify differential alternative splicing
events from strand specific RNA-seq data corresponding to five basic types of alternative splicing
patterns. As+ group was compared to As- to identify differentially spliced events with an associated
change in percent-spliced-in (ΔPSI) of these events. Skipped exons with greatest differential splicing
were analyzed. Results and Discussion: More than 1000 significant skipped exon events were found in
As+ HaCaT cells. Two mRNA transcripts with greater than10 event readings and mean ∆PSI higher than
30% were selected for this study. These included Src homology 2 domain containing adaptor protein 1
(SHC1) and antizyme inhibitor 2 (AZIN2). The ratio of SHC1 isoforms can determine the balance between
mitotic signaling and apoptotic pathways. Likewise, AZIN2 isoforms differentially modulate ornithine
decarboxylase activity. Thus the ratio of AZIN2 isoforms can modulate cell growth signals as well.
Conclusion: Arsenic exposure does cause skipped exon alternative splicing and alters the ratio of
isoforms of SHC1 and AZIN2 which could contribute to increased growth signaling. The molecular
mechanisms of arsenic-induced skin carcinogenesis may involve changes in alternative splicing. Funding:
NIH grants R01ES027778, R21ES023627, P20GM103436, R15GM126446.
ABSTRACT NUMBER: 3448
Poster Board Number: P236
TITLE: Derivation of a Chronic Oral RfD for Antimony
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. C. Shay Hynds1, A. M. Ierardi2, A. M.
Burns2, and B. L. Finley2. 1Cardno ChemRisk, Pittsburgh, PA; and 2Cardno ChemRisk, Brooklyn, NY.
KEYWORDS: Metals; Reference Dose
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ABSTRACT: Antimony (Sb) is a silvery-white metal found in the earth’s crust and is typically used in
industrial applications, as well as in the treatment of two parasitic diseases, leishmaniasis and
schistosomiasis. The general public is exposed to low levels of Sb through food and water consumption,
though Sb has been shown to be poorly absorbed from the gastrointestinal tract. Elevated human
exposure to Sb has been associated with chronic respiratory, cardiovascular system, kidney, blood, liver,
central nervous system, gastrointestinal, and reproductive/developmental non-cancer health effects. In
1987, the US EPA published a chronic oral reference dose (RfD) of 0.0004 mg/kg bw/day for Sb based on
a LOAEL of 0.35 mg/kg bw/day from a chronic rat drinking water study conducted by Schroeder et al.
(1970). However, there were several limitations to the study and the US EPA’s overall confidence in this
study is classified as “low.” Our assessment was designed to identify and propose an updated chronic
oral RfD for Sb. A comprehensive literature review was conducted to identify relevant animal studies
that have been published on Sb toxicity since Schroeder et al. (1970). In 2003, the World Health
Organization (WHO) based their drinking water guideline for Sb on a NOAEL of 6.0 mg/kg bw/day, which
was estimated from a subchronic rat drinking water study of potassium antimony tartrate (APT)
published in 1998. The WHO calculated their tolerable daily intake (TDI) dose of 0.006 mg/kg bw/day by
applying an uncertainty factor (UF) of 1000. After reviewing more recent Sb toxicity data, the WHO reconfirmed the use of a NOAEL of 6.0 mg/kg bw/day in 2017. As part of our review, we evaluated one
fairly recent subchronic rat drinking water study published in 2013, which was not referenced in the
2017 WHO assessment. This study described structural and functional renal toxicity in rats treated with
antimony trisulfide at a dose of 6 mg/kg bw/day for 8 and 12 weeks. However, this study suffers from a
number of limitations and ultimately was deemed inappropriate for establishing an RfD. Therefore, we
agree with the approach taken by the WHO for establishing their TDI. It is our opinion that for the
general population for a lifetime of daily Sb exposure, an updated chronic RfD for Sb of 0.006 mg/kg
bw/day would be a conservative value that is protective of non-cancer health effects.
ABSTRACT NUMBER: 3449
Poster Board Number: P237
TITLE: Arsenite Exposure Inhibits Histone Acetyltransferase P300 for Attenuating H3k27ac at Enhancers
in Low-Dose Exposed Mouse Embryonic Fibroblast Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Z. Wang, Y. Zhu, Y. Li, D. Lou, and Y. Gao.
Johns Hopkins University, Baltimore, MD.
KEYWORDS: Metals; Epigenetics; Mechanisms
ABSTRACT: Epidemiological researches have validated the positive relationships between arsenic in
drinking water and several cancers, including skin, liver and lung cancers. Besides genotoxicity, arsenic
exposure-related pathogenesis of disease is considered to be through epigenetic mechanism; however,
the underlying mechanistic insight remains elusive. We choose to use mouse embryonic fibroblast (MEF)
cells with and without Dot1L (H3K79 methyltransferase) for acute low-doses arsenite exposure. We then
used epigenomic profiling techniques including RNA-seq and ChIP-seq to reveal the changes of gene
expression and histone marks. Results were further validated by conventional RT-PCR and ChIP-qPCR
assays. Acute low-dose arsenite exposures of MEF and Dot1L knockout MEF (Dot1L-/- for abbreviation)
cells abolished histone acetyltransferase p300 at the RNA level and subsequent protein level.
Consequently, p300-specific main target histone H3K27ac, a marker separating active from poised
enhancers, decreased dramatically as validated by Western blot and ChIP-seq analyses. Concomitantly,
another well-known marker for enhancers H3K4me1 also showed significant decreases, suggesting an
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underappreciated crosstalk between H3K4me1 and H3K27ac during arsenite exposure. Specifically,
arsenite exposure decreased histone H3K27ac and H3K4me1 at promoter of Kruppel Like Factor 4(Klf4),
thereby presumably silenced this tumor suppressor gene. Therefore, this silence can be a potential
mechanism underlying arsenic related tumors.
ABSTRACT NUMBER: 3450
Poster Board Number: P238
TITLE: Hexavalent Chromium Induces Sumoylation of Histone Acetyltransferase MOF and Regulates Its
Subcellular Localization
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Li, Y. Zhu, X. Zhang, Q. Chen, M. Costa,
and H. H. Sun. New York University School of Medicine, Tuxedo, NY.
KEYWORDS: Epigenetics; Metals; Cell Culture
ABSTRACT: Hexavalent chromium [Cr(VI)] is a potent human carcinogen. Occupational exposure to
Cr(VI) has been associated with increased risk of respiratory cancer. Multiple mechanisms have been
shown to contribute to Cr(VI) induced carcinogenesis, including DNA damage, genomic instability, and
epigenetic modulation; however, the precise molecular mechanisms and downstream genes mediating
chromium’s carcinogenicity have not yet been elucidated. Human MOF (Males absent on the first;
hMOF) is a member of the MYST family of histone acetyltransferases, which deposit acetyl groups to
histone H4 lysine 16 (H4K16); an important posttranslational modification that is crucial for both higherorder chromatin structure and active gene expression. Dysregulation of hMOF expression and
hypoacetylation of H4K16 have been found in many primary tumors and tumor cell lines. Modulating
hMOF levels and activity in tumor cell lines significantly impacts tumor cell growth both in vivo and in
vitro, suggesting a pivotal role of hMOF in tumor formation and progression. Here we report that acute
exposure of human bronchial epithelial cells to Cr(VI) induced protein sumoylation of MOF. Cotransfection of MOF with sumo1 and Ubc9 revealed that multiple sumoylation sites existed in MOF
protein. Scanning with sumoylation prediction program (SUMOplot) identified a perfect matching
consensus motif (Ψ-K-x-D/E) located within the unique C2HC zinc finger domain that is crucial for MOF
substrate specificity, and a less perfect matching motif located adjacent to its nuclear location sequence
(NLS). Most interestingly, while majority of MOF located in the nucleus, we observed a significant
increase of cytoplasmic MOF in cells with either Cr(VI) exposure or co-transfection with sumo1 and
Ubc9, suggesting sumoylation of MOF may alter its subcellular localization. To the best of our
knowledge, our study is the first to report that MOF can be sumoylated both in vitro and in vivo. Taken
together, our results indicate that Cr(VI) exposure is able to induce MOF sumoylation and translocation
from nucleus to cytoplasm, which prevents binding to histone targets and therefore contributes to
Cr(VI)-induced H4K16 hypoacetyaltion.
ABSTRACT NUMBER: 3451
Poster Board Number: P239
TITLE: Combined Exposure to Lead, Cadmium, Mercury, and Arsenic and Renal Health in Adolescents
Age 12-19 in NHANES 2009-2014
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. P. Sanders, M. J. Mazzella, C. Gennings,
and P. Curtin. Icahn School of Medicine at Mount Sinai, New York, NY.
KEYWORDS: Kidney; Children’s Health; Metals
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ABSTRACT: Environmental chemical exposures to toxic metals are established risk factors for
development of hypertension and kidney disease in adults. There is some evidence of developmental
metals nephrotoxicity in children and animal studies; however, to our knowledge no previous studies
have examined the effects of nephrotoxic metals as a mixture. The objective of this study was to assess
the association between a mixture of lead (Pb), cadmium (Cd), mercury (Hg) and arsenic (As) measured
in urine and blood, and renal function and health in US adolescents. We performed a cross-sectional
analysis of a subsample of 1,606 children aged 12-19 participating in the National Health and Nutrition
Examination survey (NHANES) between 2009 and 2014. We analyzed urine levels of 4 nephrotoxic
metals selected a priori (As, Cd, Pb and Hg) as a mixture, Umix, using a weighted quantile sum (WQS)
approach and 3 nephrotoxic metals in blood (Cd, Pb, and Hg), Bmix (As was not measured in blood). We
applied linear and nonlinear WQS regression to analyze the association of Bmix and Umix with
estimated glomerular filtration rate (eGFR), serum uric acid (SUA), albumin to creatinine ratio (ACR),
blood urea nitrogen (BUN), and systolic blood pressure (SBP), adjusting for sex, race, age, head of
household’s education level, height, BMI, and NHANES cohort year. Subanalyses included stratification
by sex and NHANES cohort years (e.g. 2009-2010, 2011-2012, and 2013-2014). In linear WQS regression
models, Umix was associated with increased BUN (beta=0.02, 95% CI[0.01, 0.04]) and eGFR (beta=0.02,
95% CI[0.01, 0.03]), but not SUA or SBP. Associations with BUN were primarily driven by As (86%), while
associations with eGFR were driven by Pb (37%) and Hg (28%). A nonlinear WQS regression model
showed that Umix was associated with ACR (beta=0.003, 95% CI[0.001, 0.005]), primarily driven by Pb
(38%) and Cd (31%). In linear WQS models using the combined blood metals, Bmix was associated with
increased SUA (beta=0.01, 95% CI[0, 0.01]) driven by Pb (66%) and increased BUN (beta=0.01, 95% CI[0,
0.02]) driven by Hg (50%) and Cd (42%), while a decrease in ACR (beta=-0.005, 95% CI[-0.009, -0.001])
was associated with Pb (92%). No associations were observed between the blood metal mixture with
eGFR or SBP. To our knowledge, this is the first study to examine combined metal mixture exposures
measured in blood or urine levels with renal parameters in adolescents. The findings suggest metals may
affect renal parameters, although potential reverse causation cannot be ruled out due to the crosssectional study design. Implications of early life renal effects from low-level exposure to multiple metals
may have far-reaching effects later in life in the development of hypertension, kidney disease, and renal
dysfunction and should be further evaluated in longitudinal studies.
ABSTRACT NUMBER: 3452
Poster Board Number: P240
TITLE: Metal-Specific Effects on the Differentiation of Human Embryonic Stem Cells: Possible Roles in
Developmental Toxicity and Lineage Bias
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. L. Luz, and E. J. Tokar. The National
Toxicology Program Laboratory, NIEHS, Research Triangle Park, NC.
KEYWORDS: Metals; Embryonic Stem Cells; Reproductive and Developmental Toxicology
ABSTRACT: Epidemiological and in vivo studies have correlated embryonic exposure to metals, including
arsenite (As3+), cadmium (Cd), hexavalent chromium (Cr6+), and lead (Pb), to adverse developmental
outcomes. However, the mechanisms by which these metals disrupt early embryogenesis remain poorly
understood. Embryonic stem cells (ESCs) are an ideal in vitro model to investigate developmental
toxicity. ESCs can be used to generate three-dimensional embryoid bodies (EBs), which recApitulate
many of the developmental processes that occur during early embryogenesis when allowed to
spontaneously differentiate into the three germ layers (ectoderm, mesoderm, endoderm). To
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investigate the effects of metal exposure on early development, we exposed EBs generated from human
ESCs (H9 cells) to concentrations of As3+ (0.5µM), Cd (0.5µM), Cr6+ (1.0µM), and Pb (2.0µM) that caused
a minimal loss of cell viability (i.e. LC10 concentrations), and allowed the EBs to spontaneously
differentiate for seven days. Pluripotency and EB differentiation were assessed using the PCR-based
Taqman Human Pluripotent Stem Cell ScorecArd Assay, which measures the expression of 85 genes
associated with pluripotency, and endoderm, ectoderm, mesendoderm, and mesoderm formation.
Preliminary results from the ScorecArd assay indicate that As3+ impairs mesendoderm formation, as
expression of genes (5/6 genes) associated with the mesendoderm lineage were reduced at least twofold compared to controls. Exposure to Cd and Cr6+ reduced (≥ 2-fold) the expression of genes (12/22
and 10/22 genes, respectively) associated with ectoderm formation, suggesting impairment of ectoderm
formation. Conversely, Pb induced an upregulation (≥ 2-fold) of genes associated with mesoderm (13/22
genes) and endoderm (15/26 genes) formation, suggesting a possible Pb-induced lineage bias. Results
from the ScorecArd-array are being confirmed using a combination of RT-PCR and
immunocytochemistry. The effects of metal exposure on key signaling pathways (Wnt, NOTCH,
Hedgehog, and TGF-β) that play critical roles in early development are being further investigated.
Together, these results could help elucidate mechanisms underlying metal-specific developmental
toxicity and lineage impairment/bias during the earliest stages of development.
ABSTRACT NUMBER: 3453
Poster Board Number: P241
TITLE: Toxicity of Polyhexamethylene Guanidine, a Humidifier Disinfectant, on Eye Dryness in Rat Model
and Metabolomics
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Lee1, J. Kim2, J. Park2, H. Kim2, S. Oh2, H.
Goo2, K. Cho2, S. Kim3, B. Lee1, and K. Kim2. 1Sungkyunkwan University, Suwon, Korea, Republic of;
2
Dankook University, Cheonan, Korea, Republic of; and 3Pusan National University, Busan, Korea,
Republic of.
KEYWORDS: Ocular Toxicity; Biomarkers
ABSTRACT: Polyhexamethylene guanidine (PHMG) was used as a humidifier disinfectant and induced
severe pulmonary fibrosis in Korea. Many people used humidifier disinfectants to improve eye-dryness
symptom. However, there has not been reported on that the condition was exacerbated or improved.
Current study was performed to elucidate effect of PHMG on eye-dryness in rat model using
metabolomics. PHMG was instilled to rat’s eyeball showing eye-dryness induced by scopolamine and dry
condition. Mucosal damage and changes of immune index after application of PHMG were determined.
Also, we evaluated changes of plasma and urine metabolites by 1H-NMR analysis. In order to induce
eye-dryness, scopolamine (3 mg/kg for 7 days) was subcutaneously injected. After induction of eyedryness, positive control (benzalkonium chloride (BAC) 0.1%) and PHMG (0.1%, 1%) were instilled in the
eyeball for 5 days. At the end of the study, amount of tears was measured and the levels of break up
tears film (BUT), mucosal damage and changes of immune index were evaluated using a microscope.
The amount of tears and BUT levels showed a tendency to decrease both in eye-dryness induced group
(3 mg/kg scopolamine), PHMG treat group (0.1%, 1%) and positive control compared with the control.
However, there was no significant difference between PHMG treated groups and eye dryness induced
group. The levels of corneal damage, IL-6, IL-1β and TNF-α in cornea neutrophil and lacrimal gland
neutrophil were significantly higher in PHMG treated group (1%) than eye-dryness group. Metabolomics
study showed that OPLS-DA score plot were separated by each group in plasma and urine. Metabolites

The Toxicologist: Late-Breaking Supplement 2018

92

(VIP> 1.0) showing differences among groups in plasma were five metabolites and in urine were
fourteen metabolites. We revealed that PHMG-treated group (1%) exacerbated mucosal damage and
changes in immune index more than eye-dryness induced group. And these results could contribute to
understand the metabolic regulation and can be useful for biomarkers which is related with eye-dryness
and PHMG.
ABSTRACT NUMBER: 3454
Poster Board Number: P242
TITLE: Metallic-Engineered Nanomaterials Modulate Rabbit Corneal Fibroblast to Myofibroblast
Transformation
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Kim, M. Chang, K. E. Pinkerton, L. V.
Winkle, and S. M. Thomasy. University of California Davis, Davis, CA.
KEYWORDS: Ocular Toxicity; Nanoparticles; Nanotechnology
ABSTRACT: The cornea is exposed to substances in the air, a major route of exposure to engineered
nanomaterials (ENMs). During corneal stromal wound healing, modulation of myofibroblast
transformation from the quiescent keratocyte or activated fibroblast (KFM transformation) is critical to
restore corneal transparency. However, the effects of ENMs on the normal and wounded corneal
stroma is understudied and a knowledge gap exists regarding the effects of ENMs on wound healing.
Thus, the purpose of this study was to determine the effects of metallic ENMs on primary rabbit corneal
fibroblast (RCF) viability and KFM transformation in the absence or presence of transforming growth
factor-β (TGF-β), a critical cytoactive factor for myofibroblast induction. Cell viability was assessed using
the MTT (3-(4, 5-dimethylthiazol-2-yl) 2, 5-diphenyl tetrazolium bromide) assay. The RCFs were treated
with metallic ENMs for 24 hours using concentration ranging from 0.005 to 250 µg/mL of aluminum
oxide (Al2O3; 30 nm), iron oxide (Fe2O3; 10 and 100 nm), cerium oxide (CeO2; 10 and 30 nm), or zinc
oxide (ZnO; 50 nm); 5 µg/mL gold nanoparticle (15 nm), 0.1% saponin and distilled water were used as
negative, positive and vehicle controls, respectively. Quantitative PCR and western blots were
performed to detect the myofibroblast marker, a-smooth muscle actin (α-SMA) mRNA and protein
expression in the absence or presence of 10 ng/ml TGF-β and each ENM (100 µg/mL for Al2O3 and CeO2,
50 µg/mL for Fe2O3 or 10 µg/mL for ZnO). One-way ANOVA followed by Tukey’s multiple-comparison
test was used for statistical analysis. Cell viability was significantly decreased with 10 nm Fe2O3 (P =
0.003) and 10 nm CeO2 (P < 0.001) at ≥ 250 µg/mL and ZnO at ≥ 50 µg/mL (P < 0.001). The α-SMA mRNA
expression was significantly reduced with 30 nm CeO2 (P = 0.013), but increased with 10 nm Fe2O3 (P =
0.003); western blots confirmed that α-SMA protein expression was significantly increased with 10 nm
Fe2O3 (P < 0.001). Iron oxide (10 nm) ENMs promote corneal myofibroblast induction in vitro and further
studies are required to determine their effects on corneal stromal wound healing in vivo. Furthermore,
ENMs that induce myofibroblast formation, and subsequently fibrosis, in the cornea may also induce
similar changes in other tissues such as the skin or lung. Supported by U01 ES027288.
ABSTRACT NUMBER: 3455
Poster Board Number: P243
TITLE: Nervonoylceramide (C24:1Cer), a Lipid Biomarker for Ocular Irritants Released from the 3D
Reconstructed Human Cornea-Like Epithelium, MCTT HCE
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Lee. Ewha Womans University, Seoul,
Korea, Republic of.
KEYWORDS: In Vitro and Alternatives; Alternatives to Animal Testing; Ocular Toxicity
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ABSTRACT: Due to invasive and painful procedures during in vivo rabbit eye irritation test, in vitro
alternative methods have been widely investigated. Recently, 3D reconstructed human cornea-like
epitheliums (RhCEs) garner a huge attention. RhCEs employ the tissue viability as a primary endpoint to
determine ocular irritancy but additional biomarkers may improve its predictive capacity. Here, we
explored lipid biomarkers for ocular irritants in MCTT HCE™ RhCE model. Three irritants; sodium lauryl
sulfate, benzalkonium chloride and triton X-100 were selected to represent anionic, cationic and nonionic detergent respectively. After treating MCTT HCE™ with irritants, the alteration of lipids in the
treated tissues was examined with Nile Red staining, which revealed the depletion of corneal lipids. We
further quantitated the release of ceramides and free fatty acids, major lipid components of cornea, into
the medium during the post-treatment incubation, employing a sensitive UPLC-MS/MS method. Among
44 lipid species, nervonoylceramide (C24:1Cer) was found to be released commonly by all three irritants
in a concentration-dependent manner. Tests with 10 additional reference substances further supported
that C24:1Cer release was significantly correlated with viability. Examination of the genes involved in the
biosynthetic pathway for C24:1Cer revealed that stearoylCoA desaturase (SCD) and elongase1 (ELOVL1)
were upregulated, suggesting that lipids and related genes may be employed as biomarkers for ocular
irritants.
ABSTRACT NUMBER: 3456
Poster Board Number: P244
TITLE: Choroidal Neovascularization in Yucatan Minipigs: A Laser-Induced Model of Neovascular AgeRelated Macular Degeneration
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. T. Bartoe1, R. F. Boyd1, K. Yekkala1, A.
Quiambao2, D. Nuno2, R. Farjo2, and T. S. Vihtelic1. 1MPI Research, Mattawan, MI; and 2EyeCRO,
Oklahoma City, OK.
KEYWORDS: Ocular Toxicity; Inflammation; Biological Modeling
ABSTRACT: Historically, large animal models of neovascular age-related macular degeneration (AMD)
have been unpredictable. Only 70% of laser-induced choroidal neovascularization (CNV) lesions in nonhuman primates (NHP) are considered clinically relevant and only up to 40% of lesions ideal, exhibiting
Grade IV leakage on fluorescein angiography (FA). This inefficiency leads to excess animal use and high
study cost. Previous swine CNV models reported extensive retinal damage and minimal choroidal
involvement when neovascularization was present. Our study aimed to create a reproducible,
predictable swine model of laser-induced CNV; improving efficiency and lowering cost compared to
available NHP CNV models. 15 Yucatan minipigs were used. Bilaterally, six lesions were created along
the visual streak using a slit-lamp targeted, 532nm argon laser. Follow-up examinations included optical
coherence tomography (OCT), FA and ocular histopathology. Optimized laser settings reliably ruptured
Bruch’s membrane as demonstrated on OCT. These membrane disruptions showed ingrowth of
hyperreflective tissue into the outer retinal layers and hyperfluorescence on FA, suggesting fibrovascular
proliferation from choroid into retina. Histopathological characterization supported in vivo findings with
moderate to marked subretinal fibrosis and neovascularization extending from the choroid into outer
nuclear layer. Inner retina remained generally unaffected. Yucatan minipig are an excellent alternative
to other large models of neovascular AMD. Similar globe size and retinal anatomy to human patients
makes the model ideal for generating efficacy, pharmacokinetic, and safety data; all in the same species
for investigational molecules targeting proliferative posterior segment disease
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ABSTRACT NUMBER: 3457
Poster Board Number: P245
TITLE: Five-Year Lung Cancer Mortality Risk Analysis and Topography in Xuan Wei: A Spatio-Temporal
Correlation Analysis
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Li1, W. Guo2, J. R3, X. Chen4, L. Tian3, and L.
Chen1. 1New York University, New York, NY; 2University of Oxford, Oxford, United Kingdom; 3The
University of Hong Kong, Hong Kong, Hong Kong; and 4Kunming Medical University, Kunming, China.
KEYWORDS: Epidemiology; Lung; Pulmonary or Respiratory System; Inhalation Toxicology
ABSTRACT: In Xuan Wei, the lung cancer mortality rate is five times higher than the country average,
and continues to increase despite interventions to reduce indoor coal burning air pollution. Although
this increase may be due to improved diagnosis of the disease, data suggested that there may be other
local risk factors. This study aims to investigate the spatial and temporal trends of lung cancer in Xuan
Wei from 2011 to 2015. The pooled data of lung cancer registries for all the towns in Xuan Wei was first
collected. The 6th national population census data was adopted as a standard population. A Poisson
model was used for sex-, age- and county- specific mortality. The spatial distributions of local relative
production volumes and mine deposits were acquired. The spatial autocorrelation was explored by
spatio--temporal GIS approach. Four sets of spatial analysis and spatial statistics were applied: 1)
hotspot analysis and 3D-geographical visualization were used to map the spatial concentration of lung
cancer mortality in Xuan Wei, 2) a spatially weighted sum was deployed to identify the health risks from
local coal mines, 3) spatial interrelation between coal mines and lung cancer mortality was used to
check the overall correlations, and 4) a geographically weighted regression model was employed to
examine the causal connection between coal mines and lung cancer mortality in different communities.
During the study period, females exhibited higher lung cancer mortality than males, with an increasing
trend observed for both sexes over time. The lung cancer mortality rates for 50+ year olds were around
4 times greater than <50 years old. The incidence rate in Laibin Town was the highest in Xuan Wei for
each year. Higher mortality was found in counties with coal industries, especially for those over 50+
years old. The village-level mortality showed clustered trends and influence from the spatial conditions
based on village scales. The hotspot analysis and 3D-geographical visualisation demonstrated
increasingly concentrated patterns around Laibin, Shuanglong and Longchang. The mapped health risks
showed the geographical pattern of potential lung cancer health risks from the coal mine, and spatio-temporal variations were found in the five-year period for both sexes. The result of spatial interrelation
analysis and geographically weighted regression modelling revealed the overall low interrelation
between coal mine and lung cancer mortality, but relatively higher causal relations in the specific areas
where coal mines are concentrated. Lung cancer mortality has increased continuously since the third
mortality survey in Xuan Wei, especially for females and 50+ year olds. Geographically, the locations for
different kinds of mines have interrelation with the lung cancer mortality in Xuan Wei, especially in
areas where coal mines are concentrated. Specific exploration targeted at the local environmental
health related to coal burning indoor air pollution is warranted.
ABSTRACT NUMBER: 3458
Poster Board Number: P246
TITLE: Quantile Regression in Environmental Health: Air Pollution and Semen Quality in Nanjing, China
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: W. Wu1, Y. Chen1, Q. Tang2, F. Pan2, Y. Xia1,
and S. J. London3. 1Nanjing Medical University, Nanjing, China; 2The Affiliated Obstetrics and Gynecology
Hospital of Nanjing Medical University, Nanjing, China; and 3NIEHS, Durham, NC.
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KEYWORDS: Sperm; Environmental Toxicology; Epidemiology
ABSTRACT: Research has suggested an association with ambient air pollution and semen quality. Limited
studies have investigated the effects of air pollution on semen quality, especially among fertile men.
Therefore, we investigated the effects of air pollutants on semen quality in fertile men of Nanjing, China.
We evaluated semen quality in 1554 fertile men with different air pollution profiles from 2014 to 2016.
Individual exposure levels of sulfur dioxide (SO2), nitrogen dioxide (NO2), ozone (O3), carbon monoxide
(CO), particular matter ≤ 10 μm in aerodynamic diameter (PM10), and ≤ 2.5 μm (PM2.5) during key
periods of sperm development (0-90, 0-9, 10-14 and 70-90 days before semen collection) were
retrospectively estimated by inverse distance weighting interpolation. Multivariable linear regression
models and quantile regression models were used to assess the associations between air pollutants
during key periods of sperm development and semen quality. A robust association was found between
exposure to PM2.5 and decreased sperm motility. Every increment of 10 μg/m3 increase in 90- day
average PM2.5 was significantly associated with a decreased of 1.75% sperm total motility (P < 0.001), a
1.55% sperm progressive motility, a 0.73% VCL (P < 0.001), a 0.58% VSL (P < 0.001), a 0.60% VAP (P <
0.001) and a 0.06% ALH (P = 0.023). Exposure to PM2.5 during 0-9 days was significantly associated with
sperm total motility (coefficient (x 10; SE): -0.85; 0.25) and progressive motility (-0.59; 0.02). And a 10
μg/m3 increase in PM2.5 during 10-14 days was negatively associated with total motility (-0.76; 0.02) and
progressive motility (-0.59; 0.02). Similar results were obtained from subgroup (n = 1084) excluding
subjects with abnormal semen volume, sperm concentration, count, motility and progressive motility.
The associations between PM2.5 and sperm total motility and progressive motility were different using
quantile regression and the coefficients increased as the percentile of PM2.5 increased. Exposure to
ambient PM2.5 levels adversely affects semen quality, associated with a lower sperm motility in a cohort
of fertile men.
ABSTRACT NUMBER: 3459
Withdrawn by Author

Poster Board Number: P247

ABSTRACT NUMBER: 3460
Poster Board Number: P248
TITLE: Association between Blood, Nail, and Bone Manganese with Motor Function among Chinese
Workers
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Rolle-McFarland1, Y. Liu2, F. Mostafaei3,
W. Zheng1, L. H. Nie1, and E. M. Wells1. 1Purdue University, West Lafayette, IN; 2Willis-Knighton Health
System, Shreveport, LA; and 3Medical College of Wisconsin, Milwaukee, WI.
KEYWORDS: Metals; Biomarkers; Neurotoxicity; Metals
ABSTRACT: Overexposure to manganese (Mn) has been associated with decreased motor function; but
few studies have explored this association using biomarkers of cumulative exposure. Our team has
developed and validated a transportable method to measure bone Mn. The goal for this analysis is to
determine the cross-sectional association of motor function with blood (BMn), fingernail (FMn), and
bone Mn (BnMn). A transportable in vivo neutron activation analysis system was designed and utilized
to assess BnMn in 60 Chinese ferroalloy and general manufacturing workers. BMn and FMn were
measured using inductively coupled plasma mass spectrometry. Data on demographics, lifestyle, and
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work history were collected from participants using a questionnaire. Participants completed the CATSYS
computerized motor system test battery which assesses coordination, tremor, and sway. Multivariable
regression models were used to assess the relationship between Mn biomarkers with motor test scores,
adjusting for age, education, factory, and alcohol consumption. Higher BnMn was significantly
associated with reduced performance on several, but not all, coordination tests. Similar, but less
consistent, results were observed for FMn and BMn. Increasing BnMn was associated with increased
tremor intensity [dominant hand: β=0.007, 95% confidence interval (CI): -0.002, 0.016; nondominant
hand: β=0.011, 95% CI: 0.0001, 0.022] whereas increasing BMn was associated with reduced tremor
[dominant: β=-0.025, 95% CI: -0.055, 0.004; nondominant: β=-0.043, 95% CI: -0.077, -0.009]. Increasing
BnMn and FMn were related to reduced sway whereas increasing BMn was related to increased sway,
but these results were not statistically significant. Our results suggest that Mn biomarkers are
significantly associated with some, but not all, measures of motor function and that there is more
consistency between results for BnMn and FMn compared to BMn.
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ABSTRACT NUMBER: 3461
Poster Board Number: P249
TITLE: Negative Association between Bladder Cancer and Low Level Arsenic Ingestion
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: I. Boroje1, H. Ferdosi1, J. Ahn2, and S. H.
Lamm1. 1Center for Epidemiology and Environmental Health, Washington, DC; and 2Georgetown
University School of Medicine, Washington, DC.
KEYWORDS: Epidemiology; Dose-Response; Exposure Assessment
ABSTRACT: The association between high levels of arsenic in drinking water and development of bladder
cancer has been well demonstrated in several epidemiological studies conducted worldwide, while the
association at low arsenic levels < 50ug/l) remains uncertain. We explored this association focusing on
the US population, with respect to the historic drinking water standard of < 50ug/l arsenic. The objective
of this study was to test the hypothesis that bladder cancer risk was positively associated with increasing
levels of arsenic up to the historic limit of 50 ug/L. We conducted an ecological study using publicly
available data - incidence data from the National Cancer Institute (NCI) for our outcome variable and
data from the United States Geological Survey (USGS) for arsenic levels from groundwater well used for
drinking water as our exposure variable. Similarly, data on smoking prevalence and demographic
variables were obtained from CDC datasets and from the American File Finder [American Community
Survey (ACS) at the US Census Bureau], respectively. Arsenic data were summarized as the county
median level as most counties have very few drinking water wells. Poisson analyses were conducted for
the total, male, and female populations. To eliminate those counties whose populations were less likely
to be exposed or had exposure to higher arsenic levels, our final model was restricted to those counties
where the study population both had a high probability of exposure (> 80% dependency) and were
exposed only to low-levels of arsenic (i.e., maximum exposure < 50ug/l). No statistically significant
associations were found (p-value range: 0.297-0.964) in the analysis of the total dataset for the total,
male, and female populations. In contrast, analysis of the data restricted to counties with high
probability of using groundwater wells for their drinking water source (> 80%) and only with low levels
of arsenic (< 50ug/l) revealed statistically significant negative associations for bladder cancer in the total
population (Coef: -0.005; p = 0.042) and the male population (Coef: -0.016; p = 0.023). The result for the
female population was of borderline significance (Coef: -0.005; p = 0.068). This ecological study
demonstrated statistically significant negative associations between low arsenic levels (< 50ug/l) in
drinking water for both the total and male populations and of borderline significance for the female
population. The findings from this study might be important for future public health interventions, since
arsenic is a naturally occurring element found in water.
ABSTRACT NUMBER: 3462
Poster Board Number: P250
TITLE: Characterizing Local-Scale Air Toxic Exposures and Health Risks for a Community Near Oil and Gas
Drilling Operations in Colorado
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Bamber, T. McMullin, D. Bon, and M.
VanDyke. Colorado Department of Public Health and Environment, Denver, CO.
KEYWORDS: Volatile Organic Compounds; Risk Assessment; Exposure Assessment
ABSTRACT: Unconventional oil and gas (O&G) activity is growing in Colorado, primarily in areas with
rapidly growing suburban populations. Those living near O&G sites have reported multiple acute health
symptoms when noticeable odors exist during drilling, fracking, and flowback. Colorado has an extensive

The Toxicologist: Late-Breaking Supplement 2018

98

monitoring network to evaluate regional ambient air quality within a large geographical area, however,
community level air data on O&G related air toxics near active sites are limited. This information is
critical to adequately characterize potential health risks from O&G related exposures, especially during
times when communities report health symptoms/odors. This presentation highlights the first
comprehensive set of local-scale air data collected in Colorado in a community when multiple citizens
reported odors/health symptoms. Initially, we collected five individual air samples downwind of the site,
during times of reported odors/health symptoms to quantify possible maximum exposures. We also
deployed our mobile laboratory in the community to collect continuous air data and meteorology. The
lab was stationed approximately 1,000 feet downwind from the well-site, situated between the active
well-site and the neighborhood. We collected over 300 hours of air samples during drilling operations
for 64 O&G related volatile organic compounds (VOCs) and select criteria air pollutants. We used the
aggregated means and maximum values of each VOC to quantify acute/chronic non-cancer and cancer
risk estimates for the VOCs. All individual and combined VOCs had hazard quotients (HQ) below 1 and
were within EPA’s acceptable excess cancer risk range. Benzene average (0.2ppb) and maximum
(2.5ppb) concentrations resulted in an acute HQ = 0.3 and chronic HQ = 0.02. The cancer risk estimate
for benzene was 4.6 x 10-6. Some VOCs were within the odor detection range. Based on results from this
investigation, there was a low risk for adverse health effects to community residents from the drilling
operations. The approach used in this community investigation provides information from which to 1)
identify O&G related air toxics that may warrant further monitoring 2) quantify the relationship
between local-scale air toxics exposures and reported health symptoms in O&G communities.
ABSTRACT NUMBER: 3463
Poster Board Number: P251
TITLE: Association of Blood, Nail, and Bone Manganese with Cognitive Outcomes among Chinese
Workers
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Rolle-McFarland1, Y. Liu2, F. Mostafaei3,
W. Zheng1, L. H. Nie1, and E. M. Wells1. 1Purdue University, West Lafayette, IN; 2Willis-Knighton Health
System, Shreveport, LA; and 3Medical College of Wisconsin, Milwaukee, WI.
KEYWORDS: Metals; Neurotoxicity; Metals; Biomarkers
ABSTRACT: Studies of long-term manganese (Mn) neurotoxicity in humans have been limited by the lack
of a reliable biomarker of cumulative exposure. Our team has developed and validated a transportable
method to measure hand bone Mn, which has an estimated half-life of ~7.5 years. Here, our aim is to
determine the cross-sectional association between bone Mn (BnMn), fingernail Mn (FMn) and blood Mn
(BMn) with cognitive function. A transportable in vivo neutron activation analysis system was designed
and utilized to assess BnMn among 60 Chinese ferroalloy and general manufacturing workers. Blood
(BMn) and fingernail Mn (FMn) were also measured using inductively coupled plasma mass
spectrometry. Cognitive function was measured with Animal Naming, Fruit Naming, and the World
Health Organization/University of California-Los Angeles Audio Verbal Learning Test (AVLT), measured as
an average and difference between multiple trials. Additional information was collected from
participants using a questionnaire. Multivariable regression models were adjusted for age, education
and factory. After adjusting for covariates, higher BnMn was significantly associated with lower average
AVLT [β (95% CI) = -0.6 (-1.2, -0.09)] and Animal Naming scores [β (95% CI) = -1.5 (-3.0, -0.7)]. FMn was
significantly associated with decreases in average AVLT [β (95% CI) = -0.4 (-0.7, -0.03))] and lower AVLT
difference scores [β (95% CI) = -0.4 (-0.7, -0.02)]. BMn was not significantly associated with any test
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scores. In this cross sectional study, BnMn and FMn, but not BMn, were associated with reduced scores
on cognitive function tests.
ABSTRACT NUMBER: 3464
Poster Board Number: P253
TITLE: Amyloid-Beta Neurotoxicity at the Blood-Brain Barrier: Insights from a Long-Term Study
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. N. Shen, Y. Ding, S. Edelmann, B. Bauer,
and A. Hartz. University of Kentucky, Lexington, KY.
KEYWORDS: Xenobiotic Transporters; Aging; Behavioral
ABSTRACT: Accumulation of amyloid beta (Aβ) in Alzheimer’s disease (AD) is due, in part, to impaired
clearance of Aβ across the blood-brain barrier. P-glycoprotein (P-gp) is a blood-brain barrier efflux
transporter that is critical for clearing Aβ from the brain. In AD, however, P-gp is substantially reduced,
which contributes to impaired Aβ clearance. Despite the importance of P-gp for Aβ clearance, there is
currently no strategy available to restore P-gp. SCOPE The current 2-year cross-sectional study with a
longitudinal component was designed to 1) restore P-gp levels in the Tg2576 mouse model of AD by
activating the nuclear receptor PXR, 2) evaluate the therapeutic potential of this strategy to reduce Aβ
brain load, and 3) correlate these molecular changes in the brain to changes in cognition. Three-month
old hAPP mice (over-expressing human amyloid precursor protein; Tg2576 model) received a diet
containing the PXR activator pregnenolone-16α-carbonitrile (PCN; 50 mg/kg). Age-matched wild-type
(WT) and hAPP control mice received purified diet alone. In the cross-sectional study, mice underwent a
battery of motor and cognitive testing at 3, 9, 12, 15, and 18 months of age. A subsection of these mice
were tracked longitudinally and tested at 15, 18, and 21 months of age. After testing, we isolated brain
capillaries to determine P-gp expression and transport activity levels and determined Aβ40 and Aβ42
levels in plasma and cortical brain slices. At baseline, 3-month old hAPP mice had significantly reduced
brain capillary P-gp activity levels compared to WT mice. Within 6 months of treatment brain capillary Pgp activity levels in PCN-treated hAPP mice were restored to P-gp activity levels measured in capillaries
isolated from WT mice. P-gp activity in PCN-treated hAPP mice remained comparable to WT mice until
the completion of the study at 18 months of age. However, these changes did not correlate to changes
in cognition, e.g., PCN treatment did not reverse deficits the radial-arm water maze. In the longitudinal
component, PCN again rescued brain capillary P-gp activity levels in PCN-treated hAPP mice. PCN
treatment selectively alleviated deficits in accuracy under a reversal-learning paradigm in the radial armwater maze. Notably, PCN treatment reduced “carry-over” effects at 18 and 21 months following
repeated testing, which suggests increased behavior flexibility in PCN-treated hAPP mice. The data
suggest that restoring blood-brain barrier P-gp expression and transport activity via PXR activation may
offer select neurobehavioral protection from Aβ neurotoxicity that is dependent on Aβ brain load and
also learning history.
ABSTRACT NUMBER: 3465
Poster Board Number: P254
TITLE: Modeling of Parkinson’s Disease-Related Pathophysiology in Primary Human Dopaminergic
Neurons: Role of Autophagy and Protein Aggregation
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Cuevas, A. Guzman Lopez, H. RosasHernandez, Z. Zhang, S. Lantz, S. Sarkar, S. F. Ali, and S. Z. Imam. US FDA/NCTR, Jefferson, AR.
KEYWORDS: Neurotoxicology; Cell Culture
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ABSTRACT: The pathophysiology underlying the loss of dopaminergic (DA) neurons in Parkinson’s
disease (PD) is still unclear. A major barrier to the development of effective therapies for PD is the
current limitation in our understanding of the molecular and cellular events that lead to degeneration of
the nigrostriatal DA system. The 1-methyl-4-phenylpyridinium (MPP+) has been used as a reliable in vitro
model of PD in dopaminergic neurons. However, the molecular mechanisms are not fully understood.
Here, we characterized the expression of PD-related proteins and neuronal death after exposure of
human DA neurons to MPP+ at different concentrations (0-5mM) and time points (4, 8 and 24h). Viability
assays (LDH, XTT, Mitotracker, or live and dead staining) as well as molecular markers (lysosomeassociated membrane protein 1 (LAMP-1), light chain 3 (LC3), tyrosine hydroxylase (TH), α-synuclein (αSYN) and parkin) were evaluated. MPP+ significantly reduced the cell viability, decreased mitochondrial
labeling, and reduced the number of live cells, only after 24 h, in a concentration-dependent manner
(XTT results, 1mM=-20%, 2.5mM=-66% and 5mM=-88%). Molecular analyses were performed only at 1
and 2.5 mM MPP+. Expression of the autophagy marker LAMP-1 was increased after MPP+ treatment
(1mM= +20%, +33%, +93%; 2.5mM=+70%, +102%, +176%, at 4, 8 and 24h, respectively). The ratio of
LC3II/LC3 I was also increased (1mM=+0.5 fold, +1.6 fold, +6.1 fold; 2.5mM=+1.4 fold, +1.7 fold, +7.5
fold, at 4, 8 and 24h, respectively). Expression of the dimeric (aggregated) form of α-SYN was also
increased (1mM= +25%, +27%; 2.5mM=+73%, +80%, at, 8 and 24h, respectively). Expression of TH were
decreased (1mM= +28%, +65%; 2.5mM=+50%, +92%) at 8 and 24h, respectively. Interestingly, MPP+
induced parkin upregulation (1mM= +98%; 2.5mM=+115%,) at 4h, and down regulation (1mM= -12%, 22%; 2.5mM=-16%, -35%) at 8 and 24h, respectively. The localization of parkin and aggregation α-SYN
was cytoplasmic and nuclear, being α-SYN more prominent in the nucleus. These data suggest that MPP+
could be affecting pathways related to autophagy, dopamine synthesis and, protein aggregation,
justifying its use as an in vitro model of PD, which may aid in the future research of this disease.
ABSTRACT NUMBER: 3466
Poster Board Number: P255
TITLE: Somatic Mosaic Reporter to Visualize Genomic Instability and Single-Cell Neurodegeneration
Driven by Environmental Toxicant Exposure
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. El-Saadi, X. Tian, H. Sun, and X. Lu.
Louisiana State University Heath Shreveport, Shreveport, LA.
KEYWORDS: Neurotoxicity; Pesticides; Genetic Toxicology; Exposure, Environmental
ABSTRACT: The majority of all Parkinson’s disease (PD) cases have no identifiable inheritance and occur
in a sporadic form. Environmental toxicant (e.g., paraquat) exposures have long been implicated as a risk
factor, however, there is insufficient evidence to conclude a causal relationship. Somatic mutations
driven by environment(postdevelopmental) have been widely postulated playing a role in aging and
neurodegeneration. As a major source of somatic mutations, microsatellite repeats account for 3% of
human genome and are mutating at rates several orders of magnitudes higher than point mutations.
Previously, employing the Mosaicism with Repeat Frameshift (MORF) genetic strategy (Lu et al, 2017),
we demonstrated the instability of the microsatellite can be harnessed for sparse and stochastic
labelling of neuronal cells. However, using transgenic mice, it is difficult to establish when and where
these frameshift mutations are generated: in replicating neuronal progenitor cells or in non-replicating
terminally differentiated neurons. To report genetic instability and neurodegeneration solely in postmitotic neurons, we engineered a neuronal specific Cre vector with a mononucleotide poly-G repeats
(3n+1) inserted between the translational initiation codon and open reading frame. We first established
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a Cre dependent reporter mouse embryonic fibroblast (MEF) cell line using a tdTomato reporter mouse
model. We observed Cre-MORF constructs sparsely turned on the expression of tdTomato, suggesting
genetic modification of proliferating cells in a frameshift dependent manner. We next adapted our
approach for post-mitotic neurons by stereotaxic injections of AAV mediated MORF-Cre vectors in vivo
in mouse striatum. Microsatellite sequence elicits sparse labeling and significantly reduced labelling
frequency in comparison with control AAV-Cre vector injection at the same titer. The full differentiated
neuron morphology and the short virus incubation time (4 weeks) excludes the possibility that MORF
dependent labelling was derived from the newly generated neurons. These results represent the first to
demonstrate that a microsatellite sequence is somatically unstable in terminally differentiated neurons.
Importantly, our method enables us to further link genomic instability to its functional consequence. In a
middle cerebral artery occlusion (MCAO) mouse model, we imaged early axon and dendritic structural
changes and spine loss precedes neuronal cell body degeneration (dying back), thereby catching a
neuron “in the act” of degenerating. Our strategy can reveal sub-lethal structural, cellular, and
molecular changes to neurons, which may detrimentally impact neuronal function long before their
eventual demise. Such degenerating changes can be used as a sensitive prodromal readout/biomarker
for evaluating environmental toxicant exposure. As proof of concept, we are evaluating genomic
instability and neurodegenerative effects of PD-linked pesticides rotenone and paraquat. Together, our
study will help unravel the causative link between somatic genetic mutations and sporadic PD, thus
transforming the current understanding of pathogenic role of environmental toxicant exposure.
Corresponding author: X-H Lu, xlu1@lsuhsc.edu
ABSTRACT NUMBER: 3467
Poster Board Number: P256
TITLE: MicroRNA Profiles and Subsequent Pathways Associated with Sevoflurane-Induced Adverse
Effects on the Developing Central Nervous System
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: F. Liu1, B. Gong1, S. Liu1, C. Fogle1, T. A.
Patterson1, J. P. Hanig2, M. G. Paule1, W. Slikker1, and C. Wang1. 1US FDA/NCTR, Jefferson, AR; and 2US
FDA, Silver Spring, MD.
KEYWORDS: Neurotoxicity; Developmental
ABSTRACT: Our previous studies have demonstrated that prolonged (8-hour) sevoflurane exposure at
clinically-relevant concentration cause neuronal cell death in the developing nonhuman primate central
nervous system. To dissect underlying mechanisms associated with sevoflurane exposure, microRNA
(miRNA) profiling was performed on total RNAs extracted from the frontal cortex using next-generation
sequencing. 452 miRNAs were identified in the brain tissue. 11 miRNAs were differentially expressed in
brain tissue after sevoflurane exposure, six of which were expressed at significantly lower levels than
controls; the other five miRNAs were expressed significantly higher. The differentially expressed miRNAs
(DEMs) were then loaded to Ingenuity Pathway Analysis database for pathway analysis, in which nine
DEMs targeting 5,049 mRNAs were found to contribute to multiple cellular functions. Pathway analysis
indicated that the target genes can influence neural networks, induce mitochondrial dysfunction and
endoplasmic reticulum (ER) stress, and disturb fatty acid metabolism, etc. Some target genes are closely
involved in cell death. These data are consistent with previously observed phenomena, such as neuronal
cell death and brain lipid changes. Moreover, it is suggested that mitochondrial dysfunction and ER
stress may contribute to sevoflurane-induced neuronal cell death, which is supplementary to our
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previous observations and provides more evidence to better understand the effects of sevoflurane
exposure on the developing brain.
ABSTRACT NUMBER: 3468
Poster Board Number: P257
TITLE: The Impact of Benzalkonium Chloride on Lipid Homeostasis and Neurodevelopment
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Herron, K. M. Hines, H. Tomita, and L. Xu.
University of Washington, Seattle, WA.
KEYWORDS: Neurotoxicity; Developmental
ABSTRACT: Previously, we found that the disinfectant benzalkonium chloride (BAC) alters lipid
homeostasis in neuronal cells in a manner dependent on the alkyl side chain length. Specifically, shorter
chain BACs (C10 and C12) potently inhibit cholesterol biosynthesis at the step of 3β-hydroxysterol-Δ7reductase (DHCR7), which reduces 7-dehydrocholesterol (7-DHC) and 7-dehydrodesmosterol (7-DHD) to
cholesterol and desmosterol, respectively, whereas longer chain BACs (C14 and C16) alter the lipidome.
Significantly, the cholesterol biosynthesis disorder, Smith-Lemli-Opitz syndrome, is caused by defective
DHCR7 and manifests as congenital malformations, neurodevelopmental delay, and autism-like
behavior. Therefore, we hypothesized that BACs could affect neurodevelopment through the
modulation of lipid homeostasis. To investigate this, dams were fed an environmentally relevant
quaternary ammonium compound (QAC) mixture, including BACs of alkyl chain lengths -C12, -C14, and C16, and dimethyldidecylammonium chloride, at 120 mg/kg/day for 4- and 10- weeks prior to mating
and throughout gestation. At postnatal day 0 (PND0), neonate brains were harvested for analysis of
sterols involved in the cholesterol biosynthetic pathway using liquid chromatography-mass
spectrometry (LC-MS). Inhibition of DHCR7 was indicated by the 40% (4-week group) and 20% (10-week
group) increase in the 7-DHC/cholesterol ratio, as well as the 90% (4-week group) and 29% (10-week
group) increase in the 7-DHD/desmosterol ratio. Additionally, QAC distribution following exposure was
assessed using LC-MS, as maternal transfer of QACs has not been characterized. QAC accumulation was
observed in the maternal kidney and liver (ranging from 21 to 221 nM) and in the PND0 kidney and liver
(ranging from 16 to 86 nM). However, high background in MS analysis prevented us from quantifying
QAC levels in the PND0 brain. Finally, given the significant role of lipids, including cholesterol, in
neurodevelopment, we sought to characterize the effects of BACs on this process. We isolated neural
precursor cells (NPCs) from mouse brains on embryonic day 12.5 and treated them with BAC-C12 and
BAC-C16 to represent the different structure-activities of BACs. Both BACs induced a dose-dependent
increase in apoptosis at low nM concentrations, with EC50s being between 10 and 50 nM. Given the role
of NPCs in neurogenesis, these in vitro and in vivo data support our hypothesis that BACs affect
neurodevelopment through altered lipid homeostasis.
ABSTRACT NUMBER: 3469
Poster Board Number: P258
TITLE: A Genomic Response to Trace Fear Conditioning in the Amygdala of Female Rats after
Developmental Exposure to Manganese
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. N. Franklin, B. N. Chorley, V. C. Moser, W.
M. Oshiro, T. E. Beasley, K. L. McDaniel, and D. W. Herr. US EPA, Durham, NC.
KEYWORDS: Gene Expression/Regulation; Behavioral
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ABSTRACT: Increases in brain-derived neurotrophic factor (Bdnf), Ca2+/calmodulin-dependent protein
kinase II alpha (Camk2a), and cyclic adenosine monophosphate (cAMP) response element binding
(Creb1) gene expression have been associated with learning in a variety of different rodent studies. We
examined whether perinatal exposure to manganese (Mn) influences gene expression of these three
target genes associated with learning trace fear conditioning. Pregnant Long Evans rats were exposed to
Mn, a neurotoxic environmental element, at 0, 0.5 or 1.3 g/l in drinking water throughout gestation and
lactation. Starting at 97 days of age, offspring were trained with a trace fear conditioning protocol in
which rats were exposed to a compound cue (light and tone) followed by 30 seconds (trace period) and
a mild foot shock (1mA, 0.5 seconds). Five paired training sessions occurred to induce learning.
Amygdalas were removed and flash frozen at 3 and 6 hours after initial trace fear conditioning. In female
rats, quantitative RT-PCR data generated from amygdala sections (n=9-10/group) demonstrated
significantly increased Camk2a expression in control offspring over time, from 3 to 6 h and a dose
response difference at the 6 h time point between the 0.5 and 1.3 g/l exposed groups (5.6 and 5-fold
increase, respectively; p<0.05 one-way ANOVA with Tukey-Kramer post hoc analysis). There were no
significant changes in the expression of these genes noted in male offspring or with the other genes
measured in either sex. This indicates that Mn may influence the expression of Camk2a selectively in the
female amygdala in response to this learning paradigm. On-going research will examine treatmentrelated changes in the offspring of dams concurrently exposed to Mn and varying prenatal stress,
including transcriptional changes in the hippocampus or amygdala of adult offspring after learning the
trace fear conditioning task. This abstract does not necessarily reflect EPA policy.
ABSTRACT NUMBER: 3470
Poster Board Number: P259
TITLE: Perinatal Exposure to an Environmentally-Relevant Mixture of Phthalates on the Number of
Neurons, Glia, and Synapses within the Medial Prefrontal Cortex of Male and Female Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. G. Kougias, E. Sellinger, and J. M. Juraska.
University of Illinois at Urbana-Champaign, Champaign, IL. Sponsor: S. Schantz
KEYWORDS: Phthalates; Neurotoxicity; Developmental; Neurotoxicology
ABSTRACT: Phthalates, a class of endocrine-disrupting chemicals commonly used as plasticizers in a
variety of consumer products, are known to readily cross the placenta and can be delivered to offspring
via lactation. Thus, phthalate exposure could alter the growth and organization of the developing brain.
We have previously shown that perinatal exposure to an environmentally relevant mixture of phthalates
in rats leads to sex-specific changes in cognitive behaviors, specifically those that involve the medial
prefrontal cortex (mPFC), when assessed during adolescence and adulthood. Therefore, we hypothesize
that alterations in the neuroanatomy of the mPFC may underlie these effects. In this study, we
stereologically examine the effect of perinatal exposure to an environmentally relevant mixture of
phthalates on the number of neurons, glia, and synapses in the adult rat mPFC. The phthalate mixture
was comprised of 35% DEP, 21% DEHP, 15% DBP, 15% DiNP, 8% DiBP, and 5% BBP. Pregnant dams were
dosed orally with the phthalate mixture at 0, 200, or 1000 μg/kg/day through pregnancy and for 10 days
while lactating. One male and female per litter were sacrificed in adulthood for brain collection. Coronal
sections through the mPFC were collected and either stained with Methylene Blue/Azure II, a cell body
stain used for cellular quantification, laminar parcellation, and volume determination, or
immunohistochemically stained with synaptophysin, a presynaptic vesicle marker of synapses. Phthalate
exposure at 200 and 1000 μg/kg/day resulted in approximately 7 and 9% reductions, respectively, in
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mPFC volumes and 11 and 13% reductions in total number of synapses across both sexes. The total
quantification of the number of neuron and glia is underway. Therefore, environmentally relevant doses
of phthalates during the perinatal period have long-term effects on the cortex.
ABSTRACT NUMBER: 3471
Poster Board Number: P260
TITLE: The Flavor Enhancer Maltol Induces Thyroid Hormone-Like Changes in Cellular and Anatomical
Attributes in the Developing Tadpole Brain
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. K. Thompson. Virginia Tech, Blacksburg,
VA.
KEYWORDS: Endocrine; Thyroid; Neurotoxicology; Neurotoxicity; Developmental
ABSTRACT: Thyroid hormone is necessary for normal brain development, and there are growing
concerns that certain compounds used in industrial, consumer, and agricultural products can disrupt
thyroid hormone signaling, with severe potential consequences for behavior. The federal Toxicology in
the 21st Century (Tox21) program has evaluated nearly 10,000 compounds for their effects on thyroid
hormone signaling using a high-throughput cell-based system. The Tox21 dataset has identified several
compounds as potential thyroid hormone disrupting compounds, one of which is maltol, a naturally
occurring flavor enhancer and fragrance agent. We has assessed the effects of maltol on aspects of brain
development in Xenopus laevis tadpoles, which serve as useful models for better understanding thyroid
hormone disruption because they are acutely sensitive to changes in thyroid hormone signaling. In
addition, their external development allows for manipulation and observation of the early stages of
brain development which are relatively inaccessible for study in mammalian systems. To assess the
effects of maltol, stage 47 tadpoles (7-8 days post fertilization) were placed into one of six groups:
control bath, thyroxine bath (15 µg/L), and four concentrations of maltol (100 µM, 300 µM, 600 µM, 1
mM) for four or seven days. The highest concentrations of maltol induced a significant increase in the
number proliferating cells in the optic tectum, the pre-tectal area, and in the telencephalon. Maltol also
induced thyroid hormone-like changes in optic tectum morphology relative to control tadpoles. QPCR
experiments showed that maltol increased expression of only some thyroid hormone-sensitive genes in
the developing brain. Last, maltol induced thyroid hormone-like changes in melanocyte morphology in
the skin on the head, including directly above the brain. Time-lapse in vivo imaging experiments showed
that 1 mM maltol treatment increased the rate of neural differentiation in the optic tectum in a thyroid
hormone-like manner. These results are consistent with the Tox21 dataset indicating that maltol acts as
a thyroid hormone agonist and suggests that exposure to maltol has the potential to impact cellular
events necessary for normal brain development.
ABSTRACT NUMBER: 3472
Poster Board Number: P261
TITLE: In Utero and Lactational (IUL) TCDD Exposure Alters Axon Density in the Developing and Adult
Mouse Prostate
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. E. Turco1, K. A. Wegner1, R. E. Peterson1,
J. R. Keast2, and C. M. Vezina1. 1University of Wisconsin Madison, Madison, WI; and 2University of
Melbourne, Melbourne, Australia.
KEYWORDS: Dioxin; Neurotoxicity; Developmental; Reproductive and Developmental Toxicology
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ABSTRACT: In utero and lactational (IUL) TCDD exposure causes male mice to develop urinary
dysfunction in adulthood that are consistent with benign prostatic hyperplasia (BPH)-related urinary
symptoms experienced by most 60+ year old men. These symptoms include weak urine stream,
excessive nighttime urination, and the urge to urinate. Prostate smooth muscle tone is hypothesized to
contribute to urinary dysfunction in men, but the mechanism is unclear. Abnormal innervation or
excessive prostatic smooth muscle activity could contribute to urinary dysfunction, but neither has been
thoroughly studied. This study tested the hypothesis that IUL TCDD exposure changes the pattern of
noradrenergic, cholinergic, and peptidergic axons in both developing and sexually mature mouse
prostate. Pregnant dams were dosed with TCDD or corn oil (vehicle control) at embryonic day 13 ((e)13).
Prostate sections were obtained from male offspring at postnatal day 5 ((P)5) (during prostatic
branching morphogenesis) and postnatal day 50 ((P)50) (sexual maturity). Dorsal and ventral prostate
tissue sections were multiplex immunostained with markers of prostate epithelial cells (e-cadherin) and
either tyrosine hydroxylase, vesicular acetylcholine transferase, calcitonin gene-related peptide to
identify noradrenergic, cholinergic, and peptidergic fibers, respectively. Pixel density of each fiber
subtype was quantified in a 10 micron band of the fibromuscular stroma surrounding prostatic
epithelium. IUL TCDD exposure caused noticeable changes in cholinergic, peptidergic, and adrenergic
axon density in both the dorsal and ventral prostate lobes of mice at both (P)5 and (P)50. Specifically,
TCDD exposure increased peptidergic axon density at (P)5 and (P)50. IUL TCDD exposures most
noticeably increased peptidergic axon density in (P)50 ventral prostate. These result provide compelling
evidence that IUL TCDD exposure causes lasting changes to prostatic neuroanatomy, providing a new
potential mechanism by which it might promote BPH-related urinary function.
Work supported by NIH grant RO1ES001332 and T32 ES007015.
ABSTRACT NUMBER: 3473
Poster Board Number: P262
TITLE: Neuroprotective Role of N-Acetylcysteine against Learning Deficits and Altered Brain
Neurotransmitters in Rat Pups Subjected to Pre-Natal Stress
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. K. Madhyastha. Kuwait University,
Kuwait, Kuwait. Sponsor: N. Kilarkaje
KEYWORDS: Antioxidants; Neurotoxicity; Developmental; Behavioral
ABSTRACT: Prenatal adversaries like stress is known harm the progenies and oxidative stress is known to
be one of the causative factor. N-acetyl cysteine (NAC), a potent antioxidant, has been shown to play
neuroprotective role in humans and experimental animals. This study examines the benefits of NAC on
the prenatal stress induced learning and memory deficits and alteration in brain neurotransmitter in rat
pups. Pregnant dams were restrained during early or late gestational period. Other groups received
early or late gestational restrain stress combined with NAC treatment throughout the gestational
period. At postnatal day (PND) 28, offspring were tested in shuttle box for assessment of learning and
memory, followed by brain neurotransmitter (dopamine, norepinephrine and serotonin) estimation on
PND 36. Late gestational stress resulted in learning deficits and inability to retain the memory and
reduced brain dopamine content while not affecting norepinephrine and serotonin. NAC treatment in in
prenatally stressed rats reversed learning and memory deficits as well as brain dopamine content in
offspring. These findings suggest that NAC protect the progeny from undesirable cognitive sequel
associated with prenatal stress.
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ABSTRACT NUMBER: 3474
Poster Board Number: P263
TITLE: Sensitivity of Linear Brain Morphometry in Developing and Developed Wistar Han Rat Brains
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Gilmore, and D. Dandekar. Xenometrics
LLC, A CiToxLab Group of Companies, Stilwell, KS.
KEYWORDS: Neurotoxicology; Nervous System; Pesticides
ABSTRACT: The US EPA guidelines for a developmental neurotoxicity study include requirements for
assessing the effects of chemicals on the nervous system (micropathologic/morphometric analysis). We
evaluated the sensitivity of the brain morphometric analysis for detecting neurotoxicity in the
developing and developed brain of rats. This study was conducted in two phases. In Phase I (juvenile
rats), a total of eight male pups/group were given a single dose of trimethyltin (TMT) at 0, 0.5, 4, or 8 mg
TMT/kg body weight (bwt) via intraperitoneal (IP) injection on postnatal day (PND) 7 and sacrificed on
PND 21. In Phase II (adult rats), 56-day old male rats (8/group) were given a single dose of TMT at 0, 1, 4,
or 10 mg TMT/kg bwt via IP injection and sacrificed on PND 70. Assessments included micropathology,
gross brain morphology and morphometry (eight linear measurements) on the brain samples. For the
PND 21 pups given 8 mg TMT/kg bwt, gross brain morphometry indicated anterior/posterior cerebrum
measurements were 18% decreased as compared to controls. For the pups from the 0.5 and 4 mg/kg
dose levels, there were no TMT-related differences in any of the mean microscopic brain measurements
(frontal cortex, parietal cortex, caudate putamen, hippocampal, and cerebellum). Micropathology
changes related to TMT were noted in brain levels 2 through 6 in pups from the 8 mg/kg dose level,
which included, neuronal necrosis (brain levels 2, 4, 5, and 6), dilatation of lateral ventricles (brain levels
3, 4, 5, and 6) and vacuolization (brain levels 3, 4, and 5). For the PND 70 rats, no TMT-related
differences in any of the gross brain morphometric or mean microscopic brain measurements (frontal
cortex, parietal cortex, caudate putamen, hippocampal, and cerebellum) were noted for at any dose
level. Micropathological changes related to TMT were seen in the brain of rats from the 10 mg/kg dose
level which included, neuronal necrosis (in medial and/or lateral olfactory tract), piriform cortex,
hippocampus (CA1, CA2, CA3), and fascia dentate. Overall, TMT-related neuropathological lesions were
noted in the developing brain of PND 21 pups (Phase 1) as well as in the developed brain of adult rats
(Phase 2). Brain measurements on the developed rat brain in Phase II indicated no TMT-related changes
in any of the mean microscopic brain measurements (frontal cortex, parietal cortex, caudate putamen,
hippocampal, and cerebellum) at any dose level. This data indicate that, stand-alone positive or negative
results of brain morphometry in developmental neurotoxicity studies are not sufficient evidence of
neurotoxicity as there is a lack of correlation between micropathology and morphometry findings.
ABSTRACT NUMBER: 3475
Poster Board Number: P264
TITLE: Pre-Natal Exposure to Fine and Ultrafine Particulate Matter Dysregulates Cerebellar Myelin and
Metal Homeostasis in a Sex-Specific Manner
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Klocke1, V. Sherina1, J. Gunderson1, J. L.
Allen1, M. Sobolewski1, J. L. Blum2, J. T. Zelikoff2, and D. A. Cory-Slechta1. 1University of Rochester,
Rochester, NY; and 2New York University, Tuxedo, NY.
KEYWORDS: Neurotoxicity; Developmental; Developmental Toxicity; Prenatal; Exposure, Environmental
ABSTRACT: A growing body of evidence indicates the developing central nervous system (CNS) is a
target of air pollution toxicity. Increasingly, epidemiological reports indicate that exposure to the
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particulate matter (PM) fraction of air pollution during fetal development is associated with increased
risk of neurodevelopmental disorders such as autism spectrum disorder (ASD). These observations are
supported by our animal studies that demonstrate fetal PM exposure results in neuropathologies
characteristic of ASD, including white matter dysregulation/damage and the presence of PM-derived
metals in the offspring corpus callosum (CC). Given the role of the cerebellum in ASD etiology, this study
tested whether exposure to concentrated ambient particles (CAPs) during the fetal period induces
altered white matter and dysregulated metal homeostasis in offspring cerebellum. Analysis of myelin
density revealed cerebellar hypermyelination in CAPs-exposed male offspring at postnatal days (PNDs)
11-15 without alteration of cerebellar area in either sex. Atomic absorption spectroscopy revealed
elevated iron (Fe) concentration in the cerebellum of CAPs-exposed female offspring at PNDs 11-15, a
phenotype which correlates with previously observed elevated Fe in the female CC. To understand
potential underlying mechanisms, we performed RNAseq followed by pathway/ontology analyses.
Global cerebellar gene expression was significantly affected by gestational CAPs exposure at PND 12.
Pathway and ontology analyses revealed significant upregulation in energy homeostasis, lipid
homeostasis, and metal homeostasis that could underlie the observed cerebellar myelin and metal
pathologies. This study provides novel evidence of PM-induced cerebellar toxicity and may further help
to elucidate specific mechanistic targets of PM-induced neuropathologies.
ABSTRACT NUMBER: 3476
Poster Board Number: P265
TITLE: Exposure to PFOS, PFHxS, or PFHxA, But Not GenX, ADONA, or PFOA, Elicits Developmental
Neurotoxicity in Larval Zebrafish
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Gaballah1, A. Swank1, T. Catron1, M.
James1, M. Strynar1, J. Sobus1, E. Hines1, C. Vogs2, and T. Tal1. 1US EPA, Research Triangle Park, NC; and
2
Karolinska Institutet, Research Triangle Park, NC.
KEYWORDS: Neurotoxicology; Behavioral; Children’s Health
ABSTRACT: Exposure to polyfluoroalkyl substances (PFAS) like perfluorooctane sulfonic acid (PFOS) or
perfluorooctanoic acid (PFOA) are associated with developmental toxicity, neurotoxicity, and
carcinogenesis. Legacy PFAS have therefore been replaced with shorter carbon chain and
polyfluoroether compounds. The replacement PFAS GenX was recently discovered in North Carolina
drinking water sources; however, little is known about the toxicity of GenX. To address this, zebrafish (D.
rerio) were exposed to 0.044-80.0 µM PFOA, PFOS, GenX, 4,8-dioxa-3H-perfluorononanoate (ADONA),
perfluorohexanoic acid (PFHxA), potassium perfluorohexane-1-sulfonate (PFHxS), or 0.4% DMSO with
daily renewal on 0-5 days post fertilization (dpf). At 6 dpf, larvae were assessed for developmental
toxicity (DevTox). Locomotor activity was also assessed as a functional readout of developmental
neurotoxicity (DNT) over a 40 min testing period consisting of two consecutive 10 min light periods (20
lux; L1 and L2) and two consecutive 10 min dark periods (0 lux; D1 and D2). In the DevTox assay,
exposure to test compounds containing a sulfonic acid moiety including PFOS and PFHxS resulted in
failed swim bladder inflation and abnormal ventroflexion of the tail. Exposure to the non-sulfonic-acid
containing compounds GenX, ADONA, PFOA or PFHxA failed to produce developmental toxicity at the
concentrations tested. In the DNT assay, exposure to non-teratogenic concentrations of PFOS (0.1-3.1
µM) or PFHxS (4.4-44.8 µM) triggered locomotor hyperactivity in the L1, L2, and D1 periods while
exposure to 14.0 µM PFHxA (negative in DevTox assay), produced hyperactivity in the D1 and D2 phases.
No changes in locomotor activity were observed in zebrafish exposed to GenX, ADONA, or PFOA. In
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summary, we identified developmental toxicity in zebrafish exposed to PFOS and PFHxS and DNT in
zebrafish exposed to non-teratogenic concentrations of PFOS, PFHxS, and PFHxA. These data
demonstrate the utility of using multiple zebrafish assays to rapidly assess the toxicity of emerging
environmental contaminants like GenX. This abstract does not necessarily reflect EPA policy.
ABSTRACT NUMBER: 3477
Poster Board Number: P266
TITLE: Quercetin Attenuates Cisplatin-Induced Toxicities: An In Vivo Study Using Albino Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. M. Alharthy, H. N. Althurwi, O. Almutairi,
and F. F. Albaqami. Prince Sattam bin Abdulaziz University, AlKharj, Saudi Arabia.
KEYWORDS: Neurotoxicology; Behavioral
ABSTRACT: Quercetin, a natural flavonoid compound, was shown to have anti-cancer, anti-anxiety, antidepression and anti-diarrhea effects along with its known hepatoprotective and nephroprotective
activities. On the other hand, chemotherapeutic agents, such as cisplatin, are known to be associated
with various side effects including depression, anxiety, anorexia, congestive heart failure and
nephrotoxicity. Moreover, cisplatin and quercetin co-treatment has been showed a synergetic effect
against multiple tumor types. Thus, this study was conducted to investigate the ability of quercetin cotreatment to alleviate cisplatin-induced toxicities. Albino male rats (average weight = 264.54 ± 25.3 g)
were randomly divided into four treatment groups (n= 4-5 for each). These groups were vehicle
(control), cisplatin (CDDP), quercetin (QR), and cisplatin with quercetin co-treatment (CDDP + QR). All
treatments were administrated as intraperitoneal injection. QR (10 mg/ kg) was given for five
consecutive days, whereas a single dose of CDDP (6 mg/ kg) was given on the 3rd day of QR treatment.
Splash test was conducted to evaluate depression effect, also body and organs weight were recorded.
Results showed that CDDP treatment significantly increased the grooming latency time (257 ± 38.02
sec.), decreased grooming frequency (1.4 ± 1.02 times/ 5 min.) and grooming duration (13.4 ± 13.47
sec./ 5 min.) compared to control treatment. However, QR significantly reversed cisplatin-induced
depression in CDDP + QR treatment group (127.25 ± 106.76 sec., 3.25 ± 1.79 times/ 5 min., 34.4 ± 17.11
sec./ 5 min. for grooming latency time, frequency, and grooming duration, respectively with p ˂ 0.05). In
addition, blind observational assessment showed that QR significantly reduced cisplatin-induced
diarrhea in CDDP + QR group by 60% (p ˂ 0.05). In conclusion, these findings suggest that adding QR +
CDDP co-treatment may not only increase cisplatin potency as a chemotherapy, but also reduce cisplatin
toxicities.
ABSTRACT NUMBER: 3478
Poster Board Number: P267
TITLE: GenX Inhibits P-Glycoprotein and Breast Cancer Resistance Protein at the Blood-Brain Barrier
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. C. Richards, A. W. Trexler, G. A. Knudsen,
R. E. Cannon, and L. S. Birnbaum. NIEHS, Research Triangle Park, NC.
KEYWORDS: Perfluoronated Agents; Persistent Organic Chemicals; Neurotoxicology
ABSTRACT: Ammonium 2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)propanoate (CAS No. 62037-80-3,
GenX), is a chemical precursor in the production of polytetrafluoroethylene and is a replacement for
perfluorooctanoic acid. In June of 2017, GenX was detected at 1.82 nM in the Cape Fear River in North
Carolina downstream of a perfluoroalkyl substances manufacturer. Based on a high-dose (300 mg/kg)
toxicokinetic study, GenX is unlikely to be metabolized, has an apparently high oral bioavailability, and is
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almost exclusively excreted via urine. Based on its high bioavailability, persistence, likely human
exposure, and unknown CNS toxicity, we investigated the potential for GenX to modulate the bloodbrain barrier (BBB). The BBB plays a vital role in limiting exposures of toxicants to the brain. We
investigated the effects of GenX on three well-characterized efflux transporters (P-gp, BCRP, and MRP2)
by exposing rat brain capillaries ex vivo to increasing concentrations of GenX (1, 10, 100 nM, or 1 µM). In
a steady-state transport model, we found that GenX decreased the transport activity of P-gp in a linear
dose- and time- dependent manner, and that the effect was irreversible. BCRP activity decreased
nonmonotonically from 1 nM to 100 nM concentrations of GenX, but it had no effect at the highest dose
of 1 µM. At 100nM, GenX caused a periodically oscillating decrease in BCRP activity over time (0 to 6
hours). GenX had no effect on activity of MRP2 at the concentrations tested, indicating that the effects
seen on P-gp and BCRP were specific and that the capillaries were not compromised structurally by the
chemical. Decreased P-gp and BCRP activity may reduce the neuroprotective function of the BBB and
alter pharmacokinetics of their substrates, potentially exposing the CNS to toxic endogenous and
exogenous substrates. Future studies will investigate the mechanisms underlying decreased P-gp and
BCRP activity, transporter activity following in vivo exposure(s), and the disposition and
pharmacokinetics of GenX at environmentally relevant doses.
ABSTRACT NUMBER: 3479
Poster Board Number: P268
TITLE: High-Content Imaging Analysis for Detecting the Status of Synapses in Cultured Hippocampal
Neurons
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Hanamura1, N. Koganezawa1, Y. Sekino2,
and T. Shirao1. 1Gunma University, Maebashi, Gunma, Japan; and 2The University of Tokyo, Tokyo, Japan.
Sponsor: Y. Fueta
KEYWORDS: In Vitro and Alternatives; Neurotoxicology; Cell Culture
ABSTRACT: Status of neuronal synapses is closely associated with brain function. To understand the
molecular mechanisms affecting the status of the synapses, we have used an actin-binding protein,
drebrin as a marker that reflects the status of the glutamatergic synapses. We have shown that
activation of NMDA-type glutamate receptors or application of amyloid beta oligomer reduce the
amount of drebrin in the postsynaptic sites of glutamatergic synapses in cultured hippocampal neurons.
However, technical requirement and manual operation limits the availability of this method to highthroughput analysis. In this study, we applied the drebrin-based evaluation of synapses to high-content
image analysis using microplates. We used frozen stocks of hippocampal neurons to minimize the
variation among experiments. After 3 weeks in vitro, neurons were fixed and processed for
immunocytochemistry to visualize synaptic status (drebrin), dendritic length (MAP2) and neuronal cell
bodies (nuclear staining). After automated image acquisition, total number of drebrin clusters per fields,
drebrin cluster density along dendrites, dendritic length and neuronal number were automatically
quantified by using newly-developed algorism. To evaluate the efficacy of this analysis, we analyzed the
effect of glutamate on these parameters. 30-100 µM glutamate significantly reduced drebrin cluster
density without affecting neuronal number nor dendritic length. These results suggest that this highcontent imaging analysis of synaptic status using drebrin will be useful for detecting the effects of
various drugs that may affect brain function. Supported by AMED 17bk0104077h0001.
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ABSTRACT NUMBER: 3480
Poster Board Number: P269
TITLE: Neuroinflammatory Responses in a Mouse Model of Tetramethylenedisulfotetramine-Induced
Status Epilepticus
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. J. Calsbeek, E. A. Gonzalez, C. A. Boosalis,
D. Zolkowska, M. A. Rogawski, and P. J. Lein. University of California Davis, Davis, CA.
KEYWORDS: Excitotoxicity; Pesticides; Neurotoxicology
ABSTRACT: Tetramethylenedisulfotetramine (TETS) is GABAA receptor antagonist that is considered a
chemical threat agent due to its ease of synthesis and its potent bioactivity in humans. Acute exposure
to TETS can trigger seizures that evolve into status epilepticus (SE), and death. The current medical
countermeasure for treating acute intoxication with seizurogenic chemicals like TETS includes the
administration of benzodiazepines such as diazepam or midazolam. When administered 40 min postexposure in a mouse model of TETS-induced SE, these positive allosteric modulators of the GABAA
receptor are effective in stopping seizures and reducing mortality from ~90% to ~25%. The goal of this
project was to determine the efficacy of this intervention in mitigating the neuroinflammatory response
following TETS-induced SE, with the objective of determining a feasible window of time for therapeutic
intervention. In the current study, adult male NIH Swiss mice were pretreated with riluzole (10 mg/kg,
ip) 10 min prior to receiving a lethal dose of TETS (0.2 mg/kg, i.p.). Control animals received vehicle in
place of TETS and benzodiazepine. Animals were continuously monitored by EEG and/or scored for
seizure behavior to confirm that TETS exposure elicited electrographic and/or behavioral seizures. At 10
or 40 min after the initiation of seizures, animals were administered either diazepam (1.8 mg/kg, im) or
midazolam (1.8 mg/kg, im) to terminate the seizure. At 3 days post-intoxication, animals were
euthanized and the brains were removed for FluoroJade C (FJC) labeling to assess neurodegeneration,
and GFAP and IBA1 immunohistochemistry to quantify neuroinflammation. Relative to vehicle control,
FJC labeling and GFAP immunoreactivity were significantly increased in the piriform cortex of all TETSexposed groups regardless of time of benzodiazepine administration. In contrast, IBA1 immunoreactivity
was significantly decreased in all TETS-exposed groups relative to control. Midazolam was not superior
to diazepam in protecting against neurodegeneration or neuroinflammation. These findings do not
support the hypothesis that earlier treatment with either benzodiazepine is more effective in mitigating
TETS-induced neuropathology. Supported by the NINDS CounterACT Program (grant # U54 NSS079202).
ABSTRACT NUMBER: 3481
Poster Board Number: P270
TITLE: Microfluidics-Encapsulated 3D Networks of iPSC-Derived Neurons and Glia for Highly Predictive
Mechanistic Neurotoxicity Screening
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. W. Lowman1, A. Nicholas2, P. Vulto2, S.
Trietsch2, R. van Vught2, C. Chiang2, and N. Wevers2. 1Mimetas Inc, Gaithersburg, MD; and 2Mimetas BV,
Leiden, Netherlands. Sponsor: K. Bircsak
KEYWORDS: Predictive Toxicology; Neurotoxicology; Biological Modeling
ABSTRACT: The reliable prediction of neurotoxicity remains a major scientific challenge in drug
development, due to the complexity of the central nervous system. Current strategies to evaluate
toxicity of drugs and chemicals are predominantly based on ex vivo or in vivo animal studies, which have
shown limited predictability for neurotoxicity in humans and are not amenable to high-throughput
testing. Here, we describe the development of a 3D neurotoxicity model based on iPSC-derived neurons
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cultured within in a high-throughput microfluidic platform, as well as the initial results from a recent
screen of neurotoxic compounds. The stratified microfluidic design allows for fine control of the
extracellular environment, facilitating highly-reproducible screening on miniaturized CNS models,
comprised of neurons, astrocytes, and supporting glia in co-culture. In recent work, a mixed population
of human iPSC-derived neurons consisting of GABAergic and glutamatergic neurons, with supporting
astrocytes, was cultured in 3D to closely represent the physiology of the human brain. As a part of the
validation, proper network formation was observed by neuron-specific immunostainings (β3-tubulin,
vGLUT, vGAT), and neuronal electrophysiology was analyzed by a calcium sensitive dye, indicating
spontaneous neuronal firing. Notably, 3D CNS mimics show significantly less non-physiological
synchronization of electrophysiological firing compared to 2D systems, increasing the sensitivity for
predicting the seizurogenic potential of test compounds. Additionally, dose-dependent neurotoxic
effects of methylmercury and endosulfan were measured using multiplexed mechanistic viability assays,
including standard live/dead staining, mitochondrial depolarization assays, and phenotypic
quantification of inhibited neurite outgrowth. The 3D iPSC-derived CNS mimics described can be applied
to refine animal experiments, and hold the potential to better predict adverse effect in humans and
hence improve clinical development success rates.
ABSTRACT NUMBER: 3482
Poster Board Number: P271
TITLE: Acute Exposure to Diesel Exhaust Impairs Adult Neurogenesis in Mice: Prominence in Males and
Protective Effect of Pioglitazone
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. L. Coburn1, T. B. Cole1,2, K. T. Dao1, and L.
G. Costa1,3. 1University of Washington, Seattle, WA; 2Center on Human Development and Disability,
Seattle, WA; and 3University of Parma, Parma, Italy.
KEYWORDS: Neurotoxicology; Cell Proliferation; Particulates
ABSTRACT: Adult neurogenesis is the process which occurs through life, by which neural stem cells give
rise to new functional neurons in specific regions of the adult brain. Significantly, neurodegenerative and
psychiatric disorders present with suppressed neurogenesis, activated microglia and
neuroinflammation. Traffic-related air pollution has been shown to adversely affect the central nervous
system. As the cardinal effects of air pollution are microglia activation, and ensuing oxidative stress and
neuroinflammation, we investigated whether acute exposures to diesel exhaust (DE) would inhibit adult
neurogenesis in mice. Mice were exposed for 6 h to DE at a PM2.5 concentration of 250-300 ug/m3,
followed by assessment of adult neurogenesis in the hippocampal subgranular zone (SGZ), the
subventricular zone (SVZ) and olfactory bulb (OB). DE impaired proliferation in the SGZ and SVZ in males,
but not females. DE reduced adult neurogenesis, with male mice showing fewer new neurons in the
SGZ, SVZ and OB, and females showing fewer new neurons only in the OB. To assess whether blocking
microglial activation protected against DE-induced suppression of adult hippocampal neurogenesis,
male mice were pre-treated with pioglitazone (PGZ) prior to DE exposure. The effects of DE exposure on
microglia, as well as neuroinflammation and oxidative stress, were reduced by PGZ. PGZ also
antagonized DE-induced suppression of neurogenesis in the SGZ. These results suggest that DE exposure
impairs adult neurogenesis in a sex-dependent manner, by a mechanism likely to involve microglial
activation and neuroinflammation. (Supp. in part by R01ES022949, R01ES28273, P30ES07033,
U54HD083091).
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ABSTRACT NUMBER: 3483
Poster Board Number: P272
TITLE: Inducible, Fast, and Reproducible Differentiation of Human Pluripotent Stem Cells (hPSC) into
Neurons for Neurotoxicity Screening
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: I. Geti1, D. Mitic Potkrajac2, K. Stojanov2, G.
Apic2,1, and M. R. N. Kotter1,3. 1Elpis BioMed Ltd., Cambridge, United Kingdom; 2Metisox Ltd., Cambridge,
United Kingdom; and 3University of Cambridge, Cambridge, United Kingdom.
KEYWORDS: Neurotoxicology; Embryonic Stem Cells; Bioinformatics
ABSTRACT: One of main reasons for neurological drug failure is the lack of reproducible and scalable
physiologically relevant model. The goal of this study was to generate hPSC-derived neuronal cells and
demonstrate their potential utility in neurotoxicity screening. We present here a powerful approach for
the generation of human neurons by forward programming. We used optimized inducible
overexpression platform (OPTi-OX) that is based on targeting of each of the two elements of the Tet-ON
system (reverse tetracycline transactivator [rtTA] responsive to doxycycline (dox), and an inducible
promoter regulated by rtTA (Tet-responsive element)) into different genomic safe harbor sites (GSHs). In
order to generate neurons we created a pro-neuronal transcription factor NGN2 OPTi-OX hPSCs and
induced them with dox in neuronal differentiation medium. Nearby pure populations of neurons are
generated within 5 days compared to several weeks in conventional methods and reach synchronised
network activity on multi-electrode arrays within less than three weeks. The efficiency of neuron
generation remained stable over extended culture periods of the inducible hPSCs (> 25 passages). qPCR
was performed to characterize generated neurons. Induction of NGN2 expression resulted in
downregulation of pluripotency factors OCT4 and NANOG, and after 1 week upregulation in expression
of neuronal transcriptional program including βIII-tubulin, MAP2, BRN2, FOXG1, GRIA4, VGLUT1 and
VGLUT2. In order to demonstrate the potential utility of these genes in neurotoxicity, we applied
bioinformatics analysis using SysWiz software tool. SysWiz contains publicly available data on chemicals,
genes, proteins, biological processes and toxicities/pathologies/diseases. By applying SysWiz tool to this
data, we have identified a number of biological processes these genes are involved in, such as
Regulation of neuronal differentiation, Neuronal migration, Neurotransmitter synthesis and uptake,
Forebrain development etc. By mapping of known neurotoxins onto these genes, we got predictions of
multiple neurotoxic effects, such as Neuronal degeneration, Neuronal atrophy, necrosis, apoptosis etc.
Our results demonstrate that OPTi-OX forward programming can be used for fast and reproducible
generation of neurons that can be utilized for neurotoxicity testing.
ABSTRACT NUMBER: 3484
Poster Board Number: P273
TITLE: The Three-Dimensional Structure of Synapsin-1 Protein Domain by Homology Modeling and Its
Interaction with Acrylamide
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. Li. National Institute of Occupational
Health and Poison Control, Chinese Center for Disease Control and Prevention, Beijing, China.
KEYWORDS: Neurotoxicology; Receptor
ABSTRACT: To study the three-dimensional structure of synapsin-1 protein domain by homology
modeling and to study the interaction and probable docking sites between small molecule acrylamide
(ACR) and synapsin-1 protein by molecular docking and molecular dynamics simulation that provide
evidences of the mechanism of action of acrylamide on the synapsin-1 protein damage. Docking

