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Society of Toxicology 59th Annual Meeting
Late‐Breaking Abstracts
ABSTRACT NUMBER: 3288
Poster Board Number: P101
TITLE: Sonication Effect on Graphene Oxide Dispersion Dictates Toxicity Response in RAW264.7
Macrophages
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Diaz‐Diestra1, B. Thapa2, F. Fisol3, N.
Konduru4, J. Beltran‐Huarac5, G. Morell1, and B. Weiner1. 1University of Puerto Rico, San Juan, PR;
University of Texas Southwestern Medical Center, Dallas, TX; 3Harvard University, Boston, MA;
4
University of Texas Health Science Center, Tyler, TX; and 5East Carolina University, Greenville, NC.
2

KEYWORDS: Nanotechnology; Macrophage; Nanoparticles
ABSTRACT: Since human and environmental exposure to engineered nanomaterials (ENMs) is increasing
due to their incorporation into nano‐enabled products, in‐depth understanding of their toxicological
profile is needed. Traditional toxicity testing is based on in vitro assays where ENMs suspensions are
directly pipetted into cell culture media following cell incubation over a time course. In order to prepare
a stable and well‐dispersed ENMs solutions, various sonication methods are used. It has been reported
that these methods can introduce variability in the nanoparticle suspension properties, e.g.,
agglomerate size, suspension stability and surface activity, which affects their in vitro toxicity profile. As
for emerging 2D materials, including graphene oxide (GO), the impact of sonication methods has not
been well‐studied yet. Here, we investigated the effect of two widely‐used sonication methods (bath
sonication and ultrasonication) on the dispersion stability and toxicity of GO on RAW264.7
macrophages. The effective delivery sonication energy was thoroughly determined, and GO suspensions
were characterized to detect any chemical and structural change via surface analytical techniques. GO
stability in cell culture media was also assessed through protein corona formation on the GO surface.
We found that more stable GO dispersions were obtained via discrete ultrasonication (when compared
to its continuous counterpart), and that these exhibited a higher protein corona. This, in turn, translated
into lower toxicity responses on macrophages as evidenced by metabolic and membrane cell
assessments. This study clearly indicates the impact of dispersion methods on in vitro toxicity of GO, and
provides insights to further clarify contradictory results recently reported on GO toxicity in vitro studies.
ABSTRACT NUMBER: 3289
Poster Board Number: P102
TITLE: Gene Expression and Epigenetic Changes in Mice Exposed to Copper Oxide Nanoparticles
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Rossner1, K. Vrbova1, A. Rossnerova1, T.
Zavodna1, A. Milcova1, J. Klema2, Z. Vecera3, P. Mikuska3, P. Coufalik3, P. Kulich4, M. Machala4, and J.
Topinka1. 1Institute of Experimental Medicine, Prague, Czech Republic; 2Czech Technical University in
Prague, Prague, Czech Republic; 3Institute of Analytical Chemistry, Brno, Czech Republic; and 4Veterinary
Research Institute, Brno, Czech Republic.
KEYWORDS: Toxicogenomics; Nanoparticles; Epigenetics
ABSTRACT: Copper oxide nanoparticles (CuO NPs) are commonly used in industry, chemistry, electronic
devices and as an antimicrobial agent. Although in vitro tests indicate high potency of this nanomaterial
to induce oxidative stress, apoptosis, cell cycle arrest or DNA damage, exact mechanisms of its biological
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impact are not well understood. In this study we investigated transcriptomic response and epigenetic
changes in mice exposed by inhalation to CuO NPs. Female ICR mice (6 animals/group) were exposed to
number concentration of 8x105 CuO NPs/m3 for 3 days, 2 weeks, 6 weeks and 3 months; the control
animals inhaled clean air. Total RNA and DNA was extracted from lungs. Whole genome transcriptome
and miRNA analysis was performed using next generation sequencing. Global DNA methylation was
assessed by ELISA. The inhalation of CuO NPs resulted in deregulation of mRNA expression; the number
of transcripts tended to increase with the exposure time. We detected 170 (100 upregulated, 70
downregulated), 590 (432 upregulated, 158 downregulated), 534 (409 upregulated, 125 downregulated)
and 1551 (898 upregulated, 653 downregulated) deregulated mRNAs after 3 days, 2 weeks, 6 weeks and
3 months of inhalation, respectively. Biological processes and pathways affected by CuO NP inhalation
differed between 3 days exposure (collagen formation) and longer treatments (immune response). Two
weeks exposure further induced apoptotic processes, 6 weeks inhalation affected cell cycle and 3
months treatment impacted processes related to cell adhesion. Expression of miRNAs was not affected
by 3 days of inhalation. Although longer exposure periods modified miRNA levels, the numbers of
deregulated miRNAs were relatively low (17, 18 and 38, for 2 weeks, 6 weeks and 3 months,
respectively). Global DNA methylation was not significantly affected in either exposure period. In
summary, inhalation of CuO NP mostly impacted mRNA expression. A significant transcriptomic
response was observed already after 3 days exposure. Longer treatment affected a greater number of
transcripts and processes mostly related to immunity. Supported by MEYS CR (LO1508).
ABSTRACT NUMBER: 3290
Poster Board Number: P103
TITLE: Surface Functionalization with Transferrin Targets Gold Nanoparticles to Macrophages In Vitro
and In Vivo
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. Konduru Venkata1, K. Velasco Alzate1, S.
Adduri1, K. Zagarovsky2, D. Diaz‐Diestra3, F. A. Fisol4, M. Sanches5, A. Swami5, O. Murillo Gomez1, J. D.
Brain5, and R. M. Molina5. 1University of Texas Health Science Center at Tyler, Tyler, TX; 2Luna Nanotech
Inc, Toronto, ON, Canada; 3University of Puerto Rico, San Juan, PR; 4Universiti Sains Malaysia, Pulau
Pinang, Malaysia; and 5Harvard T.H. Chan School of Public Health, Boston, MA.
KEYWORDS: Nanotechnology; Nanoparticles; Respiratory Toxicology
ABSTRACT: Surface functionalization of gold nanoparticles (Au NPs) may alter their biological
interactions such as uptake by alveolar macrophages (AMs). Pulmonary delivery of Au NPs has
theranostic potential because of their optoelectronic properties, minimal air‐blood translocation, and
possibility of specific cell targeting. First, we examined whether coating Au NPs with transferrin alters
their protein corona as well as their uptake by AMs and lung retention. Rats were intratracheally
instilled with transferrin‐coated Au NPs (Tf‐Au NPs) or polyethylene glycol‐coated Au NPs (PEG‐Au NPs).
Next, we assessed the uptake of the coated Au NPs in peripheral blood derived monocytes (PBMC)‐
derived macrophages. Macrophages were collected and processed for quantitation of cell uptake of
nanoparticles using flow cytometry and electron microscopy. Au retention in the lungs and other organs
was determined by ICP‐MS. We show that Tf‐Au NPs were phagocytosed by AMs and were retained in
the lungs to a greater extent than PEG‐Au NPs. Both Au NPs acquired similar protein coronas after
incubation in lung lining fluids. The translocation of Au from both NPs to other organs was less than
0.5% of the instilled dose. We also report that the Tf‐Au NPs were readily taken up by PBMC‐ derived
macrophages when compared to PEG‐Au NPs (80% vs. 4%) at the end of 4 hours. Our study
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demonstrates that coating of NP surface with transferrin increases macrophage uptake and lung
retention. NP functionalization with transferrin may enhance NP‐based therapeutic strategies for lung
diseases.
ABSTRACT NUMBER: 3291
Poster Board Number: P104
TITLE: Dosimetric Modeling of Inhaled Multiwalled Carbon Nanotubes for Use in Risk Assessment
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. C. Palmer1, J. Matheson2, and L. T.
Haber1. 1University of Cincinnati, Cincinnati, OH; and 2Consumer Product Safety Commission, Bethesda,
MD.
KEYWORDS: Nanotechnology; Dosimetry; Nanoparticles
ABSTRACT: The use of engineered nanomaterials in consumer products is increasing substantially.
Specifically, carbon nanotubes (CNTs) are being incorporated into a number of consumer products,
including sports equipment, 3D printing polymers, textiles, and electronics, potentially increasing
exposures of the general public. Many rodent inhalation toxicity studies have identified lung fibrosis,
epithelial hyperplasia, and granulomatous inflammation as potential adverse effects of CNT exposure.