The Toxicologist: Late-Breaking Supplement 2018

113

simulation was carried out using commonly used software such as Dock 6.7 and Amber14. Simulation
results between acrylamide and protein suggest that both may work through three different modes (I, II
and III). From the energy point of view, small molecules are more likely to bind to the protein in mode I,
with contributions from Asn214 (GB and PB), Ser390 (GB and PB) and Ser391 (GB) being particularly
prominent; structurally, the combination of mode II and III has greater trend , and the two have
consistency , including Glu373 and Lys225 more obvious role. The simulation results show that the
hydrogen bond, electrostatic force , van der Waals forces and calcium ions play an important role in the
combination of the two. Experimental results show that small molecules interact with proteins in the
presence of calcium ions. In molecular dynamics simulations, the small molecule acrylamide (ACR)
interacts with the synapsin-1 domain in the presence of calcium ions, possibly as sites for Asn214 (GB
and PB), Ser390 (GB and PB) and Ser391 (GB) amino acid residues in model I and Glu373 and Lys225
amino acid residues of model II and III. This provides an important structural information and theoretical
basis for elucidating the mode of combination and the importance of calcium ions, and is of great
importance for the follow-up of confirmatory experiments and studies on changes in protein structure
and possible functional changes of proteins before and after the action of small molecules.
ABSTRACT NUMBER: 3485
Poster Board Number: P274
TITLE: Toxicological Characterization of the Conotoxin ACVI
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. A. Hofstetter. Excet, Inc., Aberdeen
Proving Ground, MD.
KEYWORDS: Neurotoxicology
ABSTRACT: Conotoxins are an extremely large class (currently estimated up to 1M) of small cysteine-rich
peptides isolated from cone snails found primarily in Pacific islands. Each cone snail can produce as
many as a thousand individual peptides that make up the venom it injects into either its prey or its
predators, but fewer than 1% of these peptides have been characterized to date. Those that have
generally target pathways in the nervous system. Thus, conotoxins represent an extraordinary
opportunity for bioprospecting; ω-MVIIA (Prialt) is currently used therapeutically to alleviate
neuropathic pain unresponsive to other analgesics. However, due to their variety of effects on
components of the human nervous system including receptors for the neurotransmitter acetylcholine
(ACh) and sodium, potassium and calcium channels, some conotoxins exhibit neurotoxic effects and
lethality at doses comparable to traditional chemical warfare agents, making conotoxins a class of
compounds of rapidly increasing interest. Only a small number of laboratories in the world have access
to these peptides, and only a small fraction of the conotoxin peptides produced by cone snails have
been characterized to date. A lack of adequate data on handling and disposal may lead to unnecessarily
restrictive access and hindrance of both drug development for major human afflictions and a better
understanding of their toxic effects. The robust backbone and post-translational modifications such a
disulfide bridges seen in these short peptides make decontamination and eradication of biological
activity more challenging than in other proteins. We evaluated a number of conotoxin decontamination
methods and concluded that incubation with 220 nM NaClO- for 1 hour completely degrades the intact
peptide, as monitored via LC-MS. This treatment also eradicated observable biological activity. In
addition to the development of a validated conotoxin decontamination SOP, we used Biolayer
Interferometry, a rapid and highly sensitive technology, to characterize the kinetics of the interactions
between the conotoxin ACVI and its pharmacological target, neuronal-type nicotinic ACh receptor. Using
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Rhabdomyosarcoma cell membrane-enriched preparations as source of the cell-surface-bound nicotinic
ACh receptor, we found that the KD value for ACVI was 5 pM, Ka was around 150, and Kd was around 1 x
10-7. This indicates an extremely high affinity and selectivity for the target, confirming that binding to the
nACh receptor is likely the mechanism behind the toxicity of this peptide.
ABSTRACT NUMBER: 3486
Poster Board Number: P275
TITLE: Role of Microglial Activation and Neuroinflammation in Neurotoxicity of Acrylamide, an
Environmental Soft Electrophile
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Hasegawa1, C. Zong1, M. Urushitani2, T.
Sakurai1, S. Ohsako3, and G. Ichihara1. 1Tokyo University of Science, Noda, Japan; 2Shiga University of
Medical Science, Otsu, Japan; and 3The University of Tokyo, Tokyo, Japan.
KEYWORDS: Neurotoxicology; Inflammation
ABSTRACT: Acrylamide (ACR) is used in the production of polymers and gels. ACR contamination has
also been reported in certain carbohydrate-rich foods cooked at high temperature. Neurotoxicity of ACR
has been reported in humans and experimental animals. However, underlying mechanism of ACR
neurotoxicity remains elusive. The present study investigated microglial activation and
neuroinflammation induced by ACR exposure and their roles in the neurotoxicity of ACR. Murine
immortalized microglial BV-2 cells were treated with ACR at different dose (0, 5, 50, or 500 μM), for
different time (0, 4, 6, 8, 12, 18, 24, or 36 hrs). MTS assay was performed to quantify the viable cells
exposed to ACR. Expressions of inflammation related genes including cytokines and nitric oxide synthase
(iNOS), were examined by quantitative real-time PCR. Male Wistar rats were exposed to ACR by gavage
at 0, 0.2, 2, or 20 mg/kg BW, once/day, 7 days/week, for 5 weeks. At the end of exposure, rats were
decapitated. The cerebral cortex was dissected out and kept frozen until extraction of RNA. Expression
levels of inflammation related genes and biomarkers of microglial activation were measured by
quantitative real-time PCR. MTS assay showed that ACR exposure ranging from 10 to 1000 μM did not
decrease BV2 cell viability; while ACR exposure at more than 2000 μM significantly decreased BV2 cell
viability. ACR exposure increased mRNA expression levels of cytokines IL-1β and IL-18 in a time- and
dose- dependent manner. Expression level of iNOS was increased after ACR exposure. in vivo studies
showed that ACR exposure at 2 mg/kg BW for 5 weeks significantly increased mRNA expression of
markers of microglial activation in rat cortex, including CD11b and CD40. ACR exposure at 20 mg/kg BW
for 5 weeks significantly increased IL-1β and IL-6 expression levels in rat cortex, and ACR exposure at 2
mg/kg BW for 5 weeks also significantly increased IL-18 expression level in the cerebral cortex. The
inflammasome related genes, including NLRP3, Caspase 1 and ASC, which regulates production of
cytokines IL-1β and IL 18, were also increased in the cerebral cortex of rats exposed to ACR at 2 mg/kg
BW for 5-weeks. The above in vitro and in vivo results demonstrated that ACR exposure might induce
neuroinflammation and cause neurotoxicity through activation of microglia and increase expression of
cytokines.
ABSTRACT NUMBER: 3487
Poster Board Number: P276
TITLE: Interactions of Cholinesterase and Phenylvalerate Activities on Chicken Brain Membrane Fraction
Regarding Organophosphorus Neurotoxicity
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Estévez, M. Benabent, V. Selva, I. Mangas,
M. Sogorb, and E. Vilanova. University Miguel Hernandez of Elche, Elche, Spain.
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KEYWORDS: Neurotoxicity; Pesticides; Organophosphates; Pesticides
ABSTRACT: Some effects of organophosphorus compounds (OPs) esters cannot be explained by action
on currently recognized targets acetylcholinesterase or neuropathy target esterase (NTE). The last one is
a fraction of the membrane proteins with phenylvalerate esterase activity (PVase) involved in the key
initiating molecular event in the OP-induced delayed neuropathy (OPIDN). We had reported that an
enzymatic fraction in chicken brain soluble fraction is due to a butyrylcholinesterase protein, and it was
suggested that this enzymatic fraction could be related to the potentiation/promotion phenomenon of
the OPIDN. We have also demonstrated that human butyrylcholinesterase (hBuChE) shows PVase
activity; both substrates (acethylthiocholine and phenyl valerate) showed competition in their activities;
mipafox, iso-OMPA or PMSF inhibited both activities with similar kinetic constants in each case; the
results suggest that both activities are related to the same active center, although further kinetic and
structural research is needed. In chicken membrane brain fractions, four components (EPα, EPβ, EPγ and
EPδ) of PVase have been discriminated by their inhibitory kinetic properties using irreversible inhibitors
(paraoxon, mipafox, PMSF). Only EPα PVase activity showed decrease of activity in the presence of
acetylthiocholine, and its cholinesterase activities by phenylvalerate. Four enzymatic components (CP1,
CP2, CP3 and CP4) were discriminated in cholinesterase activity in membrane fraction, according to their
sensitivity and kinetic behavior to the irreversible inhibitors mipafox, paraoxon, PMSF and iso-OMPA.
Considering the inhibitory properties and the substrate interactions, the cholinesterase components CP1
and CP2 could be related to the PVase activity component EPα that represents the fraction of activity
that is highly sensitives to mipafox and paraoxon, resistant to PMSF and is spontaneously reactivated
when inhibited by paraoxon. The research of the adverse pathways of OP delayed neurodegerative
toxicity should consider the relation of PVases with cholinesterases.
ABSTRACT NUMBER: 3488
Poster Board Number: P277
TITLE: Gestational and Early Postnatal Exposure to Traffic-Related Air Pollution Modulates
Neuroinflammation and Increases Neurogenesis in Male and Female Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. T. Patten1, A. Valenzuela1, E. Berg2, J. L.
Silverman2, K. J. Bein3,4, A. S. Wexler4,5, and P. J. Lein1. 1University of California Davis School of Veterinary
Medicine, Davis, CA; 2University of California Davis School of Medicine, Davis, CA; 3Air Quality Research
Center, Davis, CA; 4University of California Davis, Davis, CA; and 5University of California Davis College of
Engineering, Davis, CA.
KEYWORDS: Exposure, Environmental; Neurotoxicity; Developmental; Developmental Toxicity; PostNatal
ABSTRACT: Recent epidemiological studies have linked traffic-related air pollution (TRAP) to increased
risk of adverse neurodevelopmental outcomes, including psychomotor deficits, cognitive impairments,
and autism. In addition, in vivo and in vitro studies have shown that individual components of TRAP can
alter neuroinflammation, increase neurotransmitter levels, and modulate neurogenesis. However, TRAP
exposures are challenging to reproduce in laboratory settings, and the mechanism(s) by which TRAP
modulates neurodevelopment remain unclear. To address these issues, we exposed male and female
Sprague-Dawley rats to real-time TRAP, using a mobile exposure facility that samples air directly from
the highway tunnel in the Bay Area of California. TRAP and filtered air (FA) samples were collected every
three days, and a subset of these were analyzed for particulate matter mass, organic and elemental
carbon composition, and metal composition. Rats were exposed to TRAP or filtered air (FA) from
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gestational day 15 to postnatal day 50. Following exposure, microglial infiltration, reactive astrogliosis,
and markers of neurogenesis were quantified in relevant brain regions using immunohistochemistry.
Male rats exposed to TRAP had significantly increased numbers of IBA1+ cells in the CA1 region of the
hippocampus, though other hippocampal regions were unaffected. Both male and female TRAP-exposed
rats also exhibited decreased GFAP immunoreactivity in the dentate gyrus. Finally, Ki67+/Doublecortin+
cells were significantly increased in the subgranular zone, a primary site of adult neurogenesis, in both
male and female TRAP-exposed rats. These data suggest that exposure of the developing brain to TRAP
differentially modulates microgliosis and astrogliosis, and increases neurogenesis. This work was
supported by the NIEHS (grants R21 ES025570 and P30 ES023513), NIA (grant P30AG010129), NICHD
(grant U54 HD079125) and NIMH (T32 MH112507).
ABSTRACT NUMBER: 3489
Poster Board Number: P278
TITLE: Traumatic Brain Injury Induces Cell Death and Alters IGF Signaling in Human Neurons
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Ali, H. Rosas-Hernandez, S. M. Lantz, E.
Cuevas, M. G. Paule, and S. Z. Imam. US FDA/NCTR, Jefferson, AR.
KEYWORDS: In Vitro and Alternatives
ABSTRACT: Traumatic brain injury (TBI) is caused when an external mechanical force induces brain
damage, resulting in deformation throughout the brain tissue. Although one of the consequences of TBI
is neuronal cell death, different molecular mechanisms are triggered in response to the initial trauma,
including insulin-like growth factor-1 (IGF-1) signaling. IGF signaling has been involved in both cell
damage and repair after TBI. Therefore, the aim of this study was to evaluate if neuronal levels of IGF-1
and related proteins are modified after TBI in vitro. Human dopaminergic neurons were submitted to
mild (10% stretch) or severe (50% stretch) TBI in vitro using a commercially available system, with
subsequent analyses performed 1 and 7 days after injury. LDH release increased only at 50% stretch 1
day post-injury, with values returning to control levels after 7 days. 50% stretch decreased IGF-1 levels
whereas 10% stretch increased the levels 1 day post injury. However, the levels of this hormone were
decreased at both stretch conditions after 7 days. IGF-2 decreased 1 day after injury, and increased after
7 days under both stretch conditions. IGF binding proteins (IGFBPs) remained practically unchanged,
except for IGFBP-2, which increased after 10% and 50% stretch at both 1 and 7 days post injury. Insulin
levels decreased 1 day post injury at both stretch conditions, whereas 10% stretch decreased and 50%
stretch increased its levels 7 days after injury. The increase in cell death induced by severe TBI observed
at 24 hours was related with a decrease in IGF-1, while mild TBI did not induced cell death and increase
IGF-1 content, suggesting a role of this signaling molecule on the neuronal death induced by TBI 1 day
post injury. Interestingly, levels of IGF-1 and -2 seem to change inversely, with IGF-1 decreasing and IGF2 increasing at both intensities of stretch 7 days after injury, suggesting that these molecules regulate
neuronal processes independent of cell death at this time point. These data suggest that IGF signaling is
altered by both mild and severe TBI and may trigger different mechanisms in the neuron both
dependent and independent of cell death, with IGF-1, IGF-2 and IGFBP-2 mediating the neuronal
alterations induced by TBI.
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ABSTRACT NUMBER: 3490
Poster Board Number: P279
TITLE: Methylmercury Affects the Gene Expression of Hypothalamic Neuropeptides That Control Body
Weight in Rodents
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. Ferrer1, T. Vieira-Peres1, A. Antunes dos
Santos1, J. Bornhorst2, P. Morcillo1, C. Ludvig Gonçalves1, A. B Bowman3, and M. Aschner1. 1Albert
Einstein College of Medicine, Bronx, NY; 2Institute of Nutritional Science, University of Potsdam, Potsdam,
Germany; and 3Vanderbilt University Medical Center, Nashville, TN.
KEYWORDS: Hypothalamus; Metals; RT-PCR
ABSTRACT: Methylmercury (MeHg) is an environmental pollutant that affects primarily the central
nervous system (CNS) causing neuropathological alterations. An early symptom of MeHg poisoning is the
loss of body weight and appetite. Moreover, the CNS has an important role in controlling energy
homeostasis. It is known that in the hypothalamus, both nutrient and hormonal signals converge to
orchestrate the mechanisms to control body weight and food intake. To understand if MeHg is able to
affect various expression of key hypothalamic neuropeptides that regulate the mechanisms that control
food intake and energy homeostasis, eight-week-old C57BL/6J mice (males and females) were exposed
to MeHg in drinking water at different doses (0, 0.5 and 5 ppm). The chosen doses were expected to
lead an accumulation of 0, 0.25 and 25 µHg/protein, respectively, capturing the sub-toxic threshold
reported in mammalians. Body weight, food intake and water consumption were monitored along the
treatment. Glucose homeostasis status was evaluated by insulin tolerance test and oral glucose
tolerance test on days 18 and 25, respectively. After 30 days of treatment mice were euthanized and
tissues were collected and weighed. Although, no changes in body weight were detected, MeHg
decreased fat depot (subcutaneous and visceral white adipose tissue and brown adipose tissue) in
males, whereas no changes were detected in females. Moreover, mRNA expression of hypothalamic
neuropeptides which control body weight and energy homeostasis were analyzed by qRT-PCR. MeHg
increased the expression of Propiomelanocortin (Pomc) mRNA in males, and decreased pro-melaninconcentrating hormone (Pmch) mRNA in females in a dose-dependent manner, inducing an anorexigenic
profile. The present study shows, for first time, that MeHg can induce changes in hypothalamic
neuropeptide gene expression promoting an anorexigenic/catabolic profile in a gender-and dosedepending way. This work is supported by NIEHS R01 ES07331.
ABSTRACT NUMBER: 3491
Poster Board Number: P280
TITLE: The Effects of Maternal Exposure to Organophosphate Flame Retardants on Offspring Feeding
and Exploratory Behaviors
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Walley, A. Yasrebi, and T. Roepke.
Rutgers, The State University of New Jersey, New Brunswick, NJ.
KEYWORDS: Endocrine Disruptors; Organophosphates; Neurotoxicology
ABSTRACT: Endocrine disrupting compounds are ubiquitous and accumulate in human tissues
generating concern about impact during sensitive developmental periods. One common type of EDC are
flame-retardants. Developmental exposure to polybrominated diphenyl ethers (PBDE) produce
neurological effects in rodent models, but PBDE have been largely phased out. There is little data on
their replacement, organophosphate flame retardants (OPFR) and their effects on offspring neurological
behavior. This current study will explore these potential effects of OPFR on feeding and exploratory
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behaviors. Wild-type dams were mated and dosed with either oil or an OPFR mixture (triphenyl
phosphate, tricresyl phosphate, and tris(1,3-dichloro-2-propyl) phosphate, 1 mg/kg/day) from
gestational day 7 to postnatal day 14. Litter were either fed a low-fat or a high-fat diet for 16 weeks
after weaning before exploratory behaviors (open field and elevated plus maze) and meal pattern and
locomotor activity were assessed. OPFR exposure did not alter body weight or weekly crude food intake
in both sexes. Meal size and frequency were not affected but meal duration was reduced in males
suggesting an increase in feeding rate. Food consumption over 72 h was not reduced by HFD in OPFRexposed males as overall food intake was lower on a HFD in those males compared to control males.
Furthermore, OPFR exposure reduced locomotor activity in males, which lead to a lower number of
entries in the elevated plus maze (EPM). This study provides more evidence that maternal exposure to
OPFRs affect neurological behaviors including feeding and locomotor and may increase anxiogenic
behaviors in a mouse model. Supported by: R21ES027119, P30ES005022 - TAR; R21ES027119-S1 - SNW.
ABSTRACT NUMBER: 3492
Poster Board Number: P281
TITLE: Inosine Prevents Methylmercury-Induced Cellular Toxicity in Rat Primary Cortical Astrocytes
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: F. M. Goncalves1, M. Culbreth2, T. V. Peres1,
M. P. Kaster3, R. B. Leal3, A. B. Bowman4, and M. Aschner1. 1Albert Einstein College of Medicine, New
York, NY; 2University of Rochester, Rochester, NY; 3Universidade Federal de Santa Catarina, Florianopolis,
Brazil; and 4Vanderbilt University, Nashiville, TN.
KEYWORDS: Neurotoxicity; Metals; Astrocytes
ABSTRACT: Inosine is an endogenous purine formed during the breakdown of adenosine in a reaction
catalyzed by the enzyme adenosine deaminase. It has been reported that inosine can induce
neuroprotective effects and also activates adenosine receptors. Methylmercury (MeHg) is an
environmental toxicant, which elicits significant toxicity in humans. The central nervous system is a
primary target of MeHg-induced toxicity, and astrocytic brain cells are particularly vulnerable to MeHginduced cellular dysfunction and oxidative stress. Here, we have examined the neuroprotective efficacy
of inosine against MeHg-induced toxicity in primary cultures of rat cortical astrocytes. We observed that
5 μM MeHg decreased cellular viability after a 6h incubation (as measured by MTT assay), and cotreatment with inosine (50-1000 µM) ameliorated this effect. Moreover, cells treated with inosine (500
µM) showed a decrease in reactive oxygen species (ROS) generation (as measured by DCF fluorescence)
that was induced in response to 5 μM MeHg exposure. qRT-PCR analysis revealed that treatment with
inosine (500 µM) for 6 h also induced an increase in nqo-1 and nrf2 mRNA expression. Furthermore,
Nrf2 protein in the cell nucleus was assessed by immunocytochemistry, showing increased in Nrf2 in the
nucleus in response to 6 h inosine treatment. Western-blot analysis showed a transient increase (15 min
after the treatment with inosine) in AKT (ser-473) phosphorylation; and wortmanin pre-treatment (Pi3K
inhibitor, 1 µM) prevented the inosine-induced neuroprotective effects on MeHg-induced toxicity.
Additionally, the neuroprotection elicited by inosine was prevented by MRS1523 (A3-adenosine receptor
antagonist, 1 µM), but no changes were observed after the pre-treatment with both PSB36 (A1adenosine receptor antagonist, 10 nM) and SCH58261 (A2A-adenosine receptor antagonist, 100 nM).
Taken together, these results suggest that inosine can activate the transcription factor Nrf2, and also
induce a cytoprotective effect through activation of the A3-adenosine receptor and PI3K/AKT pathway in
primary rat cortical astrocytes exposed to MeHg. This work was supported by CAPES (process number
99999.006484/2015-08) and NIEHS grant R01 ES07331.
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ABSTRACT NUMBER: 3493
Poster Board Number: P282
TITLE: Differential Sensitivity to Manganese Cytotoxicity in Human-Induced Pluripotent Stem Cells and
the Developing Human Cortical Neural Lineage
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Joshi1, C. Bodnya1, I. Ilieva2, M. Neely2,
and A. B. Bowman1. 1Vanderbilt University, Nashville, TN; and 2Vanderbilt University Medical Center,
Nashville, TN.
KEYWORDS: Neurotoxicity; Metals; Neurotoxicity; Developmental
ABSTRACT: Manganese (Mn) is essential for neuronal health but neurotoxic in excess. Mn levels are
different across brain regions and during neurodevelopment. Mn requirements during infanthood and
childhood are significantly higher than in adulthood. However, the relative vulnerability to excess Mn
across development is not as clear nor is the association of sensitivity to toxicity with levels required for
health. Further, neurological diseases may alter Mn homeostasis and responses to Mn neurotoxicity.
Our lab has found that mutations associated with Huntington’s disease (HD) are associated with
decreased Mn bioavailability and resistance to Mn neurotoxicity. Here, we sought to compare
vulnerability of developing human neurons from induced pluripotent stem cells (hiPSCs) to Mn
cytotoxicity. We examined cell viability by Cell Titer Blue assay following a 24-hour exposure (50µM to
1000µM MnCl2) in the normal culture media of hiPSCs, rostral neuroectoderm (day 4 differentiation),
and post-mitotic cortical-like glutamatergic neurons (Day 59+ differentiation) along an established in
vitro differentiation protocol. Further, we compared cell survival following Mn exposure between
control and HD derived hiPSCs. We observed increased sensitivity of hiPSCs vs rostral neuroectoderm
and post-mitotic glutamatergic neurons. The lowest-observed-adverse-effect-concentration (LOAEC) in
hiPSCs is between 200-500µM Mn, whereas the LOAEC of mature neurons and early neural ectoderm is
above 1000µM Mn. Consistent with our previous data in other model systems, HD hiPSCs were more
resistant to Mn cytotoxicity than control hiPSCs (2-way ANOVA, genotype x manganese interaction
F7,50=3.388, p<0.005). As no cytotoxicity was observed up to 1000µM Mn in the neuronal lineages, no
genotype and genotype-Mn interaction effects were observed. Preliminary data from two independent
experiments with hiPSC-derived neuroprogenitors (Day 10-11 differentiation) of the cortical lineage
suggests an increased sensitivity to Mn cytotoxicity at this stage (LOAEC between 500-1000µM Mn) and
a possible resistance of HD neuroprogenitors to this cytotoxicity. Future studies will focus on
determining when during development Mn resistance may be altered and how these effects may differ
in HD and other neuronal lineages. We will further investigate cell signaling changes across lineages and
developmental time points and mechanisms behind these differences. Taken together, our data support
a hypothesis that sensitivity to Mn may change along neurodevelopment in a non-linear fashion.
Supported by NIH RO1 ES010563 (ABB), RO1 ES016931 (ABB), and the VBI Scholars Program (PJ).
ABSTRACT NUMBER: 3494
Poster Board Number: P283
TITLE: Environmental Exposure to Lead, Vanadium, Copper, and Selenium: Possible Implications in the
Development of Autism Spectrum Disorders
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. O. Akinade, I. O. Omotosho, and I. A.
Lagunju. University of Ibadan, Ibadan, Nigeria.
KEYWORDS: Neurotoxicity; Metals
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ABSTRACT: The level of exposure to toxic metals is on the increase worldwide. Recent studies have
shown that some of the toxic metals are associated with neurological diseases like Autism Spectrum
Disorder (ASD) and affect essential elements and micronutrients absorption. This study therefore
investigated the concentration of toxic metals (Pb and V) and micro essential elements (Cu and Se) in
ASD and control in Nigerian towards establishing their possible associations in aetiopathogenesis of ASD.
Children attending paediatric neurology clinic were screened for features of ASD by Paediartic
Neurologist using DMS-IV classification. 2mls of venous blood was drawn from 8 children with ASD and
15 apparently healthy children as controls (all age range 2-12 years). Plama levels of Pb, V, Cu and Se
were analyzed using ICP-MS. Results were analyzed using students t-test. The mean plasma lead and
vanadium levels were (7.92±1.30µg/dl; 1.07±0.22 µg/dl) and (6.83±0.72µg/dl; 2.59±0.48µg/dl) in
children with ASD and control respectively. The result showed slightly increased non-significant Lead
level in ASD compared with control. (P<0.433). On the other hand, the vanadium concentration in ASD
was significantly reduced when compared with control (P<0.038). The mean plasma copper and
selenium concentration were (1.98±0.13 mg/L; 0.37±0.05 mg/L) and (0.37±0.05 mg/L; 0.57±0.02 mg/L)
in ASD and control respectively. The selenium was significantly reduced. (P<0.000) while copper showed
no significant difference. The observed reduced vanadium and selenium levels in children with ASD may
be associated with speech and other neurological functions of the brain in ASD.
ABSTRACT NUMBER: 3495
Poster Board Number: P284
TITLE: Transgenerational Alteration of Methylation Profiles following Developmental Lead Exposure and
Prenatal Stress
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. D. Abston, M. Sobolewski, M. Susiarjo,
and D. A. Cory-Slechta. University of Rochester, Rochester, NY.
KEYWORDS: Epigenetics; Neurotoxicity; Developmental
ABSTRACT: Increasing evidence suggests the potential for early insults, such as developmental
exposures to lead (Pb) or prenatal stress (PS), to exhibit transgenerational consequences.
Developmental Pb and PS are actually co-occurring risk factors that impair cognitive and behavioral
performance. Both are known to disrupt the brain mesocorticolimbic (MESO) dopaminergic system
potentially through reprogramming of the epigenome via alterations in DNA methylation and histone
modifications. The current study examined the hypothesis that developmental Pb±PS produce
transgenerational changes in DNA methylation of genes critical to cognition, including brain-derived
neurotropic factor (Bdnf) and tyrosine hydroxylase (Th), in MESO regions (i.e., frontal cortex [FC] and
hippocampus [HIPP]). Lineage is also included as a factor as mechanisms of inheritance are often
lineage-dependent. C57BL/6 dams were exposed to 0 or 100 ppm Pb from 2 months prior to breeding
through weaning; half were also exposed to restraint stress on GD 15-18, generating 4 offspring groups:
control, Pb-exposed, PS-exposed, and Pb+PS. Both F1 and F2 offspring were bred at PND60 to
unexposed male and female mice and F3 offspring were used for behavioral or epigenetic assessments
in all lineages (F1/F2 sex: MM, MF, FF, FM). Given the influence of Pb±PS on brain MESO dopamine
function, DNA methylation and mRNA expression of the Bdnf and Th genes were assessed in F3 HIPP and
FC. Resulting changes were sex-, brain region- and lineage dependent. With respect to HIPP Bdnf, DNA
methylation in F3 males was reduced by Pb in MM and MF lineages, whereas in F3 females, Pb+PS
decreased DNA methylation of Bdnf in the FF lineage only. Conversely, Pb increased DNA methylation of
Th in HIPP for F3 males from the MF lineage, while Pb+PS increased methylation in the FF lineage. For F3
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females, Pb increased methylation of Th in the FF lineage, and Pb+PS increased methylation in the MM
lineage. In FC, PS exposed females from the FF lineage showed decreased DNA methylation of Bdnf,
whereas DNA methylation and mRNA expression were increased by Pb for F3 females from the MF
lineage. For females from the FM lineage, Pb decreased Th methylation and increased TH mRNA
expression. These findings are critical for public health protection, as a transgenerational influence of
historical Pb exposure may be an underappreciated risk factor for vulnerable populations.
ABSTRACT NUMBER: 3496
Poster Board Number: P285
TITLE: Rotenone Reduces Global DNA Methylation and Alters the Expression of Parkinson’s DiseaseAssociated Genes
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Freeman, Y. Li, D. Lou, Y. Gao, and Z.
Wang. Johns Hopkins University, Baltimore, MD.
KEYWORDS: Epigenetics; Neurotoxicity; Pesticides
ABSTRACT: Parkinson’s disease (PD) is a highly progressive movement disorder and is the second most
common neurodegenerative disease in the United States. Non-familial, idiopathic PD is likely caused by
altered cellular function via dysregulation of gene expression. We hypothesize that gene-environment
interactions, specifically DNA methylation, contribute to this dysregulation in idiopathic cases. While
reduced DNA methylation has been well-characterized in PD patients and genetic models; there is a
need for better characterization and mechanistic understanding in environmentally driven models. The
goal of this study was to observe genome wide changes in gene expression and DNA methylation in a
pesticide induced model of PD. We used rotenone, a well-known PD model toxicant, to induce an acute
Parkinsonian cellular phenotype in the human cell line Hek293. RNA-sequencing (RNA-seq) of purified
fully processed mRNA was used to identify differentially expressed genes (>1.5 fold change, corrected pvalue <0.01). Gene Ontology (GO) enrichment analysis identified several altered cellular functions in
response to rotenone treatment including mitochondrial degradation, synaptic transmission, and
transcription factor activity. Differentially expressed genes in RNA-seq were probed for their association
with PD using two online databases (Comparative Toxicogenomics and GWAS Central). Global DNA
methylation was analyzed using Whole Genome Bisulfite Sequencing (WGBS). Rotenone treatment
reduced total cytosine methylation at CpG sites from 73.5% to 68.6%. Methylation at PD associated loci
selected from RNA-seq was then observed using our WGBS data in the WashU Epigenome Browser. We
have identified fifteen PD genes that were differentially expressed and had differential methylation
patterns in response to rotenone treatment. Our data confirms previous studies that PD is associated
with reduced global DNA methylation using an environmentally-driven approach rather than through
genetic manipulation. Our data also identifies new gene targets that are more vulnerable to
environmental stress via the epigenome and may play an important role in the onset of PD cellular
pathology.
ABSTRACT NUMBER: 3497
Poster Board Number: P286
TITLE: Genome-Wide Mutation Detection by Interclonal Genetic Variation Analysis
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Revollo, A. Dad, L. McDaniel, M. Pearce,
and V. Dobrovolsky. US FDA/NCTR, Jefferson, AR. Sponsor: N. Mei
KEYWORDS: Genotoxicity; Toxicogenomics; Bioinformatics
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ABSTRACT: Genetic toxicology assays estimate mutation frequencies by phenotypically screening for the
activation or inactivation of endogenous or exogenous reporter genes. These reporters can only detect
mutations in narrow areas of the genome and their use is often restricted to certain in vitro and in vivo
models. Here, we show that Interclonal Genetic Variation Analysis (ICGV) can directly identify mutations
genome-wide by comparing whole genome sequencing data of single-cell clones derived from the same
source or organism. Upon ethyl methanesulfonate (EMS) exposure, ICGV detected greater levels of
mutation in a dose- and time-dependent manner in E. coli. In addition, ICGV was also able to identify a
~20-fold increase in somatic mutations in T-cell clones derived from an N-ethyl-N-nitrosourea (ENU)treated rat vs. a vehicle-treated rat. These results demonstrate that the genetic differences of single-cell
clones can be used for genome-wide mutation detection in cell cultures or tissues of any species.
ABSTRACT NUMBER: 3498
Poster Board Number: P287
TITLE: Development of a Novel GLP 3D Skin Comet Assay
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Roy, S. Bruce, V. Johnson, K. Wang, G.
Khasamba, Y. Xu, and R. Kulkarni. BioReliance, Rockville, MD.
KEYWORDS: Genetic Toxicology; Safety Evaluation; DNA Repair
ABSTRACT: The 3D skin comet assay is a promising new in vitro assay for the assessment of DNA damage
induced by dermally applied chemicals/products, such as cosmetics. Evaluation of DNA damage in a 3D
primary skin full thickness model offers a more biologically relevant in vitro approach to assess
genotoxicity of many types of dermal exposures including drugs, chemicals and cosmetics, compared to
standard in vitro genotoxicity assays. The full thickness skin model has well defined epidermis and
dermis layers. The functional stratum corneum takes into permeability account, appears to have normal
dermal metabolic capability, normal DNA repair and cell-cycle control. The 3D skin comet assay provides
a new animal alternative for following up chemicals that are positive in current in vitro genotoxicity
assays and is especially useful for cosmetics that can no longer be tested in in vivo assays according to
the 7th Amendment to the EU Cosmetics Directive. To meet the increasing interest of cosmetics as well
as flavours and fragrance industries in this assay, we have developed a GLP 3D skin comet assay that
may be used for regulatory submission. Results for model chemicals including methyl methanesulfonate,
N-ethyl-N-nitrosourea, and 4-Nitroquinoline 1-oxide show dose-dependent increases in the % tail DNA
and demonstrated good reproducibility and comparability to previously published results. Studies are
ongoing with genotoxins and nongenotoxins with various modes of action. Results to date demonstrate
the transferability of this novel assay into a robust GLP setting.
ABSTRACT NUMBER: 3499
Poster Board Number: P288
TITLE: The Role of DNA Polymerase ζ to Benzo[a]pyrene-Induced DNA Damage in the Lungs of Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Ishii1, S. Takasu1, A. Kijima1, K. Ogawa1,
and T. Umemura2. 1National Institute of Health Sciences, Kanagawa-ken, Japan; and 2Yamazaki Gakuen
University, Tokyo, Japan.
KEYWORDS: Genetic Toxicology; Mutagenesis; DNA Adducts
ABSTRACT: DNA polymerase ζ (Polζ) is expected to play an important role in the process of TLS. Polζ
belongs to B-family of Pols and is composed of a heterodimer of Rev3, the catalytic subunit, and the
Rev1-auxiliary protein Rev7. Mammalian Rev3 has a large exon encoding more than 1300 amino acids
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compared with the corresponding yeast Rev3. Except the fact that knockout of the Rev3 gene resulted in
embryonic lethality in mice, the functions of Polζ are not fully understood. To clarify the role of Polζ to
the chemical-induced bulky DNA adducts, we used the mouse knocked-in the constructed gene
encoding phenylalanine instead of leucine at residue 2610 in Rev3 (Polζ KI gpt delta mice) given
benzo[a]pyrene (BaP). It has been known that this genetic modification resulted in the error-prone
replication. 8-weeks old Polζ KI gpt delta mice and gpt delta mice were treated with BaP at doses of 0,
40, 80, 160 mg/kg by a single ip injection. After 31 days, mice were sacrificed, and lungs were collected
for reporter gene mutation assay. Although gpt mutant frequencies (MFs) were significantly increased in
the high-dose group of both genotypes, the MF in Polζ KI gpt delta mice was three-times higher than
that in gpt delta mice. Spectrum analysis for the gpt mutants demonstrated that base substitutions at
G:C base pair and deletion mutations were significantly increased in Polζ KI gpt delta mice. Moreover,
characteristic tandem mutations were observed in Polζ KI gpt delta mice with significantly increased
frequencies. The overall data suggested that Polζ is able to exert extension of DNA from mismatched
bases as known in yeast. In addition, it is likely that Polζ is capable of enforcing translesion synthesis
(TLS) itself as expected in yeast Rev3.
ABSTRACT NUMBER: 3500
Poster Board Number: P289
TITLE: Allium cepa Chromosomal Aberration Assay Reveals Genotoxic Potential of Refined Ingestible
Camphor Aqueous Extract
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: F. R. Aigbe, B. T. Omowumi, A. A. Ajasa, U.
Akpan, and O. O. Adeyemi. University of Lagos, Lagos, Nigeria.
KEYWORDS: Genetic Toxicology; Genotoxicity; Natural Products
ABSTRACT: Refined ingestible camphor is a common home remedy for various ailments in different
parts of the world. A survey of colorectal carcinoma patients in a teaching hospital in Nigeria showed
that half of the patients had a history of ingesting this form of camphor at least in early childhood.
Several studies have been embarked on in our laboratory to carry out a cytotoxicity and genotoxicity
profiling of the aqueous extract of ingestible camphor (AEIC). In this aspect of the study, our aim was to
evaluate the effect of AEIC in brine shrimp lethality and Allium cepa chromosomal aberration assays.
The extract (25, 250, 2500 μg/ml) was assessed for its lethal effect on brine shrimps upon 24 hours
exposure. The chromosomal aberration effect of AEIC on meristematic cells of A. cepa roots was
assessed by growing A, cepa bulbs in AEIC at different concentrations (40, 200, 400, 2000 and 4000
µg/ml) for 3 days. The changes in root length and mitotic index, as well as chromosomal aberrations,
were noted on a daily basis. The brine shrimp lethality assay gave an estimated LC50 of 363982.90 μg/ml,
about 105 times that of potassium dichromate. However, the extract significantly (p<0.0001) reduced
root length and mitotic index of the meristematic cells of. A. cepa root. Various forms of chromosomal
aberrations including vagrant, bridged, and laggard types were also observed at 400 µg/ml to 4000
µg/ml of AEIC. These findings demonstrate the genotoxic potential of the aqueous extract of refined
camphor.
ABSTRACT NUMBER: 3501
Poster Board Number: P290
TITLE: Analysis of DNA Damage and Stress Responses Caused by Lanthanide Exposure
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Chao, S. Slocum, H. Hemond, J.
Essigmann, and B. Engelward. MIT, Cambridge, MA.
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KEYWORDS: Genotoxicity; Metals
ABSTRACT: The lanthanides are a group of fifteen elements in a family of metals known as the rare
earth elements (REEs). Lanthanide usage has increased in recent years due to numerous applications in
devices such as TVs, electric cars, wind turbines, and in the case of cerium, as a diesel fuel additive.
Lanthanide usage is expected to grow, even though little is currently known about the biological impact
of these metals and the potential health risks they pose. If there are negative effects, such increased
usage could be at a great cost to society. Here, we have investigated lanthanide cytotoxicity and
genotoxicity, with a focus on cerium in the form of cerium chloride and cerium oxide nanoparticles.
Using inductively coupled plasma mass spectrometry, we found evidence of metal accumulation in
fibroblasts treated with cerium oxide nanoparticles in a time and dose dependent manner. We have also
investigated genotoxicity using the CometChip, a novel cell-based assay developed in the Engelward
laboratory that is based on the comet assay, which detects single strand breaks and alkaline sensitive
sites. While minor levels of DNA damage were observed in cells treated with lanthanide chlorides,
cerium oxide nanoparticles could indeed be genotoxic. Importantly, we found dramatic differences in
sensitivity depending on the cell type. The nanoparticles induced DNA damage in fibroblasts to a far
greater extent compared to lymphoblastoid cells, calling attention to the potential importance of
exposure route when considering biological outcome. In further studies, we incorporated the FPG
glycosylase, which recognizes oxidized bases and cleaves the DNA backbone, converting undetectable
base damage into strand breaks that can be detected using the comet assay. We found that cerium
oxide nanoparticles led to FPG sensitive sites, indicating that oxidative base damage was induced.
Ongoing transcriptome studies are anticipated to provide a more mechanistic understanding of the
biological effects of cerium oxide nanoparticles. Taken together, the potential for cerium
bioaccumulation and the observed changes to the DNA structure following exposure highlights the
importance of monitoring the biological impact of lanthanides.
ABSTRACT NUMBER: 3502
Poster Board Number: P291
TITLE: Are All Ames Strains in the OECD Mutagenicity Test Guideline 471 Useful and Necessary? An
Analysis of Large Mutagenicity Data Sets for the IWGT
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Williams1, D. M. DeMarini2, L. F.
Stankowski3, E. Zeiger4, and K. P. Cross5. 1Lhasa, Limited, Leeds, United Kingdom; 2US EPA, Research
Triangle Park, NC; 3Charles River Laboratories, Inc, Skokie, IL; 4Errol Zeiger Consulting, Chapel Hill, NC;
and 5Leadscope, Inc., Columbus, OH.
KEYWORDS: Genetic Toxicology; Mutagenesis; Regulatory/Policy
ABSTRACT: The International Workshop on Genetic Toxicology (IWGT) meets every four years with an
objective to reach consensus recommendations on difficult or conflicting approaches to genotoxicity
testing based upon practical experience and newly available data and data analysis techniques. The
IWGT met in November 2017 in Tokyo with one working group tasked to assess the sensitivity and
selectivity of the standard strains in the Ames test as specified in OECD test guideline 471 and to make
recommendations for a minimum viable strain profile. The discussions, which were based partially on
bacterial mutation data in multiple strains from large (>10,000 compound) Leadscope and Lhasa
databases, included: (1) defining criteria for determining significant selective responses when using
different strains; (2) identifying compounds producing selective responses based upon reported author
calls; (3) confirming selective responses by manually examining dose-response data including metabolic
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activation and experimental conditions; (4) using statistical methods to objectively verify response
differences; and (5) determining the magnitudes and chemotypes of compounds producing selective
responses. Results indicated that Salmonella TA1535 added little information to an Ames test battery
that also included TA100, and that TA97/TA97a detected more unique mutagens than did TA1537. In
both cases, the results from these publically available, historical data sets support the removal of the
less-sensitive strains TA1535 and TA1537 from the current OECD test guideline. Preliminary results also
suggest that E. coli WP2 uvrA pKM101 is more sensitive than both E. coli WP2 uvrA and TA102.
Additional direct testing to resolve some ambiguities is underway. Adoption of these recommendations
would have a significant impact on future bacterial mutagenicity testing by reducing the cost, time, and
redundancy of the current OECD 471 guideline. Abstract does not reflect policies of the US EPA.
ABSTRACT NUMBER: 3503
Poster Board Number: P292
TITLE: A Comparison of Dose-Response Relationships of Topoisomerase II Inhibitor-Induced Stabilized
Cleavage Complexes and Micronucleus Formation in Human Lymphoblastoid Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Gollapudi, and D. A. Eastmond. University
of California Riverside, Riverside, CA.
KEYWORDS: Clastogenesis; Genotoxicity
ABSTRACT: The genotoxic risks associated with low dose exposure to clastogenic agents are thought to
decrease linearly into the very low dose region, though recent evidence has suggested that some classes
of agents, including topoisomerase II inhibitors, may act through threshold-mediated modes of action.
Studies from our lab have investigated dose response relationships of micronucleus induction by a range
of topoisomerase II inhibitors including aclarubicin and merbarone, which act prior to the formation of
the cleavage complex; etoposide and mitoxantrone, which are topo II poisons and prevent religation of
the double stranded break; and two bisdioxopiperazines, ICRF-154 and ICRF-187, which act after
religation and trap the enzyme in a closed-clamp formation. All of the agents tested were potent in
inducing micronuclei in human TK6 cells with significant increases seen at low to very low
concentrations. Current studies have focused on comparing the induction of micronuclei in TK6 cells
with the formation of stabilized topoisomerase II cleavage complexes using flow cytometry. The
cleavage complex forms during the enzyme’s catalytic cycle and its stabilization is a critical step leading
to the formation of double stranded breaks by most topoisomerase II inhibitors. Both topoisomerase II
poisons (etoposide and mitoxantrone) and the bisdioxopiperzines (ICRF-154 and -187) induced
concentration-dependent increases in cells with stabilized cleavage complexes, though the magnitude of
response varied, with a greater than 20-fold increase observed at the highest concentrations in cells
treated with topo II poisons compared to approximate 5-fold increases seen with the
bisdioxopiperazines. As anticipated, agents that act prior to the cleavage step during the topoisomerase
II catalytic cycle did not show an increase in cells with stabilized cleavage complexes at concentrations
that were associated with large increases in micronuclei due to chromosome breakage. These results
show that this flow cytometry-based approach can be used to assess dose response relationships for
topoisomerase II inhibitor-induced stabilized cleavage complex formation on a per cell basis, and when
combined with information on micronucleus formation (increases and origin) can be used in human cells
to distinguish between topoisomerase II poisons and catalytic inhibitors that act either before cleavage
or after religation of the double stranded break.
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ABSTRACT NUMBER: 3504
Poster Board Number: P293
TITLE: Mutations in the Pig-a Gene are Responsible for Surface CD59-Deficient Phenotype of Rat Bone
Marrow Erythroid Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: V. N. Dobrovolsky, J. Revollo, A. Dad, and M.
Pearce. US FDA/NCTR, Jefferson, AR. Sponsor: B. Parsons
KEYWORDS: Mutation
ABSTRACT: Bone marrow erythroid cells (BMEs) are precursors of peripheral red blood cells (RBCs).
During maturation RBCs purge most cellular organelles, including the mitochondria, endoplasmic
reticulum and the nucleus which makes studying the genotype of mutant phenotype RBCs challenging.
The flow cytometry-based Pig-a assay performed on peripheral RBCs measures mutant-phenotype
erythrocytes that are deficient in GPI-anchored cell surface markers. Until recently there were doubts
whether the RBC assay detects Pig-a mutant cells. We developed a Pig-a assay for nucleated rat BMEs in
which the mutant-phenotype cells are identified using the same antibody against GPI-anchored surface
marker, CD59, that is used in the rat RBC Pig-a assay. Rat BMEs were identified by their characteristic
light scatter profile, intense staining with DNA dye, and elevated expression of transferrin receptor. The
frequency of CD59-deficient BMEs increased significantly in rats treated with 120 mg/kg of N-ethyl Nnitrosourea (ENU) as early as 10 days after the acute administration. We enriched the fraction of CD59deficient BMEs from the treated rats and isolated hundreds of the mutant-phenotype BMEs on a
FACSAria III sorter. Genomic DNA was isolated from the sorted mutant BMEs and analyzed by next
generation sequencing. Mutations that disrupt GPI synthesis were identified in the Pig-a gene of the
sorted cells. These data suggest that Pig-a mutations in the precursor cells are responsible for the CD59deficient mutant phenotype of cells measured in the RBC Pig-a assay.
ABSTRACT NUMBER: 3505
Poster Board Number: P294
TITLE: Bisphenol A Alters Chemotherapeutic Effect of Camptothecin in Mouse Embryonic Fibroblasts
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Sonavane, P. Sykora, J. Andrews, R. W.
Sobol, and N. R. Gassman. University of South Alabama Mitchell Cancer Institute, Mobile, AL.
KEYWORDS: Endocrine Disruptors; DNA Adducts; Carcinogenesis
ABSTRACT: Bisphenol A (BPA) is an endocrine disrupting compound used heavily in the production of
consumer products, including plastics, thermal receipt paper, and epoxies. Human exposure to BPA is
thought to be ubiquitous and has been linked to a wide variety of illness, including infertility, obesity,
diabetes, breast and reproductive system cancers. Further, BPA has been demonstrated to increase
resistance to chemotherapy treatments in cell line models. However, the mechanism by which BPA
exerts these biological effects is not well understood. Recently, we demonstrated that BPA co-exposed
with an oxidizing agent altered DNA damage response and repair, highlighting the importance of
studying co-exposure effects. In the present work, we investigated whether BPA confers resistance to
camptothecin (CPT) in mouse embryonic fibroblasts (MEFs). MEFs are sensitive to CPT treatment;
however, BPA co-exposure showed a significant improvement in cell survival. To investigate the
mechanism by which BPA prevents CPT-induced cytotoxicity, we examined DNA-Top1 crosslinks
formation. MEF cells co-exposed with BPA decreased CPT-induced DNA-Top1 adducts, despite the fact
that BPA treatment, alone or with CPT, increased the protein levels of Top1 in cells. This decrease in
DNA-Top1 crosslinks further correlated with an observed reduction in CPT-induced DNA strand break

The Toxicologist: Late-Breaking Supplement 2018

127

formation when co-exposed with BPA. Further, we also demonstrated that BPA co-exposure significantly
reduced CPT-induced chromosomal aberrations. Altogether, we demonstrated that BPA reduced the
effectiveness of CPT as a chemotherapeutic agent; by inhibiting DNA adduct formation and reducing the
formation of toxic DNA strand breaks. Given the increase in Top1 expression and the lack of DNA
adducts and strand breaks, we examined the chromatin structure after BPA exposure and found widespread compaction of the chromatin, and an overall loss of nuclear volume, suggesting reduced
accessibility of DNA to Top1 and likely DNA repair proteins. In future, we will continue to examine the
mechanisms by which BPA compacts the chromatin, since these can profoundly impact transcription,
replication, and repair. Overall, this work will help to understand complex and previously unexplored
mechanisms that BPA utilizes to alter DNA repair capacity and induce genomic instability, and will
provide insight of the risk associated on human health.
ABSTRACT NUMBER: 3506
Poster Board Number: P295
TITLE: An Inhibition of Cyclin-Dependent Kinases 4 and 6 Brings About an Early Enucleation in Bone
Marrow and Causes for an Increase of Micronucleus Frequency in Reticulocytes
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Okada, T. Kimoto, S. Chikura, K. Okada, R.
Morishima, H. Kaneko, and D. Miura. Teijin Pharma Limited, Tokyo, Japan. Sponsor: T. Shimomoto
KEYWORDS: Genotoxicity; Methods/Mechanism
ABSTRACT: Cyclin-dependent kinases 4 and 6 (CDK4/6) are key molecules to regulate cell cycle
activation in an early G1 phase. Some highly selective CDK4/6 inhibitors (CDK4/6i) are now available in
clinical as anti-cancer agents because of the cytostatic effect by cell cycle arrest at G0/G1 phase by
CDK4/6 inhibition. Based on publicly available documents by FDA, CDK4/6is are not intrinsically
genotoxic but some of them showed a slight increase of bone marrow micronucleus (BMMN) frequency.
Previous report by Sankaran et al., revealed that genetically deficient mice with cyclin D3, which makes a
complex with CDK4, showed an increase with a mean corpuscular volume (MCV) of in peripheral RBC
and early differentiation. This phenotypic change is considered the relevance with the absence of cyclin
D3 which brings about reduced average number of cell division during terminal erythropoiesis. Based on
the above background, it is inferred that CDK4/6 and its complex have some role in the terminal
erythropoiesis. Since CDK4/6i affects a hematopoiesis, it is hypothesized that a micronucleus induction
by CDK4/6i might be related with hematopoietic disorder, not genotoxicity. The purpose of this study
was to prove the above hypothesis. In our studies, following genotoxic tests were conducted with a
typical CDK4/6i; Ames test, in vivo chromosome aberration test (CA), in vitro micronucleus test, in vivo
BMMN test and liver comet assay. All of genotoxicity tests carried out gave negative results except for in
vivo BMMN test, suggesting that the slight increase of BMMN by CDK4/6i is unlikely to be due to
genotoxicity. Next, how CDK4/6i affects the erythropoiesis was examined from a hematological aspect.
A consistent result with Cyclin D3 deficient phenotype was obtained in mice treated with CDK4/6i since
they showed an increase of MCV in reticulocyte. It was also confirmed that the ratio of large cells among
the enucleated cells was increased in the presence of CDK4/6i in vitro using hematopoietic stem cell
from mouse fatal liver cell. These results suggested that a CDK4/6 inhibition causes early enucleation
both in vivo and in vitro. The study is underway in terms of revealing the association between early
enucleation and increase of MN frequency by CDK4/6 inhibition. Further studies to elucidate the size of
erythrocytes with micronuclei and/or observe the condensation of nuclear chromatin, which is known as
the event occurred before the enucleation, are planned to understand the mechanism of action.
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ABSTRACT NUMBER: 3507
Poster Board Number: P296
TITLE: Downregulation of Specific Protein Transcription Factors in Pancreatic and Colon Cancer Cells by
Bortezomib is Caspase 8-Dependent
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. M. Harishchandra, K. Karki, and S. Safe.
Texas A&M University, College Station, TX.
KEYWORDS: Gene Expression/Regulation; Transcription Factors; Apoptosis
ABSTRACT: Bortezomib is a member of a new class of anticancer drugs that act as proteasome inhibitors
and is the first proteasome inhibitor approved by FDA for the treatment of multiple myeloma (MM), and
this drug is also being considered for treating other tumors. Although bortezomib is a proteasome
inhibitor, the mechanism of action of this drug may be proteasome-independent. Preliminary studies in
multiple myeloma cells demonstrated that bortezomib downregulated specificity protein (Sp)
transcription factors Sp1, Sp3 and Sp4 and pro-oncogenic Sp-regulated genes. We further investigated
the mechanism of action of bortezomib in pancreatic and colon cancer cells since this is critical for
developing therapeutic application of bortezomib alone and in combination with other drugs. Initial
studies showed that bortezomib inhibited growth of Panc1 and L3.6pL pancreatic and SW480 colon
cancer cell lines after treatment with 0, 5, 10, 20, 50 and 100 nM bortezomib for 24 hr. Bortezomib
inhibited growth of Panc1 and L3.6pL pancreatic cell lines at concentrations ³5 nM and ³20 nM,
respectively. L3.6pL cells were slightly more responsive to growth inhibition by bortezomib, whereas in
SW480 cells, growth inhibition was observed only at concentrations ≥50 nM. In addition, we observed
that bortezomib induced a concentration-dependent downregulation of Sp1, Sp3 and Sp4 in the
pancreatic (Panc1, L3.6pL, MiaPaCa2) and colon cancer (SW480) cell lines, and bortezomib also
decreased expression of several Sp-regulated genes including epithelial growth factor receptor (EGFR),
survivin, cMyc and cyclin D1. The mechanism of bortezomib-induced downregulation of Sp1, Sp3 and
Sp4 was reactive oxygen species (ROS)-independent; however, pre-treatment of these cell lines with the
caspase 8 inhibitor Z-IETD reversed the effects of bortezomib and blocked Sp downregulation. This was
also confirmed by showing that bortezomib induced cleavage of caspases 8 and 3. Thus, bortezomib
specifically activates the intrinsic apoptosis pathway to induce proteolytic degradation of Sp1, Sp3 and
Sp4, and the mechanism of caspase 8 activation via upregulation of death receptors and their ligands is
currently being investigated.
ABSTRACT NUMBER: 3508
Poster Board Number: P297
TITLE: Biphasic Molecular Switch Activation: hCAR by Two Aminoazo Liver Carcinogens and by Nrf2-ARE
by Nine Hepatotoxic Chemicals
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. T. Bogen. Exponent, Oakland, CA.
KEYWORDS: Receptor; Dose-Response; Carcinogenesis
ABSTRACT: Constitutive androstane receptor (CAR) activation by rodent liver tumor promoters such as
phenobarbital acts at least in part by stimulating downstream receptors and related epigenetic
modifications that trigger hepatocellular proliferation and supporting shifts in energy and growthdirected metabolism. In contrast, CAR antagonist/inhibitors inhibit basal levels of CAR activity. Detailed
quantitative high-throughput dose-response data recently archived by the National Center for
Biotechnology Information (NCBI) identified 853 human CAR (hCAR) agonists by quantitative highthroughput screening (qHTS) assays applied to >9,000 chemicals tested at ≥13 concentrations using n =
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3-48 replicates. Re-examining NCBI data on 746 agonists, each satisfying additional quality criteria,
showed that ~95% had average values of agonist-specific Hill-model slopes estimated by NCBI that
exceed 1 (i.e., exhibited an overall sublinear low-dose dose-response). Two unambiguously biphasic
hCAR inhibitor-agonists were identified, 4-aminoazobenzene (n = 37) and ortho-aminoazotoluene (n =
3), both of which are rodent liver tumor promoters. Biphasic response patterns are well described by 5and 4-parameter mixed-lognormal models, respectively (R2 ≥ 0.996, pfit ≥ 0.45), albeit evidently rare
among hCAR agonists. Combined qHTS data on nine hepatotoxic chemicals that most clearly activate the
Nrf2/anti-oxidant response element (ARE) pathway activation (among the 15 ARE activators previously
identified and summarized by Shukla et al., Environ Health Perspect 2012; 120(8):1150-6, here reanalyzed using chemical-specific data kindly supplied by authors of that study), each tested at 12
concentrations using 4-5 replicates/concentration, were also found to exhibit a common and clearly
biphasic activation pattern (R2 = 0.987, pfit = 0.999). The low-dose patterns of inhibition/activation
identified here for hCAR and for ARE each exhibit a highly significant negative initial linear slope (p ≤
0.00005) and an overall J-shaped pattern of inhibition-activation response. These results highlight
sources of fundamental uncertainty that question default applications of linear no-threshold doseresponse extrapolation, potentially complicating health risk assessment and management, for
environmental chemicals that induce toxic endpoints mediated by these important nuclear receptors.
ABSTRACT NUMBER: 3509
Poster Board Number: P298
TITLE: Activation of GPR43 by Organic Acids Leads to the Inhibition of Lipolysis and Suppression of Free
Fatty Acids Secretion in Adipocytes
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Kim. Seoul National University, Seoul,
Korea, Republic of. Sponsor: B. Lee
KEYWORDS: Receptor; G-Protein Coupled; Lipids; Metabolism
ABSTRACT: It is known that there are various organic acids and polyphenols in fruits and wines. While
the beneficial effects of polyphenols are well documented, those of organic acids have not been studied
in detail. In the present study we explored the effect of some organic acids on GPR43 that is known to
be involved in the inhibition of lipolysis by induction of Gai signals as well as in the insulin secretion
through Gq signals. We found that tartaric and malic acid are agonists of GPR43 with EC50s of 1.179 and
1.072 mM and Emax of 102.79% and 103.54%, respectively. Cyclic AMP was decreased in differentiated
3T3-L1 cells and calcium was fluxed in a GPR43 and Gq overexpressed Cho-K1 cells. In addition,
phosphorylation of ERK1/2 mitogen-activated protein kinases were increased and the phosphorylation
of hormone sensitive lipase was decreased in differentiated 3T3-L1. As a result, the organic acids
decreased the glycerol secretion in the media. These results suggest that organic acids present in wine
exert an anti-lipolytic effect by reducing HSL phosphorylation through decreased cAMP concentration
via GPR43
ABSTRACT NUMBER: 3510
Poster Board Number: P299
TITLE: Molecular Mechanisms Underlying Species Differences in Transactivation Potencies of Seal and
Dog Estrogen Receptors by OH-PCBs
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Yoshinouchi1, H. Okuda1, M. Hirano1, K.
Nomiyama1, S. Tanabe1, E. Kim2, and H. Iwata1. 1Ehime University, Matsuyama, Japan; and 2Kyung Hee
University, Seoul, Korea, Republic of.
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KEYWORDS: Endocrine; Estrogens; Polychlorinated Biphenyls; Aquatic Toxicology
ABSTRACT: Seals and dogs belonging to the Caniformia show a large interspecies difference in the
metabolic potential of polychlorinated biphenyls (PCBs) into hydroxylated PCBs (OH-PCBs). We
previously found that dogs had a higher ability to metabolize PCBs than seals by in vitro metabolism
assays using liver microsomes. There is thus a growing concern about the effect of OH-PCBs on these
animals, because some OH-PCBs evoke estrogen-like responses via estrogen receptors (ERs: ERα and
ERβ). On the other hand, the molecular mechanisms of ligand selectivity and activation of seal and dog
ERs have not yet been understood. To reveal molecular mechanisms underlying the transactivation
potency of 17 OH-PCBs via seal and dog ERs, we applied an in vitro reporter gene assay system where
either of Baikal seal ER (bsER) or dog ER (dER) expression vector is transiently transfected into COS-7
cells. The interaction energies of ERs and OH-PCBs were estimated by in silico ligand docking
simulations. Most of the OH-PCBs examined in this study activated both of bsERs and dERs. To
understand the structural features of OH-PCBs that activated ERs, we compared dose-response
relationships among three OH-CB30 congeners with different hydroxylation positions. As a result, both
of bsERs and dERs showed higher activities in the order of para-> meta-> ortho-OH-CB30. In addition,
comparison of 50% effective concentration (EC50) values among OH-PCBs with different chlorine
substitutions adjacent to the OH group at the para-position showed that increased chlorine
substitutions decreased agonistic activities of bsERs and dERs. This suggests the evolutionary
conservation of ligand selectivity in both species. However, the EC50 of dERα was almost 10-fold higher
than that of bsERα, suggesting that dogs may be less sensitive to OH-PCBs than seals. The 422nd amino
acid residue is isoleucine in dERα ligand binding domain, while the corresponding amino acid is
methionine in bsERα. in silico analysis showed that dERα had a smaller ligand binding pocket volume
than bsERα, because the isoleucine had a bulkier side chain than the methionine. The interspecies
difference in the ligand activation potency may be due to the isoleucine and methionine substitution in
ERα.
ABSTRACT NUMBER: 3510a
Poster Board Number: P300
TITLE: Arnt Isoform-Specific Regulation of AHR Signaling
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. Bourner, I. Muro, K. Gardella, and C.
Wright. The University of Texas Medical Branch, Galveston, TX.
KEYWORDS: Receptor; Aryl Hydrocarbon; Immunotoxicity
ABSTRACT: The aryl hydrocarbon receptor (AHR) transcription factor is crucial for T cell plasticity. Exactly
how AHR regulates specific gene programs between T cell lineages is unclear but may have a
relationship with the type and structure of the activating AHR ligand. We hypothesized that the AHR
nuclear translocator (ARNT), the DNA binding partner for AHR, has a role in regulating AHR ligandspecific gene expression that is separate from mere recognition of xenobiotic response elements in the
promoter/enhancer regions of genes. Our hypothesis is based on the fact that ARNT is expressed as two
isoforms, isoform 1 and 3, which differ in only 15 amino acids present in isoform 1. By analyzing specific
isoform function, using molecular techniques and next gen sequencing, we have identified opposing
functions of ARNT isoforms on AHR signaling in a human lymphoma T cell line. For instance, the extra 15
amino acids in isoform 1 include a unique phosphorylation site at serine 77 (S77), which can be induced
upon treatment with the high affinity AHR ligand, 2,3,7,8-Tetrachlorodibenzodioxin, an environmental
toxicant. Mutation of S77 to alanine revealed that phosphorylation at this site was necessary for proper
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RNA pol II recruitment to, and expression of, CYP1A1, suggesting that it is required for AHR/ARNT
isoform 1 transcriptional activation. Interestingly, we find that certain endogenous AHR ligands do not
promote S77 phosphorylation and we are investigating whether phosphorylation of S77 allows for
binding of co-activators for specific expression of AHR/ARNT target gene subsets. Conversely, analysis of
ARNT isoform 3, after isoform 1 suppression by RNAi, revealed that ARNT isoform 3 is a constitutively
active partner for basal AHR activity, driving expression of a different gene subset than that of isoform 1.
These data suggest that unphosphorylated ARNT isoform 1 inhibits basal AHR-mediated gene
transactivation and ligand-specific induction of S77 phosphorylation controls the expression of a defined
set of genes, whereas isoform 3 potentiates basal AHR transactivation of a separate gene program. This
study defines the pivotal role of ARNT isoform-specific regulation of AHR signaling in the response of T
cells to environmental cues. Supported by NIEHS Toxicology T32 training grant to LB and NIEHS
R01ES025809 to CWW.
ABSTRACT NUMBER: 3511

Poster Board Number: P301

TITLE: Toxicity and Genotoxicity of Five Current Use Head Lice Treatments on Hacat Human Skin Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Alnuqaydan1, and B. Sanderson2. 1Qassim
University, Qassim, Buraydah, Saudi Arabia; and 2Flinders University, South Australia, Australia.
KEYWORDS: Toxicokinetics; Environmental Toxicology; Genetic Toxicology
ABSTRACT: Chemical head lice treatments used by parents to treat head lice infestation in their children
due to their rapid and reliable removal of head lice. However, those treatments can be absorbed
through the skin. Children are more sensitive to absorbing chemicals than adults. We hypothesized that
synthetic chemical-based head lice treatments cause cytotoxic and genotoxic damage to human skin
cells in vitro. To determine the cytotoxic and genotoxic damage of synthetic chemical-based head lice
treatments on HaCaT human skin cells in vitro. Cytotoxicity measured by the methyl tetrazolium
cytotoxicity (MTT) assay and the crystal violet assay. In addition, the mechanism of cell killing was
identified by the apoptosis detection, via Flow cytometry assay. The cytokinesis block micronucleus
(CBMN) assay detected the frequency of binucleated cells (BN) with micronucleus (MNi), to indicate
genetic damage induced by head lice treatments. Tea Tree Oil (TTO), Pure Lavender oil and Pyrethrum
did induce significant cytotoxicity. Also, they enhanced both early apoptosis and late apoptosis/necrosis.
However, two head lice treatments, Permethrin (Lice Breaker) and Maldison (Malathion) (KP24) did not
induce cytotoxicity. Early apoptosis and necrosis were observed in Permethrin treatment and late
apoptosis and early necrosis were measured in Maldison (Malathion) (KP24). Moreover, Permethrin
(Lice Breaker) and Maldison (Malathion) (KP24) induced micronuclei (MNi) at a frequency significantly
higher (range=15-25 MNi/1000 binucleated cells, n=3) than the background frequency (media alone
control; MNi range= 6 MNi /1000 binucleated cells, n=3). This study indicates that exposure to chemical
based head lice treatments enhanced cell death by both early apoptosis and late apoptosis/necrosis also
induced chromosomal damage in human skin cells.
ABSTRACT NUMBER: 3512
Poster Board Number: P302
TITLE: Polycyclic Aromatic Exposure in Women Living in Baoding Vs. Dalian Regions (China) Revealed by
Hair Analysis
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AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Palazzi1, S. Mezzache2, E. M. Hardy1, N.
Bourokba2, A. Schritz1, P. Bastien2, J. Soeur2, and B. M. R. Appenzeller1. 1Luxembourg Institute of Health,
Esch-sur-Alzette, Luxembourg; and 2L'Oréal Research and Innovation, Aulnais-sous-Bois, France. Sponsor:
C. Emond
KEYWORDS: Polycyclic Aromatic Hydrocarbons; Exposure, Environmental; Exposure Assessment
ABSTRACT: Polycyclic aromatic hydrocarbons (PAH) are produced from incomplete combustion of
organic matter and released as environmental contaminants from several activities such as transports,
wood combustion, coal-fired power plants, metal industries. PAH can be considered as biomarkers of
exposure to a broader range of pollutants or considered for themselves due to their recognized toxicity
(carcinogenicity, inflammation, respiratory disease⋯). Due to heavy industry, transport and domestic
activities, PAH environmental contamination appears to be of primary concern in China where exposure
levels are considered critical regarding public health issues. Biomonitoring consists in the direct analysis
of biomarkers of exposure in biological matrices collected from individuals and presents the advantage
of integrating all the possible sources of exposure and providing information on the internal dose. For
this purpose, an increasing interest has been observed over the past few years for hair analysis. We
recently demonstrated in an animal model, that the concentration of pollutants in rats’ hair was
significantly associated with their chronic level of exposure. Several studies also demonstrated the
possibility to detect a series of different classes of pollutants in human hair. Nevertheless, the possibility
to distinguish different levels of exposure between different populations is still needed to validate the
relevance of hair analysis in epidemiological studies. In the present work, hair samples were collected
from 102 women living in Baoding and 102 in Dalian (China), with the assumption that urban pollution
would be higher in Baoding due to more important industrial activity. Hair samples were tested for 15
PAH and 45 PAH metabolites. Eight out of the 15 parent PAH and 7 out of the 45 PAH metabolites
analysed in this study were detected in 100% of the samples. The highest median concentrations in hair
were observed for phenanthrene > fluorathene > pyrene for parent PAH, and for 9-OH-Fluorene > 2-OHnaphthalene > 1-OH-anthracene for metabolites in both areas. Fourteen parent PAH and fifteen
metabolites presented a significantly higher concentration in the hair samples collected from Baoding
compared to Dalian. In the two areas, inter-chemical statistical associations suggest that some chemicals
would share common source(s) of exposure. In parallel, differences in inter-chemical associations
between the two areas could suggest different sources of exposure between Baoding and Dalian. These
results confirmed the higher exposure to PAH in Baoding as well as the possibility to distinguish different
levels of exposure in different areas with hair analysis.
ABSTRACT NUMBER: 3513
Poster Board Number: P303
TITLE: A Clinical Study Investigating Changes in Exposure to Cigarette Smoke Chemicals in Japanese
Smokers Who Switch to Using a Tobacco Heating Product over a Five-Day Period
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. Gale1, M. McEwan1, G. Hardie1, A.
Eldridge1, G. Errington1, J. Murphy1, C. Proctor1, I. Fearon1, A. Hedge2, S. Mcdermott1, and J. Glew2.
1
British American Tobacco, Southampton, United Kingdom; and 2Covance, Leeds, United Kingdom.
KEYWORDS: Biomonitoring; Biomarkers
ABSTRACT: Tobacco Heating Products (THP) are electronic devices that heat tobacco, rather than
combusting it. This lack of combustion still allows nicotine to be released into the inhaled aerosol, but
also leads to significantly fewer chemical toxicants being formed. Biomarker of exposure (BoE) studies

The Toxicologist: Late-Breaking Supplement 2018

133

are an important tool in determining whether this reduction in toxicant emissions translates to actual
reductions in human exposure to cigarette smoke toxicants when smokers switch to using a THP. A
clinical study was conducted to investigate changes in BoE to smoke toxicants when smokers switched
to using a THP. This study, conducted in Fukuoka, Japan (UMIN000024988, ISRCTN14301360), was
approved by a local Institutional Review Board and run in accordance with ICH-GCP. 180 subjects
completed the study. The study comprised of a 2 day baseline phase, a five day exposure phase,
followed by a pharmacokinetic (PK) phase on the last day to investigate nicotine uptake. During the
baseline phase the subjects smoked combustible cigarettes. This was followed by the exposure phase
with the subjects randomised into groups where they either continued to smoke the combustible
cigarettes, switched to using a THP, or abstained from any tobacco or nicotine product use, for five days.
In both these phases of the study 24-hour urine samples were collected for analyses of a range of BoE,
and exhaled CO was also measured daily. Finally, a PK phase was conducted on all subjects excluding the
abstinence group. This comprised of a single use of the subjects assigned product with blood samples
taken before and after product use for nicotine analysis. Results from the urinary BoE and exhaled CO
showed reductions of 90.4 to 17.7% in levels in subjects who switched to a THP for 5 days, as well as
reductions of 89.0 to 37.6% in the levels in subjects who abstained from any tobacco or nicotine use for
5 days. These data show that when smokers switched to a THP they experience reductions in levels of
exposure to smoke toxicants. Longer term BoE and Biomarker of Biological Effect studies may
demonstrate that these reductions in exposure are sustained, and whether this translates into
reductions in smoking-related health risks in subjects who switch to THP.
ABSTRACT NUMBER: 3514
Poster Board Number: P304
TITLE: Radon Presence in Texas: New Indoor Home Data Reveals High-Level Regions
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. Lim, K. Shaw, and D. Klein. Institute of
Environmental and Human Health, Lubbock, TX.
KEYWORDS: Environmental Toxicology; Respiratory; Respiratory Toxicology
ABSTRACT: Radon (222Rn) is an invisible, odorless and tasteless gas that diffuses into the atmosphere
accounting for a large percentage of our exposure to background radiation. It is a product of radioactive
decay from uranium (238U) in the earth’s bedrock. Uranium is a common element, four times more
abundant than gold and silver. All rocks and soil worldwide have some level of uranium that
disintegrates in time to radon gas. Each step in the chain emits radioactive products, both alpha and
beta radiation, until reaching the stable lead (206Pb) element. This ionizing radiation is released with
sufficient energy to break the bonds joining atoms within molecules. Inhaling radons’ progeny will
damage the delicate lung tissue and impact the surface cellular processes. The exposure to residential
radon is deemed the leading cause of lung cancer for non-smokers by the American Cancer Society.
Radon gas in the soil enters through a home’s foundation where it collects in the air space when built
upon uranium rich geological formations. The previous EPA map of indoor radon levels in Texas counties
was constructed in ca. 1987 and based on 5,700 indoor home radon data, aerial radiometric testing
data, soil permeability studies, region geology and house foundation type. In the current study, passive
charcoal home test kits were obtained from 217 Texas counties, with 80 counties returning ten or
greater results for geocode mapping. These short-term tests predicted the levels of radon present
within residential and commercial buildings. Advancements in testing technology, and a total of 35,800
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home test data, the updated indoor radon map version will expose the widespread potential of high
radon gas presence in many Texas counties.
ABSTRACT NUMBER: 3515
Poster Board Number: P305
TITLE: Asbestos Fiber Transport from Facilities into the Community: Results of Field Studies
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Abelmann1, J. R. Maskrey2, J. T. Lotter1, A.
M. Chapman3, M. D. Nembhard4, S. F. Schlaegle5, B. R. Bandli5, R. J. Lee5, and D. J. Paustenbach6. 1Cardno
ChemRisk, Chicago, IL; 2Cardno ChemRisk, Pittsburgh, PA; 3Cardno ChemRisk, Washington, DC; 4Cardno
ChemRisk, San Francisco, CA; 5RJ Lee Group, Monroeville, PA; and 6Cardno ChemRisk, Jackson, WY.
KEYWORDS: Exposure Assessment
ABSTRACT: There has been recent scientific interest in historical community exposures to asbestos as a
result of emissions from proximate industrial operations. Potential impacted populations include anyone
residing within some distance (often up to a mile) of operations involving production or manipulation of
asbestos-containing materials (ACM). Typical emission sources include stacks or discrete tasks (e.g.,
installation, removal, maintenance of ACM). While worker exposures to asbestos are reasonably well
understood, there is a paucity of community exposure data. We conducted an outdoor study where
asbestos fibers were released through power sawing of cement pipe containing chrysotile (25%) and
crocidolite (10%). Air samples (n=56) were collected in a concentric pattern around the emission source
at five distances including 8, 25, 50, 75 and 95 feet. The time involved in cutting the pipe was about 2
minutes per event and the total sampling time was 30 minutes. Two separate events were conducted.
Samples were analyzed using scanning electron microscopy; fibers > 5 µm were counted and each
detected fiber was characterized with respect to fiber type, length, width, and distance and direction
from the source. Close to the source, the chrysotile:crocidolite ratio in the air samples was consistent
with the bulk content of the cement pipe (5:2). Generally, the air sampling results showed that both
chrysotile and crocidolite concentrations decreased rapidly with distance in all directions and had
decreased by approximately 1,000 to 5,000-fold by 95 feet; however, crocidolite fiber concentration
decreased at a greater rate with distance in the direction of the plume. Fiber width was significantly
related to the proximity of the sample to the emission source. Interestingly, no relationship was found
between fiber length and distance from the emission source. Both chrysotile and crocidolite fibers are
diluted or otherwise removed from the air quickly with distance, even when imparted with high initial
momentum. The concentration of crocidolite fibers decreased more rapidly than chrysotile fibers. Fiber
width appears to be an important determinant in fiber transport, but further research is needed to
elucidate this relationship (e.g., through evaluating the relationship between the concentration of
cement particles with distance compared to fiber length and distance, binding of asbestos fibers to
cement, etc.).
ABSTRACT NUMBER: 3516
Poster Board Number: P306
TITLE: Application of LDTD Methods for Quantification of Psychoactive Compounds in Brain Tissue
Microsamples
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Borik1, A. Vojs Stanova1,2, K. Grabicova1,
T. Randak1, and R. Grabic1. 1University of South Bohemia in Ceske Budejovice, Vodnany, Czech Republic;
and 2Comenius University in Bratislava, Bratislava, Slovakia.
KEYWORDS: Pharmaceuticals
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ABSTRACT: Routine methods developed for xenobiotic compound analysis in different type of biological
matrix employ a liquid chromatography (LC) coupled with different mass spectrometric techniques.
Conventional columns used for such analysis are filled with stationary phase its particle size ranging
between 1.8 to 5 µm. Consequently, filtration step (typically 0.20 µm pores regenerated cellulose filter)
must be added to ensure that the extract is particles free. Suitable limit of quantification is reached via
appropriate ratio between sample amount and solvent volume when typical minimal required tissue
amount is approximately 0.5 g. For example, some invertebrates or fish individuals in juvenile period are
typically under 100 mg as well as brain, liver and kidneys of small fish species. Sample amount is the
main critical point for LC analysis due to necessity to obtain suitable supernatant volume for sample
additional preparation steps and analysis. We aimed to apply relatively new sample introduction
technique - Laser Diode Thermal Desorption (LDTD) coupled with mass spectrometry, which allows to
skip LC step and bring some associated benefits such as lower total sample volume (typically few µl) and
reduction of analysis time per one sample to few seconds (LC methods requires approximately 15 min).
This LDTD method was successfully developed as reaction for need to link behavior alternation of
juvenile fish individuals (Squalius Cephalus) exposed to psychoactive pharmaceuticals to the content
compound of interest in brain. Acknowledgements: The study was financially supported by the Ministry
of Education, Youth and Sports of the Czech Republic - projects "CENAKVA“ (No. CZ.1.05/2.1.00/01.0024)
and “CENAKVA II“ (No. LO1205 under the NPU I program) and by the Czech Science Foundation (No. 1606498S).
ABSTRACT NUMBER: 3517
Poster Board Number: P307
TITLE: A Clinical Study Investigating Changes in Exposure to Cigarette Smoke Chemicals in UK Smokers
Who Switch to Using a Tobacco Heating Product over a Five-Day Period
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. McEwan1, N. Gale1, A. Eldridge1, G.
Errington1, D. Graff2, J. Murphy1, C. Proctor1, and I. Fearon1. 1British American Tobacco (Investments)
Ltd., Southampton, United Kingdom; and 2Celerion Inc., Lincoln, NE. Sponsor: M. Gaca
KEYWORDS: Biomonitoring; Biomarkers
ABSTRACT: Tobacco Heating Products (THP) are electronic devices that heat tobacco, rather than
combust it as with conventional cigarettes. Due to this lack of combustion, significantly fewer chemical
toxicants are formed but nicotine is still released into the inhaled aerosol. Clinical studies measuring
biomarkers of exposure (BoE) are an important method to determine if this translates into a reduction in
exposure to cigarette smoke toxicants when smokers switch to using a THP. A clinical study with 150
subjects was conducted to investigate changes in exposure to selected smoke toxicants when smokers
switched to using a THP. This study, conducted in Belfast, UK (ISRCTN80651909), was approved by a
local Research Ethics Committee and run in accordance with ICH-GCP. The study comprised of a 2-day
baseline phase and a five day exposure phase, followed by a pharmacokinetic (PK) phase on the last day
to investigate nicotine uptake. During the baseline phase all subjects smoked combustible cigarettes.
This was followed by the exposure phase with the subjects randomised into groups where they either
continued to smoke the combustible cigarettes, switched to using a THP, or abstained from any tobacco
or nicotine product use, for five days. In these phases of the study 24-hour urine samples were collected
for analyses of a range of BoE, and exhaled Carbon monoxide (eCO) was also measured daily. Finally, a
PK phase was conducted with all subjects excluding the abstinence group. This comprised of a single use
of the subjects’ assigned product, with blood samples taken before, during and after product use for
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nicotine analysis. Levels of urinary BoE and eCO showed reductions of 25.5 to 93.1% in subjects who
switched to a THP for 5 days, and reductions of 69.3 to 95.5% in the levels in subjects who abstained
from any tobacco or nicotine use for 5 days. These data show that UK smokers experience reductions in
levels of exposure to the selected smoke toxicants when switched to a THP. Longer term BoE and
Biomarker of Biological Effect studies will be required demonstrate if these reductions in exposure are
sustained, and if this translates into reductions in smoking-related health risks in subjects who switch to
THP.
ABSTRACT NUMBER: 3518
Poster Board Number: P308
TITLE: Temporal Trends of Cumulative Risks to Phthalate Mixtures in the United States from 2005 to
2014
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Reyes, and P. Price. US EPA, Research
Triangle Park, NC.
KEYWORDS: Phthalates; Biomonitoring; Children’s Health
ABSTRACT: Phthalates are used in a wide range of consumer goods, resulting in widespread exposures
among the general population. Exposures to specific phthalates are expected to vary over time with
changes in the patterns of phthalate use. We investigate the existence of trends in estimates of daily
dose, Hazard Quotient (HQ), Hazard Index (HI), and Maximum Cumulative Ratio (MCR) for six phthalates
over the period of 2005 to 2014 using biomonitoring data collected under the National Health and
Nutrition Examination Survey. Doses for the phthalates are estimated for each surveyed individual using
reverse dosimetry, and the permitted doses are taken from the phthalates’ Tolerable Daily Intakes. HQs
are a measure of chemical-specific risks, HI is a measure of cumulative risk, and MCR quantifies the
degree to which a single phthalate drives the cumulative risk of an individual. There is a 2.2-fold
decrease in the mean HI over the ten-year period (0.34 to 0.15) and a 7.2-fold decrease in the
percentage of participants with an HI>1 (5.1% to 0.8%), indicating an overall decrease in exposure to the
combined six phthalates of interest during this period. Decreases in the HI are due to decreases in
urinary levels of two phthalates, diethylhexyl phthalate (DEHP) and dibutyl phthalate (DBP). Diisononyl
phthalate (DINP) levels increase, and the levels of the remaining three phthalates remain constant.
Whereas DEHP produces the highest frequency of maximum HQs among participants in the 2005-6
cycle, DINP does so in the 2013-4 cycle. Children (aged 6-11 years) have higher HI values than both
adolescents (aged 12-19 years) and adults (aged 20+ years) during the 10 years. These findings suggest
that there has been a shift in phthalate exposures in the US population leading to a decrease in HI
values. These decreases are most pronounced in the groups experiencing the highest phthalates
exposures. They are driven by the declines in HQs for DEHP and DBP and are offset slightly by increases
in HQs for DINP. MCR values over the period are generally low and inversely correlated with HI. This
indicates that a single phthalate usually drove the hazards for highly exposed individuals. However, the
average value of MCR increases 1.2 fold (1.7 to 2.1) over the 10-year period indicating an increasing
need to consider cumulative exposures for this group of phthalates. The views expressed in this abstract
are those of the authors and do not necessarily reflect the views or policies of the US EPA.
ABSTRACT NUMBER: 3519
Poster Board Number: P309
TITLE: Novel MicroColony Chip for High-Throughput Cell Survival Testing
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AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. P. Ngo1, T. Chan2, J. Ge1, L. D. Samson1,
and B. P. Engelward1. 1Massachusetts Institute of Technology, Cambridge, MA; and 2Singapore-MIT
Alliance for Research and Technology, Infectious Diseases IRG, Sigapore, Singapore.
KEYWORDS: Alternatives to Animal Testing; Exposure, Environmental; Exposure Assessment
ABSTRACT: Quantification of cell viability is one of the most fundamental and broadly used endpoints in
the life sciences. The gold standard is the colony formation assay. While the assay has an impressive
dynamic range (over several orders of magnitude), it is relatively low-throughput (10-21 days),
laborious, and requires large dishes/high volumes of media, thus requiring large amounts of test
compounds. In contrast, XTT and CellTiter-Glo® (CTG®), two of the most popular high-throughput
viability assays, can be performed more rapidly and on a microtiter plate. However, the XTT assay
suffers from low sensitivity, and both the XTT and the CTG assay use indirect measures of cell viability
that are susceptible to viability-independent interference. To overcome these limitations, we developed
the MicroColony Chip (μCC), which directly measures the ability of cells to divide (like the colony
formation assay), but with the scale and speed of microtiter assays. Microcolonies grow in a microarray
and toxicity is calculated based on the change in the distribution of the microcolony sizes. We show here
that μCC achieves the same exquisite sensitivity as the colony formation assay, but can be performed on
a microtiter plate and in 3-4 days instead of ~21 days. Compared to CellTiter-Glo®, μCC has comparable
sensitivity while being far more robust to variables such as initial seeding density. Finally, we show that
the μCC can be used for studies of xenobiotics in metabolically relevant conditions. Together, μCC
represents a fundamental advance in toxicity testing with the potential to become the next gold
standard.
ABSTRACT NUMBER: 3520
Poster Board Number: P310
TITLE: Comparison of Addition of Ingredients on Cigarette and Cigar Smoke Constituents
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. J. Morton, S. J. Kuffler, D. J. DeSoi, D.
Cummings, C. H. Wright, D. C. Smith, T. B. Langston, and M. J. Oldham. Altria Client Services LLC,
Richmond, VA.
KEYWORDS: Respiratory; Inhalation Toxicology; Respiratory Toxicology
ABSTRACT: For Cigars, unlike cigarettes, there are few studies examining the effect of addition of
ingredients on levels of cigar smoke constituents. In this study, five cigar ingredients (ethyl levulinate,
gamma-undecalactone, phenethyl isobutyrate, sucralose, and tripropionin) were included at four
concentrations in cigarette and cigar tobacco, ranging from zero to levels far in excess of normal use
levels. Cigarettes and tipped-cigars were made and tested for the levels of 18 Harmful and Potentially
Harmful Constituents from the FDA abbreviated list of (HPHCs) and catechol, o-toluidine, phenol, water,
tar and total particulate matter using validated analytical methods. Cigarettes were puffed in
accordance with the ISO puffing regimen and tipped-cigars were puffed in accordance with the CORESTA
puffing regimen. ANOVA was used to compare the pattern of results from cigarettes to tipped-cigars as
a function of ingredient concentration (significance p ≤ 0.05) using TPM or tar yield as covariates. Taking
account of testing multiplicity, the conclusions regarding the effects of the added ingredients were
analogous whether the ingredient was added to cigarettes or cigars. However, cigars show much wider
variation in physical properties such as weight and correspondingly much wider variation in smoke yield
than cigarettes. The wide smoke yield variation often resulted in a need to normalize cigar constituent
yields to overall cigar yields (TPM or tar) which was often unnecessary with cigarettes. The vast majority
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of ingredients either show a negative relationship to constituent yield or do not show statistically
significant increases in yield with increased ingredient inclusion levels. If the effects are consistent, the
smaller variation in cigarette yield would make it easier to detect ingredient effects when the ingredient
is added to cigarettes than when added to cigars.
ABSTRACT NUMBER: 3521
Poster Board Number: P311
TITLE: Hurricane Harvey: Regulatory Toxicology's Role in the State of Texas Response
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Jenkins, T. Phillips, M. Honeycutt, and K.
Cook. Texas Commission on Environmental Quality, Austin, TX.
KEYWORDS: Risk Assessment; Regulatory/Policy
ABSTRACT: Hurricane Harvey made landfall near Rockport, TX on August 25, 2017, as a Category 4 storm
and stalled over southeastern Texas. Due to the storm’s slow motion and prolonged period of onshore
flow, some impacted areas received more than 50 inches of rain, producing catastrophic flooding. In the
State of Texas Emergency Management Plan, the Texas Commission on Environmental Quality (TCEQ) is
responsible for a number of activities in preparedness including contacting refineries in evacuation
zones to make inquiries, storm debris management planning, and fuel waiver coordination. The TCEQ is
a member, with other state and federal partners, of the Region 6 Natural Disaster Operational
Workgroup (NDOW). Extensive pre-planning and coordination, allowed the TCEQ to begin response and
recovery operations as soon as possible; in this case, three days after landfall in 58 affected counties.
Immediate activities included surveys of public water systems, wastewater facilities, and sanitary sewer
overflows. The TCEQ Toxicology Division evaluated air monitoring data, from a human health
perspective, collected as the state’s industrial facilities began to return to operation after the storm’s
passage. Prior to the storm, to prevent damage to valuable equipment, the TCEQ shuttered the 48 air
monitoring sites located in coastal areas. All 48 sites were back in operation by September 29, 2017. The
Toxicology Division completed daily evaluations of air monitoring data in affected areas. From the
available TCEQ and industry air monitoring data collected August 24, 2017, through September 24, 2017,
all measured air toxics concentrations were well below levels of health concern. In addition, other
methods were employed by TCEQ and EPA to identify sources of volatile organic (VOC) plumes: handheld instruments, aerial surveys using an infrared VOC camera-equipped helicopter and the EPA
Airborne Spectral Photometric Environment Collection Technology (ASPECT) plane, and the EPA Trace
Atmospheric Gas Analyzer (TAGA) mobile monitoring system. All results from continuous air monitors,
hand-held instruments, ASPECT and TAGA showed no levels of immediate health concern.
ABSTRACT NUMBER: 3522
Poster Board Number: P312
TITLE: Identifying Potential Ingredients of Concern in Cosmetic Products through Voluntary Incident
Reporting
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Vaillancourt, C. Drouin, B. Fisher, K.
Greenwood, and J. Field. Risk Assessment Bureau, Consumer Product Safety Directorate, Health Canada,
Ottawa, ON, Canada.
KEYWORDS: Regulatory/Policy; Risk Assessment
ABSTRACT: In Canada, a "cosmetic" is defined as any substance used to clean, improve or change the
complexion, skin, hair, nails or teeth. Cosmetics include beauty preparations (make-up, perfume, skin

The Toxicologist: Late-Breaking Supplement 2018

139

cream, nail polish) and grooming aids (soap, shampoo, shaving cream, deodorant). Although notification
of cosmetics is mandatory, Health Canada receives incident reports related to cosmetics on a voluntary
basis. An ongoing investigation by the US Food & Drug Administration has confirmed there is significant
under-reporting of cosmetics-related incidents (US FDA, 2016), and these incident reporting trends are
gaining attention (Kwa et al., 2017). Health Canada is also in the process of developing new surveillance
tools for cosmetics-related incidents. By cross-referencing the ingredient lists obtained through
mandatory cosmetic notification against the ingredient list for each voluntary cosmetic incident report
received by Health Canada (excluding trade complaints), it is possible to determine how frequently
specific cosmetic ingredients are involved in reported incidents, and to proactively identify and assess
potential substances of concern. Further refinement is possible by pooling together ingredient names
that are synonyms (e.g. fragrance, parfum, perfume) or those considered toxicologically equivalents
(e.g. alpha-hydroxy acids such as citric acid, sodium citrate, glycolic acid, gluconolactone) to detect
incident trends related to cosmetic use both for specific ingredients and products. With the mandatory
notification of ingredients for products on the cosmetic market combined with ever-increasing reporting
of cosmetic incidents by consumers, Health Canada has a unique ability and opportunity to detect
cosmetic incident trends. This approach will support risk assessment work performed by the Consumer
Product Safety Program, with the ultimate goal of increasing consumer safety.
ABSTRACT NUMBER: 3523
Poster Board Number: P313
TITLE: In Vitro Binding and Human Skin Decontamination of Paraoxon Using Metal-Organic Frameworks
(MOFs)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Cao. University of California San
Francisco, San Francisco, CA.
KEYWORDS: Chemical and Biological Weapons; Percutaneous Absorption; Environmental Toxicology
ABSTRACT: Metal-organic frameworks (MOFs) show high adsorption and degradation capacities towards
chemical contaminants on physical surfaces. However, application for human skin decontamination
faces challenges, mainly due to MOFs’ unique porous powder structure. This study aims to optimize the
MOF reaction’s related format, time, and synergistic effects with other decon agents to enhance skin
decontamination efficacy. In vitro microdialysis binding and human skin diffusion models were used with
a VX simulant (paraoxon) and MOF agents (MOF-808, UiO-66 and UiO-66-NH2) under different
experimental conditions such as carrier and medium pH. In addition to measuring acetylcholinesterase
(AchE) activity, the amount of test chemical was assayed at various locations including the skin surface,
interior of the skin, and penetration through skin to evaluate decon/detox efficacy. MOF-808 has higher
capacity to adsorb and detoxify paraoxon than those of UiO-66 with relative slower reaction. The decon
capacity can be enhanced by increasing the pH of the medium to 10, resulting in removal of 96% of the
applied dose. Similar results were observed with UiO-66-NH2 (with an additional base group). The
detoxification effect was again found to increase with increasing pH. AchE activity measured in the MOF808 binding group at pH 10 was 4 times higher than at pH 7. Moreover, alkaline environments reduce
the time taken for decontamination to 5 min. MOFs decon/detox functions can be effective in both
short (post 5 min or less) or longer dermal exposures (30 min or more). The optimal carrier will be in dry
powder form or on a wetted cotton pad. MOF mixed with other liquid mediums such as polymer gels did
not benefit its decon/detox functions. This in vitro human skin decontamination study was the first step
in exploring MOF experimental conditions for human skin detoxification. Alkalinized MOF structures and
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the appropriate carrier medium can help to reach high reaction capacities within short timeframes. With
dry or water wetted mediums, MOF porous particles can adsorb and interact with target chemicals,
whereas gels, polymers, or other chemicals can block and/or competitively bind with MOF particle
surface area to reduce its efficiency. The results indicate that MOF particles with cotton pad carrier can
easily and quickly remove toxic chemicals from human skin surface and detoxify throughout the skin
during the process. As such, it represents a potential breakthrough in the application of MOFs towards
skin decontamination. It also has synergistic effect with other skin decontamination methods such as
dermal decontamination gel (DDGel). MOF-based systems have scope of further improvement and in
light of present study; efforts are under progress for the development of more reactive systems on
human skin decontamination.
ABSTRACT NUMBER: 3524
Poster Board Number: P314
TITLE: Development of a Method for Synchronization Pattern Analysis Using Imaging Data of Neuronal
Networks in Rat Primary Neurons
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Ojima1, T. Matsubara2, T. Yoshinaga1, and
N. Miyamoto1. 1Eisai Co., Ltd., Tsukuba, Japan; and 2Yokogawa Electric Corporation, Kanazawa, Japan.
Sponsor: S. Asakura
KEYWORDS: In Vitro and Alternatives; Risk Assessment; Nervous System
ABSTRACT: Spontaneous neuronal firing activity generated from neuronal networks in vitro could be a
good risk evaluation method for drug-induced seizure events in drug discovery. Spontaneous electrical
activity in neural networks consists of action potential spikes and organized patterns of action potential
bursts. These spikes and bursts are able to be observed by using a multi-electrode array (MEA) system.
The burst spikes are gradually generated in a periodic synchronized burst pattern among multiple
electrodes in an MEA probe. The synchronicity in the neuronal network is thought to be an
epileptogenic marker for risk assessment of drug-induced seizure. However, the throughput of the MEA
experiment is very low. If an imaging platform could quantify synchronized burst activity from neurons,
it will be a high-throughput analyzing method to evaluate drug-induced seizure risks. Rat primary
neurons were cultured in multi-well plates or MED64 probe dishes. The sum of multi-channel spike rates
(MSR), from 64 channels in a probe, were calculated from MEA data and the temporal change was
plotted for 10 minutes. A calcium indicator, Cal-520, was incorporated in the cultured neurons. The
spontaneous neuronal excitatory activity or drug responses were then recorded as the intensity of the
calcium indicator in the cells by using Yokogawa CQ-1. Data analysis was carried out including
information of each cell address in a well. Time course neuronal activity was analyzed by Spotfire in an
integrated manner for each well of a multi-well plate. Basal neuronal firing activity could be observed,
simultaneously, as the intensity of a calcium indicator from multiple cells in a well. Although the time
course pattern of average intensity from total cells in a well was not synchronized when the cells’
activity was unorganized within several days’ cultivation, the pattern of periodic synchronization was
established after the cells were cultured for more than a week. The synchronized pattern was affected
by GABAA antagonism with picrotoxin. Imaging analysis using CQ-1 could quantify synchronized burst
activity from neurons after the neuronal network was established. Drug response could be evaluated
using the synchronized burst index from CQ-1 data. Imaging data, as well as MEA data analysis, is useful
for synchronized burst pattern analysis.
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ABSTRACT NUMBER: 3525
Poster Board Number: P315
TITLE: Proposition 65 Risk Assessment Model Framework for Chemically-Complex Consumer Products
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Bare1, M. Abramson2, J. Maskrey2, C.
Manning3, and J. Keenan1. 1Cardno ChemRisk, Arlington, VA; 2Cardno ChemRisk, Pittsburgh, PA; and
3
Cardno ChemRisk, Chicago, IL.
KEYWORDS: Risk Assessment; Exposure Assessment; Regulatory/Policy
ABSTRACT: California’s Safe Drinking Water and Toxic Enforcement Act (Prop 65) mandates that a
warning label be displayed on a consumer product when a person may be exposed to one or more
chemicals listed by the State as carcinogenic or a cause of reproductive toxicity at a level greater than
the safe harbor levels (SHLs). Companies are not required to provide a warning label if exposures to the
listed chemical(s) are below the SHLs, which may be determined by the State or the company. Many
consumer products contain multiple listed chemicals and exposures may occur during many consumer
uses. We present a risk assessment model framework that can be used to estimate exposures to
consumer products with complex chemical compositions and exposure scenarios. As a case study, two
exposure scenarios were modeled: 1) exposure to benzene from filling a five gallon container with a
petroleum product containing 100 ppm benzene over the course of ten minutes, 25 times per year, 2)
exposure to lead from filling a one gallon container with a petroleum product containing 10 ppm lead
over the course of five minutes, 50 times per year. In the case study, near-field inhalation exposure was
modeled for evaporation of benzene during product pouring and evaporation from the product on the
consumer’s hands after product use. Dermal absorption was modeled for both benzene and lead by
assuming 25% of each hand was covered in the petroleum product. Subsequent direct and indirect hand
to mouth ingestion exposure for benzene and lead were estimated for a scenario in which the consumer
ingested the product covering an area of five fingertips. A mass balance control was implemented to
ensure that the cumulative exposure mass did not exceed the mass available in the product. Cumulative
daily exposures to benzene and lead were estimated to be 29.8 and 0.485 µg/day, respectively. Daily
doses averaged over a lifetime were estimated to be 2.04 and 0.066 µg/day for benzene and lead,
respectively. All exposures were below the SHLs and the mass balance was satisfied. Although there are
inherent uncertainties associated with this risk assessment model, exposure concentrations are
estimated using conservative assumptions based on Prop 65 and USEPA resources and peer-reviewed
literature. This model framework is valuable for estimation of risks associated with metals and volatiles
in consumer products, and may be adapted to address a wide range of consumer products and chemical
mixtures.
ABSTRACT NUMBER: 3526
Poster Board Number: P316
TITLE: Essential Oils Mixtures Safety-in-Use Evaluation in Personal Care Products
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: F. Ben Taarit, D. de Javel, and S. Martin.
EuroSafe, Saint Gregoire, France. Sponsor: D. Steen
KEYWORDS: Risk Assessment; Regulatory/Policy; Safety Evaluation
ABSTRACT: Essential oils are defined as complex natural substances. Their composition varies according
to the geographical origin of the plant, the part of the plant used, the conditions of production or the
method of production. The number of components present in these volatile oils can be very high,
despite a structural variation rather limited (3 major atoms: carbon, hydrogen and oxygen). All these
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characteristics justify the difficulty of carrying out a reliable and relevant toxicological assessment of
these ingredients, which are very popular in the cosmetic industry.Thanks to chromatographic methods,
it is now possible to know the nature and concentration of all the compounds present in an essential oils
mixture. Thus, through analysis reports obtained by chromatography, the maximum acceptable
concentration of a mixture for a given finished cosmetic product can be determined on the basis of the
compound identified as limiting. The toxicological approach here applied is mainly based on the QRA
methodology used for the calculation of IFRA certificate. Each compound identified by chromatography
has a toxicity reference value (TRV) and a theoretical skin absorption rate. In the absence of TRV, the
Threshold of Toxicological Concern approach (TTC - Cramer) will be applied. This risk assessment
method therefore allows an exhaustive analysis of all the compounds and not an assessment of the
essential oils taken into account separately. It also requires specific analysis and interpretation to
determine which compound will be chosen as limiting and which will determine the maximum
acceptable level of the essential oils mixture in the finished cosmetic product.
ABSTRACT NUMBER: 3527