Dosimetric modeling improves the interspecies extrapolation for human health risk assessment, by
accounting for differences in lung structure, surface area, particle deposition, and potentially particle
clearance. Using the Multiple‐Path Particle Dosimetry (MPPD) software (v3.04), this study calculated
dosimetric adjustments of both rigid and tangled multi‐walled CNTs (MWCNTs), for key studies in the
literature. The impacts of nanomaterial density and aspect ratio on the calculated pulmonary deposition
fraction and the regional deposited dose ratios (RDDR) were evaluated. Density can have a substantial
impact on deposition, but an early version of MPPD (2.0) did not allow density values <1. Although bulk
carbon has a density of 2.1 g/cm3, the density of experimental samples of MWCNTs was much lower
(0.013‐0.2 g/cm3). Aspect ratio is important, since the settling characteristics are different for spherical
objects (aspect ratio of 1, default), long rods (primary CNTs, aspect ratio of 57‐667) and CNTs as
agglomerated in the actual experimental setting (aspect ratio of about 3‐5). Although pulmonary
deposition generally decreased with increasing aspect ratio, the impact on RDDR was inconsistent, since
the human and rat deposition changed to varying degrees. Use of the experimental density of the
tangled MWCNTs rather than the default density (0.2 vs. 1 g/cm3) had only a small impact on the
deposition fraction in rats or humans and on the RDDR, while the lower density of the rigid MWCNTs
(0.013 g/cm3) resulted in both a lower pulmonary deposition, and a lower RDDR. Our analyses illustrate
the importance of considering the characteristics of nanomaterials in the form exposed, rather than
using default values, or values describing the bulk or primary nanomaterial, in developing inhalation
exposure limits.
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ABSTRACT NUMBER: 3292
Poster Board Number: P105
TITLE: Targeted Lipidomic Characterization of Oxidative Stress and Inflammation Induced by Nanosized
Silver
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: W. Poon1, C. Lee1, K. Leung1, P. Karisola2,
and H. S. El‐Nezami1. 1University of Hong Kong, Hong Kong, Hong Kong; and 2University of Helsinki,
Helsinki, Finland.
KEYWORDS: Environmental Toxicology; Immunotoxicology
ABSTRACT: Bioactive, oxygenated metabolites of polyunsaturated fatty acids (PUFAs) are important
indicators of inflammation and oxidative stress but almost nothing is known about their interactions
with nanomaterials (NMs). To investigate the effects of nano‐sized materials (n‐TiO2, n‐ZnO, n‐Ag) and
their bulk‐sized or ionic (b‐TiO2, b‐ZnO, i‐Ag) counterpart, we studied the status of oxidative stress and
PUFA metabolism in THP‐1 cells at low‐toxic concentrations (<15% cytotoxicity) 6 h or 24 h after the
particle exposures by LC/MS and microarray. N‐Ag had a significant and sustained impact on cellular
antioxidant defense, seen as incremental synthesis and accumulation of glutathione (GSH) in the cell,
and reduction of superoxide dismutase (SOD) activity. The cellular particle doses were largely dependent
on exposure duration and particle dissolution, and active transporter mechanisms controlled the
concentration of Zn in cytosol. Even at these sub‐toxic concentrations, n‐Ag was able to induce
statistically significant elevation in the 5‐HETE: arachidonic acid ratio at 24 h, which suggests association
to oxidative stress and induction of pro‐inflammatory responses. N‐Ag stimulated arachidonic acid
oxidation to form 5‐HETE which further magnified the inflammatory responses by enhancing the
production of mitochondrial superoxide and leukocyte chemokines. Since the sustained n‐Ag uptake was
detected, the effects may last long and function as a trigger for the low‐grade inflammation playing role
in the chronic inflammatory diseases.
ABSTRACT NUMBER: 3293
Poster Board Number: P106
TITLE: Differential Pro‐inflammatory and Cell Death Mechanisms Induced by Metal Based Nanoparticles
in Kupffer Cells and Hepatocytes
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Xia. University of California Los Angeles,
Los Angeles, CA.
KEYWORDS: Nanotechnology; Immunotoxicology; Macrophage
ABSTRACT: The liver and the mononuclear phagocyte system are a frequent target for engineered
nanomaterials, either as a result of particle uptake and spread from primary exposure sites or systemic
administration of therapeutic and imaging nanoparticles (NPs). In this study, we performed a
comprehensive analysis of the toxicological impact of 16 metal, metal oxide, and metal sulfide NPs,
which were provided by the Nanomaterial Health Implications Research (NHIR) Consortium of the
National Institute of Environmental Health Sciences. The NPs includes Ag, Al2O3, CeO2 (10 nm), CeO2 (30
nm), CuO, Fe2O3 (10 nm), Fe2O3 (100 nm), MgO, SiO2 (fumed silica), TiO2 (30 nm), TiO2 (100 nm), V2O5,
WO3, ZnO, CdS, and ZnS NPs. After screening for cell viability, oxidative stress, and pro‐inflammatory
effects in transformed Kupffer cells (KCs) and hepatocytes, Ag, CuO, ZnO, SiO2, and V2O5 NPs were found
to be cytotoxic to both cell types and SiO2 and V2O5 NPs induced IL‐1β production in Kupffer cells alone.
SiO2 NP induced apoptosis in hepatocytes but pyroptosis in KCs, which are accompanied by extensive
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cell swelling. The mechanism involves membrane perturbation, potassium efflux, NLRP3 inflammasome
and Caspase‐1 activation, IL‐1β release and cleavage of pore forming protein, gasdermin D (GSDMD),
and GSDMD knockdown could reduce pyroptosis. V 2O5 NPs induced Caspase‐3 mediated apoptosis in
both cell types, however, it also induce Caspase‐1 activation and IL‐1β release in KCs. Although V2O5
induced Caspase‐1 activation, KCs undergo Caspase‐3/7 mediated apoptosis due to the late onset of
NLRP3 inflammasome activation. Collectively, these findings have substantially extended the
mechanistic understanding of metal based nanoparticle toxicity in liver cells, which can be used for
safety evaluation of nanoparticles.
ABSTRACT NUMBER: 3294
Poster Board Number: P107
TITLE: Biological Assessment of Endothelial Cell Exposure to Silver Nanoparticles under Static and
Dynamic Conditions
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Liu, D. Diaz‐Diestra, M. Patel, H. Shin, J.
Zheng, T. Palacios, P. Goering, and S. Skoog. US FDA, Silver Spring, MD.
KEYWORDS: Nanotechnology; In Vitro and Alternatives; Nanoparticles
ABSTRACT: With the expanding applications of nanoparticles in innovative drugs and medical devices,
there is a need for improved test methods to evaluate safety prior to clinical use. The unique
physicochemical properties of nanoparticles make them difficult to evaluate using traditional biological
tests. A comprehensive in vitro evaluation that consists of both traditional tests and test methods
incorporating physiologically‐relevant conditions will provide better predictions of clinical outcomes and
reduce the reliance on animal studies. In this study, bare (citrate) silver nanoparticles (AgNPs) of
different diameters (10, 20, and 100 nm), were characterized and evaluated at a range of concentrations
derived from earlier animal studies (up to 160 µg/mL equivalent in vitro concentration). AgNPs were
characterized using transmission electron microscopy and dynamic light scattering. Four types of
endothelial cells were evaluated: human umbilical vein endothelial cells (HUVEC), human coronary
artery endothelial cells (HCAEC), human lung derived endothelial cells (HLEC), and human cerebral
microvascular endothelial cells (hCMEC). Cell viability, lactate dehydrogenase release, oxidative stress,
cell morphology, and tight junctions were evaluated after 24‐h exposure. Toxicity in cells exposed to 10
nm AgNPs were observed at lower concentrations compared to cells exposed to 20 and 100 nm AgNPs,
and occurred in hCMECs at lower concentrations than other endothelial cell types. These results
demonstrate a size, concentration, and endothelial cell type‐dependent toxic response to AgNPs. To
further increase the physiological relevance of the evaluation, a flow model was adapted to incorporate
the shear stress of the natural endothelium environment. A monolayer of hCMECs was exposed to 10
nm AgNPs under 10 dyn/cm2 flow for 24 h. Significant loss of viable cells and accumulation of AgNPs in
the cells was observed compared to cells under static conditions. Further investigations of the
mechanism are needed in order to better understand the interaction of AgNPs and endothelial cells
under flow. These results provide valuable insight of the behavior of nanomaterials in more
physiologically‐relevant systems for better safety assessment and design of biomedical products
containing nanomaterials.