Poster Board Number: P317

TITLE: Measuring the Emissivity of Semi-Volatile Organic Compounds from Articles of Commerce
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Nicolas1, M. S. Minto1, X. Liu2, K. K.
Isaacs2, K. A. Phillips2, C. Addington2, A. Sumner3, and J. F. Wambaugh4. 1ScitoVation, LLC, Durham, NC;
2
US EPA, Research Triangle Park, NC; 3Battelle, Columbus, OH; and 4US EPA, Durham, NC.
KEYWORDS: Exposure Assessment; Risk Assessment
ABSTRACT: The National Academies of Sciences has called for better characterization of potential
human exposure to thousands of chemicals from proximate sources such as consumer products and
articles of commerce. Existing public databases of chemicals in the indoor environment are limited
primarily to consumer products for which material safety data sheets of declared chemicals are
available. New, non-targeted analytical chemistry methods are gradually identifying chemicals in articles
such as flooring and upholstery. However, the presence of a chemical in an object does not equate with
exposure. The emissivity of a chemical from a specific formulation is needed to predict human exposure
via multiple routes, including inhalation and dermal. New data and models are needed to characterize
the ability of a chemical to emit from its source. The EPA has selected a pilot set of 15 environmental
compounds (i.e., flame retardants, plasticizers, and perfluorinated chemicals) to undergo emission rate
measurements from solvent extraction of polyurethane foam (PUF) and XAD-2 with gas chromatography
and liquid chromatography analysis for 19 articles of commerce (i.e., carpet, clothing), using short-term
(30 min) and long-term (10 hr) chamber studies at 37-43°C. The short-term studies yielded a
combination of emission rates for 7 compounds in 10 articles while the long-term studies yielded a
combination of emissions rates for 11 compounds in 17 articles. Perfluorooctanoic acid (PFOA), which
has been eliminated in US products since 2015, was detected in 7 articles overall. These proof of
concept quantitative data on chemical emissions from articles of commerce, allow both more
comprehensive exposure assessments for the specific chemicals and articles under study as well as
provide the basis for developing new mathematical models for predicting chemical emissivity from
formulations. This abstract does not necessarily reflect US EPA policy.
ABSTRACT NUMBER: 3528
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TITLE: Development and Validation of a High-Throughput Transcriptomic Biomarker to Address 21stCentury Genetic Toxicology Needs
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Li1, R. Chen2, C. Yauk3, J. Aubrecht4, and
A. J. Fornace1. 1Georgetown University, Washington, DC; 2Trevigen Inc., Gaithersburg, MD; 3Health
Canada, Ottawa, ON, Canada; and 4Pfizer, Gorton, CT.
KEYWORDS: In Vitro and Alternatives; Risk Assessment; Biomarkers
ABSTRACT: Standard in vitro assays to assess genotoxicity are not high-throughput and frequently
generate positive results that are subsequently found to be irrelevant in vivo. New approaches enabling
more efficient and accurate hazard and risk assessment for genotoxicity are required. We developed an
in vitro transcriptomic biomarker that efficiently and accurately detects agents capable of causing DNA
damage. The transcriptomic biomarker, TGx-DDI (also known as TGx-28.65), correctly identifies the
majority of irrelevant genotoxicity results from in vitro chromosome damage (CD) assays. TGx-DDI is the
first transcriptomic biomarker that has been shown to perform robustly and consistently on different
assay platforms and is under a formal biomarker qualification review at the FDA. Because TGx-DDI was
originally produced for a DNA microarray platform, in this study, we developed the application for highthroughput cell-based genotoxicity testing using the nCounter technology. Performance of the TGx-DDI
nCounter system was extensively validated using 28 agents that was used to create TGx-DDI biomarker,
as well as additional 49 compounds (4 of which require metabolic activation). The results of nCounter
assay showed high concordance with microarray findings (R2=0.91) for training-set agents and is
equivalent to microarrays in terms of de-risking the agents with irrelevant positive CD results (both
predicted 9 out of 10 agents as non-DDI agents). We also observed that responses of several weak DDI
compounds were larger when measured by nCounter, but without compromising the specificity. For
example, both busulfan and hydroquinone were predicted as non-DDI by PA, while 2DC and PCA
indicated that these are DDI agents in the microarray analysis. The analysis of the nCounter data for
these two agents showed consistency across the three classification methods, suggesting that the
nCounter system is more sensitive for detecting weak responses to DDI agents. Moreover, nCounter
assay correctly classified all non-DDI agents, which is 100% consistent with CD assay results. This is in
contrast to microarray results, where only 9 out of 10 agents were classified as non-DDI agents. The
high-throughput capability of the nCounter system allows the development of a highly-automated
workflow requiring minimal hands-on time for large-scale multi-condition screening by directly using cell
lysates. Overall, our goal is use this biomarker in a simple, inexpensive and high-throughput manner that
can be readily integrated into the safety evaluation of compounds and chemical series to identify
genotoxic effects.
ABSTRACT NUMBER: 3529
Poster Board Number: P319
TITLE: Risk Assessment of Fluoride in Adult Pet Dogs from Commercial Dog Food and Drinking Water
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Madden1, B. Wang1, B. Ransom Stern2,
and M. H. Whittaker1. 1ToxServices LLC, Washington, DC; and 2BR Stern and Associates, Annandale, VA.
KEYWORDS: Risk Assessment; Exposure Assessment; Food Safety/Nutrition
ABSTRACT: High fluoride (F) levels in commercial dog food is a health concern for pet owners. In this
project, we performed a risk assessment to determine whether current F exposure levels pose a health
risk to pet dogs. Pet dogs can be exposed to F through commercial dog food and drinking water.
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Regarding F exposure via water, F is added to community drinking water systems in the US to prevent
dental caries, but higher levels are possible in private wells and other unregulated drinking water
sources. The US EPA has set a Maximum Contaminant Level (MCL) of 4.0 mg/L in drinking water to
prevent skeletal fluorosis in humans. In order to estimate F intake from dog food, F concentrations in
dog food and dog food intake were quantified. Sources of F in dog food include various animal byproduct meals (e.g., chicken, beef and bone meal). In 2009, the Environmental Working Group (EWG)
conducted a study evaluating the F content of ten major national brands of dry dog food. The highest
reported F level was 10.3 ppm for adult dog food. The metabolizable energy (ME) of 4.0 kcal/g for dry
dog food and the daily ME requirements of adult dogs at maintenance recommended by the US National
Research Council are used to estimate daily dog food intake. Average active pet dogs require 130 kcal ×
BW0.75 daily while active pet terriers require a greater daily ME of 180 kcal × BW0.75; therefore, we used
the higher ME requirement to obtain a conservative Estimated Daily Intake (EDI) of dog food. The EDI of
dog food was estimated by dividing the ME requirement (180 kcal × BW0.75) by the product of the ME of
dry dog food and a body weight of 2 kg (4.0 kcal/g * BW) to obtain a value of 37.86 g food/kg bw. Daily
exposure to F from dog food was estimated by multiplying daily dog food intake by an upper level
estimate of F in dog food (10.3 ppm F as reported by EWG) to obtain an EDI(F-dog food) of 0.39 mg F/kg
bw. A dog typically consumes one ounce of water per pound bw (65.13 ml/kg bw/day), which is
multiplied by US EPA’s MCL of 4.0 mg/L to obtain an EDI(F-water) of 0.26 mg F mg/kg bw. The EDI of
total F from dietary and water sources is the sum of EDIs of F from dog food and drinking water, which is
0.65 mg F/kg bw. The EDI of total F is 3-fold below the Acceptable Daily Intake (ADI) of 1.73 mg F/kg bw
from a chronic dog study in which the NOAEL of 5.2 mg F/kg/day was divided by a safety factor of 3 to
account for intraspecies variation. Therefore, exposure to F among adult dogs is unlikely to pose a
health risk, even after long-term exposure.
ABSTRACT NUMBER: 3530
Poster Board Number: P320
TITLE: Comparative Quantitative Risk Assessments on a Novel Heated Tobacco Product Versus the 3R4F
Reference Cigarette
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Hirn, T. Stedeford, and I. BaskervilleAbraham. JT International S.A., Geneva, Switzerland.
KEYWORDS: Risk Assessment; Exposure Assessment; Dose-Response
ABSTRACT: Novel tobacco vapor products (NTVs) have been shown to produce lower levels of harmful
and potentially harmful constituents (HPHCs) than conventional cigarettes; however, most of the
research on NTVs has provided information as a percent reduction rather than as a quantified analysis of
potential risks. The present study was undertaken to inform such an analysis by quantifying and
comparing non-cancer and cancer risk estimates from an NTV with a reference cigarette (3R4F). The NTV
aerosol and the 3R4F smoke were quantified for Hoffman analytes based on 70 puffs or 9.6-13.3 puffs,
respectively. These values were extrapolated to define exposure scenarios for per day use and lifetime
use based on three separate use categories: light, medium, and heavy. Non-cancer and cancer risk
estimates were calculated based on these exposure scenarios and the available reference
concentrations (RfCs) and/or inhalation unit risks (IURs) derived by regulatory and/or public health
agencies. When these values were not available, RfCs and/or IURs were derived based on the availability
of data or by using an analog approach. The results support that non-cancer and cancer risk estimates
were significantly lower for the NTV versus the 3R4F cigarette, based on the analytes evaluated. These
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findings provide suggestive evidence for an alternative product to conventional cigarettes that may
provide current smokers with a reduced risk option in the absence of cessation.
ABSTRACT NUMBER: 3531
Poster Board Number: P321
TITLE: Development of Dermal Permissible Daily Exposure (PDE) Levels for Elemental Impurities by
Utilizing Data from Alternative Routes
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. L. Mihalchik-Burhans, E. N. Rogers, S. E.
Gad-McDonald, D. W. Sullivan, and S. C. Gad. Gad Consulting Services, Raleigh, NC.
KEYWORDS: Pharmaceuticals; Risk Assessment; Metals
ABSTRACT: Recently, guidelines have been developed or revised addressing the safe levels of elemental
impurities in drug products. ICH Q3D currently provides PDE limits for a total of 24 elements by 3 routes
of administration: oral, inhalation and parenteral, which generally includes intramuscular,
subcutaneous, and intravenous. Similarly, USP Chapter <232> on Elemental Impurities —Limits is
currently under the revision process to further align with ICH Q3D guidance. Both guidance documents
also identify elemental impurities that must be addressed during the risk assessment process, which
vary based upon route of administration and if the elements are intentionally or unintentionally present
in drug products. However, safe levels of elemental impurities via alternative routes such as dermal,
rectal, vaginal, and implantation, have not been addressed, resulting in a serious knowledge gap for the
regulatory community. Presently, it is considered inappropriate from a regulatory perspective to use
unadjusted elemental PDEs based upon oral, inhalation, or parenteral administration as default
approaches for justifying the safety of elemental impurities by alternative routes of exposure
traditionally omitted in regulatory guidance documents. A systematic approach for derivation of
elemental impurity limits for alternative routes of administration, with a specific focus on the dermal
route, will be presented. The authors intend to assess current techniques useful in the derivation of
dermal PDEs including review of current safety data, sensitive populations, localized effects,
toxicokinetic data, bioavailability comparisons between routes of administration, and retention factors
to provide a working framework for elemental impurity assessment. Several examples of the derivation
methods and suggested PDEs based on the dermal route of administration will also be presented, which
will provide a conceptual foundation for real-world application in product assessment.
ABSTRACT NUMBER: 3532
Poster Board Number: P322
TITLE: Investigation into Pulmonary Absorption Using a Combination of the Ex Vivo Model of Isolated
Perfused Rat Lungs and a Simple PK Model
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Schwarz, W. Koch, and D. Walter.
Fraunhofer Institute for Toxicology and Experimental Medicine, Hannover, Germany. Sponsor: C.
Dasenbrock
KEYWORDS: Lung; Pulmonary or Respiratory System; Physiologically-Based Pharmacokinetics; In Vitro
and Alternatives
ABSTRACT: Ex vivo models are attractive tools for non-clinical testing of new drug candidates and
formulations as well as for safety assessment of chemicals due to their proximity to the in vivo situation
and their potential to reduce and refine in vivo tests. The aim was to investigate the applicability of IPLs
as a model for pulmonary absorption studies. The ex vivo model of Isolated Perfused Rat Lungs (IPLs) has
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been established as a tool for investigations into the systemic uptake of inhaled substances through the
lung. Lungs from rats are ventilated and perfused with a physiologic buffer solution. Respiratory
parameters, such as tidal volume, dynamic compliance as well as pulmonary arterial pressure are
measured on-line for monitoring of pulmonary viability. For investigations into mass transfer processes
through the lung, IPLs are exposed to rat-respirable aerosols. Subsequently, the concentration profile of
the substance is analyzed in the perfusate. For translation of the PK data obtained in the experiments
into a transfer velocity (permeability coefficient), a simple physiological 3-compartment-model (lung
lining fluid, tissue, blood), simulating the systemic uptake in the IPL, was applied. Relevant physiological
and morphological data were gathered from literature. Analyses of perfusate concentration profiles
after exposure of IPLs to respirable aerosols of small molecule substances allowed for a qualitative
ranking of the systemic uptake, which is in good agreement with data from human studies (small
molecule). The transfer velocity determined using the simple PK-model was 2 - 3 x 10E-06 cm/s, i.e. a
rapid absorption was observed. The current investigations demonstrate the high potential of Isolated
Perfused Rat Lungs as a tool for investigation of the systemic uptake of inhaled substances with rapid
absorption. The kinetic data derived from this model might serve as input parameters for PBPK
modelling. In addition, in the context of absorption studies, the IPL model might be useful for further
mechanistic investigations, such as the elucidation of transport mechanisms through the alveolarepithelial membrane. To summarize, the model of the Isolated Perfused Lungs is strongly assumed to be
suitable for studies into pulmonary absorption of inhaled chemicals or pharmaceuticals and therefore
also contributes well to the 3R principles.
ABSTRACT NUMBER: 3533
Poster Board Number: P323
TITLE: Rapid Evidence Mapping for Environmental Health
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Lam, B. E. Howard, A. Tandon, A.
Maharana, and R. Shah. Sciome LLC, Research Triangle Park, NC.
KEYWORDS: Regulatory/Policy; Risk Assessment
ABSTRACT: Stakeholders in the field of environmental health are increasingly relying on tools and
practices from the disciplines of evidence synthesis and systematic review to summarize the evidence
and identify scientific consensus with respect to decision-making concerning potential environmental
health risks. Given the ever-accelerating pace of publications in this field, the practice of “Evidence
Mapping” is being increasingly used to identify both the key areas of study relevant to a given topic
along with important gaps in the literature. However, constructing detailed Evidence Maps can be a
resource-intensive procedure, thereby limiting their utility for practical implementation, in particular for
broader questions of interest. Here we outline a process called “Rapid Evidence Mapping,” which we
define as a resource-efficient form of knowledge synthesis in which components of the systematic
review process are simplified or omitted to produce a visual representation that maps the scientific
evidence in a timely manner, while still utilizing rigorous, transparent and explicit methodological
approaches. Using several case studies in the domain of environmental health as examples, we illustrate
how Rapid Evidence Maps can be created with the assistance of software tools and an effort level that is
measured in hours to days rather than in the weeks to months typically required to create a detailed
Evidence Map or Scoping Study. As is often the case when comparing knowledge synthesis
methodologies, there is an obvious trade-off between rigor and speed, but we suggest here that Rapid
Evidence Maps can be extremely useful in many scenarios, for instance where a preliminary assessment
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of the literature landscape is desired but resources are limited. Rapid Evidence Maps, furthermore, can
also guide and inform development of more thorough, hence labor-intensive, approaches including
Scoping Studies, Evidence Maps and Systematic Reviews. Furthermore, currently available tools utilizing
semi-automated machine learning approaches can greatly reduce the time and resource commitments
required to undertake such assessments, increasing the feasibility of utilizing these approaches on a
widespread scale. For these reasons, we anticipate that as tools and protocols continue to develop,
Rapid Evidence Maps will become an increasingly valuable methodology useful to risk assessors, health
assessors, and decision-makers.
ABSTRACT NUMBER: 3534
Poster Board Number: P324
TITLE: Weight-of-Evidence Analysis to Assess the Potential of PFOA to Act as an Estrogen Receptor
Agonist
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. M. Beckett1, D. C. Cheatham1, H. A.
Reamer1, S. E. Brown2, and M. L. Kreider3. 1Cardno ChemRisk, Chicago, IL; 2Cardno ChemRisk, Boulder,
CO; and 3Cardno ChemRisk, Pittsburgh, PA.
KEYWORDS: Endocrine Disruptors; Mode-of-Action; Perfluoronated Agents
ABSTRACT: Perfluorooctanoic acid (PFOA) is a synthetic industrial chemical that was historically used in
the production of fluoropolymers. Despite inconsistent results in the literature, various research groups
have classified PFOA as an endocrine disruptor; however, regulatory agencies maintain that chemical
endocrine disruption must be evaluated using a weight-of-evidence (WoE) approach. To date, this type
of analysis has not been conducted for PFOA. Borgert et al. (2011, 2014) developed a three-tiered
endpoint-ranking framework to assess chemical endocrine disruption through eight modes of action
(MoA) using assay-specific methodology. In this framework, Rank 1 endpoints encompass in vivo
observations that are specific and sensitive for the MoA of interest; Rank 2 endpoints are interpretable
for the MoA, but are less specific and may be confounded, while Rank 3 endpoints are relevant to the
MoA, but only when corroborative of Rank 1 and 2 endpoints. The current analysis assessed the
potential for PFOA to act as an endocrine disruptor specifically through the estrogen receptor agonist
MoA. A literature review isolated 30 studies that assessed PFOA exposure and endpoints relevant to this
MoA. Four studies evaluated Rank 1 endpoints, which included alterations in plasma vitellogenin (VTG)
levels and uterine weight (UW). Two of the four studies revealed statistically significant, dosedependent increases in plasma VTG in male or juvenile fish exposed daily to PFOA concentrations as low
as 5.0 ppm. The other two studies examined changes in UW in pre-pubertal female mice following
three-day PFOA exposure via oral gavage. One study reported no significant alterations in UW at
exposures as high as 1.0 mg PFOA per kg body weight (BW) per day. Conversely, the second study
reported a statistically significant increase in UW at exposures of 0.01 mg PFOA per kg BW per day;
however, this change was not dose-dependent, as significant changes were not evident at higher
concentrations. Based on these data, Rank 1 endpoints were inconclusive; thus, Rank 2 and 3 endpoints
were examined to assess consistency. 11 studies were isolated that examined Rank 2 endpoints, but
only 3 studies fit the appropriate assay criteria outlined by Borgert et al. (2011, 2014); observations in
these studies provide evidence that PFOA may act through this MoA. Results from studies that
evaluated Rank 3 endpoints, however, were mixed. Thus, due to the paucity of studies that fit assayspecific requirements, as well as the inconsistent results of these studies, the evidence that PFOA is an
endocrine disruptor via this MoA is, at best, equivocal.
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ABSTRACT NUMBER: 3535
Poster Board Number: P325
TITLE: A Human Health Risk Assessment of Heavy Metal Ingestion among Consumers of Protein Powder
Supplements
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. B. Bandara, K. M. Towle, R. M. Novick,
and A. D. Monnot. Cardno ChemRisk, San Francisco, CA.
KEYWORDS: Risk Assessment; Metals; Food Safety/Nutrition
ABSTRACT: Concerns have recently been raised about the presence of heavy metals in protein powder
supplements following a Consumer Reports analysis of 15 protein powder products. The study found
that the average amounts of heavy metals in three servings of protein powder a day exceeded the
maximum limits in dietary supplements proposed by US Pharmacopeia. The objective of this study was
to determine whether the heavy metal concentrations reported in protein powder supplements posed
any human health risks, based on the reported concentrations of arsenic (As), cadmium (Cd), mercury
(Hg), and lead (Pb) in the protein powder. The EPA reference doses (RfD) for As and Cd, and the EPA
screening level RfD for Hg were based on the most sensitive health endpoint which were used to
calculate hazard quotients (HQs) for each metal. The ‘worse-case scenario’ assessment for each protein
powder product was expressed as a cumulative hazard index (HI), which is the sum of HQs from each
heavy metal. Additionally, we utilized the US EPA’s Adult Lead Methodology (ALM) model to estimate
adult blood lead levels (BLLs), which were compared to the CDC BLL guidance value of 5 µg/dL. All
models assumed one or three servings of protein powder per day. Our results indicate that the exposure
concentrations of the studied metals do not pose an increased health risk (Hazard Index < 1) when an
adult ingests less than 271 g of protein powder per day. We noted that the protein powder HI was
mainly driven by the As content in each product. Interestingly, the highest HI levels (which approached
1) were found in ‘mass gain’ type protein powder supplements, whereas the lowest calculated HI levels
were in whey protein powders. Moreover, background Pb exposure was the primary contributor to
estimated BLLs in adults, and all modeled BLLs were below 5 µg/dL. Overall, our results suggest that the
typical intake of dietary supplements would not result in advance health effects due to heavy metals.
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ABSTRACT NUMBER: 3536
Poster Board Number: P326
TITLE: Dermal Irritation Hazard Assessment of Ingredients in WEN Hair Cleansing Conditioner Products
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. M. Novick1, K. M. Towle1, D. A. Drechsel2,
E. S. Fung3, D. J. Paustenbach4, and A. D. Monnot1. 1Cardno ChemRisk, San Francisco, CA; 2Cardno
ChemRisk, Boulder, CO; 3Cardno ChemRisk, Aliso Viejo, CA; and 4Cardno ChemRisk, Jackson, WY.
KEYWORDS: Risk Assessment; Safety Evaluation; Cutaneous or Skin Toxicity
ABSTRACT: WEN cleansing conditioners were designed to treat damaged hair and have been
commercially available for about ten years. Recently, the FDA and WEN representatives received an
increase in the number of consumer complaints associated with the use of WEN cleansing conditioners
including hair loss, itching, baldness, and hair breakage. The objective of this study was to review the
irritation potential of WEN ingredients. For the three most common varieties of WEN cleansing
conditioner, 31 total ingredients and their maximal concentrations in the final product were identified.
The ingredients include 12 botanical mixtures, a preservative mixture, and a fragrance mixture with 39
constituents. The ingredients were studied by determining: (1) if the maximal concentration was less
than guidance values for those chemicals, (2) if the ingredient was reported in other cosmetic products,
and (3) the irritation potential based on human studies. The fragrance ingredient’s 39 constituents were
evaluated in a similar manner. Twenty-three ingredient concentrations were within the Cosmetic
Ingredient Review’s (CIR) guidelines. However, for two ingredients, formula specifications (e.g. the
average molecular weight of proteins) were included in the guidance and it was unclear if they were met
by the WEN ingredients. Eight ingredients did not have CIR guidance. Of the fragrance constituents, one
met the guidance values by the CIR and nine met guidance values by the International Fragrance
Association, and 29 did not have guidance values. Almost all of the ingredients are reported in other
cosmetics at similar concentrations. For ingredients and fragrance constituents with human or animal
studies, the results ranged from not irritating to moderately irritating under the conditions of the study.
However, most of the studies were patch tests intended to exaggerate the hazard. In human studies,
mild erythema was the most reported clinical reaction. Several data gaps were identified including a lack
of irritation data on four ingredients and two fragrance constituents. Taken together, the irritation
potential of WEN ingredients appears to be low and would be similar to other cosmetic products on the
market.
ABSTRACT NUMBER: 3537

Poster Board Number: P327

TITLE: Relative Oral Bioavailability of Metals in Coal Fly Ash
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. M. Ierardi1, A. M. Chapman2, A. D.
Monnot3, A. Hicks4, and J. J. Keenan2. 1Cardno ChemRisk, Brooklyn, NY; 2Cardno ChemRisk, Arlington, VA;
3
Cardno ChemRisk, San Francisco, CA; and 4ASH Mineral Solutions, Pittsburgh, PA.
KEYWORDS: Exposure Assessment; Metals
ABSTRACT: Coal is a major source of electrical production in the United States. Coal fly ash is one of the
predominant waste products formed as a result of the burning of coal for electricity. In recent years,
there have been a number of coal ash spills throughout portions of the US resulting in environmental
and human exposure to coal fly ash and other waste products formed from the utilization of coal for
electrical production. Specifically, elevated concentrations of a number of metals prominent in coal fly
ash such as arsenic, chromium, lead, mercury, and thallium have been found in the water and soil
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around the areas where coal ash was spilled. In order to evaluate the potential health risk from coal ashcontaminated soil, an accurate characterization of the relative bioavailability (RBA) of metals in coal fly
ash is necessary. Available coal fly ash RBA studies fail to utilize the standard US EPA bioavailability
methodologies, investigate only a limited number of metals, or do not provide data on bioavailability
specifically through the route of ingestion. In the current pilot study, US EPA’s validated in vitro
bioaccessibility assays (IVBA) for lead and arsenic in soil and soil-like matrices were used to characterize
and predict the in vivo RBA of 24 metals commonly identified as coal fly ash constituents from three
different sources. Total metals analysis revealed mean concentrations of 23,780 mg/kg arsenic, 45.2
mg/kg total chromium, 21.2 mg/kg lead, 111 mg/kg mercury, and 1,860 mg/kg thallium. Results from
the RBA analysis demonstrate that 1) metals such as arsenic and chromium present in coal fly ash may
not be measurably bioavailable following ingestion and 2) there is limited bioavailability of certain heavy
metals in coal fly ash, including zinc and thallium at percentages of 0.029 and 27, respectively.
Therefore, the utilization of a modified absorption factor for metal constituents in coal fly ash could lead
to more appropriate risk calculations when evaluating ingestion.
ABSTRACT NUMBER: 3538
Poster Board Number: P328
TITLE: Protocol for the Reassessment of the Safety for Consumers of Bisphenol A (BPA) by the European
Food Safety Authority (EFSA)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. F. Castoldi, C. Croera, C. Putzu, F.
Barizzone, and U. Gundert-Remy. European Food Safety Authority, Parma, Italy. Sponsor: L. Costa
KEYWORDS: Risk Assessment; Regulatory/Policy; Safety Evaluation
ABSTRACT: EFSA has recently developed a scientific protocol which details “a priori” - before BPA safety
assessment starts later in 2018 - the strategy (scope, methodology and information needs) that EFSA will
apply in its future identification and characterization of BPA health hazards. The protocol has undergone
an open consultation phase: constructive criticism and substantial changes suggested by different
parties have significantly contributed to shape the final version of the protocol, prior to its endorsement
by EFSA experts last December. The protocol defines upfront the methods/criteria to be used for data
collection, study inclusion, evidence appraisal (internal and external validity) and evidence integration
(e.g. weight of evidence, confidence in the evidence) in the next BPA re-evaluation. BPA studies
compliant with pre-defined inclusion criteria (e.g. publication date after December 2012 or data
submission via a call for data, any exposure route, any toxicological endpoint, etc.), including the yet
unpublished US CLARITY-BPA core study and Grantee studies, will be considered for the new EFSA
review. A full systematic review approach will only be applied to human and animal evidence which can
potentially provide a reference dose for setting a Tolerable Daily Intake (TDI), whereas other types of
evidence, e.g. cross-sectional and toxicokinetic studies, will be dealt with narratively. Appraisal tools
adapted from the 2015 NTP-OHAT Approach for Systematic Review and Evidence Integration will be
employed to rate the internal validity of individual human or animal studies according to study design
and endpoint. Appraisal of external validity, i.e. relevance of measuring a given endpoint in a given
animal model for human health, will only concern animal studies. The experts will next assign,
separately for humans and animals, confidence ratings (High, Moderate, Low or Very Low/missing data)
to the body of evidence for each endpoint, and will translate them into levels of evidence for a certain
health effect or no-health effect in line with 2015 NTP-OHAT. The final integration of the levels of
evidence from the human and animal streams into the likelihood of a health or no health effect will
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conclude the hazard identification step and let identify the effects/studies on BPA most suitable for
hazard characterisation. It is expected that the correct implementation of such a structured protocol will
result into a methodologically rigorous re-evaluation of the European temporary TDI for BPA, set by
EFSA to 4 µg/kg bw per day in 2015, and will in turn enhance the public trust in EFSA’s risk assessment
work.
ABSTRACT NUMBER: 3539
Poster Board Number: P329
TITLE: Chlorate: An Update on Occurrence and Exposure in US Public Drinking Water Systems
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. D. Soares, J. Donohue, S. Regli, and J.
Chen. US EPA, Washington, DC.
KEYWORDS: Disinfection By-Products; Exposure Assessment
ABSTRACT: The US EPA’s Unregulated Contaminant Monitoring Rule (UCMR) mandates the collection of
data on the occurrence of contaminants that are suspected to occur in drinking water and do not have
health-based standards under the Safe Drinking Water Act. The third UCMR (UCMR 3) provides
nationally representative occurrence data for chlorate in US Public Water Systems (PWSs). UCMR 3 data
(collected between 2013 and 2016) were analyzed to better understand chlorate occurrence and
formation as well as control of chlorate in drinking water systems. In addition to occurrence, relative
sources of exposure are taken into consideration when evaluating the potential human health effects of
a contaminant. For chlorate, several publications suggest that diet in addition to drinking water is a
significant source of exposure. To determine whether chlorate occurred at levels of potential public
health concern, UCMR 3 data were compared to US EPA’s non-cancer health reference level (HRL) of
210 µg/L pertaining to multiple health endpoints of concern. The HRL was calculated using the
Reference Dose (RfD) derived by US EPA’s Office of Pesticide Programs based on a 2-year rodent
bioassay on sodium chlorate in drinking water by the National Toxicology Program. UCMR 3 data
estimates provide numbers of people in the US being exposed to different chlorate concentration levels
and types of disinfection practices. The views expressed in this abstract are those of the author[s] and do
not necessarily represent the views or policies of the US EPA.

ABSTRACT NUMBER: 3540

Poster Board Number: P330

TITLE: Risk Assessment for Antibiotic Residue in Industrial Effluents from Baddi, India: Impact on
Environment and Human Health
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. Verma1, T. R. Bhardwaj1, and R. L. Khosa2.
1
School of Pharmacy and Emerging Sciences, Baddi, India; and 2School of Pharmacy, Bharat Institute of
Technology, Meerut, India.
KEYWORDS: Risk Assessment; Environmental Toxicology; Ecotoxicology
ABSTRACT: Antibiotic resistance (ABR) has become a global public health threat, as antibiotics used to
treat diseases, including common infections, are increasingly becoming ineffective. Misuse and overuse
of antibiotics in humans and animals, especially for animal production, exacerbates this issue and
contributes to the spread of ABR in humans through contact, food and environment. Spread over 380
square kilometres in Himachal Pradesh’s Solan district, the Baddi-Barotiwala-Nalagarh (BBN) industrial
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area is one of India’s largest pharmaceutical manufacturing hubs. The region hosts around 500 small,
medium and large pharma units and accounts for 35 per cent of Asia’s total medicine production. But
rapid industrialisation and a lax attitude towards safe disposal and management of pharma waste have
raised concerns about the effects of pollution on the environment and health. Due to such practices, the
BBN region remains prone to antibiotic pollution. These APIs can enter the environment due to
insufficient treatment or improper disposal of waste and weak environmental regulations. They are
among environmental persistent pharmaceutical pollutants which have not degraded completely during
treatment. They may influence the genetic makeup of bacteria, leading to the survival of resistant
bacteria and spread of antimicrobial resistance (AMR), a public health threat.Methods: Samples were
collected from different area of BBN and they were identified for antibiotics resistant of bacteria in
environment in laboratory. Results:Antibiotics and resistant bacteria are present in the environment.
Antibiotics could favour resistant bacteria. As in other environments, the significance of this process
depends on the antibiotic concentration, its bioavailability and other constraints. This varies in water,
sewage sludge, soils, and sediments, because the concentration of antibiotics, the physicochemical
constraints and the mobility of bacteria as well as their resistance genes vary. The ability to take up DNA
from the environment is widespread among natural isolates. To understand the interaction of
antimicrobial compounds and bacteria in the environment and for a sound risk assessment, the use of
test systems and field studies is crucial. For developing countries such as India, inadequate policy
framework, limited stakeholder awareness, ineffective monitoring, limited focus on infection prevention
and control, inadequate sanitation and hygiene, limited data on AMR surveillance and dearth of
technology and resources have been the major challenges. In the absence of stringent regulations and
technologies, antibiotic residues and drug-resistant bacteria are finding their way into the environment
through waste from food-animal farms, slaughter houses, pharmaceutical manufacturing units and
wastewater and sewage treatment plants. Our study shows how improper disposal of pharmaceutical
industry waste from Baddi, Himachal Pradesh, one of the largest pharmaceutical manufacturing hubs in
India, could become a potential reason for emergence and spread of ABR.
ABSTRACT NUMBER: 3541
Poster Board Number: P331
TITLE: A SLiM Approach to Adverse Outcome Pathway (AOP) Development: A Case Study for PM2.5
Exposure Leading to Cardiometabolic Health Effects
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Angrish, E. Kirrane, R. Jones, and B.
Buckley. US EPA, Durham, NC.
KEYWORDS: Risk Assessment
ABSTRACT: Recent experimental and observational studies propose exposure to fine particulate matter
(aerodynamic diameter ≤2.5 μm; PM2.5) as a factor influencing cardiometabolic disease, a leading cause
of death in the United States that is described by glucose intolerance, insulin resistance, atherogenic
dyslipidemia, hypertension, and obesity. Therefore, an approach is needed to build confidence in the
application and integration of these study data during risk assessment. Organizing evidence extracted
from peer-reviewed literature using an adverse outcome pathway (AOP) framework may enhance data
dissemination and interpretation by researchers, risk assessors, risk managers, and policy makers
leading to improved human health. Conceptually, an AOP is meant to implicitly describe how a sequence
of biological perturbation may progress to an adverse outcome as compensatory and feedback loops are
overcome. Therefore, a hybrid systematic literature mapping (SLiM)-AOP approach was applied after a
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broad literature search using the Health and Environmental Online (HERO) database identified 39,532
animal toxicology and epidemiology studies. Literature screen and inventory using systematic review
software applications included 93 of the 39,532 studies as relevant to cardiometabolic health outcomes.
System and endpoint targets (e.g. endothelial dysfunction, systemic inflammation, dyslipidemia, insulin
and glucose homeostasis, body weight) were mapped using SLiM and extracted data were organized
into an AOP framework. The approach identified the key events: activation of nuclear factor kappa-lightchain-enhancer of activated B cells (NFκβ), toll-like receptor 4 (TLR4) activation, and decreased
phosphorylated protein kinase B (Akt-P). These key events lead to progression along pathways for 1)
increased insulin resistance, 2) systemic inflammation, and 3) endothelial dysfunction anchored to
metabolic syndrome, diabetes, and atherosclerosis adverse outcomes. The framework also identified
gaps in the scientific understanding for the molecular initiating event starting the AOP, pathways
targeting specific systems (nervous, immune) that may influence the key events, and endpoints
correlated with outcomes such as obesity and diabetes. This work demonstrates how a qualitative
framework can be used as a transparent and efficient platform for identifying human health hazards and
may also help direct future resources towards critical areas where more scientific understanding is
needed to estimate human health risk. The views expressed in this abstract are those of the authors and
do not necessarily reflect the views or policies of US EPA.
ABSTRACT NUMBER: 3542
Poster Board Number: P332
TITLE: Choose Safe Places for Early Care and Education; Keeping Children Safe from Environmental
Exposures
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Somers1, J. Freed2, and E. McLanahan2.
1
CDC/ATSDR, Boston, MA; and 2CDC/ATSDR, Atlanta, GA.
KEYWORDS: Children’s Health; Risk Assessment; Education Outreach Other
ABSTRACT: ATSDR created Choose Safe Places for Early Care and Education (CSPECE) guidance to help
ensure that child care centers are not located on or near sites that can expose children to harmful
environmental contaminants. Across the country, most states do not require a site specific
environmental assessment for a child care site. Preventing problems, by ensuring child care programs
are safely located, is vital to ensure the health, and economic and social well-being of families that rely
on them. ATSDR has worked on dozens of sites where children were exposed to hazardous
environmental exposures because of where their child care center was located. This presentation will
discuss the background and burden of the problem and share examples of child care centers being
placed on inappropriate sites. The guidance manual will be presented, and information on how to
successfully implement components of the manual to prevent child care centers from being placed on or
near contaminated sites will be discussed. ATSDR has cooperative agreements with twenty-five state
health departments that are working on site-specific health assessments and implementing the CSPECE
guidance.
ABSTRACT NUMBER: 3543
Poster Board Number: P333
TITLE: Is Current Risk Assessment of Non-Genotoxic Carcinogens Protective?
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Braakhuis1, W. Slob1, E. Olthof2, G.
Wolterink1, E. Zwart1, E. Gremmer1, E. Rorije1, J. van Benthem1, R. Woutersen1, J. van der Laan1, and M.
Luijten1. 1RIVM, Bilthoven, Netherlands; and 2CBG, Utrecht, Netherlands. Sponsor: H. van Loveren
The Toxicologist: Late-Breaking Supplement 2018

154

KEYWORDS: Risk Assessment; Non-Genotoxic; Dose-Response
ABSTRACT: Non-genotoxic carcinogens (NGTXCs) do not cause direct DNA damage but induce cancer via
other mechanisms. In risk assessment of pharmaceuticals and chemicals, carcinogenic risks are
determined using carcinogenicity studies in rodents. With the aim to reduce animal testing, REACH
legislation states that carcinogenicity studies are only allowed when specific concerns are present; risk
assessment of compounds that are potentially carcinogenic by a non-genotoxic mode of action is usually
based on subchronic toxicity studies. Health-based guidance values (HBGVs) of NGTXCs may therefore
be based on data from carcinogenicity or subchronic toxicity studies depending on the legal framework
that applies. HBGVs are usually derived from No-Observed-Adverse-Effect-Levels (NOAELs). Here, we
investigate whether current risk assessment of NGTXCs based on NOAELs is protective against cancer. To
answer this question, we estimated Benchmark doses (BMDs) for carcinogenicity data of 44 known
NGTXCs. These BMDs were compared to the NOAELs derived from the same carcinogenicity studies, as
well as to the NOAELs derived from the associated subchronic studies. Our analyses indicate that the
NOAELs from both types of studies are, on average, associated with a cancer risk of around 1% in
rodents. It follows that a NOAEL derived from a subchronic study is, at least on average, as predictive for
the cancer risk as a NOAEL based on cancer effects from a carcinogenicity study. This supports the
current practice in REACH of requesting a carcinogenicity study only in rare cases where specific
concerns are present. The results presented here indicate that current risk assessment of NGTXCs is not
completely protective against cancer. Our results call for a wide discussion among policy makers and
various stakeholders, as to whether or not the potential cancer risk levels that appear to be associated
with currently derived HBGVs of NGXTCs are acceptable.
ABSTRACT NUMBER: 3544
Poster Board Number: P334
TITLE: A Risk Assessment of Mercury Levels in Maryland Seafood Species and the Human Health Effects
Associatedwith Their Consumption
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. E. Beins, D. Dokshina, R. Patterson, J.
Chopyk, I. Shargo, R. Ezeugoh, A. Jones, J. Dalhoff, J. Zambrana, and S. Adenaiye. University of Maryland
School of Public Health, College Park, MD. Sponsor: A. Kadry
KEYWORDS: Risk Assessment; Metals; Reproductive and Developmental Toxicology
ABSTRACT: Mercury (Hg) is a heavy metal pollutant that can occur naturally, but is predominantly a
byproduct of anthropogenic industrial processes. After being released into the air, this environmentallypersistent chemical may be deposited globally in soil and water. According to the US Geological Survey,
21.8% of Maryland is water, making it the state with the 5th most water area by percent. This project
was designed to utilize the four basic steps of the risk assessment protocol to evaluate mercury levels in
Maryland seafood species and the human health effects associated with their consumption. A
systematic review on mercury and human dietary exposure to it was conducted. Over 7000 articles were
evaluated, and relevant articles were used to supplement independent research on mercury
concentration in fish and water, its health effects (short and long term), toxicodynamics, toxicokinetics,
and dose-response.
Data from the systematic review and independent research indicated that in Maryland, coal-fired power
plants and municipal waste incinerators are the main sources of environmental release of mercury.
Testing of fish tissue in Maryland waterways found 59% of the sampled fish had levels above the EPA
and FDA recommended consumption limit. The risk posed by mercury ingestion depends on fish species,
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size, regional source, and water quality, as well as on the habits and customs of the population.
Metabolism and toxicity depend on the form of mercury ingested, route of exposure, dose, and the age
of the person. Our analysis indicated that consumption rates in Maryland are similar to the rest of the
United States. The most commonly eaten fish are salmon, tuna, and tilapia. The estimated Average Daily
MeHg intake (ADMI) for Maryland residents is well under the EPA reference dose of 0.1 μg/kg-day.
Although the ADMI for some potentially susceptible populations, such as Asian Americans (0.04 μg/kgday over the age of 50) and women of childbearing age (0.03 μg/kg-day for Asian WCBA, 0.02 μg/kg-day
for non-Asian WCBA) are higher than the general population, they still remain under the reference dose.
(This project was conducted as part of the University of Maryland graduate course MIEH 740Environmetal Risk Assessment-Fall 2017)
ABSTRACT NUMBER: 3545
Poster Board Number: P335
TITLE: Guidance for the Risk Assessment of Enzyme-Containing Products
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: F. H. Kruszewski. American Cleaning
Institute, Washington, DC.
KEYWORDS: Risk Assessment; Respiratory Sensitization; Safety Evaluation
ABSTRACT: The purpose of this guidance is to describe the potential health hazards of enzymes present
in consumer products and provide a framework for manufacturers of these products to conduct risk
assessments to help ensure the safety of new products containing enzymes. Enzymes generally have
good safety profiles. However, enzymes like many other proteins can act as allergens and induce the
production of allergen-specific IgE antibody upon repeated inhalation or exposure to mucous
membranes that may lead to allergy symptoms, including asthma. The primary challenge associated
with enzyme use is preventing the generation of allergen-specific antibody and the development of
symptoms of Type 1 hypersensitivity. This hazard is the primary focus for the risk assessment of
enzymes and it must be managed carefully. Another hazard that should be addressed is primary
irritation of the eye and skin. If the risks posed by enzymes are not managed appropriately the
consequences may spread beyond a single product or company. This could lead to unwarranted
limitations on the use of enzyme technology in other consumer applications. It is recommended that
companies using enzymes in consumer products responsibly consider how they are managing enzyme
safety including the conduct of appropriate risk assessments and risk management programs. Such
programs will include measures to manage exposures to enzymes. The program design should be
developed on a case-by-case basis to address parameters specific to the type of product and its
applications. Experience in the cleaning products industry demonstrates that the potential risk of
adverse effects can be successfully managed by identifying the hazards, carefully assessing exposure,
characterizing the risk and then applying appropriate risk management. This guidance document
outlines strategies and methods that have been used successfully by the cleaning products industry. It is
currently available from the American Cleaning Institute, and an updated edition of this guidance
document will be available in 2018.
ABSTRACT NUMBER: 3546
Poster Board Number: P336
TITLE: Subchronic Oral Toxicity Study of L-Tryptophan: A Thirteen-Week Repeated Dietary Study in Rats

The Toxicologist: Late-Breaking Supplement 2018

156

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Shibui1, H. Matsumoto1, Y. Masuzawa1, T.
Ohishi2, T. Fukuwatari3, K. Shibata3, and R. Sakai1. 1Ajinomoto Co., Inc., Kawasaki, Japan; 2BoZo Research
Center Inc., Gotemba, Japan; and 3The University of Shiga Prefecture, Hikone, Japan.
KEYWORDS: Safety Evaluation; Food Safety/Nutrition; Risk Assessment
ABSTRACT: L-tryptophan, an essential amino acid, is not only nutritionally important, but also widely
used in healthcare and for medical applications. Concerning the safety assessment of oral L-tryptophan,
it has been reported to have no adverse effects when administered orally at 5.0 g/d for 21 days in a
randomized, blinded, placebo-controlled clinical study. However, animal toxicity study data on its oral
administration are limited. In this study, we aimed to evaluate the potential toxicity of an experimental
diet containing excessive L-tryptophan when administered to Sprague-Dawley rats for 13 weeks.
Experimental diet containing added L-tryptophan at concentrations of 0 (powdered basal diet), 1.25, 2.5,
and 5.0% were given ad libitum for 13 weeks to groups comprising 12 males and 12 females. Another
group of six animals of each sex were included in the control and 5.0% groups for recovery study,
wherein the rats were maintained on a normal diet for 5 weeks after 13-week administration of
experimental diet. There were no L-tryptophan-related changes in either sex with regard to clinical
signs, ophthalmology, necropsy, and histopathology. Body weight gain and food consumption
significantly decreased throughout the administration period in males in the 2.5% group and in both
sexes in the 5.0% group. At the end of the dosing period, decreases in water intake in males in the 5.0%
group and in serum glucose in females in the 5.0% group were observed. The changes described above
were considered toxicologically significant; however, they were not observed after the 5-week recovery
period, suggesting reversibility. Urinalysis revealed fluorescent yellow urine and false-positive reactions
in occult blood tests in both sexes in the 2.5 and 5.0% groups. Nevertheless, these results were induced
by L-tryptophan metabolites, and therefore not considered toxicologically significant. Several noted
changes in hematology, blood chemistry, and organ weight were also not considered toxicologically
significant because they were minimal and/or there were no related changes in necropsy and
histopathology. Consequently, the no-observed-adverse-effect level (NOAEL) of L-tryptophan in the
present study was 1.25% for males and 2.5% for females [mean intake of L-tryptophan: 779 mg/kg
bw/day (males) and 1765 mg/kg bw/day (females)]. As the basal diet used in this study contained 0.27%
of proteinaceous L-tryptophan, the NOAEL of overall L-tryptophan was 1.52% for males and 2.77% for
females [mean intake of overall L-tryptophan: 948 mg/kg bw/day (males) and 1956 mg/kg bw/day
(females)].
ABSTRACT NUMBER: 3547
Poster Board Number: P337
TITLE: Development of an In Vivo Fluorescent Reporter Assay for High-Throughput Screening of
Estrogenic Compounds Using CRISPR/Cas9 System in Zebrafish
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Abdelmoneim, and M. Mukai. Cornell
University, Ithaca, NY.
KEYWORDS: Endocrine; Estrogens; Food Safety/Nutrition
ABSTRACT: Exposure to exogenous compounds that mimic or block actions of estrogen has been
associated with reproductive abnormalities in humans and animals. Development of time and cost
effective screening tools for biological detection of such endocrine disruptors is necessary as these
compounds are ubiquitous in our diet and the environment. To develop an in vivo system for highthroughput screening of estrogenic endocrine disruptors using zebrafish (Danio rerio), vitellogenin 1
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(vtg1), a precursor of yolk proteins and a well-studied biomarker whose expression is generally
considered female-specific, was selected. CRISPR/Cas9 system was used to develop a knock-in zebrafish
transgenic line with vtg1 promoter driving the expression of enhanced green florescence protein (eGFP).
This method works by concurrent digestion of the donor plasmid DNA and the genome at the site of
interest by Cas9 nuclease resulting in the integration of the DNA construct into the genome via
homology-independent repair. A donor plasmid, containing partial heat-shock 70 promoter followed by
reporter eGFP, as well as 2 short guide RNAs, each targeting the genome at the site upstream of vtg1
and the plasmid DNA, and Cas9 nuclease were co-injected into one-cell stage embryos of a casper
mutant line, which lacks pigmentation. F0 generation fish showing positive fluorescent expression were
raised to adulthood and bred to identify F1 generation with positive germ line transmission. In this F1
generation, expression of eGFP was consistently observed in the livers of sexually mature females but
not in males. The sensitivity of this transgenic line during early developmental stages was then tested by
exposing 0 day post-fertilization (dpf) larvae to various concentrations of 17β-estradiol (E2; 0 – 100 nM).
Induction of eGFP expression was recorded in larvae exposed to 100 nM E2 as early as 4 dpf. In
summary, we have successfully generated a transgenic zebrafish line, Tg[vtg1:eGFP], using CRISPR/Cas9mediated knock-in method. This transgenic line can be used as a sensitive high-throughput detection
system for estrogenic compounds and to study the effect of such compounds in situ and in vivo in early
developing zebrafish larvae as well as in adults. Furthermore, this warrants CRISPR/Cas9-mediated
knock-in as effective method to generate additional transgenic zebrafish lines to detect other types of
endocrine disrupting compounds.
ABSTRACT NUMBER: 3548
Poster Board Number: P338
TITLE: Antioxidant Effects of an Olive Oil Total Polyphenolic Fraction from a Greek Olea europea Variety
in Different Cell Cultures
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Kouka1, G. Chatzieffraimidi1, G. Raftis1, A.
Priftis1, D. Stagos1, A. Angelis2, P. Stathopoulos2, N. Xynos3, A. Skaltsounis2, A. Tsatsakis4, C. Nepka5, and
D. Kouretas1. 1University of Thessaly, Larissa, Greece; 2University of Athens, Athens, Greece;
3
PharmaGnose S.A., Eyboia, Greece; 4University of Crete, Crete, Greece; and 5University Hospital of
Larissa, Larissa, Greece.
KEYWORDS: Natural Products; Glutathione; Cell Culture
ABSTRACT: Numerous studies have been carried out concerning the advantageous health effects,
especially the antioxidant effects, of Olive oil’s (OO) individual biophenolic compounds, but none until
now for its total phenolic fraction (TPF). Plenty of evidence, in research about nutrition and healthiness,
points out that it is the complex mixture of nutritional polyphenols, more than each compound
separate, which can synergistically act towards a health result. The aim of the present study was to
examine the antioxidant properties of a total polyphenolic fraction from extra virgin olive oil (EVOO),
from a Greek endemic variety of Olea europea in cell lines. EVOO from a Greek endemic variety was
used for the extraction of a total polyphenolic fraction, using a green centrifugal partition extraction
(CPE)-based method. This method, allows the treatment of large OO volumes and the recovery of high
added value phenolic compounds. The redox status [in terms of Reactive oxygen species (ROS),
glutathione (GSH), Thiobarbituric acid substances (TBARS) and protein carbonyls] was assessed at a
cellular level, particularly in EA.hy926 endothelial, HeLa, HepG2 hepatic cells and C2C12 myoblasts. ROS
and GSH were determined using flow cytometry, whereas TBARS and protein carbonyls were measured

The Toxicologist: Late-Breaking Supplement 2018

158

spectrophotometrically. Moreover, the levels of glutamate-cysteine ligase catalytic subunit (γ-GCLc), one
of the most important antioxidant enzymes, were assessed by western blot.
According to the results, TPF improves the redox profile of all cell lines, mainly by increasing GSH and its
catalytic subunit, while at low, not cytotoxic TPF concentrations there was a decrease in TBARS and
carbonyls. While ROS levels were significantly decreased only in the HepG2 cell line. An interesting
observation was that at the highest administered concentration, a prooxidant effect was evident by
increased lipid and/or protein oxidation levels. Therefore despite the fact that dietary polyphenols have
potent antioxidant effects, both in vitro and in vivo, elevated doses of these compounds may also cause
toxic effects. Thus, the aforementioned results may shed light in the endeavor to establish the maximum
safe dose of polyphenols, which can be consumed by humans to elicit beneficial health effects. The TPF
extract appeared to protect cells from oxidative stress due to the strong antioxidant activity of its
polyphenols. This could have interesting implications for the development of new products based on
this olive oil extract, to provide protection and treatment against harmful effects of free radicals.
ABSTRACT NUMBER: 3548a
Poster Board Number: P339
TITLE: Safety Assessment of IPD072Aa: A Protein for the Control of Diabrotica Virgifera Virgifera
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Carlson1, J. Zhang1, H. Mirsky1, C.
Zimmermann1, P. Mukerji2, J. Roper2, S. Ballou1, J. Roe1, C. Mathesius1, and B. Delaney1. 1DuPont Pioneer,
Johnston, IA; and 2DuPont Haskell Laboratories, Newark, DE.
KEYWORDS: Biotech Products; Pesticides; Food Safety/Nutrition
ABSTRACT: The ipd072Aa gene from Pseudomonas chlororaphis encodes the IPD072Aa protein which
displays selective insecticidal activity toward certain agriculturally important coleopteran pests. It is
under consideration for use in genetically modified (GM) crops and therefore has been subjected to
safety testing. This presentation will provide an overview of the individual components of the safety
assessment, including the history of safe use of the source organism and bioinformatics analysis of the
sequence for comparison with known allergenic and hazardous proteins. Laboratory studies were also
conducted with heterologously produced IPD072Aa protein following analytical characterization studies.
These studies included assessment of the resistance to degradation in the presence of simulated gastric
fluid containing pepsin, heat stability, and acute oral toxicity in mice. Collectively, these studies
demonstrate that the IPD072Aa protein is safe for use in insect resistant GM crops.
ABSTRACT NUMBER: 3549
Poster Board Number: P341
TITLE: Air Particulate Exposure in Mice: Effects on Brain Development
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Di Domenico1, V. Y. Yariwake1, M. A. G.
Martins2, M. Morris3, M. C. Irigoyen4, S. G. M. Benevenuto1, and M. M. Veras1. 1University of São Paulo,
São Paulo, Brazil; 2Harvard School of Public Health, Boston, MA; 3Nova Southeastern University, Fort
Lauderdale, FL; and 4Heart Institue (InCor), University of São Paulo, São Paulo, Brazil.
KEYWORDS: Neurotoxicity; Developmental; Exposure, Environmental; Environmental Toxicology
ABSTRACT: Air pollution is a complex mixture of substances present in air and associated with negative
health outcomes, including neurological and behavioral damage. Studies suggest that gestational and/or
postnatal exposure to air pollution particles affects brain development in mice. The aim was to
determine whether air pollution exposure during gestational and postnatal periods in mice may induce
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brain damage. Male Balb/c mice (n=20) were exposed to concentrated ambient PM2.5 from the city of
São Paulo using a Harvard ambient particle concentrator. The animals were exposed during gestation
and after weaning until animals reached 90 days of age. The mice were exposed according to the
following groups (n=5/group): control, gestational, postnatal, and gestational/postnatal. Brain were
analyzed by stereological methods. Total brain volume was assessed as was the structures within the
brain, the number of cortical neurons and the length of cortical layer. Measurements were assessed in
H&E stained brain sections. Mice exposed to air pollution during gestational and postnatal periods
showed an increase in total brain volume compared to control (p=0.004) and gestational group
(p=0.043). The volume of the corpus callosum (CC) was larger in the animals exposed during the
gestational and postnatal periods when compared to mice exposed only during the gestational period
(p=0.003). The CC also was bigger in mice exposed during the postnatal period when compared to mice
exposed only in the gestational period (p=0.013). The number of cortical neurons was not different
between groups. Measurement of cortical layers showed that layer III was thinner in the postnatal
exposed group when compared to control (p=0.017) and gestational exposed group (p=0.035). Layer V
was thicker in the gestational and postnatal exposed group when compared to control (p=0.004) and
gestational exposed group (p=0.014). Results suggest that particles derived from ambient air from the
metropolitan Sao Paulo area induced damage in key brain structures. In addition, the toxic
environmental effects were markedly more evident in animals exposed during the postnatal period.
ABSTRACT NUMBER: 3550
Poster Board Number: P342
TITLE: Can Erythrocytes Transmit Oxidative Stress Beyond the Lungs? An Adverse Outcome Pathway for
the Cardiovascular Effects of Air Pollution
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. C. Thompson1, D. L. Villeneuve2, M. S.
Hazari1, and A. K. Farraj1. 1US EPA, Research Triangle Park, NC; and 2US EPA, Duluth, MN.
KEYWORDS: Cardiopulmonary; Inhalation Toxicology; Oxidative Injury
ABSTRACT: Adverse outcome pathways (AOPs) are systems biology roadmaps with potential utility in
xenobiotic exposure risk assessment. AOPs connect molecular initiating events (MIEs) to populationlevel adverse outcomes (AOs) via cellular-, organ-, and organism-level key events (KE) and KE
relationships. As of yet, few AOPs describe the biology of AOs linked to air pollution exposure,
particularly cardiovascular disease. Airway oxidative stress is implicated in the cardiovascular effects of
air pollution but the exact mechanism is still elusive, making it difficult to identify MIEs and proximal
KEs. The purpose of this work was to identify candidate MIEs for the transmission of oxidative stress
from the lung to cardiovascular tissue. We hypothesized that red blood cells (RBCs, i.e. erythrocytes)
could transmit free radicals from the lung into cardiovascular tissue because RBCs constantly pass
through the lungs, transport electrophilic O2, and have finite antioxidant defenses. A systematic
literature review was used to begin constructing an AOP from a thrombolytic AO, i.e. stroke, heart
attack, and death, through the distal KEs atherosclerosis, plaque formation/growth, and foam cell
formation/vascular injury. Another PubMed query was conducted using various combinations of the
search terms red blood cell, erythrocyte, oxidative stress, hemoglobin, and free radical, etc. Search
results were binned into 3 categories: 1) MIE if publications reported on RBC molecules prone to
oxidation or free radical transport e.g. oxidation of hemoglobin, the glutathione system, peroxiredoxin,
Band-3, and membrane proteins/lipids (29 references), 2) KE1 if publications reported potential
phenotypic RBC changes that resulted from excessive oxidation e.g. RBC free radical production,
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impaired antioxidant defenses, and membrane instability (22 references), and 3) KE2 if publications
reported RBC capacity to oxidize extracellular targets like circulating lipids, monocytes, and/or
endothelial cells (14 references). In conclusion, this project identified candidate MIEs and proximal KEs
for RBC transmission of oxidative stress from the lung to cardiovascular tissue. A finalized AOP could
provide valuable support for air pollution risk assessments. This work does not necessarily reflect US EPA
policy.
ABSTRACT NUMBER: 3551
Poster Board Number: P343
TITLE: Diesel Exhaust Particles Induce Neutrophilic Lung Inflammation through IL-17-Producing ILC3s
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Kim1, H. Yang1, M. Song1,2, and K. Lee1,2.
1
Korea Institute of Toxicology, Jeongeup, Korea, Republic of; and 2University of Science and Technology,
Daejeon, Korea, Republic of.
KEYWORDS: Respiratory Toxicology; Exposure, Environmental
ABSTRACT: Diesel exhaust particles (DEPs) induces inflammatory responses and has been associated
with an increase in the risk of lung diseases; however, their mechanism of action remains largely
unclear. Recently, it has demonstrated that interleukin (IL)-17 produced from group 3 innate lymphoid
cells (ILC3s) can act as innate and adaptive immune responder in lung inflammation and promote
pathology in diseases. In this study, we investigated whether exposure to DEP induces inflammatory
responses in the murine respiratory system through activation of the IL-17-producing ILC3s. BALB/c mice
were intratracheally instilled with vehicle or, 25, 50, and 100 μg DEP (SRM 2975) on day 1, 4 and 7. On
day 9, inflammatory cell recruitment towards the bronchoalveolar lavage fluid (BALF) and lung tissue
were examined by flow cytometry to evaluate the immunomodulatory effects of DEP. Exposure of DEP
increased the relative lung weight and changed the histologic feature of lung. BALF analysis showed that
the number of neutrophils and the level of IL-17 increased in dose-dependent manner in response to
DEP. Also, flow cytometry analysis showed a tendency to increase of the number of ILC3s in lung. In
conclusion, DEP exposure modulates expression of IL-17 important in the pathogenesis of DEP-exposed
neutrophilic lung inflammation through IL-17-producing ILC3s. Although our data are insufficient to
identify the mechanism underlying DEP-induced lung injury, this suggests that IL-17 linked inflammation
contributes to DEP-induced lung damage and that the role of IL-17-producing ILC3s should be studied in
detail.
ABSTRACT NUMBER: 3552
Poster Board Number: P344
TITLE: Ozone Exposure Increases Exosome-Sized Vesicles in Murine Bronchoalveolar Lavage Fluid
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: G. Smith, and S. Kelada. University of North
Carolina at Chapel Hill, Chapel Hill, NC.
KEYWORDS: Respiratory; Inhalation Toxicology; Lung; Pulmonary or Respiratory System
ABSTRACT: Ozone (O3) is an EPA criteria air pollutant associated with significant cardiopulmonary
morbidity and mortality. In addition to causing immediate lung function decrements and neutrophilic
inflammation, O3 diminishes host defense through effects on respiratory immune system function.
While the exact mechanisms by which O3 effects respiratory immunobiology are unknown, it is plausible
that impaired immune responses following O3 exposure depend on alterations in airway cellular
communication between epithelial and immune cell populations. Extracellular vesicles (EVs), which
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include exosomes and microvesicles, are a newly appreciated form of intercellular communication
involved in the orchestration of appropriate immune system responses through their bioactive cargo
(e.g. proteins, and smallRNAs). During hyperoxia or allergic inflammation, the release of EVs by airway
cells into the airway lumen is increased. We hypothesize that airway EVs may mediate, in part, the
biological effects of O3 exposure on the respiratory immune system. In a preliminary investigation, we
collected bronchoalveolar lavage fluid from male C57BL/6J mice 21 hours after a 3-hour inhalation
exposure to 1 ppm O3 or filtered air (FA) (n=5/group). Nanoparticle tracking analysis (NTA) indicated a
significant increase in the total number of EVs in O3 exposed mice compared to control (O3: 1.06x1012 ±
1.96x 1011 vs. FA: 3.26x1011 ± 2.44x1010, mean particles/mL ± SEM, p=0.006). EVs in the size range of
100nm, suggestive of exosomes, were the most prevalent (by particle size mode) and most increased by
O3 (O3: 101 ± 4 vs. FA: 115 ± 4 nm, size mode ± SEM, p=0.044). The O3-induced increase in EVs
paralleled increases in multiple metrics of inflammation, including neutrophil count (O3: 1.4 x 104 ± 0.2
vs. FA: 0.0, mean cells ± SEM, p=0.0001) and the cytokines IL-6 (O3: 198 ± 41 vs. FA: 0.0, mean pg/mL ±
SEM, p=0.001) and G-CSF (O3: 317 ± 48 vs. FA: 0.0, mean pg/mL ± SEM, p=0.0002). Taken together,
these data suggest that EVs are responsive to O3 induced inflammation and that further investigation of
EVs, including their cargo, may provide insight into altered immune responses following ozone exposure.
ABSTRACT NUMBER: 3553
Poster Board Number: P345
TITLE: Exposure to PM2.5 Induces Fetal Brain Developmental Alternation and Behavior Changes in the
Pregnant Sprague Dawley Rat Model
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Chao. Chung Yuan Christian University,
Taoyuan, Taiwan.
KEYWORDS: Environmental Toxicology; Reproductive and Developmental Toxicology; Neurotoxicology
ABSTRACT: PM2.5 is a major component of suspended particles, exposure to which increases incidence
of lung and cardiovascular diseases. PM2.5 travels down the respiratory tract, into the lungs, and enters
systemic blood circulation. Recent studies show PM2.5 increases the incidence of respiratory diseases
among newborn infants, causes chronic inflammation in pregnant women, and retards fetal
development. Our study indicated that exposed prenatal rats to long-term PM2.5 collected from
Kaohusing, Taiwan might cause dose-dependently decrease both of pregnancy rate and birth rate, and
induce cytokines and free radicals release in the amniotic fluid of the pregnant. Microarray data
indicated that PM2.5 increased expression levels of various cortical miRNAs, which are positively
correlated to the genes Pkn2 (astrocyte migration), Gorab (neuritogenesis), and Mobp (induces
experimental allergic encephalomyelitis). In contrast, PM2.5 decreased expression of miR-338-5p and let7e-5p, both related to mental development. Further, in hippocampus, miR-99b-5p, miR-92b-5p and miR99a-5p were decreased as well, leading to reduced expression of Kbtbd8 and Adam11 which
demonstrated reduced cell mitosis, migration, and differentiation, and hampered learning abilities and
motor coordination of the fetus. On the other hand, the fetal cerebral cortex on E18 were collected, and
we found that laminar positioning of early born cortical cells expressing Tbr1 and Ctip2 were disturbed,
with a scattering distribution. The effect was similar, but minor, in later born Satb2 expressed cortical
cells. The neurological behaviors of the six weeks old fetal rats were examined with using Morris water
maze and indicated that PM2.5 might integrate into pre-existing neuronal circuits and contribute to
learning and memory loss.
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ABSTRACT NUMBER: 3554
Poster Board Number: P346
TITLE: Dose-Dependent Alterations of Reconstructed Human Epidermis (RHE) Exposed to Particulate
Matter (PM10)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. B. M. Barros1, D. S. Hieda1, B. V. Mello1, S.
R. Assis1, Z. Nabi2, L. Du-Thumm2, and S. S. Maria-Engler1. 1Faculty of Pharmaceutical Sciences University
of Sao Paulo, Sao Paulo, Brazil; and 2Colgate-Palmolive Co. USA, Pistacaway, NJ.
KEYWORDS: Particulates; Cutaneous or Skin Toxicity; In Vitro and Alternatives
ABSTRACT: Particulate matter (PM) exposure has been linked to many diseases among them atopic
dermatitis. When exposed to PM the skin undergoes structural and functional changes of the epidermal
barrier in places of contact or by indirect routes, the mechanism responsible in part for the
pathophysiology of this disease. The development of biomimetic tissues is of great value to study
pathophysiological processes of the skin and in particular those associated with epidermal changes.
These models have the advantage to reconstruct human epidermis from primary human cells, allowing a
more direct study of human pathology than with the use of animal models or cell monolayer cultures. In
this work we have evaluated in an in-house model of RHE (RHE-USP, Toxicol. in vitro 42:31-37, 2017) the
alterations induced by PM10. RHE was exposed to 2.2, 8.9 and 17.9 ug/cm2.of an standard Urban
Particulate Matter (SRM 1648a, Urban Particulate Matter, National Institute of Standards and
Technology-NIST Gaithersburg- MD, USA) for 24 and 48 hours. Cell viability (MTT assay), barrier function
(Lucifer Yellow), IL-1α (Elisa) and morphology (HE and immunohistochemistry) were evaluated. Cell
viability was decreased after 48 hours of exposure to the two highest doses. This decrease was followed
by a decrease in barrier function after 24 and 48 hours of exposure to 1.7 ug/cm2 of PM10. Interestingly
IL-1α release was increased in all treatments with the higher response after 48 hours of treatment.
Morphological alterations include cytoplasm vacuolization and loss of stratum corneum after treatment
with the higher dose. In conclusion, the model could differentiate the exposure to different doses/time
of exposure to PM10 indicating a loss of skin barrier and inflammatory interleukin release what can
contribute to the development of skin pathologies as atopic dermatitis. Sponsored by FAPESP Project
2016/19963-1. Postdoc fellow sponsored by Colgate Palmolive USA.
ABSTRACT NUMBER: 3555
Poster Board Number: P347
TITLE: The Use of 0.2μM Particulate Matter Filter Decreases Cytotoxicity in Lung Epithelial Cells
following Air-Liquid Interface Exposure to Motorcycle Exhaust
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Yu, L. Bin, and P. Bin. National Institute of
Occupational Health and Poison Control, Chinese Center for Disease Control and Prevention, Beijing,
China.
KEYWORDS: Particulates; Cytotoxicity
ABSTRACT: China has the largest number of motorcycles in the world. Currently, there are more than
224 million motor vehicles and almost half of them are motorcycles in the mountain villages. Therefore,
motorcycle exhaust (ME) is considered as a major source of air pollution and a potential health hazard in
urban areas. Our study was designed to establish and apply a dynamic in vitro model for direct exposure
of human cells to gaseous contaminants to investigate the cellular responses to airborne chemical
exposures and investigate whether the use of a 0.20 µm particulate matter (PM) filter reduced the
cytotoxicity induced by motorcycle exhaust (ME), a mixture of gases and particles, in lung epithelial cells
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cultured in air-liquid interface (ALI) inserts. The concentrations of PM, carbon monoxide, carbon dioxide,
total hydrocarbons (THC), total volatile organic compounds, and nitrogen oxides in both filtered ME
(fME) by a 0.20 mm filter and non-filtered ME (non-fME) were measured. Lung epithelial cells were
exposed to clean air, fME, or non-fME in the ALI chamber. Cell relative viabilities (CRV) and the reactive
oxygen species (ROS) generation were determined. Our results revealed that dose-dependent effects of
NO2 were observed in human cells tested which resulted in a significant reduction of cell viability at
different concentrations of NO2; Gasoline exhaust exposure at different load resulted in a decreased cell
viability. After filtration, PM and THC levels were significantly reduced, as compared with non-fME.
When compared with the clean air exposed group, the CRV in both fME and non-fME-exposed group
was significantly reduced (p < 0.001), while their ROS generation were markedly increased (p < 0.001).
When compared with non-fME-exposed group, the CRV and ROS generation were significantly improved
following fME exposure (p < 0.05). As a result, of PM and THC concentrations were decreased
approximately 90% and 22.71%, respectively, the CRV was improved from 40.4% (non-fME) to 55.7%
(fME), and the increased ROS generation by non-fME was decreased about 51.6%. Our results provided
evidence that levels of PM and THC in ME were significantly reduced, and oxidative stress were
significantly improved after filtration as compared with non-fME. Most importantly, the application of a
0.20 µm diameter PM filter can effectively remove all coarse and most of fine and ultrafine PM leading
to an improvement in the cell viability and a reduction of ROS generation in lung epithelial cells.
ABSTRACT NUMBER: 3556
Poster Board Number: P348
TITLE: Increased Dose-Dependent Cytotoxicity in A549 Cells following Air-Liquid Interface Exposure to
Nitrogen Dioxide
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Bin. National Institute of Occupational
Health and Poison Control, Beijing, China.
KEYWORDS: Inhalation Toxicology; Cytotoxicity; Dose-Response
ABSTRACT: Nitrogen dioxide (NO2) is associated with various respiratory diseases. Airway epithelial cells
are the first cells with immediate direct contact with NO2. A newly developed air-liquid interface (ALI)
exposure system simulates the real life air exposure allowing for studying inhalation exposures in airway
epithelial cells in vitro under near-realistic conditions. This study aimed to investigate the dosedependent cytotoxicity in human lung cancer A549 cells exposed to artificial NO2 using the ALI exposure
system. The concentration of NO2 was determined using N-(1-naphthyl)-ethylenediamine
dihydrochloride spectrophotometric method. Four NO2 exposure concentrations (5.1, 10.6, 15.4 and
20.7 mg/m3) were employed to determine the dose-dependent cytotoxicity effect. Following exposure
to either clean air or NO2 through ALI at a flow rate of 15 ml/min/well for 1 h, the cell relative viability
(CRV) of A549 cells was analyzed using MTT assay. The benchmark dose (BMD) and the 95% benchmark
dose lower confidence limit (BMDL) including four models (Hill, Linear, Polynomial and Power) were also
calculated to evaluate the cytotoxicity of NO2. Our results revealed that the CRV of A549 cells was 97%
in the clean air exposed group. The CRV of A549 cells exposed to 5.1, 10.6, 15.4 and 20.7 mg/m3 NO2
were 88%, 81%, 66%, and 54%, respectively. All four models showed significant decrease in CRV of A549
cells with the increase concentration of NO2 (p<0.05). The cytotoxicity of NO2 estimated by the best
fitting Power model and the BMD and BMDL were 4.40 mg/m3 and 2.74 mg/m3, respectively. Taken
together, our findings clearly show an increased dose-dependent cytotoxicity in A549 cells following the
ALI exposure to artificial NO2, which provides basic data for our further in-depth study investigating the
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toxic effects of NO2 released from the emission of gasoline or diesel fuel-driven transport vehicle.
Funding Support: National Natural Science Foundation of China (No. 81472955).
ABSTRACT NUMBER: 3557
Poster Board Number: P349
TITLE: The Oxidative and Inflammatory Potential Associated with Particulate Matter Exposures in
Tibetan Plateau Households Using Traditional and Semi-Gasifier Stoves
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Antkiewicz1, J. D. Hemming1, E. M.
Carter2, S. Clark3, A. M. Lai1, X. Yang4, M. M. Shafer1, J. J. Schauer1, and J. Baumgartner3. 1University of
Wisconsin–Madison, Madison, WI; 2Colorado State University, Fort Collins, CO; 3McGill University,
Montreal, QC, Canada; and 4Tsinghua University, Beijing, China.
KEYWORDS: Particulates; Inhalation Toxicology; Lung; Pulmonary or Respiratory System
ABSTRACT: Household combustion of solid fuels is a leading contributor to disease burden globally.
More efficient stoves, as well as fuels have been promoted to reduce indoor pollution with variable
outcomes and data on the chemical composition of PM from traditional and improved stoves is limited.
Current understanding of the etiology of PM-induced disease suggests that the capacity of PM to
generate reactive oxygen species (ROS) and induce inflammation in pulmonary tissues is of key
importance. Understanding how PM composition influences its biological effects can inform the design
and evaluation of indoor pollution intervention studies. Characterizing not only the changes in
household PM level and chemical composition, but also changes in the oxidative potential of PM upon
installation of improved cookstoves can help elucidate the relative contributions of different cookstove
technologies, as well as outdoor sources to the PM-related health outcomes.
Here we evaluated the concentrations, chemical composition and oxidative potential of PM2.5 samples
collected before and after the introduction of semi-gasifier cookstoves into households of eastern
Tibetan Plateau (Sichuan, China). Samples of indoor air and cooks’ personal exposure were collected
from 50 households both before and after the introduction of the semi-gasifier cookstoves. The
resulting 200 filters were composited by season into 40 samples and characterized for oxidative
potential using two well-established ROS methods: acellular (dithiothreitol-based) and cellular
(macrophage-based) assays. In parallel to the ROS measures, inflammatory marker expression was
assessed, and a large (50+) suite of elements quantified by SF-ICPMS.
A comparison of personal exposure sample composition with concurrently collected household samples
indicates that indoor pollution appears to be the dominant contributor to baseline personal exposures
both in terms of total mass and major PM components. Similarly, the oxidative potential in personal
exposure samples correlated well with the indoor air ROS measurements. The range of macrophagebased ROS response varied over 30-fold, while the a-cellular oxidative potential varied only about 7-fold.
However, the two measures of ROS were highly correlated when the oxidative potential metrics were
normalized to PM mass (i.e. the intrinsic oxidative potential of PM2.5). Interestingly, even though the
overall PM levels decreased substantially after stove intervention, we did not observe a reduction in
oxidative potential of the indoor air or personal exposure, because the intrinsic oxidative potential of
the PM post-installation increased in most homes.
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ABSTRACT NUMBER: 3558
Poster Board Number: P350
TITLE: The Pulmonary Disease Induced by PHMG-p Is Involved in the Immune Response to Toll-Like
Receptor 4
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. Sang Jin. Korea Institute of Toxicology,
Jeongeup, Korea, Republic of. Sponsor: L. Sang Jin
KEYWORDS: Receptor; Lung; Pulmonary or Respiratory System; Knockouts
ABSTRACT: Polyhexamethylene guanidine-phosphate (PHMG-p), which has been used as the main raw
material for humidifier disinfectants, has created human damage in Korea from 2011 to the present.
However, there was not enough basic research on it. We studied lung injury due to the causative agent
(PHMG-p) based on innate immune receptors that are closely related to pulmonary fibrosis. PHMG-p
was found to be effective when administered to the lung of mice. Toll like receptor 2(TLR2) KO, Toll like
receptor 4(TLR4) KO and TLR2_4 Double KO mice were given dose (1.5 mg / kg). Proteins level of
proinflammatory cytokines and chemokines were confirmed at 1 and 2 weeks, and fibrotic markers were
identified of mRNA expression at 4 weeks. Finally, histological changes in the lungs were confirmed by
H&E staining at 1 and 2 weeks, respectively. Body weight was significantly decreased in TLR2 KO
compared to control in the same manner as Wild-Type (WT), but there was no significant difference in
TLR4 KO mice. Changes in level of proinflammatory cytokines, chemokines and mRNA expression of
fibrotic marker was showed a TLR4-dependent manner. Histological changes showed that the
inflammatory response was decreased in TLR4 KO compared to WT and TLR2 KO. We predicted that the
PHMG-p-induced pulmonary fibrosis would be induced by a TLR4-dependent response, and we will
continue to work with TLR4 gene in the next study. KEY WORDS: Toll like receptor 2, Toll like receptor 4,
lung fibrosis, humidifier, PHMG-p INTERDUCTION Polyhexamethylene guanidine-phosphate (PHMG-p),
which has been used as the main raw material for humidifier disinfectants, has created human and
property damage in Korea from 2011 to the present. However, there was not enough basic research on
it. TLRs play role was very important in the progression of fibrogenasis. TLRs are innate
immunoreceptors and have been reported to be overexpressed in clinical patients with fibrosis findings.
In bleomycin-induced pulmonary fibrosis animal models, TLR2 contributes to worsening disease. We
predicted that the PHMG-p-induced pulmonary fibrosis would be induced by a TLR4-dependent
response, and we will continue to work with TLR4 gene in the next study.
ABSTRACT NUMBER: 3559
Poster Board Number: P351
TITLE: Alternative In Vivo Approach to Assess Toxicokinetics and Bioavailability of Inhaled Aerosols
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. S. David1, F. Zhang1, L. J. Weidemoyer1, C.
Sushynski1, E. L. McClymont1, A. J. Clark1, E. Selg2, C. Terry3, S. Marty1, D. McNett1, and J. A. Hotchkiss1.
1
The Dow Chemical Company, Midland, MI; 2Inhalation Sciences Sweden AB, Stockholm, Sweden; and
3
Dow AgroSciences, Indianapolis, IN.
KEYWORDS: Inhalation Toxicology; Toxicokinetics; Lung; Pulmonary or Respiratory System
ABSTRACT: Early determination of the absorption, distribution and elimination of inhaled test materials
(TM)s can be used to refine in silico models of acute and repeated inhalation exposure, reducing the
need for in vivo animal testing. In rodents, up to 80-90% of an inhaled respirable aerosol may be
deposited in the nasopharyngeal region. However, the high rate of nasal mucociliary clearance results in
a significant fraction of nasally-deposited TM being rapidly cleared, swallowed and available for
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absorption in the GI tract – similar to orally administered TM. This fact is being assessed as a potential
basis to waive repeat exposure inhalation studies of TM with principally systemic effects when repeatexposure oral data are available. The present study used a novel single-animal inhalation exposure
platform, PreciseInhale® (PI), to reduce TM use and improve consistency of inhaled dose compared to
traditional nose-only (NO) exposure systems. This platform measures aerosol concentration and tidal
volume of the inhaled breath and terminates the exposure when a pre-selected cumulative inhaled dose
is achieved. To evaluate the PI platform, a comprehensive toxicokinetic (TK) study was conducted with PI
to deliver a dry powder aerosol of tobramycin (TOB), an aminoglycoside antimicrobial that is subject to
minimal first pass hepatic metabolism. Four groups (n=3) of jugular vein cannulated rats were dosed, the
first two of which used PI: 1) NO (nasal and pulmonary exposures) at 2.5 mg/kg, 2) intratracheal (INT;
pulmonary exposure only) at 0.6 mg/kg (resulting in an equal pulmonary deposited dose in both NO and
INT groups), 3) oral (5 mg/kg) and 4) intravenous (5 mg/kg). Serial plasma samples following dosing were
collected and analyzed for the parent compound (TOB). PI exposure of both NO and INT groups required
< 100 mg of TM and generated TOB aerosols with a mass median aerodynamic diameter of 1.3 µm (±
1.87 GSD). The resulting average Cmax (µg/mL) and AUC (µg·hr/mL) values, respectively from highest to
lowest, were: IV (15.2 & 8.1), NO (0.472 & 0.6) and INT (0.187 & 0.3). Plasma levels of TOB in orally
dosed rats were generally below the limit of quantitation thus no oral TK parameters could be
determined. Bioavailability was 23% for NO, 41% for INT and essentially 0% for oral exposure. The low
oral bioavailability may explain the difference in NO versus INT bioavailability because the fraction of
nasally deposited TOB cleared to the GI tract via mucociliary clearance is essentially not bioavailable.
Similar TK parameters (absorption and elimination half-lives) were observed with NO and INT exposures.
This alternative inhalation platform can reduce animal use and TM requirements while providing
essential TK data that can be used to parameterize in silico inhalation PBPK models for improved human
risk assessment. Future work will include a TM with higher bioavailability and both high and low first
pass hepatic metabolism to assess the impact of nasal mucociliary clearance on TK parameters and
bioavailability of inhaled aerosols.
ABSTRACT NUMBER: 3560
Poster Board Number: P352
TITLE: Gene Expression Analysis to Identify Potential Markers for Lung Injury following
Polyhexamethyleneguanidine Phosphate Exposure
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Song1,2, H. Yang1, and K. Lee1,2. 1Korea
Institute of Toxicology, Jeongeup, Korea, Republic of; and 2University of Science and Technology,
Daejeon, Korea, Republic of.
KEYWORDS: Respiratory Toxicology; Toxicogenomics
ABSTRACT: Epidemiological and animal studies reported that the use of humidifier disinfectants (HDs)
can provoke a lung injury. However, the molecular mechanisms of pathogenesis induced by HD still
remain obscure even with extensive studies. With systemic view, we attempted to characterize the
changes in the pulmonary transcriptome following polyhexamethylene guanidine phosphate (PHMG-P)
exposure and identify the specific gene markers that might relate to injury for potential therapeutic
targets or biomarkers for HD exposure. The gene expression profiles in rat lung tissue following 4 and 10
weeks term PHMG-P aerosol exposure (6 hrs/day, 5 days/week, 0.4 mg/m3) were investigated using
DNA microarray. A combination of fold change ≥2.0 and p value <0.05 was used to define differentially
expressed genes (DEGs). Overrepresentation of gene ontology terms representing biological processes
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and signaling pathway analysis was performed with bioinformatics tools (GeneSpring GX software,
Ingenuity Pathway Analysis(IPA), DAVID functional annotation clustering tool and Cytoscape
visualization tool). Supervised analysis of gene expression profiles indicated that 66 up- and 6 downregulated genes changed their expression profiles through PHMG-P exposure and these genes as
surrogate markers for predicting PHMG-P exposure with 100% accuracy. After network analysis using
functional analysis tool on PHMG-P specific genes, we determined several functions which are known as
related to increase lung injury such as chronic inflammatory disorder, tissue morphology and organismal
injury and abnormalities. Also, IPA pathway analysis showed that 6 genes (ARG1, CAV1, CTSK. MMP12,
SLCA11 and SPP1) were associated with lung fibrosis and 7 genes (ADRB2, ARG1, ccl9, cxcl3, FCGR2B
MMP12 and TUBA8) were associated with asthma. The major new findings of this study are the
identification of new candidate genes of interest and the specific transcriptomic changes related to
PHMG-P-induced lung injury. Our results suggest that these expression signatures can be used as
predictable markers for detection of HD exposure and genes related to lung injury are potential
candidates of therapeutic targets that may possible improve development of novel treatment
approaches. This study was funded by the Korea Ministry of Environment (MOE) as ‘‘the Environmental
Health Action Program (2017001360002).’’
ABSTRACT NUMBER: 3561
Poster Board Number: P353
TITLE: An Inter-Laboratory In Vitro Toxicological Assessment of Next Generation Products (NGPs)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Mori1, S. Ito1, M. Taylor2, D. Thorne3, O.
Oke2, S. Bozhilova2, A. Terry2, R. Pop2, D. Breheny2, K. Yoshino1, M. Gaca2, T. Nishino1, and C. Proctor2.
1
Japan Tobacco Inc., Yokohama, Japan; 2British American Tobacco, Southampton, United Kingdom; and
3
British American Tobaccco, Southampton, United Kingdom.
KEYWORDS: Alternatives to Animal Testing; Respiratory Toxicology; Oxidative Injury
ABSTRACT: In vitro testing can enable the rapid biological assessment of next generation products
(NGPs) and recent studies have demonstrated their utility in comparing against combustible tobacco
products. To date, however, there is no international standard for the in vitro assessment of NGP
emissions. In this study, two laboratories (BAT, UK and JT, Japan) employed in vitro cytotoxicity and
oxidative stress assays to test biological responses to total particulate matter (TPM) from a reference
cigarette (3R4F), an e-cigarette (EC) and two types of heated tobacco products (THP1 and THP2). BAT
generated EC and THP1 TPMs using the CORESTA Recommended Method 81 and a modified Health
Canada intense (HCI) regime respectively. JT generated THP2 and 3R4F TPMs using the modified HCI
regime. Both laboratories used the same TPM test matrices (stock concentration 24mg/ml), across
common doses from 0-200 µg/mL, in commercially available assays for the formation of reactive oxygen
species (ROS), changes in glutathione ratio (GSH:GSSG), activation of the antioxidant response elements
(ARE) and a cell viability assay. The assays were conducted to the established protocols set out in each
laboratory using lung epithelial cells, (BAT: NCI-H292, and JT: BEAS-2B cells). Using ultra-performance
liquid chromatography combined with a photodiode array, TPM nicotine concentrations were quantified
as 1221 (±19), 277 (±5), 298 (±3) and 300 (±0.9) µg/mL for 3R4F, THP2, THP1 and EC respectively. In both
laboratories 3R4F induced significant and dose-dependent responses, including a >70% reduction in cell
viability, a > 50% reduction in GSG:GSSG ratio, a > 1.6 fold increase in intracellular ROS generation and a
maximum 21 ± 5-fold increase in ARE activation. No statistically significant responses in any these
endpoints were observed with any of the NGP TPMs. Interestingly, at the highest TPM dose (200
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µg/mL), both THPs indicated slight increases in ARE activity (1.5 to 2-fold). In conclusion, complementary
data sets were obtained from both laboratories across all endpoints and products assessed. While the
overall results were comparable, and similar trends in responses were observed, BEAS-2B demonstrated
greater sensitivity to TPM than NCI-H292. This study demonstrates the potential for common in vitro
techniques and standard test article generation to support the assessment of NGPs.
ABSTRACT NUMBER: 3562
Poster Board Number: P354
TITLE: Application of a Pharmacokinetic Model to Predict Nicotine Profile across a Range of E-Cigarette
User Conditions
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. K. Madl1, K. Unice2, J. R. Maskrey2, and A.
Bernal1. 1Cardno ChemRisk, Aliso Viejo, CA; and 2Cardno ChemRisk, Pittsburgh, PA.
KEYWORDS: Inhalants; Dosimetry; Biological Modeling
ABSTRACT: Electronic nicotine delivery systems (ENDS) have gained worldwide popularity as an
alternative to conventional tobacco cigarettes. It is estimated that 9 million adults in the US regularly
use ENDS. Understanding the health impacts of these products is complicated by constantly evolving
device technology. Open tank systems with variable power settings can increase ENDS output of
vapor/aerosol (delivery of nicotine) and be used with any of the thousands of e-liquids currently
available to consumers. Product design features and consumer use patterns (puffing topography) can
influence the nicotine profile and the potential for abuse liability. To characterize the nicotine profile
across a range of ENDS user conditions, a physiologically-based pharmacokinetic (PK) model for nicotine
was calibrated/validated with existing published nicotine PK data collected from individuals using a
range of ENDS products and e-liquid nicotine concentrations under standardized and ad libitum device
usage conditions. Accounting for delivered dose, nicotine retained, and a plausible range of body
weights and renal clearance rates, the area-under-the-curve (AUC), Cmax, and tmax were predicted and
found to have reasonable agreement with the upper and lower bounds of PK metrics reported in
available ENDS PK studies. The model predictions were comparable to available PK data across a range
of ENDS types and e-liquid nicotine concentrations. Self-titration to a desired nicotine level, which
influences the consumer puffing profile, is commonly reported among ENDS users. Thus, the PK model
was used to assess the ENDS puffing topography profile that would achieve a nicotine dose equivalent
to one pack of cigarettes in a day for the scenario of low versus high nicotine e-liquid
concentration/ENDS delivery. Not surprisingly, the number of puffs required to achieve the target
nicotine dose associated with a pack of cigarettes increased with decreasing nicotine e-liquid
concentration/ENDS delivery. This, in turn, can have significant exposure/health implications for other
potentially harmful constituents to which consumers may be exposed from the vapor/aerosol. In
conclusion, the validated nicotine PK model is a useful tool to evaluate the public health impacts of
ENDS by predicting the nicotine profile across a range of plausible ENDS and user conditions, as well as
assessing the exposure and health risks of harmful constituents associated with varying consumer
topography patterns. It is also anticipated this PK model will be a valuable tool for developing focused
clinical studies of ENDS and designing products to minimize the health risks to consumers.
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ABSTRACT NUMBER: 3563
Poster Board Number: P355
TITLE: Flavor-Solvent Adducts in E-Cigarette Liquids are Modulators of Respiratory Irritant Receptors and
Cytotoxic to Human Lung Epithelial Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. V. Jabba1, H. C. Erythropel2, A. I. Caceres1,
T. M. deWinter2, J. B. Zimmerman2, and S. E. Jordt1. 1Duke University, Durham, NC; and 2Yale University,
New Haven, CT.
KEYWORDS: Cytotoxicity; Lung; Pulmonary or Respiratory System; Respiratory Toxicology
ABSTRACT: The major ingredients of the liquids used in E-cigarettes are nicotine, the solvents propylene
glycol (PG) and vegetable glycerin (VG), and flavorants. Some of the popular flavors in E-liquids are
cherry, cinnamon and vanilla flavors which are reactive aldehydes that may undergo chemical reactions
with other E-liquid constituents under storage conditions. Using Gas Chromatography (GC) to chemically
analyze E-liquids and their vapors, we recently discovered the presence of novel flavor-solvent (PG)
adducts called aldehyde-PG acetals. These aldehyde-PG acetals were formed in the E-liquids after mixing
of the parent E-liquid constituents and at normal storage conditions. The toxicological properties of
these PG-acetals have not been studied systematically. Flavor aldehydes cause respiratory irritation and
pain through activation of irritant receptors expressed in sensory neurons innervating the airways called
the Transient Receptor Potential (TRP) ion-channels (TRPA1 and TRPV1). It is unknown whether the
detected aldehyde-PG acetals also activate these irritant pathways. Using calcium microfluorimetry in
cultured HEK 293t cells transfected with cloned human TRPA1 or TRPV1, we observed that the many
aldehyde-PG acetals triggered robust activation of these TRP channels, some more efficaciously than
their parent flavor aldehyde. While some PG acetals are categorized as GRAS (Generally Recognized As
Safe) for scent (perfume) and food applications, their cellular and systemic toxicities, especially in the
respiratory system, remain to be examined. Using BEAS-2B cells, a normal human bronchial epithelial
cell line, as a cellular model, we conducted a range of cellular toxicity tests (live/dead assay, LDH assay)
and transcriptional approaches to examine inflammatory transcriptional responses. In live/dead and
LDH assay, some aldehyde-PG acetals demonstrated more cytotoxicity than parent aldehydes at several
concentrations tested. Gene expression analysis demonstrate that PG acetals induce a transcriptional
program leading to expression of several pro-inflammatory genes. In conclusion, our data demonstrates
that chemical reaction products formed at normal storage conditions in E-liquids like aldehyde-PG
acetals have potent pharmacological and toxicological effects that are different from parent
constituents.
ABSTRACT NUMBER: 3564
Poster Board Number: P356
TITLE: Evaluating a Method for Assessing Respiratory Toxicity In Vitro
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Wang, Q. Wu, J. Shemansky, M. Bryant,
and X. Cao. US FDA/NCTR, Jefferson, AR.
KEYWORDS: Inhalation Toxicology; Cell Culture
ABSTRACT: In an effort to develop more accurate in vitro test methods to evaluate the safety of inhaled
chemicals, we have used a well-differentiated human in vitro air-liquid-interface (ALI) airway epithelial
tissue model for testing a number of toxic chemicals having potential for inhalation exposure. One of
these compounds, dihydroxyacetone (DHA), is an approved color additive used in some sunless tanning
products that potentially can be inhaled during the application of spray or aerosolized sunless tanning
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products. Aerosols were generated using the Vitrocell® Cloud System to mimic the doses and mode of
respiratory exposure humans could potentially experience during tanning sessions. ALI cultures were
exposed to single, non-cytotoxic doses of the aerosolized test agent and tissue responses were
evaluated 20 min, 4 h, and 24 h later. Relative to vehicle controls, DHA significantly increased reactive
oxygen species 20 min after the exposure and the induction was further increased 24 h post-exposure.
The alkaline Comet assay also detected slightly increased DNA damage in the cell models 4 and 24 h
after exposure. Unlike these early cellular changes, most alterations in functional responses were
measured only at the later sampling times. While down-regulation of cilia beating frequency was
detected 4 h post-exposure, aberrant mucin 5AC secretion and matrix metalloproteinase release could
be measured only 24 h after the exposure. Our studies indicate that the human airway ALI model is a
promising in vitro system that can be used to measure a number of responses relevant for the
assessment of aerosolized chemicals under conditions mimicking human inhalation exposure.
ABSTRACT NUMBER: 3565
Poster Board Number: P357
TITLE: Respiratory Hazard of Li-Ion Battery Components: Elective Toxicity of Lithium Cobalt Oxide
(LiCoO2) Particles Via HIF-1α and IL-1β
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: V. Sironval1, L. Reylandt1, S. Ibouraadaten1,
M. Palmai-Pallag1, Y. Yakoub1, M. Tomatis2, B. Ucakar1, F. Turci2, R. Vanbever1, E. Marbaix1, D. Lison1, and
S. van den Brule1. 1Université Catholique de Louvain, Brussels, Belgium; and 2University of Torino, Torino,
Italy.
KEYWORDS: Respiratory Toxicology; Particulates; Inflammation
ABSTRACT: Li-ion batteries (LIB) offer undeniable advantages compared to other technologies and
invade the market. They contain micrometric and low solubility particles consisting of toxicologically
relevant elements. Their production and use has increased sharply in recent years, implying a potential
for inhalation exposure in occupational settings. New proposed applications such as printable or spraypaintable batteries might also expose consumers. We performed the first study on the respiratory
hazard of 3 leading LIB components (LiFePO4 or LFP, Li4Ti5O12 or LTO, and LiCoO2 or LCO) and
investigated their mechanisms of action. Lung responses were assessed in mice after oro-pharyngeal
aspiration of LIB particles (0.5 and 2 mg) crystalline silica (2 mg) used as reference and LiCl (Li molar
equivalents to 2 mg LCO). No toxicity was observed with LiCl. Acute inflammatory lung responses
(including interleukin (IL) -1β) and oxidative stress were recorded with the 3 LIB particles and silica, LCO
being the most potent. Inflammation persisted 2 m after LFP, LCO and silica, in association with fibrosis
in LCO and silica lungs. LIB particles persisted in the lung after 2 m and formation of ferruginous bodies
was detected in LCO lungs. in vivo, only LCO and silica stabilized intracellular hypoxia-inducible factor
(HIF)- 1α, a marker of Co ion activity. Inhibiting HIF-1α activity or IL-1β deficiency significantly reduced in
vivo lung inflammation induced by LCO. We report here the varying respiratory toxicity of particles used
in LIB, and conclude that they represent a respiratory hazard. LCO was at least as potent as crystalline
silica to induce inflammatory and fibrotic responses. Fe and Co contents, but not Li, appear to contribute
to LFP and LCO toxicity, respectively. HIF-1α and IL-1β might represent key mediators of the elective
lung toxicity of LCO particles.
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ABSTRACT NUMBER: 3566
Poster Board Number: P358
TITLE: Injured Bronchial Epithelial Cells Secreted Exosomes Encapsulating Fibrogenesis-Associated Mirna
by PHMG-Phosphate
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Jeong1, K. Ha Ryong2, and K. Chung1.
1
School of Pharmacy, Sungkyunkwan University, Suwon, Korea, Republic of; and 2College of Pharmacy,
Catholic University of Daegu, Daegu, Korea, Republic of. Sponsor: K. Lee
KEYWORDS: Respiratory Toxicology; Bioinformatics; Cell Communication
ABSTRACT: The exosomes, extracellular vesicles secreted from cells, played crucial roles through cell-cell
communication in the human airway. Exposure to various chemicals can modify the composition of
epithelial cell-derived exosomes to change the surrounding microenvironment. In this study,
polyhexamethyleneguanidine-phosphate (PHMG-phosphate) was treated to bronchial epithelial cells,
which was a main component of humidifier disinfectant inducing pulmonary fibrosis, to elucidate the
function of exosomal miRNAs from injured epithelial cells. First of all, conditioned media collected from
normal or PHMG-phosphate exposed cells was treated to beas-2b (bronchial epithelial) and EA.hy926
(endothelial) cell. Moreover, exosome generation inhibitor, GW4869 was used to assure exosomes
induced EMT. The exosomes were purified with ultracentrifuge and identified with their characteristics
including sizes and markers. Purified exosomes were labeled with PKH67 dye to check the uptake of
exosomes by recipient cells with confocal microscope. After exosome treatment, the level of α-SMA
mRNA and protein levels were quantified using real-time PCR and western blot. Furthermore, miRNA
profiling of BALF and cell derived exosomes was analyzed with microarray. Culturing with conditioned
media of PHMG-phosphate exposed cells, beas-2B and EA.hy926 cells expressed α-SMA mRNA higher
level. However, when exposed to conditioned media of GW4869-pretreated cells, α-SMA mRNA
expression did not increase. The average size of exosomes was confirmed as 263.7 nm by DLS and
canonical exosomes markers, flotilin-1 and CD9 were measured with western blot whereas β-actin and
calnexin which were markers of cells were not seen. Exosomes labeled with PKH67 were observed onto
the surface or inside of the cells. Exosomes affected to recipient cells to express increased α-SMA
mRNA. The pattern of exosomal miRNA in BAL fluid and conditioned media was analyzed, which
included fibrogenesis related miRNA. In conclusion, PHMG-phosphate exposed beas-2B secreted
exosomal miRNAs which could induce transition of bronchial epithelial and endothelial cells to
mesenchymal cells by targeting fibrogenesis associated mRNA.
ABSTRACT NUMBER: 3567
Poster Board Number: P359
TITLE: Toxic Responses to Two Kinds of Humidifier Disinfectants in Cytoplasmic Organelles Interaction
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: I. Bang. Sungkyunkwan University, Suwon,
Korea, Republic of. Sponsor: K. Lee
KEYWORDS: Respiratory Toxicology
ABSTRACT: Polyhexamethylene guanidine phosphate (PHMG-p) and poly (oxyalkylene guanidine)
hydrochloride (PGH) were used as disinfectants for the prevention of microorganism growth in
humidifiers. in vitro and in vivo studies revealed that inhaled disinfectants induced the biological
responses associated with pulmonary fibrosis. However, the mode of action of these disinfectants is
unknown yet. In this study, we synthesized PHMG-p-and PGH-FITC conjugates and assessed the uptake
into lung epithelial A549 cell line. To examine cell localization, the A549 cells were treated with PHMG-
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p-and PGH-FITC conjugates, counter-stained with various cytoplasmic organelles, and observed by
confocal microscope. Covalent conjugation with fluorescein isothiocyanate yielded labeled PHMG-p and
PGH by dialysis. Both PHMG-p- and PGH-FITC were detected within cytoplasmic space and co-localized
in endoplasmic reticulum and lysosome, but not in mitochondria. In addition, PHMG-p induced the
autophage and apoptosis in A549 cells. Further studies are necessary to elucidate the relationships
between endoplasmic reticulum, lysosome and mitochondria damages.
ABSTRACT NUMBER: 3568
Poster Board Number: P360
TITLE: Strategies for Developing an Environmental Sampling Map of Houston Post-Hurricane Harvey
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Camargo1, M. Jun1, T. Dellapenna2, J.
Horney1, I. Rusyn1, W. Chiu1, T. J. McDonald1, and A. Knap1. 1Texas A&M University, College Station, TX;
and 2Texas A&M University, Galveston, TX.
KEYWORDS: Exposure, Environmental
ABSTRACT: Scope and Description: Within days of Hurricane Harvey making landfall, efforts were made
to identify and characterize exposure pathways in Houston. Initial soil and sediment samples were
collected within Manchester, TX and as Fall progressed, additional samples were collected within other
areas of Galveston Bay (GB) and the Houston Ship Channel (HSC). An extensive analytical suite, which
included polycyclic aromatic hydrocarbons (PAHs), polybrominated diphenyl ethers (PBDEs),
organochloride (OC) pesticides, heavy metals and legacy contaminants dioxins and polychlorinated
biphenyl's (PCBs), was developed to provide baseline concentration data for the development of a
geostatistical sampling map of Houston via Universal Kriging. Results: Initial efforts were made to map
and characterize the first twenty-four samples collected in Manchester, TX based on mean
concentrations of detected contaminants. By applying universal kriging, both a variogram model and an
applied unknown mean structure to the established spatial domain are required. However, it is
important to note the mean is often dependent upon coordinates as well as other model covariates.
Consequently, when considering the initial twenty-four samples, their clustered location generated
ineffective mean structure estimations necessary for Universal Kriging. For this study, a larger inclusion
radius of other Galveston Bay and Houston Ship Channel samples were considered for the sampling
map's development. The goal of the study was to devise a representative geospatial map of relevant
sampling sites post-Hurricane Harvey so as to generate a predictive sampling map for use in future
disasters. Conclusions and Research Translation: Application of the geospatial concentration map would
aid various stakeholders in: (1) devising appropriate interventions prior to and after disasters, and (2)
designate key sampling sites for priority assessments.
ABSTRACT NUMBER: 3569
Poster Board Number: P361
TITLE: Comparison of Toxicity between Perfluorooctanoic Acid (PFOA) and Novel Alternative
Hexafluoropropylene Oxide Trimer Acid (HFPO-TA)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. Sheng, j. Wang, Y. Pan, and J. Dai.
Institute of Zoology, Chinese Academy of Sciences, Beijing, China.
KEYWORDS: Persistent Organic Chemicals; Perfluoronated Agents; Environmental Toxicology
ABSTRACT: Due to the elimination of perfluorooctanoic acid (PFOA), hexafluoropropylene oxide trimer
acid (HFPO-TA), a chemical with little toxic information, has been used in fluoropolymer resin
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manufacturing to replace PFOA. Despite its hepatotoxicity and cytotoxicity, PFOA has been reported to
be able to bind serum albumin and fatty acid binding protein, which will then contribute to its
bioavailability in vivo. In the present study, we investigated the toxicity of HFPO-TA both in vivo and in
vitro, and assessed whether HFPO-TA is a suitable alternative to PFOA by comparing its toxicity data
with PFOA. We first compared PFOA and HFPO-TA protein binding capacity to human serum albumin
(HSA) and human liver fatty acid binding protein (hL-FABP). The higher Ebinging values and lower Kd means
higher binding affinities to both two proteins for HFPO-TA than PFOA, which might suggest a higher
bioavailability for HFPO-TA than PFOA in living organisms. The two chemicals have similar binding modes
to HSA. However, regarding hL-FABP, HFPO-TA had a totally different binding mode compared with
PFOA: the two oxygen atoms in backbone brings structural distortion, which leading to the hydrophobic
interaction between fluorine atoms in branches and amino acid residues like Phe50, Met113. By
exposing HL7702 cells to PFOA and HFPO-TA respectively, we compared their cytotoxicity. For HFPO-TA,
the S-shaped concentration-response relationship, along with its lower IC50 values implied a more
serious cytotoxicity to HL-7702 cells than PFOA. The effect of HFPO-TA on mice liver was obtained via
oral exposure with four different dosages (0, 0.02, 0.1 and 0.5 mg/kg/d) for 28 days. The HFPO-TA
content in mice serum (0.02 and 0.1 mg/kg/d group) are equal to that in wild fish blood (about 1.5
μg/ml) detected in our recent research. Compared with mice exposed to higher PFOA dosage, a higher
concentration of HFPO-TA in mice liver and serum, as well as a higher ratio of HFPO-TA in liver/serum
indicated higher bioaccumulation potential of HFPO-TA, especially in the liver. Hepatomegaly and
significantly increased ALT and ALP levels occurred in all three treated groups, suggesting that HFPO-TA
induced liver injury under environment-related concentrations, and seemed to be more toxic than
PFOA. Lipid metabolism disturbance was also observed after HFPO-TA exposure and might be charged
to the activation of peroxisome proliferator-activated receptor α (PPARα) pathway like PFOA. In
conclusion, HFPO-TA has higher protein binding capacity, greater bio-accumulation potential, stronger
cytotoxicity and hepatotoxicity than PFOA, thus it is not a suitable alternative for PFOA.
ABSTRACT NUMBER: 3570
Poster Board Number: P362
TITLE: The Involvement of the Aryl Hydorcarbon Receptor in the Toxicity of Polychlorinated Biphenyls
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. Eti1, S. Flor1, V. E. Klenov1, K. Iqbal2, J.
Watt3, W. H. Watson4, A. F. Keating5, K. N. Gibson-Corley1, M. J. Ronis3, M. J. Soares2, G. Ludewig1, and L.
W. Robertson1. 1University of Iowa, Iowa City, IA; 2University of Kansas Medical Center, Kansas City, KS;
3
LSUHSC, New Orleans, LA; 4University of Louisville, Louisville, KY; and 5Iowa State University, Ames, IA.
KEYWORDS: Polychlorinated Biphenyls; Receptor; Aryl Hydrocarbon; Cytochrome P450
ABSTRACT: The aryl hydrocarbon receptor (AhR) is a ligand-activated transcription factor involved in the
regulation of biological responses to planar aromatic hydrocarbons, and also regulates xenobioticmetabolizing enzymes such as cytochrome P-450. We have previously described the sequence of events
following exposure to dioxin-like polychlorinated biphenyl (PCB) congeners like PCB126 that bind avidly
to the AhR. Our hypothesis is that toxic manifestations following exposure to PCB126 are mediated
through the AhR. To test this, we created an AhR knock out (AhR KO) model using CRISPR/Cas9.
Comparison was made to wild type (WT) male and female Holtzman Sprague Dawley rats. Rats were
injected by a single IP dose of corn oil vehicle or PCB126 in corn oil. After 28 days, a necropsy was
performed to collect organs, and to analyze the expression of genes and changes leading to
histopathology. As a result, PCB exposed WT rats showed significant weight loss compared to AhR-KO
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rats (P<0.0001). Similarly, relative thymus (P<0.0001) and absolute liver weights (P=0.0018) were
significantly lower than AhR-KO rats exposed to PCB. The expression of genes encoding enzymes related
to xenobiotic and intermediary metabolism were unaffected in the AhR-KO rats following PCB exposure
as opposed to WT where expression was altered. WT rats had altered levels of whole blood glutathione
and decreased serum glucose, while KO rats showed no significant changes. Therefore, all adverse
manifestations were observed in WT rats, while none were detected in AhR-KO rats, indicating the
direct involvement of the AhR in the mediation of toxicity due to PCB 126 exposure. Supported by
NIEHS: P42ES013661; HD020676; HD079363.
ABSTRACT NUMBER: 3571
Poster Board Number: P363
TITLE: Understanding the Mode-of-Action (MoA) of PBDEs Representatives
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. C. Pereira1, L. C. Miranda2, M. F. FrancoBernardes2, M. Tasso2, G. Meireles2, V. Bruno2, F. V. Duarte3, A. I. Varela3, A. P. Rolo3, D. P. de Oliveira2,
C. M. M. Palmeira3, and D. J. Dorta2. 1São Paulo State University, Botucatu, Brazil; 2University of São
Paulo, Ribeirão Preto, Brazil; and 3University of Coimbra, Coimbra, Portugal.
KEYWORDS: Persistent Organic Chemicals; Mode-of-Action; Environmental Toxicology
ABSTRACT: Polybrominated diphenyl ethers (PBDEs) are used as flame retardants in polymer-containing
products however had raised concerns about their toxicity. In the last decade we have been dedicated
to understanding the mechanism of toxic action of these compounds in the human body. So, this study
characterizes its in vitro toxicity based on mitochondrial dysfunction, genotoxicity and cellular injury
with exposure to BDE-100 and BDE-153 (0,1 - 50 µM). Mitochondrial parameters, such as respiration;
mitochondrial membrane potential (Δψ); swelling; Ca+2 release, ATP levels and redox state were
evaluated. In addition, we verified genotoxicity by comet assay, micronucleus and Ames test.
Furthermore, the effects of PBDEs in HepG2 cells were evaluated by different endpoints such as,
proliferation and MTT reduction capacity; exposure of phosphatidylserine to the outer cell membrane
and quantification of pro-apoptotic proteins. Finally we evaluated the presence of autophagy in the
mechanism of toxicity. Significant results demonstrate that mitochondrial damage plays a key role in
hepatotoxicity by cyclosporin-sensitive mitochondrial swelling and dissipation of Δψ. After only 4 hours
of exposure it is possible to observe genotoxicity but no mutagenicity was observed. Although our
results have shown autophagic induction, the persistent condition of mitochondrial damage may have
led these cells to death by apoptosis by different stimuli culminating in phosphatidylserine exposure,
RONs production add to presence of pro-apoptotic factors in cytosol, such as cytochrome-C and AIF
besides the activation of caspases 3 and 9. Ours results together demonstrate that PBDEs are
mitotoxicants lead to cell death by apoptosis after attempt to save by autophagy, reinforcing the idea
that this class of compound represents a risk to the exposed population.
ABSTRACT NUMBER: 3572
Poster Board Number: P364
TITLE: BDE-99 Induces Autophagic Processes in HepG2 Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Pazin1, L. C. Pereira1,2, F. V. Duarte3, A. P.
Rolo3, C. M. M. Palmeira3, and D. J. Dorta1. 1University of São Paulo, Ribeirão Preto, Brazil; 2Universidade
Estadual Paulista - FCA/Unesp, Botucatu, Brazil; and 3University of Coimbra, Coimbra, Portugal.
KEYWORDS: Persistent Organic Chemicals
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ABSTRACT: Polybrominated diphenyl ethers (PBDEs) are widely used as flame retardants in a great
variety of products, however they have been detected in several biological samples around the world,
such as human blood, adipose tissue and breast milk, mainly due to their phisico-chemical and
bioaccumulative properties and high persistance in the environment. Many studies have reported
evidences that PBDEs compounds can act as endocrine disruptors and/or induce cytotoxicity. These
toxic effects are generally associated with cell death. Thus in the present study, we investigated if the
autophagic process is involved in the BDE-99 toxic mechanism to liver derived cells (HepG2). Briefly,
HepG2 cell line was maintained in DMEM medium supplemented with 10% FBS, 100 U/mL penicillin, 100
mg/mL streptomycin in an atmosphere containing 5% of CO2 at 37oC and was treated with 0.1, 1, 5 and
25 μM of BDE-99 for up to 48 hours. Western blotting and immunocytochemistry analysis were
performed. For the western blotting analysis, cells were collected and proteins quantified, later
electrophoresis and protein transfer to the PVDF membrane were performed. The membranes were
incubated with anti-LC3, -beclin, -p62 and -β-Actin primary anti-bodies, blocked with 5% nonfat milk,
incubated with a secondary anti-body and analyzed using Bio-Rad Chemidoc Imaging Systems. For
immunocytochemistry analysis, cells were fixed, permeabilized, and incubated overnight with anti-LC3
primary antibody. Then, cells were incubated with a secondary antibody conjugated with Alexa-594, and
Hoechst 33342 to stain the nuclei. Finally, autophagy-positive or -negative cells were quantified for each
experimental group using a fluorescence microscope. Statistical analysis was performed using ANOVA
and Dunnett post-hoc tests. HepG2 exposed to 5 and 25 μM of BDE-99 triggered the autophagy process
that was observed by a higher presence of the proteins beclin, p62 and LC3-II in the western blotting
assay and a punctuated pattern of distribution of LC3 in the cells, corresponding to the conversion of
LC3-I to LC3-II and accumulation in the membranes of autophagosomes analyzed by
immunocytochemistry. These data indicate that autophagy is initiated by cell exposure to BDE-99 as a
possible cellular defense mechanism against the toxic effects of BDE-99.
ABSTRACT NUMBER: 3573
Poster Board Number: P365
TITLE: Alterations in Lipid Metabolism following Exposure to the Organochlorine Compound TransNonachlor in Rat Primary Hepatocytes
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: G. Howell, E. McDevitt, L. Henein, S.
Kondakala, and D. Young. Mississippi State University College of Veterinary Medicine, Mississippi State,
MS.
KEYWORDS: Persistent Organic Chemicals; Hepatocytes; Lipids
ABSTRACT: Recent epidemiological studies have revealed significant positive associations between
exposure to organochlorine pesticides or their metabolites and occurrence of obesity and type 2
diabetes. Additionally, there are a growing number of animal based studies to support causality
between exposures and metabolic dysfunction which is a hallmark of type 2 diabetes and present in a
majority of obese individuals. However, the mechanisms linking organochlorine compound exposure
and metabolic dysfunction remain elusive. Therefore, the present study was designed to determine if
direct exposure to three highly implicated organochlorine compounds promoted hepatic steatosis, a
common pathological alteration in obesity and type 2 diabetes. First, the steatotic effect of direct
exposure to p,p’-dichlorodiphenyldichloroethylene (DDE), oxychlordane, and trans-nonachlor was
determined in rat primary hepatocytes. Exposure to trans-nonachlor (20 and 80 µM) for 48 hours
significantly increased neutral lipid accumulation as opposed to DDE and oxychlordane. To determine
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possible mechanisms governing increased fatty acid availability for neutral lipid accumulation, the
effects of trans-nonachlor exposure on fatty acid uptake, de novo lipogenesis, triglyceride secretion, and
fatty acid oxidation were explored. Exposure to trans-nonachlor for 24 or 48 hours had no statistically
significant effect of fatty acid uptake. However, protein levels of fatty acid synthase (FAS), a major
regulator of fatty acid synthesis, were significantly increased following exposure to trans-nonachlor (0.2
– 20 µM) for 24 hours indicating an increase in de novo lipogenesis. Interestingly, there was a significant
decrease in both basal and fatty acid-induced fatty acid oxidation following trans-nonachlor (20 µM)
exposure as indicated by decrease cellular beta-hydroxybutyrate levels. This decrease in fatty acid
oxidation was accompanied by a slight, but significant increase in basal and fatty acid-induced cellular
triglyceride secretion. Therefore, taken together, the present data indicate that direct exposure to transnonachlor has a more potent pro-steatotic effect than exposure to DDE or oxychlordane. This prosteatotic effect of trans-nonachlor exposure appears to be predominately mediated via increased de
novo lipogenesis and decreased fatty acid oxidation.
ABSTRACT NUMBER: 3574
Poster Board Number: P366
TITLE: Long-Term Toxic Effects of 2, 3, 7, 8-Tetrachlorodibenzo-p-Dioxin on Type 3 Innate Lymphoid Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Li1, Y. Wei2, Q. Xie1, R. Sha1, and B. Zhao1.
1
Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing, China; and
2
Shandong Analysis and Test Center, Qilu University of Technology (Shandong Academy of Sciences),
Jinan, China.
KEYWORDS: Immunotoxicity
ABSTRACT: Innate lymphoid cells (ILCs), consisting of type 1, 2 and 3 ILCs, are a family of innate immune
cells that play an important role in homeostasis with diverse functions. Type 3 ILCs (ILC3s), whose
development is mediated by retinoic acid receptor related orphan receptor (ROR) γt, are dominantly
distributed in the gut and regulate acute and chronic inflammation by secreting effector cytokines such
as interferon (IFN)-γ and interleukin (IL)-17. Recent studies show that the aryl hydrocarbon receptor
(AhR) pathway regulates the maintenance and function of ILC3s, especially the NKp46+ subsets. It is
important to understand the in vivo functions of specialized ILC3s and their subsets upon long-term
exposure of typical AhR ligand 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD). In our study, maternal and
long-term exposure to TCDD reduced the frequency of ILC3s and the median fluorescence intensity
(MFI) of RORγt in ILC3s in the offspring. The MFI of RORγt in ILC3s from the exposed mother was also
declined. These results suggested that the differentiation of ILC3s was suppressed upon long-term
exposure to TCDD. NKp46+ ILC3s and IL-17a+ ILC3s were upregulated both in the offspring and mother.
However, the percentage of IFN-γ+ ILC3s was increased with a downregulation of the MFI of IFN-γ
produced by ILC3s in the mother alone. In conclusion, these results suggest that long-term exposure to
TCDD has influence on the differentiation of ILC3s and their subsets, and the exposure in early life
period might involve different mechanism from that in adult period.
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ABSTRACT NUMBER: 3575
Poster Board Number: P367
TITLE: Comprehensive Gene Expression Analysis for Two Different Types of GST-P Positive Foci in Terms
of Their Kinetics after Cessation of Carcinogen Treatment
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Takasu1, Y. Ishii1, A. Kijima1, K. Ogawa1,
and T. Umemura1,2. 1National Institute of Health Sciences, Kawasaki, Japan; and 2Faculty of Animal
Science Technology, Yamazaki Gakuen University, Tokyo, Japan.
KEYWORDS: Carcinogenesis; Liver; Microarray
ABSTRACT: We previously reported the existence of two different types of glutathione S-transferase
placental form (GST-P) positive foci in terms of their kinetics after cessation of carcinogen treatment.
Namely, the number and size of GST-P positive foci induced by diethylnitrosamine (DEN) were increased
after cessation of the treatment, those by furan being decreased. In the present study, we compared
global gene expression between the two types of GST-P positive foci to investigate the genes associated
with their kinetics. 6-week old male F344 rats were given 10 ppm DEN in the drinking water or 8
mg/kg/day (5 days/week) furan by gavage for 13 weeks. cDNA microarray was performed using mRNA
extracted from serial frozen sections including GST-P positive foci or negative area collected by the laser
microdissection with a mirror section stained by GST-P immunohistochemical staining as a guide.
Hierarchical clustering analysis showed that all samples from GST-P positive foci induced by furan
separated from those induced by DEN as well as GST-P negative area in all treated groups. In both DENand furan-treated groups, the expression levels of Gstp1 were significantly up-regulated in GST-P
positive foci compared with GST-P negative area, demonstrating the validity of the collected samples.
The up-regulated genes detected only in GST-P positive foci induced by DEN included Mors2, Cdh23 and
Secisbp2l, those by furan including Col1a1, Sox9 and Fbln1. The down-regulated genes detected only in
GST-P positive foci induced by DEN included Mat2a and Gatad2a, those by furan including Prkd3 and
Slc27a5. Thus, we demonstrated the existence of GST-P positive foci showing different gene expression.
In the light of the two types of foci possessing the different kinetics, some of those genes might be
responsible for the intrinsic properties of GST-P positive foci.
ABSTRACT NUMBER: 3576
Poster Board Number: P368
TITLE: Characterization of Clones Derived from Human Bronchial Epithelial Cells after Long-Term
Treatment with TPM from Reference Cigarettes Versus THS 2.2
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. van der Toorn, M. Sgandurra, D.
Marescotti, M. Peitsch, J. Hoeng, and K. Luettich. Philip Morris Products S.A., Neuchatel, Switzerland.
KEYWORDS: Carcinogenesis
ABSTRACT: The prevailing risk factor for lung cancer in humans is cigarette smoking. Lung cancer is a
complex genetic disease characterized by genetic and epigenetic aberrations, which are reflected in
morphological and phenotypic changes of the bronchial and alveolar epithelium (Smith et al., 1996). We
successfully established an in vitro model to assess the effect of long-term exposure with total
particulate matter (TPM) from 3R4F reference cigarettes versus that from tobacco heating system 2.2
(THS2.2) on cellular transformation. The study demonstrated that repeated exposure of BEAS-2B cells to
a 20-fold higher concentration of THS2.2 TPM, in comparison with 3R4F TPM, induced anchorage
independence. Transformed cells were not observed following prolonged treatment of BEAS-2B cells
with the same or a 5-fold higher concentration of THS2.2 TPM. Viable transformed cells (clones) were
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recovered from a single ancestor cell, making it possible to isolate and establish uniform cell
populations. In total, 27 3R4F TPM-derived clones and 31 THS2.2 TPM-derived clones were recovered.
We have established assay capabilities to characterize individual clones their growth properties and
invasion phenotype. For example, population doubling time (PDT) was assessed using cell growth
curves, expression of the EMT markers E-cadherin and vimentin was evaluated by antibody-based highcontent screening, and invasion assays were run in xCelligence CIM chambers. Metabolic activity of the
clones was examined using Seahorse FX technology (Agilent, Santa Clara, CA, USA). In addition, Short
Tandem Repeat (STR) profiling was performed by ATCC (Manassas, VA, USA) to verify the relatedness to
the parental BEAS-2B cells. Initial results show that all 3R4F TPM-derived clones had increased PDT
compared to 80% of THS2.2 clones. Vimentin expression was increased in >90% of all 3R4F as well as
THS2.2 TPM-derived clones. However, high expression of vimentin and low expression of E-cadherin did
not correlate with the invasive capacity of the clones as judged by invasion assay. Twenty-five of 27
3R4F and all THS2.2 TPM-derived clones matched the STR profile of the parental BEAS-2B cells. Future
work will entail exome sequencing as well as in vivo xenograft studies to further elucidate the tumorinitiating and metastatic potential of the 3R4F and THS2.2 TPM-derived clones.
ABSTRACT NUMBER: 3577
Poster Board Number: P369
TITLE: The Role of Mitochondrial GPATs in Ovarian Cancer
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Marchan1, B. Buettner1, K. Edlund1, J.
Lambert2, C. Watzl1, J. Rahnenführer3, J. D. Stewart4, C. Cadenas1, and J. G. Hengstler1. 1Leibniz Research
Centre for Working Environment and Human Factors, Dortmund, Germany; 2Leibniz-Institut für
Analytische Wissenschaften - ISAS, Dortmund, Germany; 3Technical University of Dortmund, Dortmund,
Germany; and 4University of Southampton, Southampton, United Kingdom.
KEYWORDS: Mechanisms; Metabolism; Lipids
ABSTRACT: Overweight and obesity are associated with an increased risk of disease, including cancer of
the endometrium, breast, colon and ovary. One feature often observed in obesity is increased
triglyceride levels. Glycerol-3-phosphate acyltransferases (GPATs) catalyze the first enzymatic step in the
de novo synthesis of triglycerides and phospholipids, via the acylation of glycerol-3-phosphate (G3P) to
lysophosphatidic acid (LPA). To date, four GPAT enzymes have been identified. GPAT1 (GPAM) is the
best characterized and is highly expressed in adipocytes and elevated in steatosis; however, a role in
cancer is not well described. Our previous work showed that the glycerophosphodiesterase, GPCPD1
(EDI3, GDPD6, GDE5) hydrolyzes glycerophosphocholine, the break down product of choline-containing
phospholipids, to produce G3P. Furthermore, high GPCPD1 expression is associated with metastasis and
worse survival in endometrial and ovarian cancer. We demonstrated a role for GPCPD1 in cell migration,
and adhesion, but the link between GPCPD1’s metabolic activity and its phenotypic function remain
unknown. Therefore, we investigated the pathways downstream of GPCPD1 to determine which is
relevant for migration. Using multiple cell lines, and both overexpression and gene silencing, we show
that GPAM is important for cellular migration, via changes to its metabolic product, LPA. Several studies
have reported increased LPA levels in the ascites of ovarian cancer patients. In the present study, we
could show an association between high GPAM expression and worse survival in ovarian cancer.
Furthermore, silencing GPAM in ovarian cancer cells decreased tumor growth in an in vivo mouse
model. Similar results were not observed for GPAT2, the second mitochondrial GPAT enzyme, nor was
there any influence on colony formation or viability. The role of GPAM and its contribution to the
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development and progression of ovarian cancer, and any link to triglyceride and phospholipid synthesis,
is not fully known. Therefore, ongoing studies continue to investigate the GPAT enzymes, as well as
other key enzymes involved in the metabolism of LPA, and other lipids in the context of ovarian cancer.
ABSTRACT NUMBER: 3578
Poster Board Number: P370
TITLE: Making an Anticancer Agent from Penfluridol: SAR Approach
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Ashraf Uz Zaman, and N. Gupta. Texas
Tech University HSC, Amarillo, TX.
KEYWORDS: Cell Proliferation; Neurotoxicology
ABSTRACT: Penfluridol, an antipsychotic drug is used to treat chronic schizophrenia and similar
psychotic disorders since 1968. In 1987, a Danish researcher, Mortensen PB, revealed the potential of
antipsychotic drugs as antineoplastic agents. Recently penfluridol was shown to inhibit triple-negative
breast cancer (TNBC) tumor growth significantly in in vivo mice xenograft model. As the most aggressive
subtype TNBC has the shortest time to brain metastasis and medial survival at the metastatic stage of 713 months. The lack of identified specific targets results in limited chemotherapeutic options. The most
effective chemotherapy regimen including platinum agents administered in a dose-dense manner is
associated with high toxicity and reduces the quality of life for patients in treatment. Moreover, TNBC
has fifty percent chance to metastasize to the brain, whereas available drugs effectively penetrate the
brain only at the late stage of metastasis, severely reducing the positive outcome of treatment. Potential
benefits of penfluridol as an anticancer agent are outweighed by a wide range of extrapyramidal
symptoms through blockage/depletion of dopamine rendering its direct repurposing in anticancer
therapy.We propose to develop novel penfluridol analogs with minimized CNS-induced toxicity but
retained the ability to cross the blood-brain barrier and inhibit proliferation of metastatic TNBC. Our
approach is based on available Structure Activity Relationship (SAR) information of penfluridol on its
antipsychotic properties. We design analogs altering the key structural features responsible for the
affinity of penfluridol to dopamine and serotonin receptors targeting reduction of CNS induced toxicity
of analogs. In preliminary studies, we obtained novel analogs with two to five folds reduced affinity to
dopamine and serotonin receptors, whereas maintained similar anticancer activity. In the in vivo study,
one of our analog show significant reduction of tumor size in the xenograft model. However, further
studies are required to maximize the effect of modifications on inhibition of metastatic TNBC. By
retaining the ability of compounds to cross BBB, we promote an efficient treatment of a brain-targeting
metastatic form of TNBC.
ABSTRACT NUMBER: 3579
Poster Board Number: P371
TITLE: Exposure to 1,2-Dichloropropane Increases Expression of Activation-Induced Cytidine Deaminase
(AID) in Human Cholangiocytes Co-Cultured with Macrophages
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Kimura1, C. Zong1, K. Kinoshita2, S.
Takasu1, X. Zhang1, T. Sakurai1, S. Ichihara3, G. Endo4, and G. Ichihara1. 1Tokyo University of Science,
Noda, Japan; 2Shiga Medical Center Research Institute, Moriyama, Japan; 3Jichi Medical University,
Shimono, Japan; and 4Japan Industrial Health and Safety Association, Osaka, Japan.
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ABSTRACT: Recently, 1,2-dichloropropane (1,2-DCP) was reclassified by IARC as a Group 1 carcinogen,
based on epidemiological studies on outbreak of cholangiocarcinomas (CCA) in offsetting printing
workers in Japan. Genome-wide mutation analysis showed that printing workers' CCA were
hypermutated tumors; C:G to T:A transition was the predominant single-nucleotide substitution pattern;
and GpCpY to GpTpY was the most significant trinucleotide mutational pattern. Activation-induced
cytidine deaminase (AID) has been reported to be related with C:G to T:A substitutions with a GpCp
(A/C/T) to GpTp (A/C/T) trinucleotide signature. Ectopic expression of AID is also demonstrated to play
important roles in chronic inflammation-associated cancer in various tissues. The present study aims to
investigate the possible role of aberrant AID expression in CCA induced by 1,2-DCP exposure. Human
MMNK-1 cholangiocytes, differentiated THP-1 macrophages, or co-cultured MMNK-1/THP-1 cells were
exposed to 1,2-DCP at 0, 5, 50, or 500 μM, for different periods of exposure. MTS assay was performed
to determine viable cells exposed to 1,2-DCP. Quantitative real-time PCR was performed to measure
expression levels of related genes, including AID, TNF-α, IL-1β, NF-κB, and IκB. ICC staining was
performed to measure TNF-α expression in THP-1 macrophages. MTS assay showed that 1,2-DCP
exposure ranging from 10 to 5000 μM did not decrease cell viability of MMNK-1 cells. Expressions of
AID, NF-κB and IκB in MMNK-1 cholangiocytes were increased after TNF-α treatment at 100 ng/ml
Exposure to 1,2-DCP did not increase the mRNA expression of AID, NF-κB, and TNF-α in MMNK-1 cells.
Exposure to 1,2-DCP increased mRNA expression of TNF-α and IL-1β in THP-1 macrophages.
Immunostaining showed that exposure to 1,2-DCP induced TNF-α protein expression in THP-1
macrophages. Exposure to 1,2-DCP increased expression of AID mRNA in MMNK-1 cholangiocytes which
were co-cultured with THP-1 macrophages. The above results support the hypothesis that AID is
involved in the mechanism of 1,2-DCP-induced cholangiocarcinoma in humans.
ABSTRACT NUMBER: 3580
Poster Board Number: P372
TITLE: Disrupted Circadian Rhythm in Expression of Inflammatory Markers Promotes Breast Cancer Lung
Metastasis
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Fang, M. Polunas, K. Reuhl, A. Venosa, P.
Ohman Strickland, S. Li, D. Laskin, and H. Zarbl. Rutgers, The State University of New Jersey, Piscataway,
NJ.
KEYWORDS: Environmental Toxicology; Lung; Pulmonary or Respiratory System; Carcinogenesis
ABSTRACT: Disruption of circadian rhythm promotes and accelerates the development of breast cancer
and circadian dysfunction (e.g., sleep disorders) in cancer patients is associated with faster cancer
progression and decreased survival rate. However, the underlying mechanisms remain unclear. In this
study, we employed a standard chronic jet-lag protocol to mimic the disruption of circadian rhythm in
C3(1)/SV40 T-antigen [C3(1)/Tag) transgenic mammary tumorigenesis and progression mouse model.
The latency, incidence and multiplicity of mammary tumor and its lung metastasis as well as
inflammatory status at early stage were evaluated. The changes of circadian expression patterns of clock
and proinflammatory genes in lung were also examined. Results indicated that chronic jet-lag (3-4
months) advanced the onset of mammary tumor and micro-metastatic foci, and significantly increased
tumor multiplicity, visible lung metastatic tumor rate, lung micro-metastatic foci multiplicity, average
foci size, and the number of lung inflammation foci. Further mechanism studies showed that expression
of iNOS and COX-2 protein were higher in both bronchoalveolar lavage cells and lung tissues in jet-lag vs
control group. Circadian expression patterns of the major clock genes, such as Bmal1 and Per2, were
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significantly disrupted by the chronic jet-lag in lung tissues, especially at the night time. Accordingly,
circadian mRNA expression patterns of inflammation related genes, such as IFNγ, PGE2, and IL6α, were
also significantly disrupted by jet-lag, with significant differences of PGE2 and IL6α expression at the
morning time and a significant difference of IFNγ at the evening time. Taken together, these results
suggest that disruption of circadian rhythm by chronic jet-lag disrupts immune- and inflammatory
defense capacity of lung, which favors the circulating breast cancer cells harboring and growing in the
lung tissue. This circadian disruption promoted mammary tumor progression mouse model will allow us
to further study alternative preventive strategies for primary cancer patients in future studies.
Supported by NIH grants, U19ES011387 and P30ES005022 to H.Z.; a NJ Health Foundation Seed Fund
and NIH R21 to M.F.
ABSTRACT NUMBER: 3581
Poster Board Number: P373
TITLE: Identification and Quantification of Aflatoxin Guanine and FapyGuanine Adducts in Mouse Liver In
Vivo by LC-MS/MS Isotope Dilution
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Coskun1, V. Vartanian2, I. G. Minko2, O.
Erdem1, P. Jaruga1, P. Egner3, J. D. Groopman3, S. R. Lloyd2, and M. Dizdaroglu1. 1National Institute of
Standards and Technology, Gaithersburg, MD; 2Oregon Institute of Occupational Health Sciences,
Portland, OR; and 3Johns Hopkins Bloomberg School of Public Health, Baltimore, MD.
KEYWORDS: Exposure, Environmental; DNA Adducts; DNA Repair
ABSTRACT: Dietary exposures to aflatoxin contaminated food is one of the major contributions to
human hepatocellular carcinomas (HCCs) which accounts for over 700.000 deaths per year, especially in
highly populated developing and underdeveloped countries. Aflatoxin B1 (AFB1), among others of the
aflatoxin family, is the most carcinogenic and hazardous mycotoxin to animals and humans. Although it
is well known that subsequent DNA adduct formation is the most significant mechanism, genetic
variants that increase individual susceptibility to AFB1-induced HCCs are poorly understood. Therefore,
especially in vivo studies focusing on the underlying mechanisms of AFB1-induced HCCs followed by the
AFB1 exposure have tremendous importance. The primary DNA adduct of AFB1 is AFB1-N7-Gua, which is
converted naturally to two secondary lesions, an apurinic site and an AFB1-formamidopyrimidine adduct
(AFB1-N7-FapyGua). The AFB1-N7-FapyGua is more mutagenic than the AFB1-N7-Gua, leading to G → T
transversions attributed to be the cause of HCCs. The development of successful intervention strategies
should be hastened using aflatoxin biomarkers that efficiently assess their efficacy in individuals.
Chemical specific biomarkers have been developed in response to the difficulties of traditional metrics
of analysis to assess the exposure status and disease risk of individuals. In this context, evolving
methods for the sensitive and specific detection of aflatoxin biomarkers are providing important tools
for identifying individuals at high risk for disease from dietary exposure to aflatoxins. In this work, we
developed a methodology to identify and quantify AFB1-N7-Gua and AFB1-N7-FapyGua in liver of mice
treated with AFB1. DNA was isolated from the liver of the control mice and AFB1-treated mice. We used
LC-MS/MS with isotope dilution to detect AFB1-N7-Gua, and cis-AFB1-N7-FapyGua and trans-AFB1-N7FapyGua in isolated DNA samples. Stable isotope-labeled analogues of these compounds were used as
internal standards for quantification. AFB1-N7-Gua, cis-AFB1-N7-FapyGua and trans-AFB1-N7-FapyGua
were detected in DNA samples from AFB1-treated mice in the levels from 2 to 30 adducts/106 DNA
bases. Control samples had no detectable amounts of the adducts. We will extend this work to study the
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effect of AFB1-treatment in a large number of animals under various experimental conditions to help
understand the formation and repair of the AFB1-adducts in vivo.
ABSTRACT NUMBER: 3582
Poster Board Number: P374
TITLE: Autophagy Inhibition Improves the Chemotherapeutic Efficacy of Diindolymethane in a Murine
Prostate Cancer Xenograft Model
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Draz1, A. Goldberg1, E. Guns2, L. Fazli2, S.
Safe3, and T. Sanderson1. 1INRS-Institut Armand-Frappier, Laval, QC, Canada; 2Vancouver Prostate Centre
(UBC), Vancouver, BC, Canada; and 3Texas A&M University, College Station, TX.
KEYWORDS: Endocrine Toxicology; Natural Products; Microarray
ABSTRACT: Prostate cancer is the second leading cause of cancer-related deaths in men in North
America and there is an urgent need for development of more effective therapeutic treatments against
this disease. We have recently shown that diindolylmethane (DIM) and several of its halogenated
derivatives (ring-DIMs) induce death and protective autophagy in human prostate cancer cells. However,
the in vivo efficacy of ring-DIMs and the use of autophagy inhibitors as adjuvant therapy have not yet
been studied in vivo. The objective of this study was to determine these effects on tumor growth in
nude CD-1 mice bearing bioluminescent androgen-independent PC-3 human prostate cancer cells. PC-3
cells were treated in vitro with DIM and 4,4'-Br2DIM alone or in combination with chloroquine (CQ).
Apoptotic and necrotic cell death was measured using Hoechst and propidium iodide, respectively. CD-1
nude mice bearing bioluminescent PC-3 tumors were treated 3 x per week with either DIM (10 mg/kg),
4,4'-Br2DIM (1 and 10 mg/kg), CQ (60 mg/kg), or a combination of DIM and CQ for 4 weeks. Tumor size
was determined using an IVIS imager and excised tumors underwent tissues microarray analysis (TMA).
We found that CQ significantly sensitized PC-3 cells to death in the presence of sub-toxic concentrations
of DIM or 4,4'-Br2DIM in vitro. Moreover, a combination of DIM, and CQ significantly decreased PC-3
tumor growth in vivo after 3 and 4 weeks of treatment. Furthermore, 4,4'-Br2DIM at 10 mg/kg
significantly inhibited tumour growth after 4 weeks of treatment. TMA analysis showed that DIM alone
or combined with CQ induced apoptosis marker TUNEL; the combination also significantly inhibited the
cell proliferation marker Ki67. We have confirmed that DIM and 4,4'-Br2DIM are effective agents against
prostate cancer in vivo and shown that inhibition of autophagy with CQ enhances the efficacy of DIM.
Our results suggest that including selective autophagy inhibitors as adjuvants may improve the efficacy
of existing and novel drug therapies against prostate cancer.
ABSTRACT NUMBER: 3583
Poster Board Number: P375
TITLE: Organophosphate (OP) Toxicity Model in Female Mice Heart Rate Variability to Access the
Autonomic Balance
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Schmidt, J. Freire Machi, L. Salgueiro
Tosta, A. Benny, M. Lee, M. Muthuraj, D. Rola, and M. Morris. Nova Southeastern University, Davie, FL.
KEYWORDS: Chemical and Biological Weapons; Organophosphates; Cardiovascular System
ABSTRACT: Heart Rate Variability (HRV) is used for evaluation of the autonomic nervous system (ANS) in
animal and human studies. High HRV is a sign of health, and efficient autonomic control. Low HRV
indicates a deficient adaptability of the ANS. Gulf War Illness (GWI) is a debilitating disease involving
ANS imbalance. Considering that our previous study showed an autonomic imbalance in a male GWI
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murine model, we decided to examine the autonomic balance on a female GWI murine model. The goal
was to evaluate the ANS function of female mice exposed to Diisopropyl fluorophosphate (DFP) by the
non-invasive acquisition of the ECG for the HRV analysis. Female B57BL/6J mice were divided into
Control Group (CG), Ovariectomized Group (OVX) and DFP Group (OVX+DFP). DFP (1.5 mg/kg, s.c.), an
organophosphate neurotoxic agent, was given after 7 days of corticosterone (200 mg/L) in the drinking
water. HRV was evaluated in two times points: baseline and one week after DFP exposure. ECG
acquisition was made with a Vevo1100® ultrasound system under isoflurane anesthesia. Three minutes
of the ECG signal were recorded for the HRV analysis. The ECG signal was analyzed with the Windaq®
Software and ECG-R-peaks frequency was detected to create a time series file containing R to R
intervals. Normal to normal intervals were selected to create a tachogram using the Cardio Series
Software v2.4. Preliminary data show an increased LF/HF ratio in the Ovariectomized group (OVX) when
compared with control group (CG). Also shows a significant increase in LF/HF ratio after DFP exposure:
OVX = 0.46 (25th percentile = 0.28; 75th percentile = 1.17) vs OVX+DFP = 1.15 (25th percentile = 0.78;
75th percentile = 1.79). The detection of variations in HRV by the acquisition of ECG is an important
means for the early detection of a dysfunctional ANS. This method permits the development of effective
therapies aimed to improve autonomic balance in GWI affected veterans. Preliminary data suggest an
autonomic imbalance associated with increased sympathetic modulation in female mice exposed to
DFP.
ABSTRACT NUMBER: 3584
Poster Board Number: P376
TITLE: Effects of Potent IK1 Blocker ML133 on the Field Potential of iPS Cells-Derived Cardiomyocytes
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Taniguchi, and T. Yoshinaga. Eisai Co., Ltd,
Tsukuba-shi, Ibaraki, Japan. Sponsor: M. Shiotani
KEYWORDS: Safety Evaluation; Safety Pharmacology
ABSTRACT: In cardiomyocytes, the inward rectifier currents (IK1) that flow through Kir2.1 channels
contribute to cardiac repolarization and play a role in maintaining the resting membrane potential
(RMP). Loss- or gain-of-function mutation of Kir2.1 channels leads to cardiac, developmental and other
pathologies. However, the precise role of Kir2.1 channel function in cardiac physiology, especially in
human induced pluripotent stem cells-derived cardiomyocytes (hiPS-CMs), has not been determined
due to lack of potent and specific Kir2.1 channel inhibitors. hiPS-CMs are increasingly being used to
assess the pro-arrhythmic liability of compounds. Therefore, for better understanding of cardiac safety
assessment, it would be useful to determine the effects of cell electrical properties of the Kir2.1 channel.
Recently, ML133 was identified as a potent and selective Kir2.1 channel inhibitor and is expected to be
useful in elucidating the roles of Kir2.1 channels. In this study, the effects of ML133 on IK1 in Kir2.1
transfected Chinese hamster ovary cells was determined using the QPatch automated patch clamp
system. Subsequently, microelectrode array technology was used to measure the field potentials in 2
types of hiPS-CMs (iCell cardiomyocyte and pluricyte cardiomyocyte). iCell cardiomyocyte have lower
RMP than that in the human adult heart ventricle due to a low expression level of Kir2.1 channels
whereas pluricyte cardiomyocyte show an RMP close to that of adult cardiomyocytes. ML133 (1, 3, 10,
and 30 μM) blocked IK1 currents with an IC50 value of 2.6 μM. ML133 induced beating arrest at 10 μM in
pluricyte cardiomyocyte, but not in iCell cardiomyocytes. In iCell cardiomyocytes, ML133 prolonged field
potential duration by 15% at 10 μM. This study indicated a different contribution of Kir2.1 channel to