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ABSTRACT NUMBER: 3295
Poster Board Number: P108
TITLE: The Role of Calcium in Silver Nanoparticles‐Induced Human Neutrophils’ Oxidative Burst
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Freitas, A. Sousa, T. Soares, D. Ribeiro, F.
Carvalho, and E. Fernandes. Universidade do Porto, Porto, Portugal.
ABSTRACT: Silver nanoparticles (AgNPs) have a wide range of applications. Despite the widespread use
of AgNPs in several daily consumer products, their safety is still elusive, namely in what concerns their
putative effects in the immune system. Neutrophils are believed to be among the first and primary cell
types that process systemic nanoparticles, mediating host inflammatory and immunological response,
involving the production of reactive prooxidant species. The main objective of this study was to evaluate
the effect of different sized polyvinylpyrrolidone (PVP) and citrate‐coated AgNPs (5, 10 and 50 nm) on
the production of reactive species, calcium levels and viability of human neutrophils. For that purpose,
the fluorescent probe dihydrorhodamine 123 for detection of reactive species, the FLUO‐4/AM a
fluorescent probe to detect intracellular calcium and Annexin‐V‐FLUOS Staining Kit to measure the
viability of the cells were used. Collectively, the smallest AgNPs, specially the citrate‐coated AgNPs,
induced human neutrophils’ oxidative burst. We suggest that AgNPs induced an increase in the
intracellular calcium levels, which is involved in the activation of PKC, resulting in the assembly of
NADPH oxidase subunits with subsequent production of reactive species. This excessive production of
reactive species most probably contributes to the AgNPs ‐ induced decrease in neutrophils’ viability. This
work brings new insights about the interaction of AgNPs with human neutrophils which is essential for a
safer use of these nanoparticles. This work received financial support from national funds (FCT/MCTES,
Fundação para a Ciência e Tecnologia and Ministério da Ciência, Tecnologia e Ensino Superior) through
grant UID/QUI/50006/2019, and “Programa Operacional Competitividade e Internacionalização”
(COMPETE) (POCI‐01‐0145‐FEDER‐029248).
ABSTRACT NUMBER: 3296
Poster Board Number: P109
TITLE: Nanoparticles Induce Cell Cycle Arrest and Inhibit Proliferation which Contributes to their
Cytotoxic Mechanism
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. Holl1, M. Cambre1, L. Tolliver1, H. Lee2,
and Y. Huang1. 1Missouri University of Science and Technology, Rolla, MO; and 2National Dong Hwa
University, Hualien, Taiwan.
ABSTRACT: We examine the properties of nanoparticles (NPs) and their cytotoxicity. Viability, apoptosis,
proliferation, and cell cycle were analyzed in the A549 human lung carcinoma cell line after exposure to
NiO, Ni(OH)2, CuO, and ZnO NPs. Cell viability is particle‐specific, as well as time‐ and dose‐dependent.
As the concentration of NPs increases, cytotoxicity increases. Importantly, toxicity becomes much more
pronounced towards 48 hours (vs. 24 hours). Exposure to NPs led to distinct toxicity as seen in inhibition
of cell proliferation, alternation in cell cycle, and subsequent apoptosis. It was observed that CuO
exposure caused the strongest decrease in cell proliferation, viability, and apoptosis, followed by ZnO,
then Ni(OH)2, and finally NiO. Cell cycle alteration plays a role in suppression of cell proliferation.
Although, the action of the particles is diverse; CuO and ZnO caused cell cycle arrest in S phase, while
NiO and Ni(OH)2 caused arrest in S as well as G2/M. As a wealth of literature has focused on NP‐
mediated cell killing, herein we have identified suppression of cell proliferation and cell cycle alteration
as additional factors influencing cell viability. The material‐based mechanisms of cytotoxicity vary based

The Toxicologist: Late-Breaking Supplement 2020

6

on the combined properties of the particles, such as surface charge, dissolution, and available particle
surface binding sites. Higher dissolution ability results in increased toxic ions, leading to a higher degree
of cell killing. More available particle surface binding sites provides more opportunities for interacting
with DNA, proteins, and lipids, resulting in oxidative injuries. Finally, positive surface charge enhances
cellular availability of NPs. Our findings in linking cytotoxicity with the properties of NPs inform the
design of safer materials and products for industrial or household use, hence reducing potential human
exposure and health risks.
ABSTRACT NUMBER: 3297
Poster Board Number: P110
TITLE: Effects of Nanomaterials on Absorption of Ingested Zinc and Iron in Normal and Zinc‐Deficient
Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. P. Goncalves1,2, L. Z. Pipek1,2, T. C.
Donaghey1, G. M. Deloid1, P. Demokritou1, J. D. Brain1, and R. M. Molina1. 1Harvard T.H. Chan School of
Public Health, Boston, MA; and 2Faculdade de Medicina da Universidade de São Paulo, São Paulo, Brazil.
KEYWORDS: Nanoparticles; Bioavailability; Food Safety/Nutrition
ABSTRACT: We have shown that cellulose nanofibers (CNF) reduce serum triglyceride levels in rats when
co‐administered with heavy cream by gavage. This suggest that CNF and other ingested nanomaterials
(NMs) may also alter absorption of micronutrients such as minerals. We tested NMs used in processed
food and oral drug and nutraceutical formulations, including CNF, cellulose nanocrystals (CNC), chitosan
nanoparticles (Chnps), soluble starch‐coated Chnps (SS‐Chnps), and TiO2. We compared intestinal
absorption and tissue retention of 65Zn and 59Fe co‐administered with distilled water or NMs in zinc‐
replete (control) and zinc‐deficient mice. Male C57Bl/6J mice (8‐wk old) were randomly assigned to
either zinc‐replete (50 ppm Zn) or zinc‐deficient (1 ppm Zn) feeding groups (n = 49 mice/group). Mice
were provided with the assigned diet and deionized water ad libitum for 3 weeks, then gavaged with 5
ml/kg of 1% (wt/vol) NM suspensions in distilled water (n = 7 mice for each NM and water control
subgroups) containing 65ZnCl2 and 59FeCl3 (5 μCi/ml of each isotope). Urine and feces were collected
from each mouse over 48 h post‐gavage. Mice were euthanized at 48 hours, and 22 tissue samples were
collected and analyzed for 65Zn and 59Fe in a gamma counter. Zinc‐deficient mice had lower body weight
than control mice. All tissues from zinc‐deficient mice had higher levels of retained 65Zn. However, the
organ 59Fe retention did not differ between the two diet groups. The co‐administration of test NMs with
65
ZnCl2 and 59FeCl3 had no effects on 65Zn and 59Fe levels in control mice. However, in zinc‐deficient mice,
co‐administration with SS‐Chnps reduced both 65Zn and 59Fe retention in skeletal muscle, fat, skin, liver,
eyes, kidneys, spleen, heart and RBCs. SS‐Chnps, CNC or TiO2 also reduced 59Fe retention in skeletal
muscle and small intestine versus (no NM) water control.
We conclude that zinc deficiency alters gut absorption and tissue retention of Zn but not of Fe. Zn and
Fe have distinct regulation. Among tested NMs, SS‐Chnps, CNC and TiO2 reduced Zn and Fe absorption in
zinc‐deficient but not in zinc‐replete animals. Further studies of long‐term ingestion of NMs in normal
and other mouse disease models are warranted.
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ABSTRACT NUMBER: 3298
Poster Board Number: P111
TITLE: Long‐Term DNA Alteration Monitoring in a Group of Nanoparticles‐Exposed Workers: A Summary
of Vytogenetics and Epigenetics Findings
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Rossnerova1, D. Pelclova2, V. Zdimal3, J. A.
Hubacek4, P. Rossner1, K. Honkova1, F. Elzeinova1, K. Vrbova1, I. Chvojkova1, H. Margaryan1, J. Topinka1, J.
Schwarz3, J. Ondracek3, M. Kostejn3, L. Lischkova2, S. Vlckova2, Z. Fenclova2, P. Klusackova2, M. Komarc2,
J. Klema5, and S. Dvorackova6. 1Academy of Sciences of the Czech Republic, Prague, Czech Republic;
2
Charles University in Prague and General University Hospital in Prague, Prague, Czech Republic; 3Czech
Academy of Sciences, Prague, Czech Republic; 4Institute for Clinical Medicine, Prague, Czech Republic;
5
Czech Technical University in Prague, Prague, Czech Republic; and 6Technical University in Liberec,
Liberec, Czech Republic.