The Toxicologist: Late-Breaking Supplement 2018

184

the field potential in 2 types of hiPSC-CM and a possibility of confirming the maturity of hiPS-CM.
Further examination is required to more fully understand the role of Kir2.1 channel in hiPSC-CM.
ABSTRACT NUMBER: 3585
Poster Board Number: P377
TITLE: Background Incidence of Spontaneous Arrhythmia in Naive Beagle Dogs
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Norton, and R. Matheson. Charles River
Laboratories, Senneville, QC, Canada. Sponsor: M. Vezina
KEYWORDS: Cardiovascular System
ABSTRACT: Although Jacketed External Telemetry (JET) has been widely utilized for continuous
quantitative ECG evaluations on repeat dose toxicology studies arrhythmia detection is still limited to
snap-shot assessments, typically 30 seconds duration, monitored on a few occasions throughout a 24
hour period. However, with advances in automated arrhythmia detection modules it is now feasible to
conduct comprehensive qualitative ECG review on continuously recorded data sets. One limitation that
still remains however is a lack of historically data sets on the prevalence of spontaneous arrhythmia’s in
beagle dogs against which to compare the arrhythmogenic effect of novel compounds. The purpose of
this study was to assess the types and incidence of spontaneous arrhythmias in naïve dogs. Using JET,
with a lead II configuration ECG evaluations were conducted on 100 beagle dogs (50 male and 50 female
animals) over a period of 24 hours. Additionally repeat assessments were conducted on 6 animals to
look for individual variance over time. All animals assessed had arrhythmias detected, with seven types
of waveform abnormalities and arrhythmias identified. Junctional escape complexes (JEC) and
premature atrial complexes (PAC) were the most common finding, with 2ᵒ atrioventricular block (2ᵒ AVblock) and premature ventricular complexes (PVC) also observed at a frequent incidence. Arrhythmia
levels were highly variable across animals, with some animals noted as having around 300 occurrences
of PAC or 2°AVB whilst other displayed none. The dataset contained in this study, confirms ability to
continuously evaluate arrhythmias; and demonstrates the need for a solid historical database in order to
account for normal animal variability when assessing the arrhythmogenic effect of novel compounds.
ABSTRACT NUMBER: 3586
Poster Board Number: P378
TITLE: In Utero Low-Dose BPA Exposure Perturbs the Gut Microbial Composition in Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Bline, J. Lang, I. Cely, G. Diamante, J.
Laguardia, A. J. Lusis, and X. Yang. University of California Los Angeles, Los Angeles, CA.
KEYWORDS: Endocrine Toxicology; Endocrine Disruptors
ABSTRACT: Accumulating evidence from human and animal model studies points to strong associations
between exposures to endocrine disruptors such as bisphenol A (BPA) during early development,
particularly the prenatal exposure window, and the prevalence of various diseases such as
cardiovascular diseases, type 2 diabetes, and obesity. The molecular mechanisms underlying the
exposure-disease connections are poorly understood. Interestingly, growing evidence has linked gut
microbiota composition to numerous disease pathologies. Although the effect of BPA exposure on the
microbial diversity in exposed mice has been implicated recently, none of the studies has examined the
effects of BPA on the gut microbiota in offspring with in utero BPA exposure. To this end, we treated
pregnant C57BL/6 mice with low dose BPA at 5μg/kg/day during gestation and evaluated
cardiometabolic phenotypes including body fat composition, blood glucose, lipids, insulin, and glucose
tolerance in the offspring. We also profiled the microbial composition in fecal samples collected from
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the offspring at 11, 14, and 20 weeks of age. We found that prenatal exposure to low dose BPA affects
the gut microbial composition in an age-dependent manner, with the most pronounced effect observed
at week 20. Furthermore, certain species of the Rikenellaceae family, which have been associated with
high-fat diets and obesity, were more abundant in BPA-exposed mice compared to the controls.
Conversely, certain LactoBacillus species had reduced abundance in BPA-exposed mice. Future work will
be pursued to identify the specific microbial species that correlate with the observed cardiometabolic
phenotypes and to experimentally test their potential causal role in the pathogenesis of cardiometabolic
diseases. The findings will provide insights into the role of gut microbiota composition in mediating the
effects of prenatal BPA exposure on disease susceptibility, and the potential of modulating specific
microbial species to ameliorate the adverse effects of BPA.
ABSTRACT NUMBER: 3587
Poster Board Number: P380
TITLE: Long-Fiber Carbon Nanotubes Induce Pleural Mesothelioma Via Silencing and/or Loss of Key
Tumour Suppressor Genes: A Role for Epigenetic Mechanisms in Disease Development
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Chernova1, F. A. Murphy1, S. Galavotti1, X.
Sun1, J. Zacarias-Cabeza1, I. R. Powley1, S. Grosso1, J. Bennett2, A. Nakas2, P. Greaves3, A. G. Smith1, K.
Donaldson4, C. A. Poland4, M. Bushell1, A. E. Willis1, and M. MacFarlane1. 1Medical Research Council
Toxicology Unit, Leicester, United Kingdom; 2UHL NHS Trust Glenfield Hospital, Leicester, United
Kingdom; 3University of Leicester, Leicester, United Kingdom; and 4MRC/University of Edinburgh, QMRI,
Edinburgh, United Kingdom.
KEYWORDS: Nanotechnology; Carcinogenesis; Systems and Integrative Toxicology
ABSTRACT: Exposure to asbestos fibers causes pathological changes in the pleural cavity including
malignant mesothelioma. Length-dependent retention of pathogenic fibers in the pleural cavity is crucial
for disease development. Chronic inflammation induced by asbestos fibers plays a key role in
carcinogenesis and epigenetic events, rather than driver mutations, are considered to be major
causative factors. Engineered carbon nanotubes (CNT) are similar to asbestos in terms of their high
aspect-ratio and thus may pose an asbestos-like inhalation hazard, however the molecular mechanisms
underlying their carcinogenic potential have not been sufficiently explored. Using a model of direct
injection into the pleural cavity we compared the molecular changes which occur at the mesothelium
after exposure to short and long asbestos fibers and short and long engineered CNT over 20 months
following injection. We show a common pro-oncogenic activity of long CNT and long asbestos
throughout disease progression. The common key molecular events encompass changes in gene
expression and signaling pathway activation, and major changes in the epigenetic landscape. Instillation
of long CNT into the pleural cavity of mice induces chronic inflammation and pro-oncogenic changes
leading to development of mesothelioma with deletion of p19/Arf, silencing of p16/Ink4a and alteration
in BAP1 status. Epigenetic changes induced by pathogenic fibers occur at the pre-neoplastic stage of
disease and thus may play a key role in progression of pleural inflammatory lesions to malignant
mesothelioma. Together, these data demonstrate that exposure to long CNT induces development of
pleural mesothelioma replicating the pathogenesis of human disease and highlight commonality in the
hazard mechanism of long pathogenic fibers at the molecular level with epigenetic changes preceding
malignant transformation of inflammatory lesions. Crucially, our findings reinforce concerns that long
CNT may pose an asbestos-like hazard, leading to mesothelioma.
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ABSTRACT NUMBER: 3588
Poster Board Number: P381
TITLE: Condensation Particle Growth for Improved Delivery of Nanoaerosols to Cell Culture Air-Liquid
Interface
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. B. Tilly1, J. K. Luthra2, R. X. Ward2, S. E.
Robinson2, A. Eiguren-Fernandez3, S. M. Hussain1, T. L. Sabo-Attwood2, and C. Y. Wu2. 1Air Force
Research Laboratory, Dayton, OH; 2University of Florida, Gainesville, FL; and 3Aerosol Dynamics Inc.,
Berkley, CA.
KEYWORDS: Inhalation Toxicology; Dosimetry; Nanoparticles
ABSTRACT: An efficient particle delivery system has been designed for the characterization of submicron
particles. Using water-based condensational growth technology, particles as small as 10 nm are
amplified to droplets greater than 3 µm allowing them to be counted by optical measures. Furthermore,
this technology has been transitioned as an efficient means for collecting viable virus and bacteria
aerosols in a sampler known as a growth tube collector (GTC). The temperature, 37 ºC, and humid
environment used by the GTC for particle collection makes the sampler ideal for delivering particle
aerosols to air-liquid interface of cell cultures for toxicity evaluation. 3D printing was used to adapt the
GTC to support air-liquid interface cell culture; in this design, four wells can be simultaneously exposed
to evaluate deposition variations and obtain statistically relevant results. Particle deposition efficiency
and intra- and inter-well variability were determined by aerosolizing fluorescein and quantifying the
amount of dye deposited in each well using fluorometry. Three fluorescein aerosol particle
concentrations of 70,000, 150,000, 210,000 #/cm3 were used to test the controllability in depositing
particles for sampling periods varying between 5 and 20 minutes. Each sampling condition was run in
triplicate. The standard deviation of the deposited dose was below 1% for each of the exposure
conditions and their triplicate trials, with 9 of the 12 timepoints of the three conditions being below
0.5%. Testing results showed that the delivered dose of fluorescein to the cell membranes were linearly
related to exposure concentration and time. The high efficiency of the GTC for delivering particles to
cells results in dosing concentrations ranging from 177 ng/cm2 to 2.93 µg/cm2 in under 20 minutes.
Therefore, particle deposition to cells can be carefully controlled in the GTC to provide a flexible and
accurate dosing method to evaluate the toxicity of aerosol exposures.
(PA Case No 88ABW-2017-5860, 20 Nov 2017)
ABSTRACT NUMBER: 3589
Poster Board Number: P382
TITLE: A Critical Analysis of the Applicability of Existing Bioaccumulation Models to Nanomaterials
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Gulumian1,2, and W. Utembe1. 1National
Institute for Occupational Health, Johannesburg, South Africa; and 2University of the Witwatersrand,
Johannesburg, South Africa.
KEYWORDS: Nanotechnology; Environmental Toxicology; Biological Modeling
ABSTRACT: Bioaccumulation is an important parameter in the risk assessment of chemicals.
Determination of bioaccumulation experimentally is challenging and therefore a number of approaches
have been developed for the prediction of bioaccumulation. Since nanomaterials (NMs) have been
shown to bioaccumulate, the applicability of the following predictive approaches to NMs was analyzed:
1. The octanol-water partition coefficient (Kow), used for the prediction of bioaccumulation of organic
substances, may not be applicable to NMs because they do not fit in the concept of equilibrium and also
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because some NMs tend to not distribute in either the octanol or water phase but rather to be found at
the interface. Subsequently, the Kows of some NMs obtained are shown not to correlate well with the
experimentally determined bioaccumulation. New distribution coefficients, including coefficients that
incorporate the interfacial region as well as lipid bilayer-water distribution coefficient (Klipw), have been
suggested and may have to be explored. 2. A number of quantitative structure activity relationships
(QSAR) have been developed to predict the bioaccumulation of conventional substances. However, the
implementation of these models to NMs is challenging because the bioaccumulation of NMs depends on
nano-specific properties such as shape and size. Subsequently, there is a need to develop new QSAR
models based on these new nano-descriptors. 3. Bioaccumulation of some conventional substances has
been predicted on the concept of fugacity. However, fugacity modelling may not apply to NMs as it
depends on thermodynamic partitioning which does not apply to NMs. 4. The use of kinetic models,
including physiologically based pharmacokinetic (PBPK) models, appears to be the most suitable
approach for predicting bioaccumulation of NMs. However, for this modelling more knowledge is
required on the factors that affect uptake, accumulation and elimination rates, in specific matrices, and
also to establish the maximum allowable bioaccumulation values for NMs. In conclusion, the PBPK
models, can be shown to have greater prospects in predicting of bioaccumulation of NMs. There is need,
however, for research on factors that affect uptake, accumulation and elimination rates of NMs for the
development of more suitable PBPK models.
ABSTRACT NUMBER: 3590
Poster Board Number: P383
TITLE: Comparing Nanomaterial Toxicity with Lung Cells Cultured under Air-Liquid Interface and
Submerged Conditions
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Ding. Helmholtz Zentrum München,
Munich, Germany. Sponsor: F. Cassee
KEYWORDS: Cell Culture; Dosimetry; Nanoparticles
ABSTRACT: In traditional in vitro cell exposure studies, interaction of engineered nanomaterials (ENMs)
with the cell culture medium can inadvertently modify nanoparticle properties, reducing its
representativeness for realistic lung-nanoparticle interactions. Consequently, ENM-cell exposure under
more physiological air-liquid-interface (ALI) culture conditions has been increasingly adopted as an
alternative method (Lenz et al. 2014). Quantitative comparison of ENM toxicity obtained under different
culture conditions is typically hampered by the lack of reliable information on cell-delivered ENM dose.
The current study aims to perform dose-controlled ENM-cell exposures and compare cellular responses
under submerged and ALI exposure conditions using the VITROCELL-CLOUD® system. Zinc oxide
nanoparticles (JRC-NM110) were used to expose human lung epithelial cells (A549). Cell viability (WST1), membrane damage (LDH) and cytokine release (IL-8) as a pro-inflammatory marker were
characterized as toxicological endpoints. Cell delivered ENM dose was determined with a quartz crystal
microbalance and a particokinetics model for ALI and submerged culture conditions, respectively. The
results documented that ALI and submerged exposures of A549 cells resulted in similar EC50 values for
these ZnO nanoparticles. Cell viability decreased and cell membrane damage as well as IL-8 release
increased with increasing ENM doses. The dose response curves for WST-1 were very steep with EC50
values near 0.25-0.5 cm2/cm2. This is consistent with data published in the literature. The current results
show that the cellular response of A549 cells to ZnO particles is relatively independent of submerged or
ALI culture conditions. Unlike primary cells and many other cell lines A549 cells are known NOT to

The Toxicologist: Late-Breaking Supplement 2018

188

polarize under ALI culture conditions, which explains their indifference to cell culture conditions. These
findings will be put into perspective by comparison with literature data using cell-delivered ENM surface
area as dose metric.
ABSTRACT NUMBER: 3591
Poster Board Number: P384
TITLE: Toxicity and Mitochondrial Effects of Novel 2D Manganese Oxide Nanosheets in Fish Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. L. Browning, E. Gray, K. Gion, R. Hurt, and
A. Kane. Brown University, Providence, RI.
KEYWORDS: Nanotechnology; Aquatic Toxicology
ABSTRACT: The development and production of engineered metal oxide nanomaterials continues to
increase exponentially, increasing the risk of their release into the aquatic environment. The practice of
“safety by design” aims to reduce the toxicological impact of engineered nanomaterials by assessing
their toxicity during development. Here, we employed this approach utilizing an in vitro fish gill cell line
model to represent a target tissue of freshwater fish likely to be exposed to nanomaterials in the aquatic
environment. Using this cell line, we investigated the toxicity of novel 2D manganese oxide (MnO2)
nanosheets currently under development for use as catalysts and in supercapacitors or batteries.
Acellular dynamic light scattering and filtration studies showed MnO2 nanosheets undergo reductive
dissolution in the presence of biological reducing agents such as glutathione. Thus, we then compared
the cytotoxicity of the MnO2 nanosheets to that of soluble MnCl2 and insoluble MnO2 particles.
Cytotoxicity of Mn compounds increased with solubility (soluble Mn > MnO2 nanosheets > MnO2
particles). Since manganese is known to induce toxicity by dysregulating mitochondria, we then
investigated the effect of the 2D nanosheets on mitochondrial mass and function. Our results show that
mitochondria mass and membrane potential are decreased by the MnO2 nanosheets at sub-cytotoxic
concentrations. Together, these data suggest that MnO2 nanosheets release Mn ions through reductive
dissolution, inducing both cytotoxicity and sub-cytotoxic effects on the mitochondria. This study will
allow us to predict the environmental toxicity of this novel nanomaterial while it is still under
development. This research is supported by NIEHS Superfund Research Program P42 ES013660 and NIH
F32 Training Grant ES00727225.
ABSTRACT NUMBER: 3592
Poster Board Number: P385
TITLE: Scatter Enhanced Phase Contrast as a Generalized Approach for Discerning Mechanisms of
Nanoparticle Uptake and Transport in Living Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. F. Z. Zimmerman1, H. A. M. A. Ardoña1,
and K. K. Parker1,2. 1Harvard University, Cambridge, MA; and 2Wyss Institute for Biologically Inspired
Engineering, Boston, MA. Sponsor: B. Beck
KEYWORDS: Nanotechnology; Nanoparticles; Bioavailability
ABSTRACT: Understanding how Engineered Nanomaterials (ENMs) interact with biological systems at
the cellular length scale represents an important step in the field of toxicology. First, from the point of
view of accessing potential health risks and hazards associated with exposure to ENMs but also from the
perspective of designing novel ENM based nanotherapeutic devices. In particular, understanding how
these materials are transported and endocytosed in a label-free manner still presents a difficult
challenge, as traditional methods for studying ENM uptake and toxicity have depended heavily of
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fluorescent markers for use in nanoparticle tracking. This can be problematic as fluorescent labels can
change the existing hydrodynamic radius and surface potential of a material, both of which have been
shown to be critical in determining the route and dynamics of nanoparticle endocytosis; making it
difficult to establish control models for nanoparticle exposure. To address this problem, here we show
how a Scatter Enhanced Phase Contrast (SEPC) can be used as a generalized label-free approach for
visualizing nanoparticle uptake and transport in the context of cellular systems. This method works by
combining dark field (DF), with phase contrast (PC) microscopy to allow for a simultaneous optical
visualization of both cells and ENMs. In this presentation, we explore how SEPC can be used to track a
variety of inorganic nanomaterials in cellular systems (Nanoceria, Aluminum Oxide, Iron Oxide, Metallic
Gold & Silver nanoparticles), showing active intracellular transport and nanoparticle uptake.
Additionally, we will show how Lorentz-Mie theory can be used to predict the nanoparticle’s relative
optical scattering, allowing for an easy to access method for determining which ENMs can and cannot be
visualized using SEPC. To corroborate these results, we will show Raman and Hyperspectral darkfield
imaging of intracellular nanoparticles, using these techniques to confirm the particles’ identity and to
compare between predicted and observed optical spectrums and intensities. Collectively, this approach
can provide important insights into how nanomaterials interact with cellular systems, particularly in
understanding how these materials behave in a label free manner, providing a much-needed control in
understanding ENM uptake and endocytosis.
ABSTRACT NUMBER: 3593
Poster Board Number: P386
TITLE: PAF-R Activation Modulation and Inflammation Response to Charged Nanoparticle Exposure In
Vitro and Ex Vivo
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. J. Qureshi, E. J. Romer, and J. B. Travers.
Wright State University, Fairborn, OH.
KEYWORDS: Cutaneous or Skin Toxicity; Chemokines; Nanotechnology
ABSTRACT: Platelet Activating Factor (PAF) and its associated receptor, the PAF Receptor (PAFR), are
important mediators of intercellular communication during an immune response. Once a physiological
stimulus triggers an inflammatory response, epithelial and immune cells synthesize and release PAF. PAF
mediates the recruitment of immune cells and platelets, angiogenesis, expression of various genes, and
increased PAF biosynthesis. In this study, we utilized a well characterized KB cell line derived from
nasopharyngeal cells, which do not natively express the PAFR. These cells had been previously
transfected with a PAF receptor (KBP) or a mock transfection (KBM). The KBP and KBM cell lines allow
for a mechanistic in vitro assessment of charge-dependent nanoparticle (NP) mediated PAFR activation,
where KBP cells will show more robust Interleukin-8 (IL-8) secretion than KBM cells. Furthermore, this
system serves to identify PAFR agonist formation, which has been reported to be generated from
cigarette smoke, ultraviolet B radiation, jet fuel and other stimuli that cause oxidative stress. It has also
been reported that the PAFR is involved in clathrin-mediated endocytosis. The ability of NPs to generate
PAF agonists is not known and the mechanisms by which they are endocytosed have yet to be fully
understood. To investigate whether NP charge contributes to PAF modulation, KBP and KBM cell lines
were exposed to 1 to 100µg/mL of 40nm Ag nanoparticles that were functionalized with either branched
polyethyleneimine (BPEI) or citrate to give them a positive or negative surface charge, respectively. We
demonstrated; a charge-dependent increase in NP-induced IL-8 production in KBP cells; indirectly
measured an increased activation of the PAFR after 8 hours of exposure in KBP cells; increased uptake of
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NPs only in KBP cells, and increased reactive oxygen species generation in both cell types. Future
analysis of PAFR activation induction by NPs may grant us a better understanding of skin related
inflammation and wound-healing therapies.
ABSTRACT NUMBER: 3594
Poster Board Number: P387
TITLE: Evaluation of Multi-Walled Carbon Nanotube-Induced Toxicity in Human Hepatocyte Cell Line
HC04
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Valanca1, C. Petrelis1, S. Kumbar2, and S.
Rudraiah1,2. 1University of Saint Joseph, Hartford, CT; and 2University of Connecticut Health, Farmington,
CT.
KEYWORDS: Liver; Mechanisms
ABSTRACT: Multiwalled carbon nanotubes (MWCNTs), due to their high electrical conductivity and
excellent strength have been routinely used for creating structures for industrial and medical purposes.
However, due to their high aspect ratio, similar to asbestos, and persistence in the environment, may
pose a public health hazard. Oral exposure to MWCNTs can be either accidental or intentional via food,
drugs or cosmetics. Large amounts of MWCNTs that enter the circulation end up in the liver are trapped
in the reticulo endothelial cells of the liver. The potential toxic effects of these MWCNTs in hepatocytes
are unknown. High mobility group box-1 (HMGB1) is a nonhistone nucleoprotein that regulates
transcription. It plays an important role in many cellular processes including inflammation, cell
differentiation and tumor cell migration. It is considered a mechanistic marker of liver injury since its
release is associated with cellular necrosis and immune cell activation. We report the effects of
MWCNTs on HMGB1 expression in hepatocytes using a hepatocyte cell line (HC-04). The acute
cytotoxicity of MWCNTs was quantified by measuring the LDH leakage into the media. In addition,
hepatocellular HMGB1 protein expression following a single and repeated MWCNT treatment was
measured by western blotting. A single MWCNT treatment did not significantly increase LDH leakage
both at 24 and 48h. However, the cellular expression of HMGB1 protein increased modestly, but
significantly, after 72h MWCNT treatment. No secreted HMGB1 was detected in the media. Unlike single
MWCNT administration, repeated administration of MWCNT for two weeks significantly increased
HMGB1 protein expression. Taken together, increased HMGB1 expression following MWCNT exposure is
suggestive of mild hepatocellular injury. The functional consequences of HMGB1 expression after
MWCNT expression in hepatocytes is unknown and is currently being investigated.
ABSTRACT NUMBER: 3595
Poster Board Number: P388
TITLE: Metabolomic Profiling of Human Liver Cells (HepG2) following Exposure to Silver Nanoparticles
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: W. M. Henderson1, K. T. Kitchin2, B. L.
Robinette2, B. T. Castellon3, J. H. Kou4, R. S. Varma5, and Q. Teng1. 1US EPA, Athens, GA; 2US EPA,
Research Triangle Park, NC; 3Baylor University, Waco, TX; 4Nanjing Tech University, College of Materials
Science and Engineering, Nanjing, China; and 5US EPA, Cincinnati, OH.
KEYWORDS: Metabolomics; Nanoparticles
ABSTRACT: The use of silver nanoparticles (AgNPs) has increased exponentially in consumer, industrial
and biomedical applications because of their antibacterial and biocidal properties. Due to the
widespread dissemination and the potential environmental release of AgNPs, understanding the
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biological effects of these emerging compounds is necessary to accurately assess their risk. in vivo
studies have identified the liver as a primary target of AgNP toxicity and in vitro studies have shown that
AgNPs interact with the cell membrane, decrease the integrity of the lipid bilayer, and result in oxidative
stress. The objective of the current study was to investigate the consequences of exposure to varying
forms of AgNPs (i.e. altered morphology and surface coating) with ionic silver. Human liver cells (HepG2)
were exposed to concentrations ranging from 0 to 3.0 µg/mL AgNPs for 24 and 72 hrs. Following
exposure, intracellular polar metabolites were profiled using nuclear magnetic resonance (1H NMR)
spectroscopy. Collected spectra were then subjected to both univariate and multivariate analysis to
identify metabolites changing with AgNP type, dose and time. Metabolites identified are involved in
pathways related to amino acid metabolism and synthesis, cellular energetics (i.e. TCA cycle
intermediates) as well as the modification of antioxidant and detoxification processes in the cell. Overall,
this study demonstrates the ability of biochemical profiling to discern the in vitro effects of AgNPs and
its potential use as a rapid screening platform for assessing the risk of AgNP exposure.
ABSTRACT NUMBER: 3596
Poster Board Number: P389
TITLE: Experimental Framework for the Non-Clinical Assessment of Iron-Oxide Nanoparticles Effects on
Primary Human T-Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Shah, A. M. Vermilya, C. I. Mankus, F.
Soheilian, J. D. Clogston, S. E. McNeil, and M. Dobrovolskaia. Leidos Biomedical Research, Frederick, MD.
KEYWORDS: Immunotoxicity; Nanotechnology; Safety Pharmacology
ABSTRACT: Iron oxide nanoparticles (IONPs) are finding increasing use in diagnostic and biomedical
applications. Several IONPs and iron-based complex drugs are approved for clinical use in the US and are
indicated for the iron replacement in severely anemic patients with other comorbidities. Several reports
suggested that IONPs are not immunologically inert. The purpose of this study was to gain mechanistic
insights into immunomodulatory properties of IONPs and use this information to develop an
experimental framework to aid preclinical investigation of IONP immunological safety profile. A model
IONP formulation was assessed for its impact on the primary human T lymphocytes. Proliferation and
cytokine responses were used to assess the function of T-cells followed exposure to IONPs in vitro. The
mechanistic investigation suggested that mitochondrial damage and oxidative stress contribute to the
change in T-cell function triggered by the IONP treatment. An experimental framework consisting of in
vitro cell-based assays specific to T-cell function has been developed to assist comparison between
innovator IONPs and their generic counterparts. Advantages and limitations of this framework and its
applicability to various types of IONPs along with mechanistic immunotoxicity data will be discussed.
Acknowledgements: Supported by NCI contract HHSN261200800001E.
ABSTRACT NUMBER: 3597
Poster Board Number: P390
TITLE: Aircraft Burn Phase Particulate Characterization and Toxicological Effects on A549
Adenocarcinomic Human Alveolar-Basal Epithelial Lung Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Parker1, C. Dymond2, M. Steele1, R.
Agans1, M. Nelson2, C. Grabinski2, and S. Hussain2. 1Henry M. Jackson Foundation for the Advancement of
Military Medicine, Dayton, OH; and 2Air Force Research Laboratory (AFRL), Wright-Patterson AFB, OH.
KEYWORDS: Cell Culture; Toxicity; Acute; Nanoparticles
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ABSTRACT: First responders can be exposed to unique inhalable particulate matter generated from an
aircraft wreckage, which can reach different parts of the lung, including deep lung. Particulate matter
generated from burning 17 aircraft compositions was collected during three burn phases (smoke, burn,
and smolder) onto 0.4 um polycarbonate filters at 5 L/min. The samples were then extracted, filtered,
and reconstituted into aqueous suspensions for testing viability and reactive oxygen species (ROS)
studies of A549 lung cells. Hydrodynamic particle size showed burn products tended to double in
average diameter during the smolder (~600-900 nm) compared to smoke or burn phase (~200-300 nm).
X-ray photoelectron spectroscopy and inductively-coupled plasma mass spectrometry were used for
chemical composition and concentration. Particulate suspensions, equivalent carbon black (CB), and
single-wall carbon nanotubes (SWCNT) suspensions were administered under submerged conditions for
viability (8 and 24 h) and ROS assessment (0, 2, 4, 6, 8, 10, 24, and 48 h). Eight hour post-exposure, flow
cytometry demonstrated the smoke and burn phases viability is ~100% independent of concentration;
the smolder phase produced lower viability (70%-20%), which decreased with concentration. Twenty
four hour post-exposure viability for the smoke and burn phases was ~70% and decreased with
concentration; smolder phase viabilities were ~80% for all doses. As CB concentration increased, viability
decreased at 8 and 24 h post-exposure; SWCNTs demonstrated high viabilities for all doses at 8 h and
decreasing viability with increasing dose 24 h post-exposure. For all treatments, ROS increased over time
(0-48 h), but only showed concentration dependence for smoke and smolder phases. The burn phase
produced the least ROS signal, while the smoke phase produced the greatest increases. Overall, cell
viability decreased during acute exposure to each combustion product phase and ROS increased with
time and concentration.
Distribution A. Approved for public release; distribution unlimited. (PA Case No 88ABW-2017-XXXX,
Date).
ABSTRACT NUMBER: 3598
Poster Board Number: P391
TITLE: Cytotoxicity of Six Metal Oxide-Engineered Nanomaterials Using Primary Mouse Tracheal Airway
Epithelial Cells at an Air-Liquid Interface
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. S. Van Winkle1,2, S. M. Thomasy2, K. E.
Pinkerton1,3, and J. M. Bustamante1,3. 1Center for Health and the Environment, Davis, CA; 2School of
Veterinary Medicine, Davis, CA; and 3University of California Davis, Davis, CA.
KEYWORDS: Nanoparticles; Inhalants; Cell Culture
ABSTRACT: Engineered nanomaterials (ENMs) are used in the production of a wide range of industrial
materials. They are an emerging environmental pollutant and occupational hazard that pose a risk to
human health via inhalation. Metal nanomaterials represent the largest and fastest growing group of
ENMs. in vivo murine studies have shown that inhalation of metal oxide nanoparticles can result in acute
lung inflammation and toxicity. Metal oxides have a tendency to aggregate without the addition of a
surfactant or polymer and thus cytotoxicity of these materials is not often studied without a capping
agent. Further, the response of primary lung epithelial cells that are differentiated and maintained at an
air-liquid interface better simulates in vivo exposures by inhalation in comparison to cell lines. Thus, the
goal of this study was to compare the toxicity of well-characterized ENMs in a primary lung cell model.
Adult male mouse tracheal epithelial cells were cultured on semi-permeable membranes, transitioned
to an air-liquid interface over the course of several weeks to differentiate and then exposed to 6
different well-characterized, non-capped metal oxide ENMs including 30 nm aluminum oxide, 10 nm
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iron oxide, 10 nm or 30 nm cerium oxide, or 1% or 10% silver supported on silica at concentrations
ranging from 10 to 250 µg/mL following a rigorous resuspension and characterization protocol;
hydrogen peroxide at concentrations ranging from 5 to 100mM was used as a positive control while ALI
media was used as a negative control. Cell density and changes in cell permeability on the membranes
after a 24-hour exposure to the ENMs, hydrogen peroxide or media was assessed. All tested
nanomaterials did not significantly alter cell density or cell permeability. However, cell counts from 10
nm CeO2, 10 nm Fe2O3,1% Ag SiO2, and 10% Ag SiO2 do suggest a trend towards a dose response with
declines in density from 84% to 65% as the concentrations of ENMs increased. This may become
significant at higher ENM concentrations or under different cellular conditions, such as wound healing
and/or inflammation. We conclude that these ENM are not acutely cytotoxic to airway epithelial cells at
the environmentally relevant concentrations tested. Supported by U01 ES027288.
ABSTRACT NUMBER: 3599
Poster Board Number: P392
TITLE: Toxic Responses of Titanium Dioxide and Deposition Rates through an Aerosol Exposure
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: I. Bang. Sungkyunkwan University, Suwon,
Korea, Republic of.
KEYWORDS: Nanoparticles; Lung; Pulmonary or Respiratory System
ABSTRACT: Titanium dioxide (TiO2) has been known to use sunscreen products and industrials fields.
Although there are many toxicity studies of TiO2 nanoparticles (NPs), the information on toxicity of TiO2NPs using aerosol exposure model is limited. The aim of this study was to evaluate the cytotoxicity of
TiO2-NPs aerosol using in vitro aerosol exposure system. TiO2-NPs stock solution was prepared as
concentration of 10 g/L. The size distribution of TiO2-NPs was measured by scanning mobility particle
sizer. TiO2-NP aerosol was exposed by nano-generator in two ways which are for 3 times of 60-minute
exposure with 10-minute break and continuous 180-minute exposure in human lung cancer bronchial
epithelial (A549) cells. The deposited TiO2-NPs were analysed using Inductively coupled plasma mass
spectrometry. The cytotoxicity, ROS generation, and IL-8 release were evaluated in A549 cells treated
with TiO2-NP aerosol. Size distribution of TiO2-NPs was about 46 nm. The deposition rates of TiO2-NP
aerosol were 8.0% and 7.8% at 3 times of 60-minute exposure with 10-minute break and continuous
180-minute exposure, respectively. TiO2-NPs did not show any significant toxic responses in both
exposure 3 times of 60-minute exposure with 10-minute break and continuous 180-minute exposure.
ABSTRACT NUMBER: 3600
Poster Board Number: P393
TITLE: Molecular Response of THP-1 Macrophage-Like Cells to Nanoparticle Exposure
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Brzicova1,2, E. Javorkova1, K. Vrbova1, H.
Libalova1, K. Honkova1, A. Zajicova1, V. Holan1, J. Klema3, J. Topinka1, and P. Rossner1. 1Institute of
Experimental Medicine, Prague, Czech Republic; 2VSB - Technical University of Ostrava, Ostrava, Czech
Republic; and 3Czech Technical University in Prague, Prague, Czech Republic.
KEYWORDS: Nanoparticles; Immunotoxicity; Gene Expression/Regulation
ABSTRACT: Nanoparticles (NPs) represent foreign objects for the body. As such, they may be recognized
and processed by immune cells, among which macrophages play a crucial role in elimination of NPs as
well as in mediation of their toxicity, e.g., by inducing inflammation. In the present study, we compared
effects of NPs of a different chemical composition obtained from the EU JRC Nanomaterials Repository
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[NM-100 (TiO2, 190 nm), NM-110 (ZnO, 150 nm), NM-200 (SiO2, 50 nm), and NM-300K (Ag, 20 nm)] on
PMA-differentiated THP-1 macrophage-like cells. Cells were incubated with non-cytotoxic
concentrations of NPs (1-25 µg/mL; determined by the MTS assay) for 24 h. The microarray technology
and pathway analysis were employed to investigate changes in whole-genome expression.
Subsequently, ELISA and flow cytometry were performed to confirm transcriptomics data on a protein
level, with a particular focus on products of differentially expressed immune-related genes (cytokines,
chemokines and cell surface markers). Exposure to diverse NPs caused substantially different molecular
responses. No significant effects were detected in NM-100. NM-200 induced chemokine production,
mainly IL-8, a potent attractor and activator of neutrophils. NM-110 triggered a proinflammatory
response characterized by activation of NF-κB transcription factor and enhanced production of
proinflammatory cytokines, such as TNF-α, and chemokines (IL-8). Moreover, expression of cell adhesion
molecules CD106 (VCAM-1) and CD54 (ICAM-1) was significantly increased. NM-300K also enhanced IL-8
production, however, it decreased expression of chemokine receptors, e.g. CD192 (CCR2), and CD86, a
costimulatory molecule for T-cells, indicating potential immunosuppressive activity of the Ag NPs. At
higher doses (25 µg/mL), both NM-100 and NM-300K induced transcription of genes related to DNA
damage response, oxidative stress, cell cycle modulation and apoptosis. Observed toxicity of ZnO and Ag
NPs was probably mainly caused by their intracellular dissolution, as indicated by transmission electron
microscopy imaging. Supported by MEYS CR (LO1508, LM2015073), Czech Science Foundation
(P503/12/G147).
ABSTRACT NUMBER: 3601
Poster Board Number: P394
TITLE: Enhancement of Transdermal Protein Sensitization by Titanium Dioxide Nanomaterials
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Adachi, N. Tamehiro, S. Sakai, Y. Kimura,
H. Cui, T. Nishimaki-Mogami, and K. Kondo. National Institute of Health Sciences, Kawasaki, Japan.
Sponsor: K. Ogawa
KEYWORDS: Immunotoxicity
ABSTRACT: Nanomaterials are widely used in a variety of industrial fields. Titanium dioxide
nanomaterials (nano-TiO2) are present in many sunscreen products and therefore frequently come in
contact with human skin. The transdermal protein sensitization pathway is known to be very important
in the pathogenesis of allergic diseases. In this study, we investigated the effects of nano-TiO2 on
antigen sensitization via the transdermal pathway using BALB/c mice and ovalbumin (OVA) as a model
antigen. Furthermore, to evaluate adjuvant activity of nano-TiO2, the effects on the induction of NLRP3
inflammasome activation and production of IL-1β in macrophages are also investigated with the in vitro
assay system. Four types of nano-TiO2 were used as samples: 6-ANA (particle size: 6 nm, anatase type),
15-ANA (15 nm, anatase type), 15-RUT (15 nm, rutile type), and 35-RUT (35 nm, rutile type). A
suspension of OVA (1-2 μg/mouse) and nano-TiO2 (12.5 ng-1.25 mg/mouse) was transdermally
administered using patches. After four cycles of sensitization for three days per week, active systemic
anaphylaxis (ASA) was induced by intraperitoneal injection of OVA. Rectal temperatures, anaphylactic
response scores, and plasma histamine levels were measured. 15-RUT (12.5 μg) and 15-ANA (1.25 μg)
enhanced production of OVA-specific IgE and IgG, and also enhanced ASA induced by intraperitoneal
injection of OVA after transdermal sensitization. 6-ANA (125 ng) intensified immune responses to OVA
more strongly than 15-RUT and 15-ANA. 35-RUT did not intensify these responses. All four types of
nano-TiO2 induced inflammasome activation and production of IL-1β in macrophages, with 6-ANA
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showing the strongest activity. This study therefore demonstrates the occurrence of nano-TiO2enhanced transdermal protein sensitization, and also indicates that nano-TiO2 may function as adjuvant
in antigen sensitization.
ABSTRACT NUMBER: 3602
Poster Board Number: P395
TITLE: Development of a Deep Learning Algorithm for Synchronized Activity Detection in MEA Data from
Human-Induced Pluripotent Stem Cell-Derived Neurons
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. Miyamoto1, A. Ojima1, T. Kitamura2, T.
Osada3, T. Kadowaki1, and T. Yoshinaga1. 1Eisai Co., Ltd., Tsukuba, Japan; 2LSI Medience Corporation,
Kamisu, Japan; and 3LSI Medience Corporation, Tokyo, Japan. Sponsor: S. Asakura
KEYWORDS: In Vitro and Alternatives; Neurotoxicology; Risk Assessment
ABSTRACT: Use of the multi-electrode array (MEA) system to record spontaneous electrophysiological
activity generated from neuronal networks in vitro could be a good risk evaluation method for druginduced seizure events in drug discovery. Spontaneous electrical activity in neural networks consists of
action potential spikes and organized patterns of action potential bursts. These activities are able to be
observed after several weeks’ cultures in human induced pluripotent stem cell (hiPSC)-derived neurons.
The burst spikes are gradually generated, periodic synchronized burst patterns among multiple
electrodes in an MEA probe. Because the synchronicity in the neuronal network is thought to be an
epileptogenic marker, development of quantification method for the synchronized burst is important.
XCL-1 Mixed Neurons, a mixed population of glutamatergic and GABAergic hiPSC-derived neurons, were
cultured on MED64 probes. Basal neuronal activity and response to picrotoxin (0.1, 0.3, 1, 3 and 10 μM)
were recorded for 10 minutes by the MED64 system every week from 6 to 11 weeks, after seeding of
the cells. Two methods for quantifying the synchronized burst phenotype were tested. Mean squared
error (MSE) values from a deep learning algorithm and the sum of multi-channel spike rates (MSR) from
64 channels in a probe were calculated from MEA data and the temporal change was plotted for 10
minutes. Both the MSE and MSR of the XCL-1 Mixed Neurons showed a periodic synchronized burst
pattern from 7 weeks’ culture duration, after seeding on MED64 probes. The temporal change pattern in
10 minutes of MSE was very consistent with the pattern of MSR in every data sample. Repetitive
oscillation pattern was gradually generated in a synchronized burst event for both MSE and MSR
similarly depending on the culture period. The oscillation number was increased with advanced culture
duration and enhanced by GABAA antagonism with picrotoxin. The quantified index “MSE”, calculated
from the deep learning algorithm using MEA data, would be an informative index for judging the seizure
liability of drugs. The automated MSE analysis shed light on significant throughput improvement for
massive MEA data analysis without arbitrariness.
ABSTRACT NUMBER: 3603
Poster Board Number: P396
TITLE: A Transcriptomic Assessment of Osteogenesis in TCDD-Exposed Human Bone-Derived
Mesenchymal Stromal Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. T. D. Watson, A. C. Baez, D. D. Jima, D. M.
Reif, and S. W. Kullman. North Carolina State University, Raleigh, NC.
KEYWORDS: Receptor; Aryl Hydrocarbon; Toxicogenomics; Bone
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ABSTRACT: Bone formation requires strict coordination of transcriptional regulatory pathways to direct
commitment and differentiation of mesenchymal stem cells to become bone-forming osteoblasts. There
is increasing concern that exposure to chemical agents in the environment, notably aryl hydrocarbon
receptor ligands, may perturb the gene regulatory networks and/or modulate the epigenomic landscape
governing osteogenic differentiation from multipotent mesenchymal stem cells. In the present study,
human bone derived mesenchymal stromal cells (hBMSCs) were cultured in growth media + DMSO
(GM/DMSO, undifferentiated), osteogenic differentiation media + DMSO (ODM/DMSO), or ODM + 10
nM TCDD (ODM/TCDD). RNA-Seq was conducted to assess global changes in gene expression in a
temporal manner across multiple timepoints associated with osteogenic lineage specification, and
subsequent stages of osteoblast differentiation and matrix mineralization. During early stages of lineage
commitment and osteogenic differentiation, ODM/TCDD-treated hBMSCs demonstrated a significant
attenuation of DLX5 expression, and expression of genes encoding the fibroblast growth factor (FGF),
transforming growth factor beta (TGF-β), bone morphogenetic protein (BMP), and WNT signaling
pathways. At apical stages, TCDD attenuated Alizarin Red S staining (i.e. matrix mineralization) along
with concomitant alterations in genes associated with vesicle-mediated transport, and extracellular
matrix synthesis and organization. Moreover, across all timepoints, we observe differential expression of
several lincRNAs, miRNAs, and other genes previously shown to impact post-translational modification
of histones, chromatin remodeling, and mRNA transcription or translation. Taken together, these data
suggest that in addition to dysregulation of key osteogenic signaling pathways, AhR ligands may also
target multiple epigenetic modulators associated with osteogenic differentiation from mesenchymal
stem cells precursors.
ABSTRACT NUMBER: 3604
Poster Board Number: P397
TITLE: Loss of Polycomb Repressive Complex 2 Impairs Lung Bronchiolar Cell Growth and Underlies
Chronic Obstructive Pulmonary Disease
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. L. Byrd. University of Kentucky, Lexington,
KY. Sponsor: C. Brainson
KEYWORDS: Lung; Pulmonary or Respiratory System; Epigenetics; Knockouts
ABSTRACT: EZH2, the functional enzymatic component of the Polycomb Repressive Complex 2 (PRC2), is
a histone methyl transferase that tri-methylates histone H3 at lysine 27 (H3K27me3). This protein plays
a significant role in maintaining tissue specificity by silencing gene programs that control lineage fate.
We hypothesized that PRC2 controls cell fate of the lung stem cells. In order to test this hypothesis, we
generated mice in which we can conditionally delete Ezh2 upon ingestion of doxycycline. To examine
growth, differentiation and self-renewal potentials of different lung epithelial cells, we FACS-isolated
distal lung bronchioalveolar stem cells (BASCs) and alveolar type 2 cells. We cultured these cells in airliquid-interface Matrigel cultures. We observed a 2-fold decrease in both bronchiolar and alveolar lung
organoids derived from BASCs, while there was no difference in Ezh2 knock-out alveolar cells compared
to control. To test in vivo potential of EZH2 depleted epithelium to repair, we performed naphthalene
injury, which specifically injures the bronchiolar club cells. We observed that 7 days post naphthalene
injury, Ezh2 knock-out lungs had significantly less repair, as measured by repopulation of bronchiolar
lung cells. Given that we observed that lung stem cells were impaired when PRC2-mediated gene
repression was perturbed, we sought to learn if PRC2 is also dysregulated in Chronic Obstructive
Pulmonary Disease (COPD). We first performed Gene Set Enrichment Analysis and found that gene up-
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regulated in COPD patients relative to healthy smokers were also up-regulated in Ezh2 knock-out
adenocarcinoma cells. We next obtained lung tissue from healthy patients and patients with COPD and
performed immunohistochemistry for the PRC2 mark H3K27me3 and immunofluorescence for basal and
club cells. There was a significant decrease in H3K27me3, coupled with an increase in goblet cells that
contained high expressions of club cell markers in COPD lung compared to healthy controls. Together
our results indicate that PRC2 plays an important role in distal lung stem cell function, which may be
perturbed in COPD patients. ChIP-seq and RNA-seq studies to understand the transcriptional and
epigenetic changes leading to these phenotypes are underway.
ABSTRACT NUMBER: 3605
Poster Board Number: P398
TITLE: Three-Dimensional Analysis of Perineural Vascular Plexus Development In Vitro
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: G. Kaushik1,2, E. Torr1,2, H. J. Johnson1,2, C.
M. Soref1,2, J. Antosiewicz-Bourget3,2, S. Acevedo1, B. Johnson1,2, S. P. Palecek1, D. J. Beebe1,2, J. A.
Thomson3,2, W. T. Daly1,2, and W. L. Murphy1,2. 1University of Wisconsin-Madison, Madison, WI; 2Human
Models for Analysis of Pathways (HMAPs) Center, Madison, WI; and 3Morgridge Institute of Research,
Madison, WI.
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ABSTRACT: As the developing human brain can be exposed to toxic compounds through maternal
exposure, there is a vital need to create in vitro models that recApitulate the cellular and biological
mechanisms in the developing human brain at early embryonic stages to study developmental toxicity.
The perineural vascular plexus (PNP) represents a key stage in the embryonic development, where
angiogenesis from the pial surface and corticogenesis from ventricular zone correlates in opposite
directions. To model this phenomena in vitro, we co-cultured human embryonic stem cell (hESCs)
derived endothelial cells (ECs), neural progenitor cells (NPCs) and microglia (MG) with primary pericytes
(PCs) in poly(ethylene glycol) hydrogels on a custom designed microfluidics plate. At day 0, ECs, PCs and
MG were encapsulated in a synthetic PEG hydrogel and allowed to form a 3D microvasculature over the
course of a 5 day period. A synthetic hydrogel, or a glial limiting membrane was overlaid on the surface
of the hydrogel during assembly. At day 6, NPCs were added onto the surface of the synthetic hydrogel
and subsequently allowed to assembly for a two-week period approximately to allow maturation of the
neuroepithelium. We characterized and validated the formation of vascular plexus with endothelial
(CD31, VE-cadherin) and pericytes (PDGFRβ) markers, and neural layer with progenitor (Sox1), neuronal
differentiation (βIII Tubulin, GFAP) and radial glia differentiation (Nestin, pVimentin) markers. We found
that vascular plexus promoted the maturation and development of neural layer by secreting brainderived neurotrophic factor (BDNF). Whereas, neural layer promoted the remodeling of vascular plexus
and migration of endothelial cells by secreting vascular endothelial growth factor (VEGF). Metabolic
analysis by NMR spectroscopy showed that the development of neural layer preferred glycolytic
pathway by consuming glucose and secreting lactate. We propose that our in vitro model, which
captured the time-course development of neural layer and vascular plexus similar to early embryonic
developmental stages in vivo, would help with more pathologically- and physiologically-relevant
predictions of developmental toxicity.
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ABSTRACT NUMBER: 3606
Poster Board Number: P399
TITLE: Inhibition of IKr and IKs Repolarizing Potassium Currents and Repolarization Reserve in Human iPSC
Cardiomyocytes
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Shi, M. Huang, and P. Levesque. BristolMyers Squibb Company, Pennington, NJ. Sponsor: G. Michael
KEYWORDS: Safety Pharmacology; Cardiovascular System; In Vitro and Alternatives
ABSTRACT: The repolarizing delayed rectifier potassium current (IK) consists of slowly (IKs) and rapidly
(IKr) activating components in human heart. Inhibition of IKr is a common cause of drug-induced delayed
repolarization and arrhythmia, and inherited loss of function mutations in both IKr or IKs have been
associated with Long QT Syndrome (LQTS). The presence of both currents in ventricle provides
repolarization redundancy and is protective, but inhibiting both IKr and IKs with non-selective drugs or by
dosing a LQTS patient with a mutation in IKs with a drug that inhibits IKr is more likely to cause
arrhythmias. In this study, multielectrode array and selective inhibitors of IKr and IKs were used to assess
their respective contributions to repolarization and demonstrate repolarization reserve in human iPSC
cardiomyocytes (hiPSC-CMs). BMS-208782 is a selective IKs blocker with an IC50 of 2 nM against
KCNQ1/KNCE1 overexpressed in HEK293 cells. BMS-208782 alone minimally increased FPDc by 2%, 4%
and 14% at 30, 100 and 300 nM, respectively, in hiPSC-CMs. Dofetilide, a selective IKr (hERG) blocker,
increased FPDc by 31% at 3 nM. The FPDc increase by 3 nM dofetilide was potentiated to 67% (n=11) in
the presence of 100 nM BMS-208782, which had minimal effect on FPDc by itself. Dofetilide at 10 nM
alone caused tachyarrhythmia and addition of 100 nM BMS-208782 resulted in more severe arrhythmia
and beating arrest in 4 out of 7. This data shows that combined IKr and IKs inhibition produces synergistic
effect on repolarization, demonstrating the concept of repolarization reserve in hiPSC-CMs.
ABSTRACT NUMBER: 3607
Poster Board Number: P400
TITLE: Noninvasive Live Cell Imaging Assays for Toxicity Prediction Using Neuroepithelial-Like Stem Cells
Derived from Human iPS Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Suga1, H. Kii2, N. Ueda1, T. Nakano1, Y.
Liu1, T. Uozumi2, T. Dan2, Y. Kiyota2, and M. K. Furue1,2. 1National Institutes of Biomedical Innovation,
Health and Nutrition, Osaka, Japan; and 2Nikon Corporation, Tokyo, Japan. Sponsor: H. Kojima
KEYWORDS: In Vitro and Alternatives; Cytotoxicity; Neurotoxicity; Developmental
ABSTRACT: Several in vitro developmental neurotoxicity testing methods based on human pluripotent
stem cells have been proposed with the “3R” concept: refining, reducing, and replacing the use of
animals. However, these methods comprise steps of multicellular aggregation (embryonic bodies or
neurospheres) with ill-defined ingredients, such as fetal bovine serum or serum replacements, that
hinder precise monitoring of cellular response to chemical exposure, reduce reproducibility, and
inherently use animals. Hence, we developed a new live cell imaging assay to precisely monitor cellular
response to chemicals in vitro. In this study, we first induced neuroepithelial-like stem cells (NSCs) from
human iPS Tic cells (JCRB1331) under the defined medium condition, which consisted of minimal
components. The Tic-derived NSCs expressed neural stem cell markers, including NESTIN, SOX1, SOX2,
and PAX6, and had a potency of neuronal maturation. Then, we performed live cell imaging assays to
test both cytotoxicity and differentiation toxicity of valproic acid (VPA; 0.1-2.4 mM), dexamethasone
(DEX; 2.5-100 μM), and ethanol (EtOH; 0.2%-2.5%) on the NSC induction from Tic cells. In addition, after
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adding test chemicals, we obtained phase-contrast time-lapse images every 3 h from 3 h to 69 h. The
results of imaging analysis revealed that these test chemicals affected the cell viability in a dose- and
time-dependent manner. In this study, the cytotoxicity indices (TC50) were as follows: VPA: 3.09 mM (24
h), 1.05 mM (48 h), and 0.70 mM (69 h); DEX: 101.2 μM (24 h), 60.6 μM (48 h), and 35.8 μM (69h); and
EtOH, 0.79% (24 h), 0.64% (48 h), and 0.54% (69 h). Further, we assessed the effects of the chemicals on
NSC differentiation by analyzing the morphological changes in the cells. The results revealed that NSC
differentiation was significantly inhibited by VPA and EtOH, but not by DEX, suggesting that the assay
time point is critical for quantitative assessment and our imaging analysis using defined conditions is
suitable to monitor cellular response to chemical exposure with the “3R” concept.
ABSTRACT NUMBER: 3608
Poster Board Number: P401
TITLE: Validation of the High-Throughput Myeloid Toxicity Assay to Predict Acute Drug-Induced
Neutropenia Across a Diverse Set of Drug Candidates
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Q. Wang, T. Yukawa, Y. Dragan, and M.
Wagoner. Takeda Pharmaceuticals Inc., Cambridge, MA.
KEYWORDS: Pharmaceuticals
ABSTRACT: Drug-induced neutropenia is a serious and potentially life-threatening adverse event,
associated with significant morbidity and mortality. It is a common side effect of anti-neoplastic agents,
often resulting in dose reduction or discontinuation of therapy. The development of in vitro predictive
toxicology neutropenia assays are needed to help pharmaceutical companies design and optimize safer
cancer treatments. Recently, higher throughput and standardized myeloid toxicity assays are being
marketed, but their ability to predict neutropenia in patients is as of yet unproven. To evaluate the
predictive capabilities of this assay, a validation experiment was conducted using 28 structurally diverse
compounds with known in vivo bone marrow effects. These compounds, including a combination of
FDA-approved drugs and preclinical anti-cancer drug candidates were studied over a 9-log dose range
for their effects on myeloid differentiation. In general, compounds identified as toxic in vivo had lower
IC50 values, whereas those identified as non-toxic had higher IC50 values. The in vitro neutropenia assay
had a predictive accuracy 85.7% when the in vivo exposure greatly exceeded the in vitro IC50 ([ in vivo
Cmax/in vitro IC50] > 2). The high throughput neutropenia assay has good concordance with in vivo bone
marrow toxicity observations and, with the high throughput and standardized format, can be
incorporate readily into the pharmaceutical toxicological screening paradigm, aiding in the early
identification of compounds that eventually may fail due to bone marrow toxicity.
ABSTRACT NUMBER: 3609
Poster Board Number: P402
TITLE: Conditional Reprogramming of Human Mammary Cells: A Promising In Vitro Model for Precision
Breast Cancer Toxicology
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Thong, M. D. Brooks, K. Neier, L.
Middleton, S. Karram, S. Rocco, C. Harris, M. S. Wicha, and J. A. Colacino. University of Michigan, Ann
Arbor, MI.
KEYWORDS: Metals; Carcinogenesis; Gene Expression/Regulation
ABSTRACT: Conditional reprogramming (CR) is an in vitro method using patient derived tissues, which
may allow for assessment of gene-environment interactions and interindividual heterogeneity in
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response to environmental stressors. CR culture conditions induce rapid expansion of primary epithelial
cells in co-culture with irradiated mouse embryonic fibroblasts. The goal of this study was to
characterize the effects of CR on cells isolated from voluntary reduction mammoplasties, quantifying
alterations in breast cancer relevant outcomes: Stem cell proliferation, cell type proportions, cellular
redox environment, and response to a mammary gland toxicant, cadmium (Cd). CR cultures were
established from as few as 1000 cells, yielding sufficient material for experimental manipulation even
from small tissue biopsies. CR cells retain the ability to form mammospheres in non-adherent conditions
and differentiate into organoids in 3D hydrogel culture. To understand the effects of CR on proportions
of breast cell types, we performed single cell RNA-sequencing (Drop-seq) of mammary cells pre- and
post-CR (n=3 individuals). CR cells are depleted of fibroblasts and hematopoietic cells, but retain luminal
epithelial and myoepithelial cells in proportions which appear to reflect those in the original sample.
Relative to cells pre-CR, CR cells overexpress genes associated with pre-pubertal mammary cells,
including VIM, KRT14, KRT19, and LGALS1, reflecting potential reprogramming to a more primitive state.
HPLC quantification of GSSG:GSH concentrations showed that the redox potential of CR cells ranged
from-253mV to -263mV whereas pre-CR cells ranged from -128mV to -143 mV. We tested the effects of
Cd (0.25µM, 2.5µM) on CR mammosphere formation and intracellular redox. The 0.25µM Cd treatment
resulted in a 26% increase in primary mammospheres (p=0.01), while the 2.5µM treatment resulted in
no significant changes. There were no significant changes in secondary mammosphere formation at
either dose. Redox HPLC showed that neither dose of Cd significantly perturbed the intracellular redox
potentials. These results define key biological alterations driven by the CR process and highlight the
potential utility of this process in precision toxicology to quantify gene-environment interactions in
patient derived tissues.
ABSTRACT NUMBER: 3610
Poster Board Number: P404
TITLE: Substrate Influences on Energy Metabolism of the Renal Cell Line LLC-PK1
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Denoon, and S. M. Ford. St. John's
University, Jamaica, NY.
KEYWORDS: Metabolism; Cell Culture; Renal
ABSTRACT: LLC-PK1 possesses many transport functions of the proximal tubule, but its metabolism
differs from the highly oxidative tubule metabolism in vivo. This may influence its reliability in predicting
toxicity. Altering growth media composition has been shown to shift cultured liver and muscle cells from
high glycolytic activity to increased oxidative metabolism, but few studies have been done on renal cells.
This study is designed to assess the impact of growth media modulation on metabolism of LLC-PK1 via
measurement of oxygen consumption rate (OCR) and extra-cellular media acidification rate (ECAR) using
the Seahorse XFp Analyzer (Agilent Technolgies). Metabolic inhibitors were used to assay maximal
respiration (OCR in the presence of the uncoupling agent FCCP) and spare respiratory capacity (OCR in
the presence of FCCP and the ATP synthase inhibitor oligomycin). Spare respiratory capacity is the ability
to increase oxidative phosphorylation from basal levels during an energetic demand. Cells were grown
to confluence in SFFD media containing 3% FBS and 5 or 17.5 mM glucose. There were no differences in
mitochondrial indices spare respiratory capacity and maximal respiration, or the glycolysis index ECAR
between the two conditions, indicating that an increase in glucose concentration did not influence
energy metabolism. Further studies were done with quercetin (Q) which has been shown to stimulate
mitochondrial biogenesis and the oxidative substrate acetoacetoacetate (AA). LLC-PK1 cells were grown
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in media containing 5 mM or 2 mM glucose supplemented with 5 mM AA, 15 µM Q or a combination of
5 mM AA+15 µM Q. The doses of AA and/or Q used were non-toxic by neutral red. Maximal respiration
and spare respiratory capacity were increased in cells grown in 5 mM media supplemented with AA or
A+Q. No effects of AA or Q were seen in cells grown in media containing 2 mM glucose. ECAR rates were
lower in cells grown in 5 or 2 mM glucose media with AA supplementation, as well as 2 mM with AA+Q.
The results indicate that supplementation with AA can alter cellular metabolism.
ABSTRACT NUMBER: 3611
Poster Board Number: P405
TITLE: Functional Transepithelial Transport Measurements to Detect Nephrotoxicity In Vitro Using the
RPTEC/TERT1 Cell Line
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Secker1, N. Schlichenmaier1, M.
Beilmann2, U. Deschl2, and D. R. Dietrich1. 1University of Konstanz, Konstanz, Germany; and 2Boehringer
Ingelheim Pharma GmbH & Co. KG, Bieberach an der Riß, Germany.
KEYWORDS: Cell Culture; Cell Communication; Renal
ABSTRACT: The kidney is a frequent target for organ-specific toxicity as a result of its primary function in
controlling body fluids for example via resorption of amino acids, peptides, nutrients, ions and
xenobiotics from the primary urine as well as excretion of metabolic waste products and hydrophilic and
amphiphilic xenobiotics from the bloodstream. Compounds exhibiting dose-limiting nephrotoxicity
include drugs from highly diverse classes and chemical structures e.g. antibiotics (gentamicin),
chemotherapeutics (cisplatin), immunosuppressants (cyclosporine A, tacrolimus) or bisphosphonates
(zoledronate). All of these compounds elicit nephrotoxicity primarily by injuring renal proximal tubule
epithelial cells (RPTECs). However, prediction of a compound’s nephrotoxic potential in humans to
support early unmasking of risk-bearing drug candidates remains an unmet challenge, mainly due to the
complex kidney anatomy as well as pronounced interspecies differences and lack of relevant and
validated human in vitro models. The recently established RPTEC/TERT1 cell line, telomerase (TERT1)immortalized primary human RPTECs, was used to carry out toxicity studies with a focus on functional
characteristics of the cells, i.e. transepithelial electrical resistance (TEER), vectorial transport of water,
Asp+ and Lucifer Yellow and cellular impedance (xCELLigence assay) as a real-time measure of
cytotoxicity under routine single and multiple exposure scenarios. As expected, most compounds
resulted in an exposure time and concentration dependent cytotoxicity. Contrary to expectations, low
concentrations of nephrotoxicants resulted in an increased TEER, while inhibited water transport was
observed at non-cytotoxic concentrations of cyclosporine A, tracrolimus, gentamicin, cisplatin and
dexamethasone, but not for zoledronate and probenecid. These data demonstrate that functional
parameters may be sensitive and meaningful endpoints for assessing nephrotoxicity in human renal
proximal tubule epithelial cells in addition to cytotoxicity or high-throughput omics determinations
often proposed.
ABSTRACT NUMBER: 3612
Poster Board Number: P406
TITLE: Mouse Population-Based Evaluation of Urinary Protein and miRNA Biomarker Performance
Associated with Cisplatin Renal Injury
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Tobacyk1, H. Lin1, J. C. Seely2, and A.
Harrill3. 1University of Arkansas for Medical Sciences, Little Rock, AR; 2Experimental Pathology
Laboratoris, Research Triangle Park, NC; and 3NIEHS, Research Triangle Park, NC.
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KEYWORDS: Kidney; Clinical Toxicology; SiRNA
ABSTRACT: Drug-induced nephrotoxicity plays a major role in the high incidence and prevalence of
acute kidney injury (AKI) in in patients. A primary objective of research has been identifying early and
reliable biomarkers for detecting AKI in the clinic. Traditional serum markers for assessing renal toxicity,
such as creatinine (sCre) and blood urea nitrogen (BUN) are considered insensitive and unable to detect
very early stages of kidney injury. However, urinary biomarkers have recently attracted attention as
potential biomarkers for early AKI detection. The majority of biomarker discovery experiments have
been performed using genetically homogenous rodent models which are limited in their ability to
represent natural human variation, therefore may have limited clinical utility. In this study, genetically
heterogeneous Diversity Outbred (DO) mice were used as a surrogate for human patients to investigate
performance of urinary candidate biomarkers against classical serum biomarkers (BUN and sCre) for AKI.
In this study, cisplatin was used as a prototypical kidney toxicant and female adult DO mice were
exposed to cisplatin (5 mg/kg, i.p.) or vehicle and necropsied 72 h post-dose and 18 h following
overnight urine collection (N=45/group). Interindividual variability in kidney toxicity was observed, with
treated DO mice experiencing either no renal tubular cell necrosis (41%), minimal (grade 1, 39%), or mild
(grade 2, 20%) necrosis. While there were significant increases in urinary biomarkers with grade 2
necrosis (B2-microglobulin, renin, KIM-1, IP-10, NGAL, osteopontin; miRNA (miR)-138, miR-218, miR685), performance was not better than BUN, which was also elevated with grade 2 necrosis. Despite
promising receiver operator characteristic (AUROC) values, novel urinary miRNA and protein biomarker
abundance in cisplatin-treated DO mice with grade 1 tubule necrosis was not different from controls or
from cisplatin-treated DO mice with grade 0 necrosis. These studies demonstrate a novel approach for
using a genetically diverse rodent population to assess sensitivity of candidate biomarkers, especially for
proposed clinical applications and also highlight limitations in using AUROC values for biomarker
qualification.
ABSTRACT NUMBER: 3613
Poster Board Number: P407
TITLE: Toxicology Assessment of In Vivo Lentiviral Vector in a DEN/CCl4-Induced Liver Injury Mouse
Model
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. A. Kaiser1,2, C. T. Nicolas2, K. L. Allen2, J.
Chilton3, Z. Du2, R. D. Hickey2, and J. B. Lillegard1,2. 1Children's Hospital of Minnesota, Minneapolis, MN;
2
Mayo Clinic, Rochester, MN; and 3Charles River, Reno, NV.
KEYWORDS: Biotech Products; Genotoxicity; Liver
ABSTRACT: We developed a lentiviral vector (LV) for in vivo gene therapy for hereditary tyrosinemia
type I (HT1) and evaluated general toxicology and specific hepato-toxicity of a single intravenous dose of
LV expressing human fumarylacetoacetate hydrolase (LV-FAH) in wild-type mice and mice exposed to
N-nitrosodiethylamine (DEN) and carbon tetrachloride (CCl4). Study groups included control, DEN/CCL4,
LV-FAH (109 TU/mouse), and the combination of LV-FAH and DEN/CCl4 (n=20). Cohorts of each group
were designated for clinical pathology and liver histology at the end of a 109-day sham or liver injuryinduction period following LV injection. There were no changes in observational data associated with
any treatment group. Exposure to DEN/CCl4 alone or with LV-FAH was associated with attenuated body
weight gains compared to control (3.2x and 3.7x starting body weight vs 4.2x, respectively), decreased
heart weight (0.85-0.81x), increased splenic weight (1.06-1.12x), and elevations in AST (2.3-2.7x) and
ALT (3.2-4.2x). LV-FAH alone was associated with attenuated body weight gains (3.3x) and reduced
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kidney weights (0.93x) with one animal demonstrating an increase in creatinine and BUN, while the
combination of LV-FAH and DEN/CCl4 was associated with further reduced kidney weights (0.91x) and
group increases in BUN (1.2x) and creatinine (1.2x). Liver histology demonstrated that LV-FAH alone
caused no changes when compared to the control group, while groups receiving DEN/CCl4 with or
without LV-FAH showed diffuse hepatocellular hypertrophy and/or hyperplasia, karyocytomegly, and
biliary stasis. The combination of DEN/CCl4 and LV-FAH was associated with an increased severity of
these findings, advancing to hepatocyte degeneration and necrosis. There were no hepatocellular
tumors observed in any group tested. These results indicate that systemic LV-FAH administration at this
therapeutic dose caused no adverse effects in wild type mice; however, it was associated with
exacerbation of hepatocyte injury in a DEN/CCl4-induced liver injury model.
ABSTRACT NUMBER: 3614
Poster Board Number: P408
TITLE: Phosphatidic Acid Accumulates Due to Lipin Suppression after Acetaminophen Overdose in Mice
and Humans and Is Important for Liver Regeneration
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. R. McGill1, A. J. Lutkewitte2, G. G.
Schweitzer2, S. Kennon-McGill1, L. P. James1, H. Jaeschke3, and B. N. Finck2. 1University of Arkansas for
Medical Sciences, Little Rock, AR; 2Washington University School of Medicine, St. Louis, MO; and
3
University of Kansas Medical Center, Kansas City, KS.
KEYWORDS: Liver; Mechanisms; Biomarkers
ABSTRACT: Acetaminophen (APAP) overdose is a major cause of acute liver failure (ALF) and ALF-related
deaths. However, the mechanisms of recovery are poorly understood. Phosphatidic acid (PA) is a
phospholipid that can stimulate cell proliferation. We hypothesized that liver PA content is increased
after APAP overdose and promotes liver regeneration. To test that, we treated C57Bl/6J mice with 300
mg/kg APAP and measured liver injury (ALT, histology), regeneration (PCNA immunoblot), liver PA (LCESI-MS/MS), and plasma PA at multiple time points. PA increased by 6h post-APAP (total PA: 5.6±1 fold
vs. vehicle control). Importantly, that increase preceded regeneration at 24 h and beyond. We also
compared PA in circulation between APAP overdose patients with and without liver injury and found
that three PA species were significantly higher (1.5 to 3-fold) in patients with injury compared to those
without. Based on western blotting, PCR, and enzyme activity, the mechanism of increased PA in mice
was suppression of the PA phosphohydrolases lipin 1 and 2 through post-translational, and later
transcriptional, deactivation. To determine if PA promotes proliferation in hepatocytes in vitro, we
overexpressed lipin 1 or 2 in HepG2 cells to decrease PA and measured DNA synthesis (3H-thymidine
incorporation). Importantly, DNA synthesis decreased ≥25% with overexpression of either enzyme.
Finally, treatment of mice with the inhibitor of PA synthesis FSG67 reduced liver regeneration (PCNA:
1.0±0.2 vs. 0.39±0.2 for vehicle and FSG67, respectively). Conclusions: PA increases after APAP overdose
and promotes liver regeneration. Plasma PA may be a useful biomarker of survival in ALF.
ABSTRACT NUMBER: 3615
Poster Board Number: P409
TITLE: Compound Toxicity Evaluation in 2D Vs. 3D/Spheroid HepaRG Cultures
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. Marshall, J. Pratt, M. Bourner, and D.
Thompson. MilliporeSigma, St. Louis, MO.
KEYWORDS: Hepatocytes; In Vitro and Alternatives
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ABSTRACT: Hepatotoxicity is a major concern in both the drug development process and in screening of
chemicals. Of the thousands of chemicals in use today, few have been fully evaluated for hepatotoxicity
in a model with both active metabolism and transporter function. With this issue in mind, the objective
of this study was to compare the sensitivity of the metabolic and transporter-competent HepaRG cell
line in 3D/spheroid culture format versus conventional 2D plate culture to several hepatotoxicants.
Three HepaRG cell lines were used for this evaluation: Control (5F), MDR1 KO and CYP3A4 KO. The
cytotoxicity of 4 known toxicants (doxorubicin (DOX), alfatoxin-B1 (AFB1), 4-nitrophenol and
cyclophosphamide) was tested over a dose range of 0.23-500 µM with or without cytochrome p450
(CYP) inhibitors using ATP content as the endpoint (CellTiter-GLO). HepaRG cells were seeded at 500
cells/well in Corning ULA Spheroid microplates for 3D/spheroid culture and at 50,000 cells/well in 96
well culture plates for 2D culture. AFB1, a compound known to require metabolic activation to exert
hepatotoxicity, was cytotoxic to all HepaRG cell lines in both 2D and spheroid formats. The spheroid
cultures were slightly more sensitive to AFB1 than the 2D cultures (EC50s of 1.6 vs 5.0 μM, respectively).
The CYP inhibitors ketoconazole (10 μM, CYP3A4) and ABT (1 mM, panCYP) effectively reduced the
cytotoxic effects of AFB1 in all cell lines. The CYP3A4 KO cells did not reduce AFB1 cytotoxicity compared
to controls, suggesting that other CYP isoforms play a more dominant role. DOX, a known substrate of
the MDR1 transporter, was also cytotoxic to all cell lines in both formats. As expected, MDR1 KO cells
were more sensitive to DOX than either the control or CYP3A4 KO cells, likely due to higher intracellular
concentrations of DOX. 4-Nitrophenol had a very steep toxicity curve with an EC50 of ~200 μM for all 3
cells lines in the 2D format, while the spheroid format was decidedly more sensitive with EC50s ranging
from 35 to 80 μM. In contrast to the other test compounds, cyclophosphamide was nontoxic to any of
the cell lines used under the conditions tested. In summary, we demonstrated that 3D/spheroid cultures
of HepaRG cells are equivalent or more sensitive than 2D cultures for cytotoxicity evaluations and that
HepaRG KO cell lines can aid in studying potential mechanisms of toxicity.
ABSTRACT NUMBER: 3616
Poster Board Number: P410
TITLE: PCB126 Inhibits the Activation of AMPK-CREB Signal Transduction Required for Energy Sensing in
Liver
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: G. S. Gadupudi, B. Elser, K. Gibson-Corley,
and L. W. Robertson. University of Iowa, Iowa City, IA.
KEYWORDS: Persistent Organic Chemicals; Hepatic; Endocrine Toxicology
ABSTRACT: 3,3’,4,4’,5-pentachlorobiphenyl (PCB126), a dioxin-like PCB, elicits toxicity through a wide
array of non-carcinogenic effects, including metabolic syndrome, wasting, and non-alcoholic fatty-liver
disease (NAFLD). Previously, we reported decreases in the transcription of several enzymes involved in
gluconeogenesis, before the early onset of lipid accumulation. Hence, this study was aimed at
understanding the impact of resultant decreases gluconeogenic enzymes on growth, weight and
metabolism in the liver, upon extended exposure. Male Sprague-Dawley rats (75-100 g), fed a defined
AIN-93G diet, were injected (ip) with single dose of soy oil (5 ml/kg body weight; n=14) or PCB126 (5
µmol/kg; n=15), 28 d, prior euthanasia. A subset of rats from each group were fasted for 12h (vehicle
(n=6) and PCB126 (n=4)). Rats only showed significant weight loss between days 14 and 28 (P<0.05) and
some mortality (P=0.0413). As in our previous studies, the expression levels of enzymes involved in
gluconeogenesis (Pepck-c, G6Pase, Sds, Pc and Ldh-A) and glycogenolysis (Pygl) were strongly
downregulated. The decreased expression of these enzymes in PCB126 treated rats after a 12 h fast
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decreased hepatic glucose production from glycogen and gluconeogenic substrates, exacerbating the
hypoglycemia. Additionally, PCB126 caused hepatic steatosis and decreased the expression of the
transcription factor Pparα and its targets, necessary for fatty-acid oxidation. The observed metabolic
disruption across multiple branches of fasting metabolism resulted from inhibition in the activation of
enzyme AMPK and transcription factor CREB signaling, necessary for “sensing” energy-deprivation and
the induction of enzymes that respond to the PCB126 triggered fuel crisis in liver.
ABSTRACT NUMBER: 3617
Poster Board Number: P411
TITLE: Prediction of Clinical Hepatotoxicity of Clinical Drug Candidates Using the Novel C-DILI Assay: A
Retrospective Case Study
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. J. Scialis1, J. P. Jackson2, M. Palmer2, M.
McMullen2, K. R. Brouwer2, and W. G. Humphreys1. 1Bristol-Myers Squibb, Princeton, NJ; and 2Qualyst
Transporter Solutions LLC, Durham, NC.
KEYWORDS: Clinical Toxicology; Liver; Predictive Toxicology
ABSTRACT: Drug-induced liver injury (DILI) is difficult to predict and arises through multiple
mechanisms, one of the key pathways involves inhibition of uptake and efflux transporters that
modulate bile salt disposition. Assessing the potential for compounds to inhibit transporters usually
entails measuring in vitro inhibition with transfected cells or inside-out vesicles. A major limitation is
that these assays do not represent a physiologically-relevant liver model. In contrast, the C-DILI model
uses Transporter-Certified™ hepatocytes, that are exposed to physiological relevant concentrations of
bile acids and lipids which allows for rapid determination of alterations in bile acids disposition and
hepatotoxicity. Such a model was used to determine the hepatotoxicity potential of 3 clinical
candidates. Sandwich-cultured human hepatocytes were treated with BMS compounds A, B, and C at
concentrations representing multiples of clinically observed or predicted human plasma levels in the
absence (standard) and presence (sensitization) of bile salts. After a 24 hour exposure, cells were
analyzed for toxicity by measuring intracellular ATP depletion and LDH leakage into media. BMS-A at 100
µM (57x highest observed human Cmax) in sensitization media demonstrated a 210% increase in LDH
leakage while ATP was reduced to 79%, however LDH and ATP were essentially unchanged in standard
media. BMS-B exhibited no major changes to LDH or ATP in either media at any concentration. At 25 µM
(20x highest predicted human Cmax), BMS-C exerted a 173% increase in LDH leakage while ATP content
decreased to 87% in the sensitization media. The results suggest that BMS-A has a high risk of
cholestatic hepatoxocity at 100 µM while BMS-C has medium potential at 25 µM to induce cholestatic
hepatotoxicity. During clinical trials in healthy subjects, BMS-A and BMS-B increased ALT and AST,
however these changes were generally <2x ULN and occurred in less than 10% of subjects. BMS-C was
terminated due to hepatic lipidosis in pre-clinical species that manifested at 1.5x the projected human
Cmax after an efficacious dose. Taken into context, the C-DILI assay demonstrated an overall low in vitro
risk of cholestatic hepatotoxicty of BMS candidates as toxicity was only observed at levels >20x
observed/projected human Cmax.
ABSTRACT NUMBER: 3618
Poster Board Number: P412
TITLE: Predicting Drug-Induced Liver Injury: A Bayesian Machine Learning Model
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Williams, S. Lazic, A. Foster, and P.
Morgan. Astrazeneca, Cambridge, United Kingdom. Sponsor: P. Newham
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KEYWORDS: Liver; Hepatic; Safety Evaluation
ABSTRACT: Drug induced liver injury (DILI) is a major cause of attrition in drug development and
morbidity and mortality leading to post-marketing drug withdrawal. Hepatotoxicity risk is difficult to
predict based on the various aetiologies that encompass DILI, is often multi-mechanistic, with the
chemistry of the drug and unknown factors within the biology of the susceptible patient both
contributing to DILI. Retrospective analysis has identified several epidemiologic risk factors associated
with DILI that include physicochemical properties of the drug, dose and disposition, and signals in a
battery of in vitro assays. High daily dose (>100 mg) and lipophilicity (log P > 3), significant hepatic
metabolism (>50% dose), being a substrate for CYP450 enzymes have been positively associated with
clinical incidence of DILI. Improved, human relevant, predictive tools are required to assess
hepatotoxicity risk in drug discovery. Hypothesis: Integrating mechanistically relevant hepatic safety
assays with Bayesian machine learning and statistical weighting will improve hepatic safety risk
assessment in the pharmaceutical industry. We present a quantitative and mechanistic risk assessment
for candidate nomination based on a Bayesian machine learning approach based on in vitro assay (3D
hepatic spheroids, BSEP, mitochondrial toxicity and bioactivation), physicochemical (cLogP) and
exposure (Cmax) variables from a chemically diverse validation compound set (33 low-, 40 medium- and
23 high-risk DILI compounds). The model predicts the continuous underlying risk of DILI (along with the
associated uncertainty). The model includes all main and two-way interaction effects based on the
assay, cLogP, and exposure values and uses a data-driven prior over the model weights to prevent
overfitting. The overall accuracy is 78%. The model provides a probability of a compound falling into
either low, medium or high risk categories, recognising overlap. Example data for hepatotoxins paired
with chemically similar non-hepatotoxic compounds demonstrates differential DILI probability. The
prediction is a continuous probability of DILI risk and the uncertainty in the prediction. The combination
of more physiologically human relevant assays, improved alignment with FDA recommendations, and
use of a statistical model with cross validation to integrate optimally assay data leads to a greater
accuracy in hepatic safety risk assessment.
ABSTRACT NUMBER: 3619
Poster Board Number: P413
TITLE: A Human Relevance Investigation of PPRα-Mediated Key Events in the Hepatocarcinogenic Modeof-Action of Propaquizafop in Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Strupp1, W. H. Bomann2, F. Spézia3, F.
Gervais3, R. Forster3, L. Richert4, and P. Singh3. 1ADAMA Deutschland GmbH, Cologne, Germany;
2
ToxConsult, Overland Park, KS; 3Citoxlab France, Evreux, France; and 4Kaly-Cell, Plobsheim, France.
KEYWORDS: Mode-of-Action; Pesticides; Liver
ABSTRACT: Propaquizafop is an herbicide with a long history of use. Chronic dietary exposure of rats led
to liver tumors without genotoxicity, subchronic studies demonstrated dose-dependent increases in
liver weights with hepatocellular hypertrophy, and two weeks administration induced liver CYP4A and
peroxisomal enzymes. A rodent-specific mode of action (MOA) via activation of the peroxisome
proliferator-activated receptor α (PPARα), increased liver peroxisomal activity, hypertrophy, liver
enlargement, subsequent cell proliferation and finally adenoma formation was postulated by others
based on the alignment of these findings with an established MOA for fibrates. Experience with PPARαinducing pharmaceuticals indicates a lack of human relevance. In this study, the results of a MOA
investigation following two weeks of dietary feeding in wildtype (WT) and PPARα-knockout (KO) rats are

The Toxicologist: Late-Breaking Supplement 2018

207

presented to confirm the dependency of key events following propaquizafop administration on PPARα.
In WT animals dose-dependent liver weight increases (65-84%), liver CYP4A (20 fold) and acyl-CoA
oxidase (10-15 fold) induction, hepatocellular hypertrophy and proliferation were observed, while in KO
rats only a marginal increase in liver weight (24%) was observed without any effect on the other
parameters confirming PPARα-dependency and sequelae comparable to a well-understood
hepatocarcinogenic MOA in rodents. Based on an evaluation of the data according to the MOA-Human
Relevance Framework, we conclude that liver tumors observed in rodents after long-term dietary
administration of propaquizafop do not pose a relevant health risk to humans.
ABSTRACT NUMBER: 3620
Poster Board Number: P414
TITLE: Time-Course Effects of Acute Aflatoxin B1 Exposure on Hepatic Mitochondrial Lipids and Oxidative
Stress in Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: O. A. Rotimi, S. O. Rotimi, E. Agbonighale,
and G. Talabi. Covenant University, Ota, Nigeria.
KEYWORDS: Toxicity; Acute; Hepatic; Lipids
ABSTRACT: Aflatoxins are secondary metabolites of fungi, belonging to the Aspergillus species, that
contaminate staple foods in developing countries. Aflatoxin B1 (AFB1) is the most toxic and most
common of the major types of aflatoxins. AFB1 is hepatotoxic and has been implicated in increasing the
risk of hepatocellular carcinoma. The aim of this study was to determine the time-course effects of
acute aflatoxin exposure on hepatic mitochondrial lipids and oxidative stress. To achieve this, thirty male
albino rats were randomly assigned to six groups. The groups received an oral dose of 1 mg/kg body
weight AFB1 in olive oil or vehicle only (controls) for one, four, or seven days, respectively. Twenty-four
hours after the last dose, the animals were sacrificed and liver excised. Mitochondria were isolated from
the liver after which lipids (cholesterol, triacylglycerols, and phospholipids) and biomarkers of oxidative
stress (glutathione, glutathione transferase (GST), glutathione peroxidase (GPx), glutathione reductase,
nitric oxide (NO), malonaldehyde (MDA) and superoxide dismutase (SOD)) were determined
spectrophotometrically. Results showed that AFB1 significantly increased mitochondrial cholesterol at
day seven (treatment vs. control, p=0.016). Furthermore, AFB1 significantly increased the
concentrations of NO and MDA at day one and day seven. The activity of GPx and concentration of GSH
were increased at day seven (p=0.030) and day one (p=0.025) alone, respectively, compared to controls.
This study revealed that AFB1 disrupts hepatic mitochondrial lipids and antioxidant capacity. These
changes were dependent the on timing of exposure and did not follow a linear time -course trend. The
alterations observed could be part of the hepatic mitochondria response mechanism to acute AFB1
toxicity.
ABSTRACT NUMBER: 3621
Poster Board Number: P415
TITLE: Alpha Naphthylisothiocyanate-Induced Cholestasis through Interfering Bile Acid Synthesis and
Transport in Rat Liver
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Wu, L. Gong, G. Huang, and J. Ren.
Shanghai Institute of Materia Medica, Chinese Academy of Sciences, Shanghai, China.
KEYWORDS: Biliary Excretion; Cytochrome P450; Xenobiotic Transporters
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ABSTRACT: Alpha-naphthylisothiocyanate (ANIT) is a hepatotoxic agent that is widely used to model
human intrahepatic cholestasis in rodents. In the study, single dose of ANIT (60mg/kg, 100mg/kg) was
given to rats (6 male/group) by oral gavarge administration. The serum levels of hepatic enzymes,
gamma-glutamyl transferase (GGT), alkaline phosphatase (ALP), aspartate transaminase (AST), alanine
transaminase (ALT), and total bilirubin (TBIL) were significantly increased in a time and dose-dependent
manner in rats following administration of ANIT. The serum levels of hepatic enzymes returned to
normal at 48-60 hours post ANIT administration. The expressions of liver bile acid synthesis enzymes and
bile acid uptake and excretory transporter genes were investigated. The examination of bile acid
synthesis enzyme expression showed that Cyp8b1 was significantly down-regulated while Cyp7a1 was
slightly up-regulated in the liver of rats treated with ANIT. The mRNA levels of bile acid uptake pathway
genes, Ntcp and Oatp 1b2, were also significantly down-regulated in the liver of rats treated with ANIT.
The examination of the bile acid excretory transporters including basolateral efflux transporters mrp3
and mrp4 and canalicular efflux transporters Bsep, Mrp2 and Mdr1 in the liver showed that Mrp3
expression was induced in ANIT-treated rats. The study has demonstrated that ANI significantly alter
bilec acid synthesis and uptake, but has little effect in bile acid efflux. The study suggests that ANIT
causes intrahepatic cholestasis by interfering bile acid homostasis and altering bile acid transporting in
hepatocyte compartments.
ABSTRACT NUMBER: 3622
Poster Board Number: P416
TITLE: Implementation of a Biomarker Strategy to Distinguish Elevation of Serum Safety Biomarkers
Associated with CSF1R Inhibition from Overt Hepatotoxicity or Skeletal Muscle Toxicity
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Ackerson. Sanofi, Framingham, MA.
Sponsor: Z. Jayyosi
KEYWORDS: Biomarkers; Liver; Inflammation
ABSTRACT: Minor elevation of serum biomarkers of hepatotoxicity and skeletal muscle toxicity in the
absence of histopathological evidence has been identified as a potential on-mechanism risk associated
with the inhibition of Colony Stimulating Factor 1 receptor CSF1R. The elevation of serum biomarkers of
hepatotoxicity in animals treated with CSF1R inhibitors has been hypothesized to be due to decreased
clearance of these biomarkers by the Kupffer cell activity in the liver. A panel of exploratory biomarkers
for skeletal muscle and hepatotoxicity were selected to determine if the observed safety signals are
mediated by CSF1-R inhibition as opposed to overt toxicity to the liver or skeletal muscle. Biomarkers of
hepatotoxicity included miR122, miR192, Pon1 and CK18 were evaluated. Biomarkers of skeletal muscle
injury included sTnI and Myl3 were selected for this study. A rat study was performed to determine if
the biomarker set selected could distinguish between elevation of serum biomarkers of toxicity caused
by depletion of Kupffer cells and overt toxicity to the liver or skeletal muscle. Male rats were dosed with
the CSFR-1 inhibitor BLZ845 for 28 days. Additionally male rat were exposed to a single dose of the
Kupffer cell depleting agent Clodrinate-liposomes, the classic hepatotoxicant APAP or the skeletal
muscle toxicant TMPD (2,3,5,6-tetramethyl -phenylenediamine). Classic and experimental biomarkers
were measured and histopathology of target organs was performed. Results indicated slight increases in
ALT and AST in the absence of histopathological findings in the liver or skeletal muscle in rats exposed to
BLZ945. No elevation of ALT and AST was observed in animals treated with Clodrinate liposomes.
Neither miR122 nor sTnI were elevated in these animals. Animals exposed to APAP showed increases
serum levels of ALT, AST, GLDH, miR122 along with histopathological evidence of overt hepatotoxicity.
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Animals exposed to TMPD showed increased AST and sTnI along with myofiber necrosis and
degeneration of the skeletal muscle. These results indicate that miR122, and sTnI are promising
biomarkers for discrimination between on-target elevation of ALT and AST associated with CSFR1
inhibition and agents causing overt toxicity to the liver or skeletal muscle.
ABSTRACT NUMBER: 3623
Poster Board Number: P417
TITLE: Evaluation of Probiotics on Lipid Metabolism in Aflatoxin B1-Exposed Male Wistar Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. N. Ugbaja, O. M. Okedairo, O. P. Ojo, D.
O. Babayemi, A. R. Oloyede, and O. Ademuyiwa. Federal University of Agriculture, Abeokuta, Nigeria.
KEYWORDS: Lipids; Metabolism; Exposure Assessment
ABSTRACT: Aflatoxin (AF) is a secondary metabolite of a fungus belonging to Aspergillus species. It
contaminates large fraction of world‘s food resulting to huge economic losses and health problems. This
study investigated the effects of AF B1 on lipid metabolism and the efficacy of probiotics (PB) to reduce
possible adverse effects of AF B1 on rats fed AF B1 compounded diet. Thirty male albino rats of 190200g body weight (b.wt) were divided into two groups; AF (fed 40ppb aflatoxin B1 containing feed),
Normal control (NC), fed control diet not containing aflatoxin. The diets were for 8 weeks respectively.
Both were further divided into three groups each; NC groups: 1) NC baseline, 2) NC without PB and 3)
NC with PB of 1ml ×106 CFU per kg b.wt, and AF groups: 4) AF baseline, 5) AF without PB and 6) AF with
PB of 1ml ×106 CFU per kg b.wt). Treatment with PB was for two weeks. Lipid profiles of plasma and liver
as well as activity of hepatic 3-hydroxyl-3methyl glutaryl-CoA (HMG CoA) reductase (as a function of
HMG-CoA/mevalonate ratio) were determined spectrophotometrically. Sub-chronic exposure to AF up
regulated liver and plasma CHO, hepatic TAG and HMG-CoA reductase activity. However, it down
regulated hepatic and plasma PL but showed no significant effect on plasma TAG. Two weeks treatment
with PB significantly ameliorated the effects of AF in the compartments. Liver CHO and TAG of AFT,
plasma CHO and hepatic PL of AFT and NCT groups respectively were significantly decreased towards
control levels. HMG-CoA reductase activity of AFT was also significantly decreased as observed by
increased HMG-CoA/mevalonate ratio. On the other hand, hepatic and plasma phospholipid of AFT
group was significant (p<0.05) increased. On the basis of these findings it was concluded that exposure
to AF at 40ppb could cause dyslipidemia and administration of PB at 1ml ×106 CFU per kg b.wt could
alleviate the dyslipidemia by aflatoxin in rats.
ABSTRACT NUMBER: 3624
Poster Board Number: P418
TITLE: Resveratrol Inhibits the Transcription of DNA Damage Response, Cell Cycle, and Apoptosis
Pathway Genes in the Testis of Normal Rats but Not in That of Type 1 Diabetic Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. Kialrkaje, M. Al-Qaryyan, H. Al-Hussaini,
and M. Al-Bader. Kuwait University, Safat, Kuwait.
KEYWORDS: Antioxidants; DNA Repair; Reproductive Tract; Male
ABSTRACT: Resveratrol (RS; 3, 5, 4`-trihydroxystilbene), a non-flavonoid polyphenolic antioxidant,
possesses cardioprotective, nephroprotective, neuroprotective and anti-inflammatory properties. It
sequesters free radicals and induces the transcription of several endogenous antioxidant enzymes. The
present study investigated DNA damage, cell cycle and apoptosis pathway genes in testicular cells of RStreated and type 1 diabetic (DM) rats. Young adult Sprague-Dawley male rats (13-week-old) were
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divided into a control, RS-treated (day 46-90; 5 mg/kg/day, po), DM (60 mg/kg Streptozotocin), and
DM+RS (DR) groups. The rats were killed on day 90 after the confirmation of hyperglycemia and testes
were removed and processed for RNA extraction. The quantitation of 84 DNA damage repair pathway
genes was performed using SABiosciences RT² ProfilerTM PCR Array. The gene expression (2-ΔΔct) was
considered differentially regulated when the expression was 2-fold increase/decrease compared to that
in controls, and the Student’s t-test detected the statistical significance at P<0.05 level. RS decreased the
transcription of Ercc1, Ercc2, Rad51, Xrcc1, Xrcc6, Xpc (DNA damage), and Gadd45g, chek1, chek2 (cell
cycle), and Atm, p53, Bax, Cdc25a, Prkdc, Mlh1, mlh3, and Nbn (apoptosis) compared to the control
(P<0.05). Hyperglycemia decreased the transcription of only Ddit3 (P<0.05), and the other genes did not
show significant differential expressions compared to the control. Similarly, the DR rats did not show any
significant differential gene expressions compared to the control, and expressions between DM and DR
groups were not significant. Transcriptional inhibition of the genes in RS administered normal rats
suggests a lack of DNA damage response, cell cycle arrest, and apoptosis in the testis. Diabetes does
alter the transcription of the genes. RS in diabetic rats have no effect on the gene transcription. (Kuwait
University grants #RM01/12 and SRUL02/13).
ABSTRACT NUMBER: 3625
Poster Board Number: P419
TITLE: Development of a Stem Cell-Based Reporter Assay for In Vitro Dart Assessment
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. I. Racz, R. Derr, I. Brandsma, and G.
Hendriks. Toxys BV, Leiden, Netherlands.
KEYWORDS: Reproductive and Developmental Toxicology; Biomarkers
ABSTRACT: Testing for developmental and reproductive toxicology (DART) is a crucial part of the
toxicological risk assessment. Today, DART mostly relays on animal testing because the current in vitro
assays are difficult to quantify and lack mechanistic insight. To improve in vitro identification of
developmental toxicants, we developed stem cell-based GFP-reporter assays. To visualise and quantify
developmental alterations, we identified 43 potential biomarkers based on toxicogenomics data and
confirmed the expression changes of selected biomarkers (Bmp4, CK18, FoxA2, Oct4, Sox17 and Vegfr1)
by qPCR. Next, we generated fluorescent reporter stem cell lines of these markers. For CK18-GFP mouse
embryonic stem cell (mES) reporter lines, we validated the liver-specific CK18-GFP expression in the
differentiated hepatocytes. To test whether compounds affect development, we first optimised the
differentiation protocols for the stem cells towards cardiomyocytes and hepatocytes. Next, we exposed
the CK18-GFP cells during the pluripotent stage to four established teratogens (5-fluorouracil (5-FU),
retinoic acid (RA), thalidomide(THD) and diphenylhydantoin (DPH) followed by differentiation into
cardiomyocytes and hepatocytes. We observed significant reduction of CK18-GFP signal in the
hepatocyte cells upon 5-FU and RA treatment, but not with DPH and THD. Also, we observed a lower
number of the beating cardiomyocytes upon 5-FU, RA and DPH exposure but not in THD. Based on the
CK18 transgenic reporter lines, we could identify 5-FU, RA, and DPH as teratogens but we were unable
to show the teratogenic potential of THD, which might be species specific. To overcome species-specific
effects, we also differentiated human induced pluripotent stem cells (hIPSC) towards heart and liver and
confirmed the expression of 7 biomarkers of early developmental processes (ALB, AFP, BMP4, FOXA2,
MYH6, OCT4, SOX17) by qPCR. We exposed the cells to 5-FU and THD during hepatocyte differentiation
and observed decreased expression of the hepatocyte-specific markers ALB and AFP, which indicates the
disruption of the developmental program and confirms the teratogenic potential of the compounds. In
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conclusion, following the differentiation program by selected fluorescent reporter genes is a suitable
tool for high throughput, quantitative measurement of differentiation for DART screening. This tool
could also provide mechanistic insight into the potential teratogenic mode of action of the compound.
ABSTRACT NUMBER: 3626
Poster Board Number: P420
TITLE: Zinc Oxide and Titanium Dioxide Nanoparticles Altered Blood-Testis Barrier Dynamics in Mouse
Sertoli Cell
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: X. Hong1, L. Yin2, E. Measel3, J. S. Siracusa3,
P. Xiao1, and X. Yu3. 1Shanghai Municipal Center for Disease Control and Prevention, Shanghai, China;
2
ReproTox Biotech LLC, Athens, GA; and 3University of Georgia, Athens, GA.
KEYWORDS: Nanoparticles
ABSTRACT: Zinc oxide (ZnO) and titanium dioxide (TiO2) nanoparticles (NPs) are widely used as metal
oxides in diverse products, including use as biosensors, food packing materials, and cosmetic products.
Several studies have indicated that ZnO and TiO2 NPs may impair the rodent male reproductive system
both in vitro and in vivo. However, the mechanism underlying of ZnO or TiO2 NPs disruption of
spermatogenesis and the blood-testis barrier (BTB) remains unclear. The BTB, the tightest junctions
between adjacent Sertoli cells in the testis, plays an important role in supporting the development and
maturation of germ cells in seminiferous tubes. The goal of this study is to evaluate the effects of ZnO
and TiO2 NPs on the BTB, including actin microfilament, microtubules (α- and β-tubulins) and their
regulated proteins, as well as microtubule-associated protein LC3B, using an automated multiparametric high-content analysis (HCA) in mouse TM4 Sertoli cells. We assessed the cytotoxicity using
neutral red uptake assay in Sertoli cells treated with TiO2 NPs (500, 250, 125, 25 μg/ml) and ZnO NPs (10,
5, 1, 0.5 μg/ml) for 24h and 48h. We observed dose-dependent decreases of cell viability with both NPs,
and the LC50 values of ZnO NPs for 24h and 48h were 1.08 and 1.26 μg/ml respectively, and TiO2 NPs was
>500 μg/ml. We further applied a multi-parametric and image-based high-content analysis for
characterizing, with single-cell level, the dynamic phenotypic changes of heterogeneous cell populations
in Sertoli cells. Our results showed that ZnO NPs (1μg/ml) significantly altered the nuclear morphology
and induced DNA damage responses, γ-H2AX. Specifically, ZnO NPs significantly perturbed the
distribution of α-tubulin, F-actin, and actin-regulated protein Arp3. In contrast to ZnO, TiO2 increased
the intensity of α-tubulin, Arp3, and LC3B only at doses ≥ 150 μg/ml. In addition, there is a significant
correlation between F-actin and LC3B, Arp3 and LC3B, and the R2 values were 0.72 and 0.49. Our results
demonstrate that ZnO NPs are more toxic in TM4 cells than TiO2 NPs. Our studies suggest that ZnO NPs
may impair the reproductive health through disruption BTB in Sertoli cells.
ABSTRACT NUMBER: 3627
Poster Board Number: P421
TITLE: Stability Evaluation of Thyroid Hormones 3,3,5’-Triiodo- L-Thyronine (T3) and Thyroxine (T4) in
Rat Serum at Low pg/mL Concentrations Using Liquid Chromatography Coupled with Tandem Mass
Spectrometry (LC-MS/MS)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Diaram. ENVIGO, Huntingdon, United
Kingdom. Sponsor: L. Coney
KEYWORDS: Endocrine; Thyroid; Reproductive and Developmental Toxicology; Biomarkers
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ABSTRACT: A sensitive and accurate bioanalytical LC-MS/MS method is required to measure T3 and T4
levels in rat serum from fetuses, juveniles and adult animals in order to support regulatory reproductive
toxicology studies. The potential value of the analytical data acquired for these hormones depends on
the quality of the samples when analyzed, i.e how well they reflect the concentrations in the rat at the
time of sampling even though the analysis may take place later. Furthermore, the studies often
executed for OECD 421, 422, 423, 443 and EPA regulatory requirements among others, require samples
to be collected from fetuses and pups which are stored for potential analysis at a later stage for
confirmation. Considering the information gained from the analysis of rat samples for thyroid hormones
is used to support evaluation of the relevant test materials/chemicals, it is critical to evaluate whether
the T3 and/or T4 concentrations in these samples ranging from significantly low to high concentrations
are reliable for testing when stored over periods of time. The method, with a range of 5 to 1500 pg/mL
for T3, and 70 to 70000 pg/mL for T4 in rat serum, demonstrated successful validation including
linearity, intra- and inter-batch precision and accuracy, recovery, freeze/thaw (F/T) stability, short-term
stability at room temperature (RT) and long-term frozen storage stability. Calibration standards, lower
limit of quantitation (LLOQ) and Low QC (quality control) samples were prepared in surrogate matrix.
Control rat serum was analyzed (Mid QC) to confirm control rat serum endogenous levels. High QC and
dilution QC samples were further spiked with T3 and T4 for evaluation. Stability evaluation in Mid QC
(endogenous) samples and High QC (T3 and T4 exogenously added) samples demonstrated acceptable
stability for 24 hours at room temperature and for 3 freeze/thaw cycles. Longer term stability samples
showed that T3 was stable in rat serum for up to 180 days, and for up to 269 days for T4 when stored at
nominal -70 degrees Celsius.
ABSTRACT NUMBER: 3628
Poster Board Number: P422
TITLE: Exposure to Concentrated Ambient PM2.5 Alters Amino Acid Transporter mRNAs in the Placentas
of Exposed Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. F. Lawrence, J. L. Blum, J. R. Ratner, and J.
T. Zelikoff. New York University School of Medicine, Tuxedo, NY.
KEYWORDS: Particulates; Reproductive and Developmental Toxicology; Developmental Toxicity;
Prenatal
ABSTRACT: Maternal exposure of humans and animal models to fine-sized particulate matter (PM2.5)
during pregnancy is associated with adverse obstetric outcomes. Our laboratory recently demonstrated
that exposure of pregnant mice to concentrated ambient PM2.5 (CAPs) resulted in preterm delivery
(PTD), low birth weight (LBW), and altered placental weight. The placenta modulates fetal growth and
health by its functions in nutrient and gas exchange, filter of toxic substances, and as an endocrine
organ. Changes in any of these can be expected to impact both growth and development of the
offspring. The objective of this study was to determine if exposure to CAPs leads to any possible
alterations in the placentas compared to filtered air (FA)-exposed mice by examining changes to gene
expression of amino acid (AA) transporters. Pregnant B6C3F1 mice were exposed to FA or 160 µg/m3
CAPs for 6 hr/day, 7 d/wk throughout pregnancy (gestational days [GD] 0.5 and 16.5). Placentas were
collected during late pregnancy and stored at -80°C until analyzed. Total RNA was extracted from
placental samples and reverse transcribed. Gene expression was assessed by RT-PCR. mRNA expression
of 22 AA transporters in the placenta was assessed using the ΔΔCt method. Solute Carrier Proteins (SLC)
16A10 and 7A2 were under and over-expressed, respectively, at the mRNA level in placentas of CAPs-
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exposed mice. Differential placental expression of AA transporters SLC16A10 and SLC7A2 could
contribute to the adverse obstetric effects observed following exposure to PM2.5. This work was
supported by March of Dimes and NYU NIEHS Center grant P30ES000260-50.
ABSTRACT NUMBER: 3629
Poster Board Number: P423
TITLE: Historical Control Data of Embryo-Fetal Loss, Stillbirth, Gestation Length, and Clinical Pathology
Parameters in Cynomolgus Monkey Pre- and Post-Natal Development Studies: Comparison between
Single-Housed and Socially-Housed Animals
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Oneda1, N. Lalayeva1, J. Reynolds1, G. V.
Scherr1, M. Vegarra1, T. Rogers1, S. Glaza1, and R. Nagata2. 1SNBL USA, Ltd., Everett, WA; and 2Shin
Nippon Biomedical Laboratories, Ltd., Tokyo, Japan.
KEYWORDS: Reproductive and Developmental Toxicology; Developmental Toxicity; Post-Natal
ABSTRACT: Incidences of embryo-fetal loss (EFL, between gestation day [GD] 20 and 140), stillbirth (SB,
after GD140), gestation length, and clinical pathology parameters are critical in pre- and post-natal
developmental (PPND) studies. Historical control data of these parameters in the Cynomolgus monkey
(Macaca fascicularis) model between our “old” historical control data, obtained from 31 developmental
and reproductive studies (including 18 PPND studies) conducted between 2005 to 2011 (N = 469 at
GD20), and data from our current (“new”) PPND study (N=36) were compared. All maternal animals
were single-housed in the old data set and socially-housed (two or three animals in a four-pack caging
unit) in the new data set. Incidence of EFL was 17.1% (mean ±SD = 16.3 ±8.1%; Min to Max = 0.0 to
31.3%) in the old data set and 8.3% in the new data set. Incidences in the first, second, and third
trimesters were 12.8, 2.3, and 1.9%, respectively, in the old data set and 5.6, 0.0, and 2.8%, respectively,
in the new data set. Incidence of SB was 14.7% (14.4 ±9.3%; 0.0 to 33.3%) in the old data set and 9.1% in
the new data sets. Mean gestation length was 158 ±9 days in old data set and 161 ±6 days in the new
data set. Infant survival rate at Day 7 of post-birth was 68.6% (68.5 ±10.7%; 47.6 to 86.7%) in the old
data set and 83.3% in the new data set. Common clinical pathology parameters collected during the
gestation and lactation periods (from maternal animals and infants) were also comparable between the
two data sets. The EFD/SB data, gestation length, infant survival ratio, and common clinical pathology
parameters obtained from socially-housed animals were generally comparable with those obtained from
single-housed animals. Therefore, we consider that both data sets can be combined and historical
control data in PPND studies can be accumulated further despite variances in housing conditions.
Although incidences of EFL and SB in socially-housed animals were somewhat lower than that of singlehoused animals and in resulted higher infant survival ratio at PND7, we cannot make any definitive
conclusion at this point regarding the benefit of social housing of pregnant/lactating animals due to a
limited data set obtained thus far.
ABSTRACT NUMBER: 3630
Poster Board Number: P424
TITLE: GenX (FRD-902, Ammonium (2,3,3,3-Tetrafluoro-2-(Heptafluoropropoxy)Propanoate) Does Not
Display Estrogenic (Anti)androgenic or Glucocorticoid-Like Activity In Vitro, Whereas In Utero Exposure
Induces Dose-Related Maternal and Fetal Rat Liver PPAR Pathway Gene Expression without Affecting
Fetal Testis Testosterone Production
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AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Hartig1, J. Conley1, C. Lambright1, N.
Evans1, M. Cardon1, V. Wilson1, M. Strynar1, J. McCord1, B. McIntyre2, G. Travlos2, and L. E. Gray1. 1US
EPA, Raleigh, NC; and 2NIEHS, Research Triangle Park, NC.
KEYWORDS: Reproductive and Developmental Toxicology; Endocrine Toxicology; Gene
Expression/Regulation
ABSTRACT: GenX (FRD-902, ammonium (2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)propanoate, CAS
62037-80-3) is an unregulated, persistent contaminant that has been found in both the Cape Fear River
and in Wilmington NC drinking water, among other sites. Concerns exist about the potential health
effects of GenX exposure because it is not removed using traditional water treatment methods and little
is known about the toxicity of it or other associated per/polyfluoroalkyl substances. Our objective was to
evaluate the in vitro hormone receptor activity of GenX and the potential to disrupt growth, viability and
reproductive development in rats exposed in utero during sexual differentiation. in vitro, GenX did not
display estrogenic, antiestrogenic, androgenic, antiandrogenic or glucocorticoid-like activity at any
concentration (100pM to 10uM). When administered from gestational days (GD)14 to 18 of pregnancy
by oral gavage at dosage levels of 0, 1, 3, 10, 30, 62.5, 125, 250 and 500 mg/kg/d, GenX reduced
maternal weight gain (from 32g in controls to 21g at 250 mg and 11g at 500 mg), increased maternal
liver weight (30 mg and above) and induced maternal mRNAs for PPAR-specific genes in the liver (NOEL
to be determined (N-TBD). Maternal serum was collected on GD18 for determination of GenX levels and
T4 levels and a lipid profile (TBD). Fetal viability and body weight at GD18 were not reduced, whereas
liver mRNAs for PPAR-specific genes were increased in a dose related manner from 3 to 500 mg/kg/d. In
addition to the fetal study, we are examining the effects of in utero GenX on the development of the
offspring using a one-generation screening protocol which uses a single dose level (125 mg) and small
sample sizes. Thus far there have been no adverse effects from birth to 50 days of age on growth,
viability, or reproductive indices (neonatal anogenital distance, nipple retention, age at puberty) in the
pilot study. This prenatal-postnatal study will be repeated with multiple dosage levels administered
throughout gestation. When completed, these studies will enable us to link the internal GenX exposure
levels to effects in the dam, fetus and offspring which will enhance the utility of the data for human
health-hazard assessment. This abstract does not reflect Agency policy.
ABSTRACT NUMBER: 3631
Poster Board Number: P425
TITLE: Dose-Dependent Increases in Rat Sperm TRNAs, MiRNAs, and PiRNAs after Ethylene Glycol
Monomethyl Ether Exposure
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. R. Stermer, G. L. Reyes, S. J. Hall, and K.
Boekelheide. Brown University, Providence, RI.
KEYWORDS: Sperm; Histopathology; Biomarkers
ABSTRACT: Male reproductive toxicity poses a regulatory challenge in environmental, occupational, and
pharmaceutical exposures due to the lack of simple robust analytical methods. Histopathological
analysis has remained the gold standard for toxicity assessment while testosterone levels and world
health organization (WHO)-based semen analyses are poor indicators of testicular injury. During the
development of germ cells into sperm, small RNAs such as tRNA fragments (tRFs), microRNAs (miRNAs),
and piwi-interacting RNAs (piRNAs) are transcribed to modulate gene expression, and silence
transposable elements. In the mature sperm, there is virtually no cytoplasm, and the RNA population is
highly curated. Toxic exposures that disrupt sperm development may cause changes in the small RNAs
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that can then be used as molecular biomarkers of injury. Ethylene glycol monomethyl ether (EGME) is a
well-described testicular toxicant found at contaminated industrial sites and in consumer products such
as paint. EGME induces cell death in a specific subset of germ cells (mid-to-late stage spermatocytes) at
high doses. A dose-response analysis was performed in adult Fisher rats (275-350g) exposed to 0, 50, 60
and 75 mg/kg daily for 5 days, to identify sensitive biomarkers of testicular injury. The rats were
euthanized 5 weeks after EGME exposure when the sensitive germ cell populations matured into sperm.
The highest dose of EGME, 75 mg/kg, showed a significant decrease in sperm motility (21% vs. 69% in
controls), and a significant increase in seminiferous tubule histopathologies such as retained spermatid
heads and Sertoli cell vacuoles. The amount of small RNAs per sperm was significantly increased after
EGME exposure. The highest EGME-exposed group (75 mg/kg) showed an average of 6.7 fold-change
higher content of total small RNAs (less than 40 bp) per sperm compared to the vehicle only group.
Small RNA-seq analysis demonstrated that 15% of mapped tRFs and miRNAs increased in a dose
dependent manner. PiRNAs were less affected, where only 5% of all mapped piRNAs increased a dosedependent manner. In each group of small RNAs, there were twice as many RNAs that increased than
decreased with increasing EGME. These results suggest that EGME either triggers a mechanism to
increase the production of small RNAs during germ cell development, or hinders elimination of RNAs
during maturation into sperm. The combination of histological evaluation and small RNA profiling is a
powerful approach to develop diagnostic tools and monitoring techniques for testicular injury.
ABSTRACT NUMBER: 3632

Poster Board Number: P426

TITLE: Bisphenol A Impairs Mitochondrial Cholesterol Transport to Induce Reproductive Damage
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Hussain1,2. 1California State University,
Northridge, Northridge, CA; and 2University of California Los Angeles, Los Angeles, CA.
KEYWORDS: Reproductive and Developmental Toxicology
ABSTRACT: Bisphenol A (BPA, 4,4’-(propane-2,2-diyl)diphenol), an organic chemical used in plastics, is
under regulation in several countries due in part to its toxic effects on reproduction. Here we investigate
its toxic mechanism on mitochondrial cholesterol transport, a critical step of steroidogenesis, which little
is known about. To this aim, we study the impact of BPA on the cholesterol transport using animal
model Caenorhabditis elegans (C. elegans). Nematodes were exposed to different concentrations of BPA
(0, 100 µM, 500 µM, and 1 mM) combined with 0, 0.5µg/ml, and 5µg/ml of cholesterol in culture media
from birth to the end of reproduction. The impacts of BPA on fertility and gametogenesis of nematodes
were investigated by examining lethality, brood size and germline apoptotic index on exposed wildtype
nematodes as well as in mutants lacking the worm mitochondrial cholesterol transporters homologous
to StAR (steroidogenic acute regulatory protein) and TSPO (translocator protein). Our results showed
that, compared with the control group, 500 µM BPA significantly increased the embryonic lethality and
germline apoptosis as well as reduced the brood size on N2 strain and TSPO mutant. These damages
could be alleviated by 0.5 µg/ml and 5 µg/ml of cholesterol into culture media. In contrast, nematodes
lacking StAR were not affected by BPA at any concentration, which indicates that BPA requires StAR to
exhibit its reproductive toxicity. Overall, this study not only helps us expand our knowledge about the
toxic mechanism of BPA but also suggests a possibility that prevents the harmful effect of environmental
chemicals with nutrient (cholesterol) supplementation.
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ABSTRACT NUMBER: 3633
Poster Board Number: P427
TITLE: Roles of Bone Morphongenic Protein 2 (BMP2) in Perfluorooctanoic Acid (PFOA)-Induced
Developmental Cardiotoxicity
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Zhao, N. Lv, L. Song, Y. Han, C. Wang,
and Q. Jiang. Qingdao University, Qingdao, China. Sponsor: J. DeWitt
KEYWORDS: Perfluoronated Agents; Reproductive and Developmental Toxicology;
Developmental/Teratology
ABSTRACT: Perfluorooctanoic acid (PFOA) is a wide spread environmental pollutant. Although phased
out in the US, PFOA still has worldwide applications. It was reported that PFOA could induce various
toxicities, including developmental cardiotoxicity. Previously, altered morphology and function of
developing heart in chicken embryo were observed following PFOA exposure, however, the exact
mechanism is yet be elucidated. In the current study, the potential roles of bone morphogenic protein 2
(BMP2) in PFOA-induced developmental cardiotoxicity were investigated via in ovo gene silencing and
introduction of extragenous recombinant BMP2. The developing chicken embryos were exposed to
vehicle or 2 mg/kg (egg weight) PFOA at embryo day zero (ED0) via air cell injection, and then subjected
to lentivirus expressing BMP2 silencing siRNA or recombinant BMP2 protein (10 ng/kg, egg weight) at
embryo day two (ED2) via microinjection. The embryos were then allowed to hatch. Electrocardiography
and histology were used to assess the functional and morphological changes in the hatchling chicken
hearts, respectively. Western blotting was used to determine the expression levels of pSMAD1 in
embryo day 15 (ED15) chicken embryo hearts. The results indicated that BMP2 silencing generated a
phenotype very similar to PFOA-exposed animals: elevated heart rate and thinned right ventricular walls
were observed without inducing general toxicity. Meanwhile, co-exposure of PFOA and BMP2 silencing
virus aggravated the histological changes even further. On the other hand, co-exposure of recombinant
BMP2 protein along with PFOA significantly reverted the changes induced by PFOA. Further exploration
revealed decreased pSMAD1 expression in the ED15 chicken embryo hearts following PFOA exposure,
further confirming the involvement of BMP2. BMP2 is involved in PFOA-induced developmental
cardiotoxicity in chicken embryo. Specifically, PFOA-induced suppression of pSMAD1, the downstream
signaling molecule of BMP2, seems to be contributing to the developmental cardiotoxicity of PFOA.
ABSTRACT NUMBER: 3634
Poster Board Number: P428
TITLE: Evaluating Zebrafish Developmental Assays for Predicting A Drug’s Teratogenic Plasma Level
Using an Exposure-Based Validation Compound List
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Cassar1, B. Beyer2, R. Chapin3, M. Dorau4,
A. Hoberman5, E. Krupp4, I. LeConte6, D. Stedman3, C. Stethem7, and B. Tornesi1. 1AbbVie, North Chicago,
IL; 2Sanofi US Inc., Bridgewater, NJ; 3Formerly of Pfizer, Groton, CT; 4Sanofi-Aventis Deutschland GmbH,
Frankfurt, Germany; 5Charles River, Horsham, PA; 6Bayer SAS (Present address: Charles River
Laboratories France), Sophia Antipolis, France; and 7Pfizer, Groton, CT.
KEYWORDS: In Vitro and Alternatives; Reproductive and Developmental Toxicology; Non-Mammalian
Species
ABSTRACT: Accurate prediction of the potential embryotoxicity of chemicals is crucial for public safety
and for human safety during clinical trials of pharmaceuticals. Conventional mammalian models for
detecting embryotoxic effects, usually involving pregnant rats and rabbits, are costly and time
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consuming and, as such, are conducted late in the drug development process. Alternative assays that
model vertebrate development may provide simpler, faster, and less costly testing strategies; such
assays may inform on embryotoxicity and enrich the pipeline with safer candidates. Zebrafish, due to
their high fecundity, small size, and rapid external development, offer a platform for such an alternative
assay. The purpose of this research was to assess the ability of the zebrafish embryo development assay
to predict mammalian embryotoxicity of pharmaceutical and industrial chemicals. Because toxicity is
related to exposure, we specifically sought to evaluate the zebrafish assay for its ability to predict
maternal plasma levels at which chemicals become toxic to mammalian embryos in vivo. Previously
published data on the presence or absence of embryotoxicity at various mammalian plasma exposures
(Daston et al., 2014) was used to guide concentration ranges for each of 25 chemicals dissolved in the
media bathing developing zebrafish embryos. Zebrafish development was monitored through 5 days
post-fertilization, and each concentration of each compound was scored for embryotoxic effects. The
results were compared with the Daston et al. (2014) mammalian embryo-fetal toxicity data. Assays were
conducted in parallel and independently at multiple sites as a consortium effort through the
International Life Sciences Institute - Health and Environmental Sciences Institute (ILSI-HESI). The
participating sites were sponsored by AbbVie, Bayer, Charles River, Pfizer, and Sanofi. Considering
results from all sites, the zebrafish embryo development assay predicted (within 1-log) the maternal
exposure levels at which chemicals become toxic to mammalian embryos 77 % of the time. In spite of
different methodologies, where two or more sites reported a lowest effective concentration for
zebrafish embryo developmental toxicity, agreement within 1-log was observed 75 % of the time.
ABSTRACT NUMBER: 3635
Poster Board Number: P429
TITLE: The Role of Endocrine and Dioxin-Like Activity of Petroleum Substances in Developmental
Toxicity: Using a Panel of CALUX Reporter Gene Assays
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. Kamelia1, J. Louisse1, L. de Haan1, A.
Maslowska-Gornicz1, H. B. Ketelslegers2, I. M. C. M. Rietjens1, and P. J. Boogaard1,3. 1Wageningen
University and Research, Wageningen, Netherlands; 2Concawe, Brussels, Netherlands; and 3Shell
International B.V., The Hague, Netherlands.
KEYWORDS: Reproductive and Developmental Toxicology; Endocrine; Receptor; Polycyclic Aromatic
Hydrocarbons
ABSTRACT: The underlying mechanism of prenatal developmental toxicity (PDT) induced by some
petroleum substances (PS) is still unclear. Recent evidence suggests that the interaction of polycyclic
aromatic hydrocarbons (PAHs), present in some PS, with particular nuclear hormone receptors and the
aryl hydrocarbon receptors (AhR), could underlie the observed PDT by these substances. The present
study evaluated the possible endocrine and dioxin-like activity of PS and gas-to-liquid products (GTL)
using a series of CALUX assays. In short, DMSO-extracts of 9 PS, varying in PAH content, and 2 GTL,
containing no aromatics, were tested in the U2OS-AR (androgen receptor), U2OS-ERα (estrogen
receptor α), U2OS-PR (progesterone receptor), U2OS-TRβ (thyroid receptor β), and H4IIE.luc-DR (dioxin
receptor) CALUX assays. The results show that all PS samples possess endocrine and dioxin-like activity.
In fact, all PS show a strong AhR agonist (AGO) activity and rather weak PR antagonist (ANT), AR-ANT,
and ERα-AGO activities; where for the others (TRβ-AGO, TRβ-ANT, ERα-ANT) only minor effects of
specific PS were observed. PS that are grouped in the same class induced similar luciferase expression
profiles, suggesting their class signature of effects. In contrast, none of the GTL interacted with any the
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selected receptors. This implies a role for PAHs in the observed endocrine and dioxin-like activity of PS.
Heavy PS, such as heavy fuel oil and distillates aromatic extracts, acted as anti-androgens, antiprogestogens, anti-thyroids, anti-estrogens, and strong agonist of the AhR. Light PS, like gas oils and
vacuum tower overhead oil, showed weak estrogenicity, AhR-mediated activity, anti-androgenicity, and
anti-progestogenicity. In contrast to the other PS samples, residual aromatic extracts possess almost no
hormone activity, and the only prominent effect induced by these substances is activation of the AhR.
To conclude, our findings indicate a high potential for endocrine and dioxin-like activity from exposure
to certain PS and that the observed effects in the CALUX assays are driven mainly by the PAHs present in
these substances. Further, the interaction of PAHs with hormone and dioxin receptors, could be one of
the underlying mechanisms for the PDT induced by some PS.
ABSTRACT NUMBER: 3636
Poster Board Number: P430
TITLE: Comparative Assessment of Chondrotoxicity of Ofloxacin in Juvenile Wistar Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: U. Bhatnagar, V. Malashetty, M. A. Mulla,
and J. Jose. Vimta Labs, Hyderabad, India.
KEYWORDS: Pharmaceuticals; Juvenile Toxicity
ABSTRACT: Neonatal and Juvenile toxicity studies are receiving a higher priority within the
pharmaceutical industry following recent changes in regulations. In most cases Juvenile studies are
designs on a case-by-case basis to bridge the gap between the traditional general and reproduction
toxicity studies. Review of experimental design adopted for juvenile rat toxicity studies by
pharmaceutical companies reveals a number of consistent approaches with exception to start of dosing.
As general perception to start of dosing is between Days 4 and 14 post-partum, attempts were made to
evaluated effect of dosing from Day 4 to Day 22 and this paper provide susceptibility issue encountered
while evaluating toxicity of a Quinolones with known chondrotoxicity. Large numbers of studies are
performed to understand chondrotoxicity of Ofloxacin in adult and juvenile animals of 21 days of age
but no data is published with start of dosing between preferred dosing days (Day 4 to Day 21). The study
was performed in Wistar rats and selected rats were administered orally with Ofloxacin at the dose
levels of 35, 70, 210, 300/600 mg/kg b.w/day from postnatal day 14 to day 27 and subsequently animals
were sacrificed to evaluate toxicity. Additionally, after cessation of treatment animals from recovery
groups were evaluated at week 1, 3 and 7. Parameters like clinical signs, body weight, food
consumption, clinical pathology and histopathology were studied during the experimental period and
toxicokinetic samples were collected from satellite groups at different interval for plasma concentration
analysis. A dose ≥300 mg/kg found to be lethal in neonatal rats. No clinical signs indicative of joint
lesions were recorded up to 210 mg/kg. Further, no histopathological changes were observed in joint
cartilage. However, administration of Ofloxacin in animals of 21 days of age revealed chondrotoxicity.
Similarly, cartilage lesions were reported in adult and juvenile rats. Based on the study findings, it is
concluded that it chondrotoxicity induced in animals could be age specific and 14 days old juvenile rats
are less susceptible. Further studies are under way.
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ABSTRACT NUMBER: 3637
Poster Board Number: P431
TITLE: Environmental Chemical Screening for Metabolic Toxicity through C. elegans O-Linked NAcetylglucosamine Transferase
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Kim, and J. Choi. University of Seoul,
Seoul, Korea, Republic of.
KEYWORDS: Environmental Toxicology; Mechanisms
ABSTRACT: Epidemiological evidence suggests that environmental chemical exposure induce metabolic
diseases, such as obesity and diabetes. However, causal relationship has not been clearly understood. In
the present study, to elucidate the link between occurrence of metabolic disease and exposure of
environmental chemicals, we first screened potential of environmental chemicals on metabolic
perturbation, using the model organism, C. elegans. To maximize the advantage of these model
organisms, we conducted the chemical screening using C.elegans metabolic pathway defective mutants,
such as, oga-1(ok1207), ogt-1(ok1474). The highly conserved O-GlcNAc transferase; OGT and OGlcNAcase; OGA genes are related to type 2 diabetes and null mutations cause alterations in C. elegans
carbohydrate and lipid metabolism. Various category of environmental chemicals, such as, heavy metals
(i.e. arsenic, lead, cadmium), EDCs (i.e. Nonylphenol, Bisphenol-A,E,D,F,S) and biocides (i.e. 5-chloro-2methyl-4-isothiazoline-3-one and 2-methyl-4-isothiazolin-3-one (CMIT/MIT), Oligo-(2-(2ethoxy)ethoxyethyl guanidine chloride)(PGH), were screened using C. elegans reproduction assay. The
screening results revealed rescued toxicity of arsenic and CMIT/MIT by these mutants. We then selected
arsenic and CMIT/MIT, as chemicals that exhibited metabolic perturbation. First, to validate whether
oga-1 and ogt-1 genes are involved to metabolic perturbation to chemical exposure, dose-response
analysis were carried out using wild type-N2, mutants oga-1(ok1207) and ogt-1(ok1474). As a result,
oga-1(ok1207) was found to be more sensitive to arsenic and CMIT/MIT than wild type N2, while ogt1(ok1474) was insensitive than wild type-N2. Next, we further investigated ROS level, fatty acid level and
lifespan of C. elegans. Arsenic and CMIT/MIT exposure induced ROS and increased fatty acid level in
wildtype N2 and oga-1(ok1207) in an exposure concentration dependent manner, while not in ogt1(ok1474). It was also found that ogt-1(ok1474) has a shorter lifespan than N2 and oga-1(ok1207) by
arsenic and CMIT/MIT exposure. Taken together, our result suggest involvement of ogt-1 gene in
oxidative stress and alteration in fatty acid metabolism by arsenic and CMIT/MIT exposure, which
further suggesting possible link of these chemicals with metabolic disease through O-linked Nacetylglucosamine transferase. Acknowledgement: This work was supported by the Mid-career
Researcher Program (2017R1A2B3002242) through the National Research Foundation of Korea (NRF)
funded by the Ministry of Science, ICT and Future Planning.
ABSTRACT NUMBER: 3638
Poster Board Number: P432
TITLE: Evaluating the Effects on Steroidogenesis of Essential Oils in a Feto-Placental Co-Culture System
Feto-Placental Co-Culture System
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Yancu, and T. Sanderson. INRS-Institut
Armand-Frappier, Laval, QC, Canada.
KEYWORDS: Natural Products; Endocrine Toxicology; Endocrine Disruptors
ABSTRACT: The isoprene unit is the fundamental building block of both steroid hormones and the
components of essential oils. We determined whether 5 common essential oils (basil, fennel seed,
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orange, black pepper and sage) interfered with feto-placental steroidogenesis in a co-culture model
composed of fetal-like adrenocortical (H295R) and trophoblast-like (BeWo) cells. After a 24h exposure of
the co-culture to essential oil concentrations ranging from 0.0005% to 0.005%, only basil and fennel
seed oil significantly increased hormone concentrations of estradiol, estrone, dehydroepiandrosterone,
androstenedione and progesterone, but not testosterone. Using real-time quantitative RT-PCR, basil and
fennel seed oil were shown to significantly increase the expression of several key steroidogenic
enzymes, such as those involved in cholesterol transport and steroid hormone biosynthesis, including
CYP11A1, 3β-HSD1 and -2, and 17β-HSD1 and -7 as well as the steroidogenic factor StAR. Particular
attention was placed on the promoter-specific expression of the enzyme aromatase (CYP19), which is
essential for the estrogen production needed for a healthy pregnancy. In the co-culture, basil oil
significantly increased the PII promoter-specific expression of CYP19 (aromatase) in both cell types,
whereas both basil and fennel seed oil significantly increased placenta-specific promoter I.1-derived
CYP19 in BeWo cells in co-culture. Using a tritiated water-release assay to determine CYP19 catalytic
activity, we found that both basil and fennel seed oil significantly increased CYP19 enzyme activity in
both cell types in co-culture, which correlated with the effects on mRNA levels. Furthermore, the
isomers estragole and trans-anethole, the most abundant chemical constituents of basil and fennel seed
oil, respectively, were evaluated for interference with steroidogenesis in the feto-placental co-culture
system and were found to have almost identical effects to those exhibited by their respective essential
oils. These results suggest that possible synergistic effects on steroidogenesis among the various
compounds in basil and fennel seed oils play only a minor role in our feto-placental co-culture model.
Our results indicate that further study is necessary to determine the potential risks of the use of basil
and fennel seed oils during pregnancy considering their potential to disrupt steroidogenic enzyme
activity and expression in vitro.
ABSTRACT NUMBER: 3639