KEYWORDS: Nanoparticles; Epigenetics; Genotoxicity
ABSTRACT: The use of nanomaterials has been rapidly increasing during the last decade in many areas
of human life. This phenomenon is accompanied by increased risk of exposure to nanoparticles (NP).
Despite many toxicological in vitro studies, the number of human in vivo studies is still limited. In our
long‐term study, we repeatedly (2015‐2019) monitored nanocomposite research workers and matched
controls. To assess the differences in exposure to particulate matter (PM) including nanosized fractions,
aerosol exposure monitoring during a working shift was carried out. Two cytogenetic assays
(micronucleus test using Human Pan Centromeric probes and whole‐chromosome painting) and two
methylation assays (global methylation analysis and gene‐specific analysis using the Infinium
MethylationEPIC BeadChips) were used to assess the level of DNA alterations after long‐term (years) and
short‐term (daily) exposure to NP. The results showed: (i) differences in the risk of exposure to NP
including chemical composition of nano‐fraction, related to individual working processes (welding,
smelting and machining); (ii) in contrast to acute exposure, chronic exposure to NP does not affect the
frequency of total micronuclei; (iii) DNA methylation pattern changed after chronic exposure, while no
effect of acute NP exposure was detected; (iv) in addition, gender‐related DNA damage differences were
observed. In conclusion, long‐term (chronic) exposure to NP contributes to epigenetic changes followed
by reduction of DNA damage. In contrast, DNA damage increases after short‐term acute exposure which
is not associated with a substantial adaptation of DNA methylation pattern. Supported by the Grant
Agency of the Czech Republic #18‐02079S.
ABSTRACT NUMBER: 3299
Poster Board Number: P112
TITLE: Genome‐Wide DNA Methylation Alterations Induced by Nanosilica in Food at Subacute and
Subchronic Exposure in Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Li, X. Xu, X. Lu, and X. Fan. Zhejiang
University, Hangzhou, China.
KEYWORDS: Toxicity; Acute; Toxicity; Chronic; Epigenetics
ABSTRACT: As nanomaterials are intensively being applied in the food industry, concerns have been
raised by the government and scientific community on their risks to human health. Among them,
nanosilica is one of the most widely used food additive. However, limited data are available on the
biological safety of nanosilica in food. Only a few studies have detected the potential risks of nanosilica
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in food by conventional toxicological assessments, but several previous studies including ours have
clearly demonstrated that exposure to nanomaterials can alter the DNA methylation levels in the target
cells even at non‐cytotoxic, low doses, indicating epigenetic parameters should be included into the risk
assessment of nanomaterials. Therefore, in this study, two types of food‐grade nanosilica were chosen
as the model materials. One is fumed silica (A200F), and the other is precipitated silica (S200).
Physicochemical properties were first characterized. Conventional toxicological analysis and genome‐
wide methylation sequencing were further used to determine the biological safety of the two
nanosilicas under subacute (28 days) and subchronic (84 days) oral exposure at three dosages in mice. It
was found that, in the subacute model, when the results of general toxicological assessment showed
that both nanosilicas did not cause significant liver toxicity, the levels of whole genome methylation in
peripheral leukocytes and liver were significantly changed in a dose‐ and nanosilica type‐dependent
manner. In the subchronic model, both nanosilica treatments at higher doses induced liver steatosis in
mice, whereas obvious accumulation of S200 was further detected in liver at all the dosages. In genome‐
wide methylation sequencing, the differentially methylated regions induced by both food‐grade
nanosilicas were mainly located in the intron, intergenic, and promoter regions after 84‐day high dose
(5000 mg/kg/day) exposure. Bioinformatics analysis of differentially methylated genes in promoter
regions revealed that exposure to S200 or A200F could lead to lipid metabolism disorders and even
cancer development. Validation experiments showed that S200 can inhibit p53‐mediated apoptotic
pathway and A200F could activate Hras‐mediated MAPK signaling pathway in mouse liver, indicating
both food‐grade nanosilicas may have a potential liver cancer risk and more attentions need to be paid
to their toxicity especially after long‐term exposure.
ABSTRACT NUMBER: 3300
Poster Board Number: P113
TITLE: Deciphering the Particle Specific Effects on Metabolism in Rat Liver and Plasma from ZnO
Nanoparticles versus Ionic Zn Exposure
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Zhang1, Z. Guo1, and B. Zhao2. 1University
of Birmingham, Birmingham, United Kingdom; and 2Chinese Academy of Sciences, Beijing, China.
KEYWORDS: Metabolomics; Nanoparticles; Biotransformation
ABSTRACT: Toxicity of ZnO nanoparticles (NPs) are often related to the release of Zn2+ ions due to their
dissolution. Studies also suggest that the toxicity of ZnO NPs cannot be solely explained by the release of
Zn2+ ions; however, there is a lack of direct evidence of ZnO particulate effects. This study compared
the acute toxicity of ZnO NPs and ZnSO4 following intranasal exposure using a combination of
metallomics and metabolomics approaches. Significant accumulation of Zn in the liver was only found in
the ZnO NP treatment, with 29% of the newly accumulated Zn in the form of ZnO as revealed by X‐ray
fine structure spectroscopy (XAFS). This is the first direct evidence suggesting the persistence of ZnO NPs
in liver upon intranasal exposure. Although both ZnO NPs and ZnSO4 altered the metabolite profiles,
with some overlaps and considerable specificity, of both liver and plasma samples, more and distinct
metabolites in the liver and opposite effects in the plasma were altered by ZnO NPs compared with
ZnSO4, consistent with no accumulation of Zn detected in liver from ZnSO4. Specifically, a large number
of antioxidant‐related compounds and energetic substrates were exclusively elevated in the liver of ZnO
NP‐treated animals. These findings provided direct evidence that persistence of ZnO NPs induced
particle‐specific effects on the antioxidant systems and energy metabolism pathways.
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ABSTRACT NUMBER: 3301
Poster Board Number: P114
TITLE: Preliminary Investigative Analysis of Flavor Compounds Crossing Blood‐Brain Barrier Using
Computational Models
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Stratford, S. Healy, A. Tu, and L. Valerio.
US FDA, Silver Spring, MD.
KEYWORDS: Computational Toxicology; Predictive Toxicology; Alternatives to Animal Testing
ABSTRACT: E‐cigarettes users have reported seizures, with many reports involving youth or young adult
users. Seizures are known potential side effects of nicotine toxicity and have been reported in the
scientific literature in relation to intentional or accidental ingestion of e‐liquids. Because youth cite
flavor among the reasons for using e‐cigarettes, the purpose of this study is to apply computational
modeling methods as non‐testing techniques to predict the potential of flavor compounds crossing the
blood‐brain barrier or central nervous system (CNS) activity in order to prioritize compounds for further
in vitro or in vivo research. The blood‐brain barrier blocks many deleterious compounds in the blood
from entering the brain, but when harmful compounds cross the barrier, toxicity may occur. The flavor
chemical ingredients compared to known neuroactive compounds in this study have been previously
reported in the literature to be found in popular e‐cigarette refill liquids. The reference neuroactive
compounds have been reported to target the brain by treating seizure symptoms. We report that over
90% of flavor chemical ingredients from e‐cigarettes were predicted to pass the blood‐brain barrier
(with > 60% confidence) and have CNS activity using different computational systems and models. The
flavor chemical ingredients tested have greater than 70% structural similarity to a data set of
neuroactive compounds based on chemical fingerprint similarity analyses. This is the first study to
screen flavor chemical ingredients for potential CNS activity and predict them crossing the blood‐brain
barrier using computational models. In lieu of in vitro and in vivo testing, it is of interest to take
advantage of computational models for early identification of potential CNS toxicity of flavor chemical
ingredients in e‐cigarettes. The data from this computational analysis may help to prioritize compounds
for further research.
ABSTRACT NUMBER: 3302
Poster Board Number: P115
TITLE: Computational Prediction of Metabolites of Tobacco‐Specific Nitrosamines by CYP2A13
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. G. Byler1, P. Makena2, G. Prasad2, and J.
Baudry1. 1University of Alabama in Huntsville, Huntsville, AL; and 2Reynolds American Incorporated,
Winston‐Salem, NC.