Poster Board Number: P437

TITLE: A Spheroid Tissue Microarray Platform for Brain Tumour Drug Development
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Plummer1, D. Pamies2, S. Wallace1, G.
Ball1, and T. Hartung2. 1MicroMatrices, Dundee, United Kingdom; and 2Johns Hopkins Blumberg School of
Public Health, Baltimore, MD.
KEYWORDS: Biomarkers; Pharmaceuticals; In Vitro and Alternatives
ABSTRACT: 3D organoid cultures more accurately reflect the complex in vivo microenvironment than 2D
monolayers. However there are challenges in this approach for drug testing not least due to visualisation
and measurement of histological end points in high throughput. To address this issue, we have
developed a spheroid tissue microarray (TMA) platform where organoid cultures can be sectioned,
stained, imaged and quantified in a 96 well format. We applied this approach for testing drugs against
glioblastoma in a hybrid BMPS glioblastoma model (gBMPS). The model consists of human iPSC-derived
neurons, glial cells and astrocytes grown in a spheroid also containing glioblastoma tumour cells. We
used this platform to assess the growth of glioblastoma tumours inside the spheroids and the response
of gBMPS tumours and normal neuronal cells to repeat treatments with anti-cancer drugs
temozolomide (TZ) and adriamycin (ADR). gBMPS were exposed to TZ or ADR over a 7-day period, at
clinically relevant concentrations. Untreated, gBMPS tumours increased in size over a 4-week culture
period however there was no increase in the number of normal neuronal cells over this period
consistent with their postmitotic state. TZ treatment (0.1-100uM) had little or no effect on the size of
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the tumours however ADR (0.025 - 0.3 μM) caused significant (P<0.001) reduction (50%-90%) in the size
of the tumours but little or no effect on the number of normal neuronal cells in the model. These results
indicate this platform has the potential to provide a novel approach for screening new anti-glioblastoma
agents.
ABSTRACT NUMBER: 3640
Poster Board Number: P438
TITLE: Screening for Biomarkers of Drug-Induced Cardiac Toxicity Using Human Induced Pluripotent
Stem Cell-Derived Cardiomyocytes
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Treadway, J. Green, and G. Gintant.
AbbVie, North Chicago, IL. Sponsor: M. Liguori
KEYWORDS: Biomarkers; Safety Pharmacology; Predictive Toxicology
ABSTRACT: According to a recent DruSafe survey of 16 pharmaceutical companies, 27% of drug
candidates fail prior to IND submission because of cardiac toxicity. Unfortunately, these late stage
failures are often undetectable in acute, single-dose studies and only become apparent during chronic,
multi-dose studies, after multiple animal studies and months of resources have been consumed.
Currently, we have no reliable way of knowing which compound may elicit cardiotoxicity after chronic
dosing until completion of multi-dose toxicology studies. The objective of this study was to develop an
alternative, early in vitro screen using human stem cell-derived cardiomyocytes to identify chronic druginduced cardiomyocyte toxicity using a small panel of extracellular proteins and mircroRNA (miRNA)
biomarkers. Methods: Human induced pluripotent stem cell-derived cardiomyocytes (hIPSC-CMs) were
treated with one of 3 known clinical cardiotoxicants (Doxorubicin, Bortezomib, or Sunitinib) or Aspirin
(negative control) for up to 8 days. Media and drug were replenished and samples were collected every
other day during this period. At the end of the 8 day treatment, cell viability was assessed and media
samples were analyzed using a 12 protein analyte human cardiovascular disease panel (Milliplex) and a
68 probe miRNA cardiology panel (Fireplex). Of the 12 protein analytes in the panel, 5 were significantly
influenced by the majority of cardiotoxicants but unaffected by Aspirin. These analytes include clinical
markers of cardiac injury such as Troponin I, Creatine kinase-MB (CK-MB), and B-type Natriuretic Peptide
(BNP), as well as Fatty acid binding protein 3 (FABP3) and N-terminal-pro hormone BNP (NTproBNP). Of
68 miRNA probes on the cardiology panel, 10 were differentially regulated by 2 or more of the 3
cardiotoxicants. These include some markers known to be associated with cardiac damage such as miR1, -133a/b, -199a, -208a/b, -34a, and -499a, as well as miR-30a, and -145 which were not previously
linked to cardiac damage. Conclusion: Our results suggest that hIPSC-CMs release known markers of
cardiac damage in a dose- and time-dependent manner when treated with clinically relevant
concentrations of known cardiotoxicants and may therefore be a useful screening tool. Using this small
cohort of clinical compounds, we were able to create a short list of potential biomarkers to be validated
with a larger number of clinical and internal compounds. Disclosure: All authors are employees of
AbbVie. The design, study conduct, and financial support for this research were provided by AbbVie.
AbbVie participated in the interpretation of data, review, and approval of the publication.
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ABSTRACT NUMBER: 3641
Poster Board Number: P439
TITLE: High-Throughput Microfluidic 3D Liver Model for Translational Hepatotoxicity Prediction
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Bircsak1, A. Gough2, K. Wilschut3, D.
Taylor2, P. Vulto3, L. Vernetti2, and A. Saleh1. 1Mimetas Inc., Gaithersburg, MD; 2University of Pittsburgh
Drug Discovery Institute, Pittsburgh, PA; and 3Mimetas BV, Leiden, Netherlands.
KEYWORDS: In Vitro and Alternatives; Liver; Predictive Toxicology
ABSTRACT: Accurate prediction of hepatotoxicity is a crucial need in the pharmaceutical industry, as
roughly two-thirds of drug development failures are attributed to hepatotoxicity. Animal hepatotoxicity
testing is expensive, low-throughput, and overall has unreliable concordance with human
hepatotoxicity, while standard in vitro systems have, at best, marginally improved productivity. The
purpose of this study was to optimize a 3D in vitro model of the human liver, and concordantly
predictive hepatoxicity assays, by adapting the sequentially layered, self-assembly liver model (SQL-SAL)
developed by the University of Pittsburgh Drug Discovery Institute into MIMETAS’ high-throughput
microfluidic system. The resulting platform contains 96 x 3D microfluidic co-culture mimics of the liver
sinusoid, including human primary or iPS hepatocytes and stellate cells incorporated in an ECM protein
gel, fed by microfluidic nutrient perfusion from an adjacent endothelial and Kupffer cell-lined blood
vessel mimic. Cell viability of the co-culture remained stable (80-90%) through 10 days in culture. We
report long-term maintenance of metabolic activity, including CYP3A4 (1-10 days) and albumin
production (1-10 days). Per million cells, this model produced greater than 800 ng albumin/day. Using
multi-parameter high-content imaging, we have optimized toxicity assays with fluorescent readouts to
measure viability, mitochondrial function, and steatosis following the administration of known
hepatotoxicants, including acetaminophen (APAP) and troglitazone. The cell viability assay revealed a
more physiologically-relevant sensitivity to APAP in this liver-on-a-chip system, as 300 µM APAP (human
Cmax: 130 µM) reduced the viability of the culture by 90 percent and ≥10 mM was required to obtain a
comparable response in the 2D culture of hepatocytes. Exposure to troglitazone triggered a
concentration-dependent accumulation of lipids in the cultures, indicating the potential for
characterizing toxic compound effects on lipid metabolism (steatosis). These studies display the
feasibility of using our 3D human model as a high-throughput screening platform for the assessment of
pharmaceutical and chemical hepatotoxicity.
ABSTRACT NUMBER: 3642
Poster Board Number: P440
TITLE: Refining In Vitro QPatch Cardiac Ion Channel and MEA iPSC Cardiomyocyte Assays for CiPA
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. W. Kirby, S. El Haou, E. Humphries, S.
Williams, L. Webdale, K. Sutton, and M. Rogers. Metrion Biosciences, Cambridge, United Kingdom.
Sponsor: G. Luerman
KEYWORDS: Alternatives to Animal Testing; In Vitro and Alternatives
ABSTRACT: The Comprehensive in vitro Proarrhythmia Assay (CiPA) initiative is a new cardiac safety
paradigm sponsored by the FDA to refine the current S7B and E14 guidelines. Two CiPA components
utilise in vitro electrophysiology methods that require optimisation and validation with a toolbox of
compounds with defined clinical proarrhythmic risk. We present a) refined automated patch clamp
electrophysiology assays (Sophion QPatch) to quantify the potency of test compounds on the full panel
of human cardiac ion channels, and b) demonstrate that proarrhythmic liability can be accurately
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predicted in induced pluripotent stem cell-derived ventricular cardiomyocytes on a multi-electrode array
(MEA) system (Axion Maestro), using cells from Ncardia (vCor4U) and Cellular Dynamics (iCell2). In
addition, manual patch clamp action potential (AP) recordings were made to benchmark the MEA assay.
Optimisation of the QPatch assay required attention to the on-rate of channel inhibition; for example,
this varied significantly for compounds tested against hERG currents. As the potency of slow blocking
compounds was underestimated using a standard 4pt cumulative application method (2 x 2 min
additions / concentration), we determined that a single concentration per cell (composite IC50 format)
with multiple applications (10 x 1 min additions) was required to accurately determine the potency of
slow acting compounds such as Terfenadine (cumulative IC50=0.56 µM; composite IC50=0.10 µM). The
potency of faster acting compounds, such as Verapamil, was less affected by compound testing regime
(cumulative IC50=0.53 µM; composite IC50=0.25 µM). For the MEA cardiomyocyte assay, compounds
were tested using a cumulative acute application paradigm (30 min / concentration) in accordance with
FDA studies (Blinova et al., 2017). However, our method incorporated serum (10% v/v), which allowed
for the correct identification of all six clinically safe drugs as non proarrhythmic. All eight high risk
compounds significantly prolonged the field potential duration, and seven elicited proarrhythmic events.
The inclusion of serum improved the accuracy of the assay, matching recent results published by the
FDA (Schoken et al., 2017). Manual patch clamp evaluation of cardiomyocyte AP parameters confirmed
the results of the MEA study, with the magnitude of AP changes correlating with compound risk class. In
conclusion, careful attention to the optimisation and validation of in vitro methods is required to
produce predictive CiPA assays.
ABSTRACT NUMBER: 3643
Poster Board Number: P441
TITLE: Assessment of Prodromal Slow Wave EEG in Telemetrized Canines: Increasing the Sensitivity of
Preclinical Seizure Liability Safety Assessments
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Metea1, and K. Kearney2. 1Preclinical
Electrophysiology Consulting, Mattapoisett, MA; and 2Charles River Laboratories, Ashland, OH.
KEYWORDS: Nervous System; Safety Pharmacology; Neurotoxicology
ABSTRACT: The preclinical seizure liability of investigational compounds usually involves EEG
assessments including the presence of compound-induced electrographic seizures and preictal
epileptiform abnormalities indicative of focal abnormalities, such as sharp waves and spikes. With the
widespread use of video-telemetry EEG, it is presently possible to discern additional compound-induced
EEG changes such as EEG slowing (i.e. increased power in the delta, theta or alpha bands), high
frequency events, or changes in rhythmicity without changes in the total spectral power. Although
abnormal EEG slowing is recognized as a seizure onset or preictal pattern in the clinic, it remains
underreported in preclinical studies, mainly due to the extent of analyses involved in separating these
patterns from normal slow EEG activity. Here we present an anonymized retrospective analysis of an
investigational compound with seizure liabilities, highlighting prodromal EEG slowing and changes in
synchrony in telemetry-implanted canines. Quantitative EEG (qEEG) Z-scores reflecting changes in the
ratio of low frequency power to total EEG spectral power during postdose awake states displaying
abnormal slowing vs. baseline were calculated for three groups of six animals monitored over up to
seven days. A significant increase in the Z-score was noted in animals exhibiting seizures, indicating that
abnormal changes in slow wave morphologies were likely relevant prodromal events. Slow wave
abnormalities usually preceded tonic seizures with similar low discharge frequency and these
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morphologies were compared with spectral signatures of frank electrographic seizures with tonic-clonic
correlates. Several types of slow wave patterns were identified, which aligned with published reports of
clinically-relevant seizure onset patterns: rhythmic sharp, rhythmic round and semirhythmic. As these
patterns are not limited to canines, examples of similar events are presented from retrospective
collections from non-human primates, and simplified approaches for analyses are discussed.
Characterizing changes in the low-frequency bands expands the utility of EEG endpoints as translatable
biomarkers of seizure liability and refines the characterization of neurological compound effects. As
telemetry collections are usually conducted for extended periods of time, similar qEEG metrics related
to seizure liability can also be integrated with polysomnography or pharmaco-EEG endpoints aimed at
identifying correlations with EEG effects of known classes of compounds, resulting in cost efficiencies
and reduction in the number of animals used.
ABSTRACT NUMBER: 3644
Poster Board Number: P442
TITLE: Minimal Impact on General Health and Growth Rate following Twice-Monthly Wound Reopening
after Initial Wound Creation during the Conduct of Open Wound Dermal Toxicity Study in Minipigs
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Gilmore, B. Wahle, T. Frye, K. Sanders,
and D. Dandekar. Xenometrics, A Citoxlab Group Company, Stilwell, KS.
KEYWORDS: Cutaneous or Skin Toxicity
ABSTRACT: Similarities between the porcine and human skin, including the physiologically similar wound
healing processes, make the minipig an ideal animal model for dermal toxicity studies. Following early
short-term efficacy wound healing studies, the regulatory requirement is to conduct long-term dermal
toxicity studies (up to 9-months) where the test compound is to be directly applied following twice
monthly (Day 15 and Day 30) wound re-opening following wound creation on Day 1. Multiple surgical
procedures during the course of a one month study or greater, can lead to stress and potentially stressrelated secondary effects. We have refined the existing surgical techniques for wound creation, which
takes ~2-3 hours/pig, and reduced the time for completing the surgical procedure to approximately 3035 minutes/minipig thereby, reducing the stress on the animals. Prior to surgery/wound creation or recreation, animals were fasted overnight and anesthetized under mild isoflurane gas with oxygen. The
surgical area was clipped, scrubbed with chlorhexidine followed by a thorough rinse with tap water, and
followed by another three rounds of chlorhexidine-based solution/alcohol rinse procedure. A total of 12
full thickness excisional wounds measuring approximately 0.5 cm deep and 1 cm in diameter were
performed using a biopsy punch. A full thickness excisional wound was defined by the complete removal
of the skin and subcutaneous fat to expose the underlying fascia. The animal was then allowed to
recover from anesthesia and the open wounds (not sutured following creation), were packed with
sterile gauze and covered with Tegaderm™ adhesive dressing. Animals were given buprenorphine [0.05
mg/kg intramuscular (IM)] approximately every 8 to 12 hours (or at the discretion of the veterinarian) on
the days of wound creation for a total of at least three treatments. Penicillin G Benzathine/Penicillin G
Procaine combination (40,000 IU/kg, intramuscular injection; equivalent to 0.267 mL/kg), was
administered before wound creation on Day 1. Parameters evaluated to assess stress-related effects
included, clinical observations, food consumption and weekly body weights. Results from our study
indicated that there were no stress-related clinical observations (decreased activity or vocalization),
changes in food consumption, body weights or hematology parameters in the minipigs undergoing
surgical procedures once every two weeks as compared to surgically naïve minipigs.
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ABSTRACT NUMBER: 3645
Poster Board Number: P443
TITLE: Nonclinical Safety Evaluation of Acalabrutinib, a Selective Covalent Inhibitor of Bruton Tyrosine
Kinase (BTK)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Mookherjee1, J. Ford2, K. Nelson2, J.
Barnes3, D. Branstetter4, A. Gruber2, A. Aulbach2, A. Kaptein5, R. Ulrich1, and C. Krejsa1. 1Acerta Pharma,
Bellevue, WA; 2MPI Research, Mattawan, MI; 3DSM, IMED Biotech Unit, AstraZeneca, Cambridge, United
Kingdom; 4Cynosure Clinical Research LLC, North Bend, WA; and 5Acerta Pharma, Oss, Netherlands.
KEYWORDS: Safety Evaluation; Toxicity; Chronic; Pharmaceuticals
ABSTRACT: Recently approved acalabrutinib (Calquence®) is a highly selective inhibitor of BTK, a
validated target in B-cell malignancies. A comprehensive nonclinical safety assessment of acalabrutinib
was conducted. No adverse effects were observed in safety pharmacology studies in rats and dogs.
Secondary pharmacology screens (80 targets) showed no interactions at <50-fold clinical Cmax.
Acalabrutinib was negative in all standard tests of genotoxicity. In general toxicity studies in rats and
dogs, acalabrutinib was well tolerated at doses ≤100 mg/kg and ≤30 mg/kg, respectively. Effects on
lymphoid tissues were noted as on-target changes. Rat T-cell dependent antibody response studies
showed modest decreases in primary and recAll IgM and/or IgG. In rats only, there was an exacerbation
of a species-, strain- and sex-related background lesion in pancreatic islets. The kidney and liver (rat and
dog) and heart (rat) were target organs of toxicity at high doses. Kidney findings in both species included
tubular degeneration/necrosis, dilatation, mineralization, and increases in tubular basophilia and
inflammatory cell infiltrates. In rat livers, individual hepatocyte degeneration/necrosis was noted. In
dogs, occasional transient serum transaminase elevations occurred, without histologic correlates.
Reversibility of kidney and liver findings was observed in both species. Microscopic findings in heart
were only observed at non-tolerated doses. In rats that died, heart findings included hemorrhage,
inflammation, necrosis and vascular mineralization. In dogs, perivascular/vascular inflammation,
considered secondary to uremia, was noted in association with severe renal toxicity. Total acalabrutinib
exposures in rats at the lowest doses associated with kidney, liver, and heart findings were 7-, 7- and 12fold greater, respectively, than clinical area under the concentration-time curve at steady state
(AUC24h,ss) at the therapeutic dosage of 100 mg twice daily. Exposure at the no observed adverse effect
level in dogs was 14-fold greater than the clinical AUC24h,ss. In summary, the acalabrutinib safety profile
supports clinical development for treatment of patients with B-cell malignancies.
ABSTRACT NUMBER: 3646
Poster Board Number: P444
TITLE: Developmental and Reproductive Toxicology (DART) Evaluation of Acalabrutinib, a Highly
Selective Inhibitor of Bruton Tyrosine Kinase (BTK)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Mookherjee1, J. Bond2, J. Barnes3, T.
Podoll1, and C. Krejsa1. 1Acerta Pharma, Bellevue, WA; 2MPI Research, Mattawan, MI; and 3DSM, IMED
Biotech Unit, AstraZeneca, Cambridge, United Kingdom.
KEYWORDS: Safety Evaluation; Reproductive and Developmental Toxicology; Pharmaceuticals
ABSTRACT: Recently approved acalabrutinib (Calquence®) is a highly selective inhibitor of BTK. DART
studies were run to support the clinical development of acalabrutinib for patients with B-cell cancers. A
combined rat fertility and embryofetal development (EFD) study was conducted with doses up to 200
mg/kg in females and 300 mg/kg in males. No acalabrutinib-related effects were observed on fertility
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endpoints, reproductive and uterine parameters, sperm analysis, estrous cycle, mating, fetal survival
and weights (wt), or EFD at any dose. Acalabrutinib exposures at the top doses in females and males
were 16- and 18-fold higher than the clinical area under the concentration-time curve at steady state
(AUC24h,ss) at the therapeutic dosage of 100 mg twice daily. In a rabbit EFD study, acalabrutinib at 200
mg/kg was not tolerated; early termination of the group precluded evaluation of litters. Rabbits dosed
at 100 mg/kg from gestation day 6 (GD6) to GD18 displayed clinical observations (obs) of decreased
body wt and food consumption. In fetuses at 100 mg/kg decreased fetal wt was noted. In some litters,
skeletal variations indicative of a developmental delay (delayed ossification of talus and hyoid body)
were also observed. No effects were noted on uterine implantation, fetal sex ratios, fetal external or
visceral examinations, or maternal macroscopic obs at necropsy. At 50 mg/kg, no acalabrutinib-related
effects were noted on any maternal or fetal parameters. In pregnant rabbits, acalabrutinib exposure at
50 mg/kg was 1.8-fold of the clinical AUC24h,ss; at 100 mg/kg exposure was 4.1-fold higher than the
clinical AUC24h,ss. A pilot peri- and postnatal development (PPND) study in rats showed placental and
lactation transfer of acalabrutinib and its major metabolite. No effects were noted on F1 pup sex ratios,
pup survival, clinical obs, body wt, or macroscopic obs. No effects were noted on maternal clinical obs,
body wt, food consumption, macroscopic obs, or organ wt. However, effects on maternal survival (≥200
mg/kg) and parturition (300 mg/kg only) were noted. The top dose for a definitive PPND study is 150
mg/kg (study on-going). In summary, results of DART studies in rats showed effects on maternal survival
and parturition at high doses, and a rabbit EFD study showed fetal growth delays at an acalabrutinib
dose that caused maternal toxicity.
ABSTRACT NUMBER: 3647
Poster Board Number: P445
TITLE: Fibroblast Growth Factor Receptor 4 Inhibition: Species Differences in On-Target Liver Toxicity of
the Covalent Inhibitor SAR439115
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Dwyer1, V. Menet2, F. Chanut3, A.
Mathieu-Kia3, O. Dorchies3, M. Fitzgerald4, M. Munson4, L. D'Agostino5, J. Murray1, and Z. Jayyosi1.
1
Sanofi, Framingham, MA; 2Sanofi, Montpellier, France; 3Sanofi, Alfortville, France; 4Sanofi, Waltham,
MA; and 5Celgene, Cambridge, MA.
KEYWORDS: Liver; Safety Evaluation; Pharmaceuticals
ABSTRACT: SAR439115 is a potent and highly selective covalent inhibitor of fibroblast growth factor
receptor 4 kinase (FGFR4) in both in vitro and in vivo pharmacology models. The compound was
developed for its potential use as a treatment of patients with hepatocellular carcinoma. Safety
assessment of the FGFR4 target identified liver toxicity as a potential liability through deregulation of
bile acids. Exploratory two week toxicity studies were conducted in both mouse and cynomolgus
monkey prior to entry into development. The expected on-target changes in biliary function and CYP7α1
gene expression were observed in monkeys at all doses. Histopathology in the liver included biliary
hyperplasia and hypertrophy observed at all doses in monkeys but not in mice. The 4-Week GLP studies
with a 2-week recovery period were performed in NHP at the same doses (5, 15 and 50
mg/kg/administration BID) as those tested in the exploratory studies. In the monkey study, target
engagement, measured by increases in serum C4 (serum marker for bile acid synthesis), was confirmed
at all doses evaluated. Consistent with the two week study, minimal to mild bile duct hyperplasia was
observed at all doses. The findings observed in the liver, although minimal, progressed from the 2- to
the 4-week exposure, with additional observations, including minimal fibrosis at all doses, which were
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not reversed following the two week recovery period. Hepatocellular necrosis was observed at the mid
and highest doses that resolved following the recovery period. In agreement with the 2-week studies, no
liver toxicity was observed in the mouse following 4-week exposure to SAR439115. Based on the results
of these studies, it was concluded that the mouse and monkey do not share the same liver toxicity
response to SAR439115. This difference may be attributed to differences in bile acid synthesis and
metabolism between the two species. The observed liver findings in the monkey are hypothesized to be
pharmacologically mediated and linked to the dysregulation of bile acid synthesis in NHP. In conclusion,
species differences in bile acid synthesis and metabolism may explain the observed differences in liver
toxicity. Further mechanistic studies are necessary to confirm these observations.
ABSTRACT NUMBER: 3648
Poster Board Number: P446
TITLE: Intravenous Toxicity and Toxicokinetics of an HDL Mimetic, Fx-5A Complex Peptide, in
Cynomolgus Monkey
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Bourdi1, R. D. Guarino2, B. Yamamoto3, S.
D. Grimes4, A. T. Remaley5, and P. S. Terse1. 1NIH/NCATS, Rockville, MD; 2KCAS Bioanalytical & Biomarker
Services, Shawnee, KS; 3Enanta Pharmaceuticals, Birmingham, AL; 4Southern Research Institute,
Birmingham, AL; and 5NIH/NHLBI, Bethesda, MD.
KEYWORDS: Safety Evaluation; Cardiovascular System
ABSTRACT: Fx-5A complex peptide (Fx-5A), a High Density Lipoproteins (HDL) mimetic, has been shown
to reduce atherosclerosis and replicates many of the known beneficial effects of HDL in animal studies.
To support a phase I clinical trial, the safety profile and toxicokinetics of Fx-5A were assessed in
cynomolgus monkeys. Fx-5A (8, 25 or 75 mg/kg body weight) or vehicle was administered IV by infusion
over 30 minutes, once every other day over 27 days followed by a 15 days recovery period. The Fx-5A
was well tolerated at all doses and all animals survived during the duration of the study. At the highest
dose, there were statistically significant Fx-5A-related non-adverse effects on the hematology and
clinical chemistry parameters tested. Dose-dependent morphological changes in erythrocytes
(acanthocytes, echinocytes, spherocytes, microcytes, and/or schistocytes), were observed at all dose
levels that were considered non-adverse since they did not have any impact on health of the animals
and recovered on Day 42. The in vitro hemolytic potential assay indicated that Fx-5A was not hemolytic
to fresh NHP or human blood. There were no Fx-5A-related statistically significant changes for any
cardiovascular function, ECG or respiratory parameters during the study when compared to control. In
addition, there were no Fx-5A-related macroscopic or microscopic tissue lesions and no impact on organ
weights observed. There was sporadic but non-appreciable detection of anti-Fx-5A antibodies. Finally,
Fx-5A exhibited dose-dependent linear toxicokinetics in both sexes with T1/2 value ranges from 2.7 to 6.2
hrs. Due to the fact that there were no adverse effects, the No Observed Adverse Effect Level (NOAEL)
under the conditions of this study was considered to be 75 mg/kg/day with associated exposures
average male and female Cmax and AUC0-last of 453 µg/mL and 2232 hr·µg/mL, respectively, on Day 27
after every other day dosing. Acknowledgments: This work was supported by Leidos Contract No.
HHSN261200800001E, and NHLBI under BrIDGs/NCATS Program.
ABSTRACT NUMBER: 3649
Poster Board Number: P447
TITLE: Determination of Non-Human Primate Relevance for Esterase-Sensitive Motif-Targeted HDAC
Inhibition by Pharmacodynamic Measurement of Acetylated Lysine by Flow Cytometry
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AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Petrucci1, R. Furze2, C. Williams1, J. Parry3,
H. Lewis2, K. French1, and D. Dalmas Wilk1. 1GlaxoSmithKline, King of Prussia, PA; 2GlaxoSmithKline,
Stevenage, United Kingdom; and 3GlaxoSmithKline, Ware, United Kingdom.
KEYWORDS: Mechanisms; Pharmaceuticals
ABSTRACT: Chromatin modifications alter the transcription of DNA through the addition or removal of
specific chemical signatures on histones. Altering the acetylation signature of histones can be an
attractive therapeutic target. However, transcriptional modification beyond pharmacologic intent may
lead to off-target effects. One strategy to mitigate these off-target effects is through targeting
pharmacology to cells that express defined esterases with restricted expression via incorporation of an
esterase-sensitive motif (ESM). A histone deacetylase inhibitor (HDACi) featuring an ESM that is
selectively cleaved to an acid metabolite by carboxylesterase-1, which is preferentially expressed in
mononuclear myeloid cells, was investigated to determine the suitability of non-human primates (NHP)
as the non-rodent toxicology species for nonclinical safety evaluation. Both parent and its acid
metabolite are pharmacologically active, however the acid metabolite is retained longer in the cells in
which it is generated leading to targeted accumulation that extends beyond systemic levels. This
pharmacology has been observed in human whole blood (WB) in vitro, however it had yet to be
established in the NHP. Flow cytometry was used to investigate the pharmacodynamic (PD) effect of
global acetylation in monocytes and reference population, granulocytes, in the cynomolgus monkey
following repeat oral doses. There was a significant increase in acetylation at the highest dose at one
and 24 hours in each population. To determine the selectivity of increased acetylation between these
populations, further analysis comparing the significantly affected populations at individual time points
demonstrated a significant increase in monocyte acetylation over granulocyte acetylation only at the 1
hour timepoint at the highest dose tested. Although significant, the difference in acetylation between
monocytes and granulocytes at the highest dose at a single time point in this assay was not as large as
the difference seen in the in vitro human WB assay. Based on this and other data, the cynomolgus
monkey does not appear to be a relevant toxicology species for safety evaluation.
ABSTRACT NUMBER: 3650
Poster Board Number: P448
TITLE: Nonclinical Safety Assessment of BIVV001, a Next-Generation Recombinant Factor VIII Fc-VWFXTEN Fusion Protein
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Moffit1, G. Cantone2, K. Loveday2, E.
Chhabra1, J. Sommer1, and R. Peters1. 1Bioverativ, Waltham, MA; and 2Biogen, Cambridge, MA.
KEYWORDS: Biotech Products; Safety Evaluation
ABSTRACT: The innovation of long acting factors was first achieved by recombinantly fusing a single
factor VIII (Eloctate) or factor IX (Alprolix) to the Fc portion of IgG1, resulting in prolonged half-life.
Enhanced hemophilia factor durability allows for improved quality of life resulting from longer periods
of normal hemostasis between dosing and greater control of chronic bleeding complications, such as
debilitating joint bleeds. The half-life of current long acting factor VIII molecules for hemophilia A is
limited by interaction with endogenous von Willebrand factor (VWF). Over 95% of the FVIII in circulation
is bound to VWF, which protects FVIII from clearance and degradation, but also appears to tie FVIII to
VWF clearance pathways. This imposes a limit on the half-life extension that can be achieved with a
variety of technologies resulting in a “half-life ceiling” for FVIII. This half-life ceiling can be overcome by
introducing a covalently linked VWF fragment and XTEN peptides to simultaneously prevent interaction
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of factor VIII with endogenous VWF and impair receptor-mediated clearance. This novel approach for
half-life extension was engineered into BIVV001, a recombinant FVIIIFc-VWF-XTEN fusion protein,
resulting in a >32-hour half-life compared to 16 hours for factor VIII Fc and 7.5 hours for factor VIII in
hemophilia A mice. The nonclinical safety profile of BIVV001 was evaluated in 4-week repeat dose (IV)
toxicology studies in Sprague Dawley rats and cynomolgus monkeys at doses up to 750 IU/kg/dose,
which included assessment of pharmacokinetics and anti-drug antibody responses. No early mortality
and no adverse clinical observations were observed during either study. Furthermore, no changes in
body weights, food consumption, clinical pathology (including clotting parameters), and no microscopic
findings, including injection site were identified in either rats or nonhuman primates. An in vitro human
blood hemolytic potential assay was also conducted for BIVV001, which was comparable to control.
Overall, results indicate that BIVV001 is well tolerated in animals and supports the further clinical
development as a long lasting FVIII therapy, which has overcome the VWF imposed half-life ceiling.
ABSTRACT NUMBER: 3651
Poster Board Number: P449
TITLE: Dose-Limiting Central Nervous System Safety Study of a Nitroimidazole, (S)-2-Nitro-6-((6-(4(Trifluoromethoxy)phenyl)pyridin-3-yl)methoxy)-6,7-Dihydro-5H-Imidazo[2,1-b][1,3]Oxazine in Beagle
Dogs
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. S. Barry1, A. M. Upton2, C. B. Cooper2, J. L.
Ambroso1, and T. J. Yang2. 1RTI International, Research Triangle Park, NC; and 2TB Alliance, New York, NY.
KEYWORDS: Safety Pharmacology; Nervous System; Cardiovascular System
ABSTRACT: (S)-2-nitro-6-((6-(4-(trifluoromethoxy)phenyl)pyridin-3-yl)methoxy)-6,7-dihydro-5Himidazo[2,1-b][1,3]oxazine (TBA-354) is a second generation nitroimidazole developed as a potential
anti-tubercular. During early nonclinical testing, two Beagle dogs individually administered 1000 or 100
mg/kg TBA-354/day died after 3 or 4 repeated doses, respectively. Based on observed toxicity in the two
dogs, the cause of death was deemed likely attributable to either cardiovascular (CV) or central nervous
system (CNS) toxicity. Additional repeat oral dosing studies, which included a 21-day tissue distribution
(TD) study, a CV study, and a 3-month toxicology study, were conducted in dogs to further evaluate TBA354. In the 21-day TD study, TBA-354 was tested at 5 and 20 mg/kg/day. At these doses, TBA-354
reached steady-state in both plasma and tissues (brain, heart, liver, lung, and spleen) by Day 11,
suggesting that TBA-354 does not continuously accumulate in tissues after plasma concentrations reach
steady-state. TBA-354 concentrations in the tissues were linearly related to plasma drug concentrations.
In both the 21-day TD and the 3-month toxicology studies, brain TBA-354 concentrations were
approximately 3-fold the plasma exposure, whereas the heart TBA-354 concentrations were less than
plasma drug concentrations. During the CV study, telemetered dogs were dosed at 75 mg/kg/day for 4
days before the dose was escalated to 150 mg/kg/day. Within 22 hours of the dose escalation, CNSclinical signs were observed. Dosing was stopped on Day 9 due to the observation of convulsions in two
dogs. In the 3-month toxicology study, dogs tolerated oral doses of TBA-354 at 5 or 15 mg/kg/day
without any adverse effects. At 45 mg/kg/day CNS-related toxicity was observed and presented clinically
as tremors, ataxia, monoclinic jerks, head tilt, convulsions, and by electroencephalogram as partial or
generalized seizure activity with status epilepticus in one animal that resulted in the dog’s death on Day
4. In both the CV and 3-month toxicology studies, substantial QT prolongation was observed during
electrocardiogram assessment, but no arrhythmias occurred. There were no CNS-related effects during
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the recovery period in the 3-month study, and the QT prolongation was reversed. In conclusion, TBA354 elicited CV and CNS toxicity, but the CNS-toxicity was dose-limiting.
ABSTRACT NUMBER: 3652
Poster Board Number: P450
TITLE: Two Indolcarboxamide Anti-Tubercular Agents, NITD-304 and NITD-349, Elicit QT Interval
Prolongation in Beagle Dogs
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. J. Yang1, J. J. Lynch2, R. S. Barry3, K.
Mdluli1, C. B. Cooper1, D. J. Kempf2, and N. Fotouhi1. 1TB Alliance, New York, NY; 2AbbVie Inc., North
Chicago, IL; and 3RTI International, Research Triangle Park, NC.
KEYWORDS: Safety Pharmacology; Cardiovascular System; Toxicity; Acute
ABSTRACT: MmpL3 is a membrane transporter of Mycobacterium tuberculosis responsible for the
export of trehalose momomycolate, a precursor of the mycobacterial outer membrane component
trehalose dimycolate, as well as mycolic acids bound to arabinogalactan. Two lead candidates in the
indolcarboxamides structural class, NITD-304 and NITD-349, are potent inhibitors of MmpL3 that
demonstrate potent efficacy in vitro and in murine models of tuberculosis. NITD-304 and NITD-349 were
further evaluated for preclinical development including cardiovascular (CV) safety assessments. NITD304 and NITD-349 did not significantly inhibit the IKr hERG current tested in transfected HEK cells (≤ 27%
inhibition at up to 30 µM). However, during a 7-day DRF study in beagle dogs with NITD-349, 50 mg/kg
given once daily or 150 mg/kg given twice daily (300 mg/kg/day) elicited dramatic changes in T-wave
morphology and prolongation of the QT intervals when first measured after six doses. The corrected QT
intervals (QTc) were increased 81 msec (males) and 167 msec (females) at 50 mg/kg dose. The dogs
administered 150 mg/kg twice daily showed QTc prolongation (of 145 msec and 152 msec for male and
female dogs, respectively. The corresponding maximum observed drug concentration (Cmax) at the 50
mg/kg dose was 5.34 and 3.75 µg/mL for males and females, respectively. In follow-up, single-dose CV
studies in male dogs, 50 and 150 mg/kg NITD-304 or NITD-349 resulted in dramatic changes in T-wave
morphology and prolongation of the QTc interval (NITD-304 and NITD-349 1-hr exposure at 50 mg/kg:
0.25 and 0.79 µg/mL, respectively). To understand the discrepancy between the in vitro hERG assay and
in vivo findings, the effects of NITD-349 on KvLQT1/mink current and both compounds on chronic hERG
current (as a measure of hERG trafficking) were evaluated. NITD-349 reduced both KvLQT1/mink current
(acutely) and chronic hERG current with IC50 values of 37.2 and 0.4 µM, respectively. NITD-304 also
showed significantly inhibition of chronic hERG current at 3 µM (29% inhibition). Taken together, NITD304 and NITD-349 present a clinical CV liability based on the significant QT interval prolongation
observed in dogs and chronic hERG inhibition in vitro.
ABSTRACT NUMBER: 3653
Poster Board Number: P451
TITLE: Nonclinical Safety Assessment of PF614: A Novel Prodrug of Oxycodone for Chronic Pain
Indication
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. S. Joshi1, N. Sanakkayala2, L. Kirkpatrick3,
and P. S. Terse1. 1National Center for Advancing Translational Sciences, Bethesda, MD; 2Covance
Laboratories, Inc., Madison, WI; and 3Ensysce Biosciences, San Diego, CA.
KEYWORDS: Pharmaceuticals
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ABSTRACT: PF614, a novel prodrug of Oxycodone, is being developed as a chronic pain analgesic with
extended release and abuse resistant properties. Bioactivation of PF614 to Oxycodone is facilitated by
intestinal trypsin when administered orally. A series of in vitro and in vivo nonclinical safety studies were
conducted to support introduction of PF614 to clinical trials. Ames assays were performed on prodrug
(PF614) and its metabolites (PFR06112 and PFR06110) and were tested negative, Comet assay up to 50
mg/kg/day PO dose yielded no significant increase in DNA damage in liver and duodenum compared to
controls. Micronucleus assay was concluded negative at PF614 PO doses up to 175 mg/kg/day in rats.
IC50 for PF614 was estimated to be greater than 300 μM for effects on hERG current. PF614 was found to
have low apparent permeability in Caco-2 cells (≤1.17 x 10-6 cm/s) at 0.1 and 10 μM and was not a
substrate or inhibitor of P-gp or BCRP transporters. The mean percent bound PF614 in plasma (15 to
10000 ng/mL) ranged from 1.6 to 8.8, 0 to 20.6, and 20.1 to 47.1 % in rat, dog, and human, respectively.
Also, it was found to be metabolically stable in rat, dog, and human hepatocytes with no metabolites
identified. Safety pharmacology study in dog indicated moderately lower heart rate at ≥ 2 mg/kg PO
doses. Changes in heart rate at ≥6 mg/kg persisted through 19 hours post-dose, demonstrated trend
towards recovery and were considered anticipated pharmacological effect of PF614. Repeat dose 14 Day
GLP toxicology studies generated NOAEL of 25 mg/kg/day in rat (Cmax of 61.7 ng/mL, 77.2 ng/mL and
AUC 0-24 of 76.6 ng·hr/mL, 67.1 ng·hr/mL in males and females respectively) and 18 mg/kg/day in dog
(Cmax of 924 ng/mL, 876 ng/mL and AUC 0-24 of 1800 ng·hr/mL, 1460 ng·hr/mL in males and females
respectively). Taken together, these nonclinical studies of PF614 demonstrate favorable safety profile
warranting its clinical evaluation for chronic pain indication.
Supported by NCI-Leidos Contract No.HHSN261200800001E, and NIDA under BrIDGs Program.
ABSTRACT NUMBER: 3654
Poster Board Number: P452
TITLE: Assessment of BMS-986012, a Monoclonal Antibody to Fucosyl-Monosialoganglioside-1
Ganglioside, to Exacerbate Cisplatin-Induced Peripheral Neuropathy in Monkeys
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. K. Korgaonkar1, B. Philip1, S. Clark1, S.
Wise2, M. Czajkowski2, J. Arezzo3, M. Graziano1, R. T. Bunch1, and G. Schulze1. 1Bristol-Myers Squibb
Company, New Brunswick, NJ; 2Charles River Laboratories, Senneville, QC, Canada; and 3Albert Einstein
College of Medicine, Bronx, NY.
KEYWORDS: Safety Evaluation; Pharmaceuticals; Neurotoxicology
ABSTRACT: BMS-986012 is a monoclonal antibody that specifically binds to fucosylmonosialoganglioside-1 (fuc-GM1) ganglioside, an antigen with high expression in small cell lung cancer
patients, and was being explored for the treatment of lung cancer. FucGM1 is also expressed in
peripheral nerves in humans and cynomolgus monkeys and has been identified as a target antigen in
patients with autoimmune neuropathies. To investigate, the potential of BMS-986012 to exacerbate
chemotherapy-induced peripheral neuropathy, a cisplatin-induced neuropathy model was developed in
monkeys. Then, BMS-986012 (150 mg/kg, IV, Q2W, 6 doses) was administered to female cynomolgus
monkeys either alone or in combination with cisplatin (2.5 mg/kg, IV, Q3W) for a 3-month period. In this
monkey model, cisplatin induced clear electrophysiological evidence of peripheral neuropathy
characterized by slowing of sensory and motor nerve conduction velocity (NCV, 19.9% and 9.9%
respectively) accompanied by a 12.6% prolongation of the absolute latency of the response in the distal
segments of spinal cord. Other classic cisplatin-induced toxicities occurred in this monkey model
including findings associated with bone-marrow suppression and renal toxicity. BMS-986012 at 150
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mg/kg, IV (total of 6 doses; mean AUC [0-336h] 945,000 µg•h/mL) did not induce any NCV deficits in
monkeys when administered alone. Importantly, BMS-986012 also did not exacerbate the cisplatininduced effects on NCV. In addition, this model confirms that NCV measurement in monkeys is a
sensitive method to detect early effects on nerve function. In conclusion, these data indicate that BMS986012 can be administered in combination with cisplatin without concern of exacerbating cisplatininduced neurotoxicity.
ABSTRACT NUMBER: 3655
Poster Board Number: P453
TITLE: A Classical and an Immunoaffity-Proteomic Study to Identify and Validate Drug-Induced Kidney
Injury Biomarker in Canine
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: W. Naboulsi1, H. Planatscher1, M. Sonee2, Y.
Chen3, C. Johnson2, S. Bryant2, B. Scott3, L. Nguyen3, T. Joos4, J. E. McDuffie3, and O. Poetz1,4. 1Signatope
GmbH, Reutlingen, Germany; 2Janssen Pharmaceutical Research & Development LLC, Spring House, PA;
3
Janssen Pharmaceutical Research & Development LLC, San Diego, CA; and 4NMI Natural and Medical
Sciences Institute at the University of Tuebingen, Reutlingen, Germany.
KEYWORDS: Biomarkers; Proteomics; Kidney
ABSTRACT: Canines are one of the most common non-rodent species used in pre-clinical safety studies.
Drug-induced kidney injury (DIKI) is still one of the major reasons for failure in drug development. Not
many data about kidney safety biomarkers and changes in the kidney proteome in canines known. We
present here a proteomic study on kidney tissue samples collected from six male beagle canines treated
with nephrotoxic dose of tobramycin. The animal experiment was conducted over 10 days and the DIKI
was confirmed by routine light microscopy. First, a discovery study, where we performed a label-free
quantification analysis on the collected kidney tissue samples (six treated vs three untreated canines).
Second, the label free data were technically verified for some selected candidates by immunoaffinity
mass spectrometry. Finally, we developed a highly specific, sensitive and multiplexed mass
spectrometry-based immunoassay for a quantification of the selected biomarker candidates in urine
samples collected from the same canine’s cohort. Following the label-free analysis, 2000 protein groups
were identified and relatively quantified. 558 proteins were significantly differentially regulated (q-value
< 0.05) between tobramycin-treated and non-treated canine kidney tissue samples. The data was then
analyzed considering known protein biomarker candidates for drug-induced kidney injury. Five identified
proteins - osteopontin, protein AMBP, cystatin-c, clusterin and retinol binding protein 4 - from the labelfree experiment were then selected for technical verification in tissue samples. Additionally, kidney
injury molecule 1 (KIM-1), aquaporin and podocin proteins were also chosen for phase two study
although they were not identified in the label-free analysis. In the tissue verification study, all selected
candidates in the tissue samples were significantly differentially upregulated (p-value < 0.05) following
tobramycin-induced kidney injury except for aquaporin and podocin. Osteopontin, retinol binding
protein 4 and KIM-1 were mostly affected from the treatment and their expression was 10-, 6- and 50fold higher in the tobramycin treated canines, respectively. We further developed immunoaffinity mass
spectrometry assays to absolutely quantify the biomarker candidates in canine urine samples. As results,
almost similar expression profiles for the biomarker candidates - osteopontin, retinol binding protein 4,
clusterin and KIM-1 - were obtained in urine samples when compared to tissue samples from the same
canine. This revealed not only the applicability of the candidate biomarkers for the detection of canine
kidney injury but also the capability of the assays to accurately quantify DIKI. Currently, we are working
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on the verification of selected novel biomarker candidates that might eventually enhance the specificity
and sensitivity of our assay panel.
ABSTRACT NUMBER: 3656
Poster Board Number: P454
TITLE: Evaluation of Phototoxicity of Medical and Combination Devices
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: V. Kostrubsky1, T. Herpel2, and A. Hilberer2.
Johnson & Johnson, Jacksonville, FL; and 2Institute For In Vitro Sciences, Inc., Gaithersburg, MD.
KEYWORDS: Ocular Toxicity

1

ABSTRACT: To address the potential for ocular devices to induce phototoxicity, an in vitro 3T3 Neutral
Red Uptake (NRU) Phototoxicity test for chemicals has been modified. Soft contact lenses formulated
with two different photoabsorbing agents (and no difference in other device formulation components)
were evaluated. Mouse Balb/c 3T3 fibroblasts were cultured in 24-well plates for 24 hours forming a
subconfluent monolayer. Twelve replicates of each lens were placed on the bottom of wells (which
contained Assay Medium) in direct contact with cells. A set of separate plates was exposed to a positive
control, chlorpromazine. The plates were incubated for 1 hour at 370C and 5% CO2. After 1 hour, half of
the wells containing lenses were exposed to 5 J/cm2 of UVA/visible light, and the remaining half were
placed in the dark. After 50 minutes, the cells (with devices) were cultured for additional 24 hours. After
24 hours, the cells were examined microscopically, the devices removed, the media decanted, and a 33
µg/mL neutral red (NR) solution was added for 3 hours, followed by NR extraction and
spectrophotometric quantitation at 550 nm. There was a clear difference in response between the two
devices with 82% and 5% mean cell viability after light exposure. In contrast, in the absence of light, the
mean cell viability was 88% for both devices. In separate experiments, the same photoabsorbing agents
used as a part of polymeric lens composition were tested as chemical dilutions in the standard 3T3
phototoxicity assay. In agreement with results for the intact devices, there was no phototoxicity for the
agent used in non-phototoxic lenses and phototoxicity (Photo Irritancy Factor (PIF) =2.1; Mean Photo
Effect (MPE) =0.17) for the agent used in phototoxic device. Since phototoxicity identified for chemicals
in solution may not translate into phototoxicity of a finished device where this chemical is
copolymerized within the device matrix, the method described can screen for true positive phototoxic
devices designed to be placed in contact with eye or skin. Importantly, no testing in animals is necessary.
The same test approach may also be used for combination devices.
ABSTRACT NUMBER: 3657
Poster Board Number: P455
TITLE: Development of an In Vitro Buccal Membrane Absorption (IVBMA) Model for Tobacco Constituent
Testing
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Justiniano1, D. Lauterstein2, C. Vaught1, J.
Crespo-Barreto2, J. J. Yourick1, R. L. Sprando1, R. Weil2, R. P. Yeager2, and M. E. K. Kraeling1. 1US FDA,
Laurel, MD; and 2US FDA, White Oak, MD.
KEYWORDS: Pharmacokinetics; Alternatives to Animal Testing; Toxicity; Acute
ABSTRACT: Smokeless tobacco product use has been associated with adverse health effects in
consumers, including cancer. To better evaluate the potential risks for adverse health effects associated
with the use of smokeless tobacco, determining the buccal pharmacokinetics of tobacco harmful and
potentially harmful constituents (HPHCs) is key. There currently is no established in vitro buccal
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membrane absorption (IVBMA) model for assessing the permeability of HPHCs. Therefore, an IVBMA
was developed by adapting standard in vitro dermal absorption system methodologies. Porcine buccal
mucosa was chosen as a tissue surrogate for human buccal mucosa given similarities in morphology and
permeability. Porcine buccal mucosa was isolated from connective tissue with a scalpel, followed by use
of a dermatome to cut the tissue to a thickness of 400-500 μm. Successful isolation of the buccal mucosa
epithelium was verified by histological analysis. Buccal mucosa was mounted in flow-through diffusion
cells and saliva permeability coefficients (Kp) were measured using tritiated artificial saliva, pH 6.8, to
ensure the integrity of the buccal mucosa. The average baseline Kp value for porcine buccal mucosa
using tritiated saliva was 1.84 x 10-3 cm/h (n = 5). The saliva Kp values were compared to other values
obtained from membrane integrity assays, transepidermal water loss (TEWL) measurement, and
transepithelial electrical resistance (TEER) measurements to determine baseline criteria for the IVBMA.
Tissues mounted on transwell plates exhibited normalized TEER levels of 63.83 Ωcm 2 (SD= 19.64). Using
the IVBMA established methods, permeability coefficients were determined for nicotine tartrate. Once
fully developed, the IVBMA will be used to determine the permeability constants of selected HPHCs in
smokeless tobacco products. This project was supported in part by appointments to the Research
Participation Program at the US FDA, administered by the Oak Ridge Institute for Science and Education
through an interagency agreement between the US Department of Energy and US FDA.
ABSTRACT NUMBER: 3658
Poster Board Number: P456
TITLE: Sex Differences in Susceptibility to Microcystin-LR Toxicity following Oral Administration in CD-1
Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. A. Morse1, S. Chaudhary1, C. Weghorst2,
T. Knobloch2, I. Mrdjen2, R. Ruch3, and J. Lee2. 1Charles River Laboratories, Spencerville, OH; 2Ohio State
University, Columbus, OH; and 3University of Toledo, Toledo, OH.
KEYWORDS: Natural Products; Liver
ABSTRACT: Microcystin-LR (MCLR) is a potent hepatotoxin produced during cyanobacterial blooms in
freshwater sources. The toxicity of MCLR has been previously characterized in mice, but most of the
earlier studies were conducted in a single sex, most studies were conducted by the intraperitoneal route
of administration and, in some cases, the purity of MCLR was questionable. In order to better
characterize the toxicity of MCLR in mice using a human-relevant route of administration, groups of 10
male and female CD-1 mice were administered MCLR via oral gavage at dose levels of 0, 3000, and 5000
µg/kg/day for up to 7 days. There were two early deaths in females at 5000 µg/kg/day after a single
dose, which resulted in the high-dose level being reduced to 4000 µg/kg/day on Day 2. Thereafter,
mortality was limited to a 3000 µg/kg/day male mouse on Day 4 and a 5000/4000 µg/kg/day female
mouse on Day 7. MCLR-related changes in clinical chemistry parameters at termination included
significant elevations in AST (up to 4.1X in males and 13.0X in females) and ALT (up to 10.7X in males and
24.8X in females) compared to the respective controls and were more pronounced in female mice.
Histopathological findings in early death animals included marked hemorrhage and necrosis in the liver.
Histopathological findings in mice that survived to scheduled euthanasia included dose-dependent
centrilobular hepatic necrosis, hepatocellular degeneration, and hepatocellular hypertrophy. To the
authors’ knowledge, this is the first published report of a greater sensitivity to MCLR-induced toxicity in
female mice compared to male mice following oral MCLR exposure.
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ABSTRACT NUMBER: 3659
Poster Board Number: P457
TITLE: A 90-Day Nose-Only Inhalation Study of Propylene Glycol with Selected Systems Toxicology
Analysis
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Langston1, J. Randazzo2, U. Kogel3, J.
Hoeng3, F. Martin3, B. Titz3, M. Oldham1, K. Lee1, and W. McKinney1. 1ALCS, Richmond, VA; 2CRL, Ashland,
OH; and 3PMI, Neuchatel, Switzerland.
KEYWORDS: Inhalation Toxicology; Safety Evaluation; Systems and Integrative Toxicology
ABSTRACT: A 90-day inhalation study was performed to further characterize the biological effects
resulting from exposure to a mixture containing propylene glycol, a common carrier in e-vapor
formulations. Aerosols of a propylene glycol:water mixture (test article) or a propylene
glycol:glycerin:water mixture (reference article) were generated using a capillary aerosol generator
(CAG). Rats were exposed on a 5 day/week basis for 1, 3, or 6 hours to 5 mg/L TPM (Total Particulate
Matter) of the test article or for 6 hours to 5 mg/L TPM of the reference article. Necropsies were
performed following 90 days of exposure (primary) and following 6 weeks of recovery. Responses were
compared to a concurrent filtered air control. Food consumption and body weights were unaffected by
the test or reference articles compared to the sham controls. In addition, no treatment-related
alterations were observed in serum chemistry, hematology, coagulation, urinalysis or BALF cytology and
clinical chemistry. Macroscopic exams at the primary and recovery necropsies as well as terminal organ
weight data revealed no observations that were considered to be associated with exposure to either the
test or reference article. Following 90-day exposures, there were test and reference article-related
findings of minimal hyperplasia of mucus cells noted within the nasal cavity. However, these were of
minimal severity and also present in the control group, albeit at a lower incidence. Therefore, these
findings were not considered adverse. The mucus cell hyperplasia incidence and severity in the highdose test article group were similar to the 6 hour reference article group. There were no other
treatment-related findings in the primary or recovery necropsies. Based on the lack of adverse findings,
the NOAEL was defined as the high-dose (5 mg/L for 360 minutes) for the test article formulation. In
addition to the OECD (GLP) endpoints, exploratory (non-GLP) systems toxicology endpoints were
examined in female rats. Transcriptomic analyses corrected for false discovery rate demonstrated no
statistically significant differentially expressed genes in the lung or liver after 90-day exposures. An
analysis of the lung and liver proteome also showed no statistically significant differentially expressed
proteins. These data align with minimal respiratory tract effects observed from exposure to mixtures of
propylene glycol, glycerin and/or water.
ABSTRACT NUMBER: 3660
Poster Board Number: P458
TITLE: Evaluation of Skin Sensitization Induction from Daily Exposure to Fragrances in Personal Care
Products
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Drechsel1, K. Towle2, E. Fung3, R. Novick2,
D. Paustenbach4, and A. Monnot2. 1Cardno ChemRisk, Boulder, CO; 2Cardno ChemRisk, San Francisco, CA;
3
Cardno ChemRisk, Aliso Viejo, CA; and 4Cardno ChemRisk, Jackson, WY.
KEYWORDS: Safety Evaluation; Cyclicity
ABSTRACT: Many chemicals used for fragrance purposes have been identified to have high allergen
potential. The objective of this study was to perform an evaluation of dermal sensitization induction
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resulting from daily exposure to select fragrance chemicals via application of various personal care
products. For the purposes of this study, we chose to evaluate several chemicals ranging from weak to
strong sensitizing agents for which restricted use limits have been established by international agencies.
We estimated the dermal exposure to individual chemicals following daily application of rinse-off (e.g.
shampoo) and leave-on (e.g. body lotion) personal care products. We calculated an estimated daily
dermal exposure using the following parameters: amount of product applied, a retention factor, the
concentration of fragrance chemical in the product, and the surface area of the body where the product
was applied. We assumed that the products contained the maximum recommended/permitted
concentration of fragrance chemicals according to product category. We used the 50th and 95th
percentile amount of product applied per day among adult women from consumer use practice data,
and based on dermal modeling data, we conservatively assumed a maximum skin adherence of 10
mg/cm3. We used a retention factor of 0.01 in rinse-off products and 1.0 in leave-in products. We
compared estimated daily dermal exposures (µg/cm3) to report no expected sensitization induction
levels (NESILs) for the individual fragrance chemicals. The NESILs ranged from 24 µg/cm3 (methyl-2nonynoate) to 29,500µg/cm3 (citronellol). The estimated fragrance chemical-specific daily dermal
exposure did not exceed the reported NESILs for any products for the 50th or 95th percentile exposure
scenarios. After application of sensitization assessment factors, the margin of safety for sensitization
induction was greater than one for all individual fragrance chemicals in all personal care products
evaluated. While the concentration of use guidelines for fragrance chemicals was deemed protective
under the evaluated exposure scenarios, the cumulative dose resulting from use of multiple personal
care products containing the same fragrance chemical may drive an individual’s sensitization.
ABSTRACT NUMBER: 3661
Poster Board Number: P459
TITLE: Screening-Level Safety Assessment of Personal Care Product Constituent Safety Using Publicly
Available Data
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Hoang1, E. S. Fung1, D. Drechsel2, K.
Towle3, C. Poteete1, D. Paustenbach4, and A. Monnot3. 1Cardno ChemRisk, Aliso Viejo, CA; 2Cardno
ChemRisk, Boulder, CO; 3Cardno ChemRisk, San Francisco, CA; and 4Cardno ChemRisk, Jackson Hole, WY.
KEYWORDS: Safety Evaluation; Risk Assessment
ABSTRACT: A variety of personal care products are available on the market; however, the vast majority
of these products are formulated from a limited number of constituents. Although FDA regulations do
not require specific tests to demonstrate the safety of a product or its individual constituents,
manufacturers have the responsibility to ensure the safety of their products. The FDA states that this
can be done through reliance on available safety information on individual ingredients or products with
similar formulations or by performing additional toxicological tests where appropriate. The goal of this
study was to demonstrate a screening-level safety assessment methodology to evaluate the safety of a
constituent by determining the constituent’s frequency of use in on-market products and published safe
levels of use. We identified 30 constituents in three on-market personal care products. We then
analyzed the National Library of Medicine’s Household Products Database and the Environmental
Working Group’s (EWG) Skin Deep Cosmetic Database, two of the largest publically available databases,
for other on-market personal care products that contain these constituents and stratified the results
into pre-determined product categories. Safe level of use information for each constituent was obtained
by reviewing peer reviewed literature, the FDA’s generally recognized as safe (GRAS) database, and
product safety publications. The results of this study showed that more than 20,000 personal care
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products contained one or more of the identified constituents, suggesting that these constituents are
widely used in personal care products. Regarding safe levels, 22 of the 30 identified constituents were
GRAS or had published safe levels of use. Of the eight constituents that did not have published safe level
information, there were three botanicals, two thickeners, one emulsifier, one conditioner, and one
chelator. Taken together, our findings suggest that the constituents of interest are commonly used and
generally safe by comparison with other on-market products and available safe level use information.
However, additional evaluation through exposure assessment and risk assessments may provide
additional safety information on a constituent’s specific level of use where appropriate.
ABSTRACT NUMBER: 3662
Poster Board Number: P460
TITLE: Toxicological Significance of Increased ALP in Dog Studies of Pesticides: Analysis of Pesticides
Evaluated for Toxicity in Japan
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Yokoyama1, A. Ono2, M. Yoshida1, and K.
Matsumoto3. 1Food Safety Commission of Japan, Minato-ku, Tokyo, Japan; 2Okayama University, Kita-ku,
Okayama, Japan; and 3Shinshu University, Matsumoto-shi, Nagano, Japan.
KEYWORDS: Risk Assessment; Liver
ABSTRACT: Serum Alkaline Phosphatase (ALP) has been accepted as a biomarker of hepatobiliary
damage in animals and humans. Increased ALP was noted a frequent finding in dog studies at
toxicological evaluation of pesticides. Recently increased ALP treated by phenobarbital as a therapy of
epilepsy was reported non-sensitive monitor of hepatobiliary damage if other hepatobiliary indicators
were not changed in clinical veterinary field. To clarify toxicological significance of increased ALP in dog
studies, we analyzed relationship between increased ALP and other liver changes including liver
hypertrophy. Using the toxicological monographs of over 200 pesticides published by Food Safety
Commission of Japan during 2007 to 2013, the effect on the liver was analyzed by comprehensively
integrating short- and long-term studies. We first classified pesticides into those with or without ALP
increase. Then they were sub-classified into 5 categories by other observed findings related to the liver;
no other finding, increased liver weight alone, liver hypertrophy alone, concurrence of liver hypertrophy
and hepatotoxicity, or hepatotoxicity such as hepatocyte necrosis and fatty change. As a result,
approximately half (107) of pesticides analyzed showed increased ALP in dogs. Among the 107 pesticides
with increased ALP, pesticides without other finding or with the increased liver weight, the hypertrophy,
the concurrence, or the hepatotoxicity were 6, 7, 8, 43 or 43 compounds, respectively. Among 99
pesticides without ALP increase in dogs, the number of compounds without other finding or with
hepatotoxicity alone were 63 or 23, and each in other categories was several. The number of pesticides
with increased ALP in rats was 36. Less than 20% of pesticides which increased ALP in dogs showed
increase ALP in rats. Our study indicates that increased ALP is frequently observed in dogs and that
approximately 20% of pesticides with ALP increase were accompanied with no other finding or only liver
weight or hypertrophy but not hepatotoxicity. This analysis suggests that increased ALP with no other
findings which indicate hepatotoxicity might not be an indicator of hepatotoxicity in dog studies.
ABSTRACT NUMBER: 3663
Poster Board Number: P461
TITLE: Risk Assessment of Iodopropynyl Butylcarbamate in Cosmetic Products
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Aciro. Blue Frog Scientific Ltd, Edinburgh,
United Kingdom.
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KEYWORDS: Safety Evaluation
ABSTRACT: Iodopropynyl Butylcarbamate also known as 3-iodo-2-propynl butyl carbamate (IPBC) is a
yellowish crystalline powder with a faint odour of Iodine of molecular weight 281. IPBC is only
moderately soluble in water it is very soluble in methanol (>1000 g/l) and other organic solvent. IPBC is
used as preservative in cosmetics formulation, its use is limited to ≤ 0.1% in non-aerosolised products
only in the US. In the European Union and ASEAN, the use of IPBC is subject to the restrictions described
in Annex VI, Part I of the Cosmetics Directive with maximum concentration of 0.02% in rinse-off
products, 0.01% in leave-on products, except in deodorant/antiperspirant products in which the limit is
0.0075 and prohibited in leave-on products for baby, large skin surface, lip-care as well as oral hygiene
products. IPBC indicate low toxicity following oral, dermal and inhalation exposure, the LD50 reported
were; 1.1g/kg, >2000mg/kg and 0.68mg/L, respectively. Chronic intake of IPBC in rat over 104 weeks
resulted in dose-related weight gain and inflammation of the nonglandular stomach and lesions in the
submaxillary salivary gland with reported NOAEL of 20 mg/kg/day. IPBC is not considered to cause
reproductive toxicity as demonstrated in rat and mice with reported NOAEL of 50 mg/kg bw/day. No
sensitisation or phototoxicity/allergy observed in non-clinical and clinical studies although mild skin
irritation has been reported. Risk assessment for IPBC was performed as a leave-on cosmetic ingredient
in children’s sunscreen product. Systemic exposure dosage (SED) was estimated to be 0.1074 and no
observed adverse effect level (NOAEL) was considered to be 20 mg/kg/day. Based on this information,
the margin of safety (MOS) for IPBC was calculated to be 186.2. Although this data suggest IPBC has no
risk to human when used at the maximum concentration 0.1%, however, this concentration would
exceed the daily bioavailable intake of iodine from cosmetic products which is expected not to exceed
20 % of the recommended daily intake of 150 μg. While the CIR Expert panel has issued favourable
opinion on IPBC, the SCCS opinion is rather unfavourable for uses of IBPC in baby and leave on products.
Considering that the mechanism of action of IPBC on the toxicity of Iodine is currently unclear, the
conservative approach would be to avoid the application of this ingredient in leave-on products for
children under 3 years of age.
ABSTRACT NUMBER: 3664

Poster Board Number: P462

TITLE: The Use of Body Surface Area for Determination of Age, Body Weight, Urine Creatinine, Plasma
Creatinine, Serum Creatinine, Urine Volume, and Creatinine Clearince: the Reliable Canonical Method of
Assessing Renotoxicity in Animals
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Alhaji Saganuwan. University of
Agriculture, Makurdi, Nigeria.
KEYWORDS: Renal; Exposure, Environmental; Computational Toxicology
ABSTRACT: A preponderance of drugs and xenobiotics are toxic to kidneys. Renal impairment can be
assessed using creatinine clearance. However, because of the principle of reduction, refinement and
replacement (3R), new formulas have been derived from the human creatinine clearance formulas CrCl=
K x 140-age x WScr x 72 and CrCl=D x nBSnBS .The newly developed formulas are CrCl= K x 140-age x WD
x Scr x 72 andCrCl= Ucrx Uv1440 x Scr whereas K is constant (male = 1; female = 0.85), W (Weight), Scr
(Serum Creatinine) and D (Depuration) = UcrPcr , respectively. Also Ucr (Urine creatinine) and Pcr
(Plasma creatinine) must be considered for proper correlation of the estimated parameters. Body
surface (BS) = BW0.528 x H0.528 x 0.14 whereas BW (body weight), H (height), K (0.14 for dog and human
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and the exponent (0.528) have correlated very well for estimation of the parameters in dog and human.
The units of creatinine clearance (ml/min), serum creatinine (mg/dl) and plasma creatinine (mg/dl) must
be considered integral parts of the formula. The findings revealed that creatinine clearance is
physiologically, pharmacologically and toxicologically related to body weight, body surface area ,age,
clearance and volume of urine creatinine, plasma creatinine, serum creatinine, urine volume.
ABSTRACT NUMBER: 3665
Poster Board Number: P463
TITLE: A 13-Week Repeated Oral Dose Toxicity Study of Areca catechu in F344/N Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Cha1, H. Heo1, H. Kim1, J. Bae1, S. Lee1, M.
Kim1, J. Lee1, K. Kil1, S. Choi1, H. Kim1, B. Kang1, K. Kim1, H. Lee1, S. Song1, J. Kim2, and E. Park1. 1Chemon
Inc., Yongin-si, Korea, Republic of; and 2Chonnam National University, Gwangju-si, Korea, Republic of.
KEYWORDS: Safety Evaluation
ABSTRACT: Areca catechu (Arecae semen) is the seed of the fruit of the Areca catechu L. (Palmae), used
as traditional herbal medicines and chewing anthelmintic. The present study was carried out to
investigate the potential toxicity of the ArecA catechu water extract after a 13-week repeated oral
administration at doses of 0, 166.7, 500 and 1500 mg/kg/day in F344/N rats. During the study period,
clinical signs, mortality, body weight, food consumption, water consumption, urinalysis, estrous cycle,
sperm count and motility, ophthalmoscopy, hematology, serum biochemistry, gross pathology, organ
weights, and histopathology were examined. At 1500 mg/kg/day, both genders exhibited an increase in
the incidence of abnormal clinical signs, a decrease in body weight gain and food consumption, as well
as an increase in urine bilirubin, ketone body, specific gravity and protein and kidney weight, although
an increase in liver weight and estrous cycle alterations was only observed in females. Serum
biochemical and histopathological investigations revealed an increase in the serum aspartate
aminotransferase, alanine aminotransferase, and alkaline phosphatase levels and the incidence of
hepatic necrosis in females. At 500 mg/kg/day, an increase in the incidence of abnormal clinical signs
including diarrhea and soiled perineal region was found in both genders. There were no treatmentrelated effects observed in both genders at 166.7 mg/kg/day. Under the present experimental
conditions, the target organs of Areca catechu water extract were determined to be the liver, kidney,
and female reproductive system in rats. The no-observed-effect level (NOEL) was considered to be 166.7
mg/kg/day in rats.
ABSTRACT NUMBER: 3666
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ABSTRACT: Despite their ubiquity in modern life, industrial chemicals are poorly regulated in the United
States. Statutory law defines industrial chemicals as chemicals that are not foods, drugs, cosmetics, nor
pesticides, but may be used in consumer products, and this distinction places them under the purview of
the Toxic Substances Control Act (TSCA). The Frank R. Lautenberg Chemical Safety for the 21st Century
Act addresses many but not all of TSCA’s failings, and rightfully emphasizes the development and
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adoption of high throughput screens, in vitro, and alternative assays to improve the process for
registering new chemicals and to address the tens of thousands of untested chemicals currently in the
TSCA inventory. As the discipline of toxicology gradually shifts from its’ history as a reactive science
(responding to problems after they’ve occurred) to a proactive science (attempting to predict and
circumvent dangers to human and environmental health), two things become clear: 1.) traditional low
throughput toxicological testing methodologies are inadequate to address both the volume of chemicals
of interest and the pace of research; and 2.) the modern industrial chemical ecosystem is complex and
no single testing solution will be appropriate for all the actors that populate that ecosystem. To address
these challenges, three interventions were investigated, each of which targets a different population
within the industrial chemical ecosystem. The first intervention was a suite of computational toxicology
methods targeted towards chemists in the initial phases of chemical design and development. The
second intervention was an alternative assay, the yeast functional toxicogenomic assay, permits
industrial or government labs to rapidly evaluate differences in cytotoxic mechanism between different
chemicals - even if they are structurally very similar. The third intervention explored was a method for
enhancing the metabolic capacity of cell lines currently used by regulators for high throughput
cytotoxicity testing. These interventions individually are not necessarily appropriate for all actors across
the US industrial chemicals ecosystem, but as bespoke solutions they may be quite useful, and, it is
hoped, support a larger exploration of where and how similar efforts may be spent most effectively to
reduce industrial chemical hazard.
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ABSTRACT: Natural products of argillite type are known for their efficient role in skin decontamination.
The possible mechanism of action of such argillaceous grounds could be related to the physical-chemical
composition of the extemporaneously prepared clays. We studied behaviour of the mineral components
of Fuller’s earth in the presence of water, using several microscopic and biophysical approaches.
Scanning electron microscopy combined with X-ray analysis revealed the elements’ composition of the
natural powder based essentially on alumina silicates. Using transmission electron microscopy we
detected progressive alignment of the silicate nanocrystals in the presence of water in the freshly
produced clays. These morphological modifications of the fuller’s earth components lubricated by water
coincided with the increased decontamination efficiency assayed ex vivo on excised porcine skin. For
this purpose, 4-cyanophenol (4CP) was used as a model contaminant in our study, easy to follow by
infrared spectroscopy because of its distinctive vibrational signature. When applied to the skin surface,
4CP readily penetrates the stratum corneum barrier. A defined amount of the saturated solution of 4CP
in water was applied for 15 min. at r.t. to the porcine skin. Fuller’s earth was subsequently applied dry or
in a form of mud for 1 min. and promptly removed. The quantities of the 4CP remaining at the skin
surface were measured and used as a marker of decontamination efficacy. We suggest that
nanostructural organisation of silicate rods into bundles may be responsible for the efficient
sequestration of water soluble contaminants. In a separate study, TEWL modulation was observed after
topical application of fuller’s earth to human skin in vivo. A transient occlusive effect of the applied mud,
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with temporary TEWL increase directly after removal of the decontaminant applied for 15 min. was
observed. Such a ‘hydrating’ effect was not observed following application of dry fuller earth. An
increase of the stratum corneum hydration may favour epidermal penetration of water soluble
contaminants and thus interfere with the decontamination efficacy. It thus remains to be studied
whether the capacity of the contaminant sequestration by fuller’s earth mud prevails over its occlusive
effect. Also, a possibility of the partial removal of outermost cornified cells with partially solidified mud
should be taken into account and checked.
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