KEYWORDS: Computational Toxicology; Cytochrome P450
ABSTRACT: A computational approach for the prediction of tobacco‐specific nitrosamine (TSNA)
metabolites by cytochrome P450s has been developed that currently predicts all of the known CYP2A13
metabolites of nicotine‐derived nitrosamine ketone (NNK), N‐nitrosonornicotine (NNN), and 4‐
(methylnitrosamino)‐1‐(3‐pyridyl)‐1‐butanol (NNAL) resulting from hydroxylations and heteroatom
oxidations reported in metabolomics literature. This computational approach integrates 1) machine
learning models trained on quantum‐mechanically‐derived molecular surface properties for a set of CYP
substrates with known metabolites to identify sites of metabolism across CYP isoforms and 2) validation
of machine learning predictions using ensemble docking of the TSNA parent molecules into CYP2A13’s
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binding site to identify the most likely TSNA reactive atoms. This method is generalizable to any CYP
isoform for which there is structural information, opening the door to the prediction of P450‐based
metabolite prediction, as well as prediction and rationalization of metabolomics data.
ABSTRACT NUMBER: 3303
Poster Board Number: P116
TITLE: Critical Review of Structural Alerts for Skin Sensitization
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Pudenz1, and J. Marshall2. 1Covance CRS
(Switzerland) Limited, Füllinsdorf, Switzerland; and 2Covance CRS Research Limited, Shardlow,
Derbyshire, United Kingdom. Sponsor: J. Bhalli
ABSTRACT: During the approach to the REACH 2018 deadline, a large number of study programs for skin
sensitization were assembled which included, as part of the process, a requirement to assess
compounds via (Q)SAR and read across, prior to any in vitro or in vivo testing. While some of these study
programs concluded in in vivo studies, in many instances a result was determined at the in vitro stage
supported by the evidence via (Q)SAR, and in some cases by the evidence displayed via (Q)SAR and in
the literature. Structural alerts for skin sensitization and/or protein reactivity are widely accepted in
regulatory decision making, read across, and are incorporated in several (Q)SAR models. There have also
been concerns over the number of chemicals alerted as potential sensitizers. In this study, the structures
of all projects conducted over a 3 year period were reviewed to identify groups of structures triggering
the same structural alerts for skin sensitization in (Q)SAR models such as Toolbox, Derek and Toxtree.
On the basis of in vitro and in vivo results, a number of false‐positive and false‐negative alerts were
identified. The corresponding structures were used for a critical review of the mechanistic domains
whereby these findings may suggest modifications to some rules.
ABSTRACT NUMBER: 3304
Poster Board Number: P117
TITLE: Integrating Cheminformatics and Off‐Target Safety Assessments to Predict Testicular Toxicity
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. C. Shing, A. H. Vo, T. R. Van Vleet, W. R.
Buck, and M. S. Rao. AbbVie Inc., North Chicago, IL.
KEYWORDS: Predictive Toxicology; Pharmaceuticals; Safety Evaluation
ABSTRACT: The identification of chemical features predictive of toxicity may help facilitate drug safety
evaluation and reduce costs associated with drug attrition. Testicular toxicity is an important
development‐limiting toxicity in pharmaceutical research and development but is particularly
challenging due to inadequate blood diagnostic biomarkers and delayed effects on sperm production.
Furthermore, many non‐endocrine mechanisms of testicular toxicity remain undiscovered, and the
design of in vitro screening assays to avoid these mechanisms continues to wait upon the understanding
of which direct drug‐protein interactions drive toxicity. We hypothesized that molecular descriptors of
chemical structures, coupled with knowledge about predicted compound target interactions as
testicular toxicants, could be used to generate an algorithm which classifies compounds according to
their predicted risk for testicular toxicity. We began with a curated testicular toxicity dataset consisting
of ~500 chemicals from public databases from which we extracted ~20 chemical structural features that
might be associated with testicular toxicity. We applied a novel computational approach, termed Off‐
Target Safety Assessment (OTSA), to predict ~1400 safety‐relevant target interactions for these
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chemicals. The OTSA approach identifies potential drug‐protein interactions based on chemical similarity
between reference compounds with known protein interactions. Using this approach, we have
developed a computational pipeline to which we applied multiple machine learning methods, assessed
the performance of each method, and were able to conclude important structural features and target
interactions associated with testicular toxicity. By incorporating both chemical and potential off‐target
interactions, we have identified known and novel chemical features that predict testicular toxicity and
provide further insight into the understanding of testicular toxicities, in support of our hypothesis. All
authors are employees of AbbVie and may own AbbVie stock. AbbVie sponsored and funded the study;
contributed to the design; participated in the collection, analysis, and interpretation of data, and in
writing, reviewing, and approval of the final publication.
ABSTRACT NUMBER: 3305
Poster Board Number: P118
TITLE: Sample Size in Expression Dose‐Response Modeling: Discovery versus $$$
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. S. House. NIEHS/NTP, Research Triangle
Park, NC.
KEYWORDS: Dose‐Response; Gene Expression/Regulation; Immunotoxicology
ABSTRACT: Despite advances in technology and efficiencies, RNA‐seq based expression experiments are
still costly, especially for individual laboratories. In quantitative toxicology experiments, where multiple
doses and replicates are needed to derive a dose‐response point of departure (POD), this cost quickly
limits the experimental sample space. Therefore, understanding the trade‐off between the number of
doses and replicates, and discovery, is paramount. We utilized the S1500+ targeted sequencing probe‐
set (~3000 genes) from TempO‐Seq to calculate POD concentrations in induced pluripotent stem cell
(iPSC) ‐ human cardiomyocytes (CMs). iPSC‐CMs were treated with 5 concentrations of 5 replicates each
for three cardiomyocyte relevant compounds: 2_amino_4_chlorophenol, dofetilide and nifedipine.
Using a previously published pipeline for TempO‐Seq dose‐response analysis, genes were selected for
dose‐response modeling. To determine the trade‐off between replication and discovery, we down‐
sampled replicates, i.e. used only a portion of the available data to mimic smaller sample sizes. In
multiple resamples, we down sampled to explore the range from 5 replicates to only a single replicate
per concentration, and assessed the number of dose‐responsive genes and their PODs. Overall, across
these three agents, decreasing replication from 5 to 4 resulted in 27% fewer genes modeled for POD,
while going from 5 to 3 replicates resulted in a 42% reduction. As replication was decreased, additional
analysis showed marked drops in the stability of declaring genes to be significantly dose‐responsive.
These results demonstrate the importance of choosing adequate replication to be confident in
discovery, and illustrate the trade‐off between resources and generation of meaningful data collected in
high‐throughput transcriptomic dose‐response studies.
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ABSTRACT NUMBER: 3306
Poster Board Number: P119
TITLE: A Novel Method for Estimating NOAEL Bounds by Chemoinformatics and Well‐Curated Database
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Yang1, J. Rathman2,3, A. Mostrag2, T.
Magdziarz1, S. Kulkarni4, and T. S. Barton‐Maclaren4. 1MN‐AM, Nuremberg, Germany; 2MN‐AM,
Columbus, OH; 3Ohio State University, Columbus, OH; and 4Health Canada, Ottawa, ON, Canada.
KEYWORDS: Predictive Toxicology; Computational Toxicology
ABSTRACT: The evaluation of systemic toxicity often requires reliable no‐observed‐adverse‐effect‐level
(NOAEL) values during chemical safety assessment for decision‐making. When sufficient data for a target
compound are not available, the estimation of its NOAEL is often based on study results for analogous
chemicals, as in read‐across. Analog quality (AQ), a quantitative measure of the suitability of an analog
to the target, is a composite similarity based on structure, physicochemical property, and biological
activity. The central hypothesis is that similar compounds are expected to have similar toxicity profiles
and hence, similar NOAEL values. Molecular fingerprints are key to identifying structurally similar
compounds. This study used the mechanistic ToxPrint chemotypes for defining coverage, diversity, local
neighbours and similarity thresholds. Results confirm that compound pairs with higher AQ tend to have
similar experimental NOAEL values. Analogs with higher AQ and with reliable study data resulted in
lower uncertainty in target NOAELs. To validate the hypothesis further, a large database of over 1300
structures with systemic NOAELs from repeated‐dose toxicity (RDT) studies was curated from cosmetics
and antimicrobials TTC datasets. The NOAEL differences for all possible compound pairs are binned by
AQ, and lower and upper confidence bounds on NOAEL difference were then determined for each bin.
The confidence interval (CI) of the NOAEL for the target is then calculated from the NOAEL of the analog.
The CI can be dramatically narrowed when the analogs are constrained to biologically related chemical
categories instead of using the full dataset, especially for analogs that are close neighbors. This NOAEL
estimation process was demonstrated for various compound classes in the dataset. For example, the
NOAEL of dihydro‐α‐terpinol can be evaluated from the analogs, menthol and p‐menthane‐3,8‐diol
whose RDT NOAELs are 750 and 400 mg/kg‐bw/day, respectively. The five nearest neighbors have
similarities ranging from 70‐84% to the target. The NOAEL for the target estimated from these five
analogs is 446 with a 95% CI of 230‐660 mg/kg‐bw/day. This case study demonstrates well how the
combination of robust chemoinformatics analysis with mechanistic grouping can assist safety
assessment efforts.
ABSTRACT NUMBER: 3307
Poster Board Number: P120
TITLE: Read‐Across Case Study on Testicular Toxicity of Ethylene Glycol Methyl Ether‐Related Substances
for the Fourth Cycle of OECD IATA Case Studies Project
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Yamada, M. Matsumoto, T. Kawamura,
M. Miura, and A. Hirose. National Institute of Health Sciences, Kawasaki, Japan.
ABSTRACT: Reproductive and developmental toxicity is one of the key regulatory endpoints in the
hazard assessment of chemicals. Here, a case study was developed to demonstrate how read‐across can
be applied to fill data gaps in reproductive toxicity endpoint for screening assessments under the
Japanese Chemical Substances of Control Law (CSCL). Ethylene glycol methyl ether (EGME) is a
compound with many industrial uses, although this is gradually being substituted by other chemicals.
Numerous toxicological studies have been conducted on EGME due to concerns about exposure to this
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chemical, with testicular toxicity having been particularly well studied. According to the EU harmonized
classification data, several EGME analogs have been classified as “Repr. 1B, H360”. Thus, a category
approach was used to assess the testicular toxicity of EGME‐related chemicals. Based on toxicity
information for EGME and related chemicals and possible adverse outcome pathway information on the
testicular toxicity of EGME, the category members were defined as chemicals that are metabolized to
methoxy‐ or ethoxyacetic acid, which are responsible for testicular toxicity. The Japanese CSCL inventory
of 16000 substances was screened using the metabolism simulator of the Hazard Evaluation Support
System (HESS) to obtain metabolism information for EGME‐related chemicals. This resulted in 15
chemicals being shortlisted for the category. Published data show that chemicals that produce methoxy‐
or ethoxyacetic acid as metabolites possess testicular toxicity, suggesting that untested chemicals that
are predicted to produce these toxic metabolites will also have this effect. Although the overall
uncertainty of the case study was low, some of the original compounds are structurally diverse, and
metabolic hydrolysis or dealkylation could produce additional toxic compounds that need to be explicitly
considered. However, a database search for toxicity and metabolism information suggested that these
possible metabolites do not affect the toxicity levels through different mechanisms of action. This
presentation is based on the study reviewed for the fourth cycles of the OECD IATA Case Studies Project.
ABSTRACT NUMBER: 3308
Poster Board Number: P121
TITLE: Translational QSAR Models to Support Identification of Safety Signals and Alerts during Clinical
Evaluation of New Pharmaceuticals
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. P. Russo1,2, K. P. Cross3, and K. Snyder2.
1
Oak Ridge Institute for Science and Education, Oak Ridge, TN; 2US FDA/CDER, Silver Spring, MD; and
3
Leadscope Inc., Columbus, OH.
KEYWORDS: Pharmaceuticals; QSAR; Computational Toxicology
ABSTRACT: To ensure the safety of human subjects participating in clinical trials, the US FDA Center for
Drug Evaluation and Research requires the submission of nonclinical pharmacology and toxicology study
data from relevant in vitro assays and in vivo animal models for all new pharmaceuticals prior to
initiation of clinical studies. While these data provide a valuable resource to inform the dosing, design,
and safety monitoring of clinical studies, attrition during drug development due to unexpected clinical
toxicity is still a problem, indicating the potential value of novel methods to improve the interpretation
of these data. In silico methods, such as quantitative structure‐activity relationship (QSAR) models, are
often applied to aid in the prediction of human toxicity; however, these methods typically rely solely on
chemical structures for predictions, which are often insufficient to cover the many biological
mechanisms that make up complex toxicity endpoints (e.g. hepatotoxicity). The FDA has begun to
require the submission of Standard for Exchange of Nonclinical Data (SEND) datasets along with study
reports for all repeat‐dose toxicology studies initiated after December 17, 2017, providing a constant
source of structured in vivo toxicology study data. SEND data provide a unique data landscape for
informatics‐based approaches to identify safety signals and alerts from nonclinical data prior to
initiation of clinical trials. In this work, we characterize the wealth of animal toxicity data contained
within over 1,400 SEND datasets submitted to the FDA through January 2020. These data (e.g. clinical
chemistry lab test and histopathology results) can be used in training QSAR models to predict a variety
of toxicological endpoints. In preliminary modeling, using a highly‐curated public dataset of 2,157 drugs
with human and some animal hepatotoxicity data, these supplemented “translational‐QSAR models”
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outperform traditional QSAR models built on chemical information alone (87% and 80% accuracy,
respectively, using a 10% hold out set). This developed workflow leverages large‐scale SEND data for
QSAR modeling and would be of interest to stakeholders from academia, industry, and government
alike.
ABSTRACT NUMBER: 3309
Poster Board Number: P122
TITLE: On the Way to Proactive Compound De‐risking Using Artificial Intelligence
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: O. Mendes‐Lucio1, B. Baillif1, D. Clevert2, D.
Rouquie1, and J. Wichard2. 1Bayer SAS, Sophia Antipolis, France; and 2Bayer, Berlin, Germany. Sponsor: R.
Bars
KEYWORDS: Computational Toxicology; Predictive Toxicology; Bioinformatics
ABSTRACT: Finding new molecules with a desired biological activity is an extremely difficult task. In this
context, artificial intelligence and generative models have been used for molecular de novo design and
compound optimization. We report a generative models that bridge systems biology and molecular
design conditioning a generative adversarial network with transcriptomic data or phenotypic image
features. By doing so we can automatically design molecules that have a high probability to induce a
desired biological fingerprint. In a proof of concept, providing biological signature of the desired state,
we showed that these models are able to design active‐like or non active‐like molecules for desired
targets without any previous target annotation of the training compounds. Molecules designed by these
models are more similar to active compounds than the ones identified by similarity of biological
signatures. The same approach can be used to design molecules with a reduced probability to interact
with specific molecular initiating events causally associated with adverse effects. Overall, this method
represents an approach to bridge chemistry and biology in the long and difficult road of chemical
discovery.
Reference: Méndez‐Lucio O, Baillif B, Clevert DA, Rouquié D, Wichard J. De novo generation of hit‐like
molecules from gene expression signatures using artificial intelligence. Nat Commun. 2020 Jan
3;11(1):10. doi: 10.1038/s41467‐019‐13807‐w.
ABSTRACT NUMBER: 3310
Poster Board Number: P123
TITLE: A Cheminformatics Read‐Across Workflow to Assess the Genotoxicity and the Skin Sensitization of
a UVCB Substance with a Constituent‐Based Approach
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Fioravanzo1, T. Magdziarz2, J. Marusczyk2,
A. Mostrag3, J. Rathman4, J. Rathman4,3, P. Russell1, O. Sacher2, C. Schwab2, and C. Yang2,3.
1
ToxNavigation, East Molesey, United Kingdom; 2Molecular Networks GmbH, Nürnberg, Germany;
3
Altamira LLC, Columbus, OH; and 4The Ohio State University, Columbus, OH.
KEYWORDS: In Vitro and Alternatives; Computational Toxicology; Risk Assessment
ABSTRACT: The chemical risk assessment of substances of unknown or variable composition, complex
reaction products or biological materials (UVCB) is more difficult than for a mono‐constituent substance
because of the chemical complexity of UVCBs. All UVCB assessment approaches follow a case‐by‐case
and weight‐of‐evidence (WoE) procedure combining in vivo and in vitro data, grouping, read‐across and
quantitative structure‐activity relationships (QSAR). The most detailed approach is provided by ECHA
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and follows two lines of evidence: a constituents approach and a substance approach. This study was
carried out to demonstrate a cheminformatics workflow to apply the constituents‐based approach to
assess the genotoxicity and skin sensitization of the UVCB hydrocarbons, C9‐C12, n‐alkanes, branched
alkanes, cycloalkanes, aromatics, CAS 64742‐82‐1, EC 919‐446‐0. A total of 1,058 structures representing
all the possible isomers of all the constituents were generated and described with 214 molecular
descriptors (22 global molecular descriptors, 8 shape descriptors, 88 2D property‐weighted
autocorrelation and 96 3D property‐weighted autocorrelation). A Principal Component Analysis (PCA)
was carried out on the descriptors matrix and the 4 principal components able to explain 80% of the
variance of the original matrix were extracted and used for a cluster analysis (hierarchical cluster
analysis, distance function euclidean, linkage type single). The 11 clusters were then refined based on
ADME and quantum mechanical properties. 20 representative structures were then selected: 11
centroids of the clusters, 1 structure to represent the low solubility and high lipophilicity group, 8
structures with existing toxicological data. QSAR and read‐across were used to fill the data gaps for the
20 representative structures and a statistical WoE based on the Dempster‐Shafer theory was used to
combine the collected evidence in a final assessment of the UVCB substance to identify the genotoxicity
and the skin sensitization potential of the analysed substance. The final assessment is in agreement with
existing data.
ABSTRACT NUMBER: 3311
Poster Board Number: P124
TITLE: Structure‐Activity Relationship‐Based Chemical Classification of Highly Imbalanced Tox21 Datasets
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: G. Idakwo1, S. Thangapandian2, J. Luttrell1,
H. Hong3, C. Zhang1, and P. Gong2. 1University of Southern Mississippi, Hattiesburg, MS; 2US Army
Engineer R&D Center, Vicksburg, MS; and 3National Center for Toxicological Research, Jefferson, AR.
Sponsor: W. Tong
KEYWORDS: Computational Toxicology; Receptor; Nuclear Hormone; Signal Transduction
ABSTRACT: The specificity of toxicant‐target biomolecule interactions lends to the very imbalanced
nature of many toxicity datasets, causing poor performance in Structure‐Activity Relationship (SAR)‐
based chemical classification. Undersampling and oversampling are representative techniques for
handling such an imbalance challenge. However, removing inactive chemical compound instances from
the majority class using an undersampling technique can result in information loss, whereas increasing
active toxicant instances in the minority class by interpolation tends to introduce artificial minority
instances that often cross into the majority class space, giving rise to over‐fitting. In this study, in order
to improve the prediction accuracy of imbalanced learning, we employed SMOTEENN, a combination of
Synthetic Minority Over‐sampling Technique (SMOTE) and Edited Nearest Neighbor (ENN) algorithms, to
oversample the minority class by creating synthetic samples, followed by cleaning the mislabeled
instances. We chose the highly imbalanced Tox21 dataset, which consisted of 12 in vitro bioassays for
>10,000 chemicals that were distributed unevenly between binary classes. With Random Forest (RF) as
the base classifier and bagging as the ensemble strategy, we applied four hybrid learning methods, i.e.,
RF without imbalance handling (RF), RF with Random Undersampling (RUS), RF with SMOTE (SMO), and
RF with SMOTEENN (SMN). The performance of the four learning methods was compared using eight
evaluation metrics, among which F1 score, Matthews correlation coefficient and Brier score provided a
more consistent assessment of the overall performance across the 12 datasets. The Friedman’s aligned
ranks test and the subsequent Bergmann‐Hommel post hoc test showed that SMN significantly
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outperformed the other three methods. It was also found that a strong negative correlation existed
between the prediction accuracy and the imbalance ratio (IR = # inactive compounds/ #active
compounds). SMN became less effective when IR exceeded 4. The ability to separate the few active
compounds from the vast amounts of inactive ones is of great importance in computational toxicology.
This work demonstrates that the performance of SAR‐based, imbalanced chemical toxicity classification
can be significantly improved through imbalance handling.
ABSTRACT NUMBER: 3312
Poster Board Number: P125
TITLE: Interpretable QSAR Models of Tox21 Assays
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: V. Gombar1, R. Shah1, A. Merrick2, R.
Paules2, S. Auerbach2, N. Kleinstreuer2, and A. Sedykh1. 1Sciome LLC, Durham, NC; and 2NIEHS/NTP,
Research Triangle Park, NC.
ABSTRACT: High‐throughput screening (HTS) data generated by the Tox21 program is critical to
transition from animal‐based toxicity assessment to alternative methods. Here we present 81
interpretable quantitative structure‐activity relationship (QSAR) models for Tox21 assays, which provide:
1) biological target activity scores at 10 and 100uM concentration thresholds, and 2) chemistry‐based
reasoning for the generated predictions. These models are based on a newly‐compiled descriptor set of
~1000 diverse molecular substructures, called Saagar, and recursive partitioning (RP) as the modeling
method of choice. The 5‐fold cross‐validation performance of 81 RP models based on Saagar features,
as evaluated by the ROC AUC metric, was between 0.58 ‐ 0.94 (average of 0.72) for the 10uM threshold,
and between 0.55 ‐ 0.91 (average of 0.70) for the 100uM threshold. The average absolute difference in
ROC AUCs between Saagar‐RP models and those developed with the well‐known, but less interpretable,
Mordred descriptors is 0.02, suggesting comparable performance of Saagar substructures and Mordred
descriptors. While delivering comparable performance, Saagar‐RP models have the added advantage of
relating structural chemical motifs directly to the predicted assay target outcome via a decision tree
format, providing clear paths to interpretability. For example, information gained at the first splitting of
the aryl hydrocarbon receptor (AhR) activation model with >8 ring atoms explains endogenous L‐
Kynurenine and indole derivatives as agonists of AhR. Similarly, the Saagar‐RP model of the PPARδ
agonist assay points to the binding of large molecules with a ‐COOH group (like fatty acids), which forms
the basis of lipid and glucose homeostasis. This panel of novel Saagar‐RP Tox21 models can help
researchers and regulators to computationally characterize untested chemicals against Tox21 assay
targets, such as stress response and nuclear receptors, and to identify potential molecular initiating
events (MIE) of adverse outcome pathways (AOP), as well as detect structural clues that are responsible
for key interactions with Tox21 assay targets.
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ABSTRACT NUMBER: 3313
Poster Board Number: P126
TITLE: Best Practices for Benchmark Dose Analysis Using BMDExpress
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Sedykh1, M. Balik‐Meisner1, D. Svoboda1,
J. Phillips1, D. Mav1, D. Mav1, D. Phadke1, R. Shah1, and S. Auerbach2. 1Sciome LLC, Durham, NC; and
2
NIEHS/NTP, Research Triangle Park, NC.
ABSTRACT: BMDExpress for benchmark dose (BMD) analysis addresses an increasing need of the
scientific community to utilize genomic dose response data in toxicology, drug design, risk assessment,
and translational research, with an important goal of providing an estimate of the level of chemical
exposure at which a biological response is initiated. Different aspects of a study design such as dosing
(number of doses, range, and dilution scheme), signal strength, and specificity of response, create
challenges for parameter choice. In turn, the options effect the ability of the software to accurately
estimate gene‐ and pathway‐level BMDs with certainty. Here we make recommendations on: (1)
experimental design considerations, (2) which models to consider for a given study, and (3) parameter
and filtering options. Low doses are necessary to accurately estimate a BMD without extrapolating
outside of the tested dose range. Model overfitting should be avoided by only fitting models with fewer
parameters than doses in a study. By default, BMDExpress only excludes from pathway analysis genes
with BMDs extrapolated above the highest dose. Additional filters can be enabled to limit BMD
confidence range (i.e. lower bound, BMDL, to upper bound, BMDU). By default, the additional filters
exclude genes with BMD/BMDL>20, BMDU/BMD>20, and BMDU/BMDL>40. This does little to limit poor
fits and genes with very uncertain BMDs from being included in pathway analysis, especially for studies
with few doses. We recommend a strict cutoff for BMDU/BMDL. We demonstrate effects of using a
data‐driven cutoff based on dose spacing using four rosiglitazone maleate datasets (timepoints 4, 8, 15,
and 29 days) and four clofibrate datasets from the public “open TG‐GATES”
(https://toxico.nibiohn.go.jp/english/). Across the rosiglitazone maleate datasets and clofibrate datasets
respectively, the median goodness of fit value increased by an average of 0.02 and 0.003 when the
BMD, BMDL, BMDU filters were turned on with default thresholds. Median goodness of fit increased by
0.13 and 0.05 when a data‐driven BMDU/BMDL threshold was applied. Fewer genes were retained for
pathway analysis when applying data‐driven thresholds. Remaining genes have better model fits,
providing greater confidence in BMDs derived from the models.
ABSTRACT NUMBER: 3314
Poster Board Number: P127
TITLE: Modeling Real Time Occupational Naphthalene Exposures to Predict Urinary Biomarkers
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. A. Merrill1, T. R. Sterner1,2, P. J.
Robinson1,2, J. E. Hulla3, and S. P. Proctor4. 1Air Force Research Laboratory, Wright‐Patterson AFB, OH;
2
Henry M. Jackson Foundation, Wright‐Patterson AFB, OH; 3US Army Corps of Engineers, Sacramento,
CA; and 4US Army Research Institute of Environmental Medicine, Natick, MA.
KEYWORDS: Dosimetry; Biomarkers; Pharmacokinetics
ABSTRACT: A novel real‐time naphthalene dosimeter (NaDos) prototype, sponsored by the U.S. Army,
has enabled continuous naphthalene concentration measurements to identify high occupational
exposures instantly. Quantitative real‐time monitoring has the potential to be more accurate than
traditional dosimeters that rely on sorbent tubes to provide a time weighted average of exposure
concentrations following laboratory analysis. Continuous data (every 3 minutes) were collected from
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military fuel workers wearing the NaDos prototype monitors. Data included biometric information
(height, weight and sex), traditional work day naphthalene breathing zone measurements, and spot
urine samples during 3 consecutive work days. Urine was analyzed for 1‐ and 2‐naphthol and creatinine
content. Additionally, dermal and exhaled breath samples were collected but naphthalene was generally
not detectable. In order to simulate real time exposure data, a novel physiologically‐based
pharmacokinetic (PBPK) model dosing code was written to capture the changing concentrations inhaled
over time. The model structure accounts for naphthalene metabolism in the lung and liver, as well as
production, distribution and urinary elimination of metabolites (combined naphthols). To predict
instantaneous urinary concentration, the model simulates urinary flow and creatinine production based
upon sex, age and body mass index. Taking into account some data limitations, the model satisfactorily
simulates urine concentration or creatinine normalized concentrations for most individual subjects. All
data are in compliance with DoDI 3216.02 and 32 CFR 219.
ABSTRACT NUMBER: 3315
Poster Board Number: P128
TITLE: Physiologically‐Based Toxicokinetic Dose‐Response Model of Botulinum Neurotoxin
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. W. Gutting1, J. Gillard2, and G. Intano3.
1
Naval Surface Warfare Center, Dahlgren, VA; 2Defense Science and Technology Laboratory, Porton
Down, United Kingdom; and 3US Army Public Health Center, Aberdeen Proving Grounds, MD.
KEYWORDS: Toxicokinetics
ABSTRACT: Botulinum neurotoxin (BoNT), a large protein, poses a significant bioterrorism threat. The
ability to predict human dose‐response is a critical aspect in the defense against BoNT. The objective of
this work was to develop a species‐specific physiologically‐based toxicokinetic (PBTK) model of BoNT
toxicity, which was based on species‐specific physiologically‐based pharmacokinetic models for
therapeutic antibodies because the size of BoNT is identical to a typical IgG antibody. Physiological
compartments included blood, lymphatics and tissues grouped by their capillary pore characteristics
(continuous, fenestrated, sinusoidal). Species‐specific parameters included body weight, blood/plasma
volume, lymph volume and flow, and interstitial fluid volume. BoNT parameters included rate of
extravasation from blood to tissue, charge, non‐specific binding to internal lamella, and BoNT‐specific
dual‐receptor binding and endocytosis at motor neuron endplates. The model was developed using
published mouse data describing the kinetics of BoNT toxicity following IV administration. All host
parameters and several BoNT parameters values were obtained directly from the literature. BoNT
parameter values for which no data are available were fit using Approximate Bayesian Computation
(ABC) methods. Collectively, the model captured the mouse data well and all ABC‐derived parameter
estimates were biologically plausible. Next, mouse physiological parameters were reparameterized for
rat using published parameter values, while all BoNT‐specific parameters remained unchanged. The rat‐
BoNT model predictions (dose‐response, toxicokinetics) was compared to published rat‐BoNT toxicity
data. The model predictions agreed well with the published data for all available dose data and early
time point toxicokinetics and neuromuscular BoNT concentrations. These results suggest a successful
species‐specific extrapolation (mouse to rat) of BoNT toxicokinetics and further suggest that
reparameterizing the rodent model using human physiological parameters may be useful in predicting
human dose‐response and toxicokinetics following exposure to BoNT. These results are presented along
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with additional data on incorporating inhalational route, in vitro data, and extrapolation to other
laboratory species (monkey).
ABSTRACT NUMBER: 3316
Poster Board Number: P129
TITLE: All Ages Lead Model (AALM) Batch Submission Module: A New Tool for Streamlined Human Lead
Toxicokinetic Simulations
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. Ingle1, K. McKinley1, G. Glen1, C.
Henning1, M. H. Follansbee2, G. Diamond2, and J. S. Brown3. 1ICF International Inc., Durham, NC; 2SRC
Inc., North Syracuse, NY; and 3US EPA, Research Triangle Park, NC.
KEYWORDS: Metals; Toxicokinetics; Biological Modeling
ABSTRACT: To address public health concerns related to Lead (Pb) exposure, there is a need to better
understand the impact of complex exposure scenarios on human blood and tissue Pb levels over a
lifetime. The All Ages Lead Model (AALM) is a toxicokinetic model used to predict human blood and
tissue Pb levels from exposure through air, food, indoor dust, soil, and water. Allowing the user to model
intermittent and stable exposures in daily increments, the AALM simulations can span from birth to 90
years of age. The AALM incorporates components of the Leggett and O’Flaherty Pb toxicokinetic models
and expands on the existing Integrated Exposure Update and Biokinetic (IEUBK) model for Pb in children
to provide added insight into adults. The AALM was reviewed by an EPA Scientific Advisory Board panel
in October 2019 and a final version of the model is in development. A new batch interface module of the
AALM has been constructed to allow rapid submission of multiple toxicokinetic simulations. The batch
module offers much of the flexibility available in the single submission AALM, while streamlining
submission of toxicokinetic variables and exposure levels. In the new interface, values that are
consistent across simulations are entered only once, so that the user can focus on variations across
simulations. Users can simulate daily changes in exposure in each of the five exposure matrices, as well
as a user‐specified additional ingestion route. The model predicts daily averages for total body burden,
blood, seven tissues, urine and feces. The streamlined submission process provided by the batch module
of the AALM allows users to quickly compare biological levels of Pb resulting from a variety of lifetime
exposure scenarios. The views expressed are those of the authors and do not necessarily reflect the views
or policies of the US EPA.
ABSTRACT NUMBER: 3317
Poster Board Number: P130
TITLE: Multicellular Organoid Model of Human Palatal Fusion and Investigation of Signaling Pathways
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. J. Wolf1, C. Becker2, and C. Wood1. 1US
EPA, Research Triangle Park, NC; and 2Oak Ridge Institute for Research and Education, Oak Ridge, TN.
KEYWORDS: Developmental/Teratology; Embryo; Alternatives to Animal Testing
ABSTRACT: The human palate forms by fusion of two separate palatal shelves during embryonic
development. Disruption of this process can lead to cleft palate. Our laboratory previously developed a
2‐cell type (2CT) organotypic model of the palatal shelves that includes human mesenchymal stem cells
(M) and human progenitor epithelial keratinocytes (hPEKs) to study palatal fusion. Here, we developed a
3‐cell type (3CT) model to include the endothelial component of the embryonic palate, investigated the
signaling pathways regulating palatal fusion in both models, and compared their fusion responses to
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Valproic Acid (VPA), a compound that inhibited fusion in previous studies. Spheroids were generated by
seeding M or a co‐suspension of M and human umbilical vein endothelial cells (V) at 2:1 in M:V growth
media at 2:1 into agarose dishes. The next day (d1), M medium alone or in the mixture was replaced by
osteogenic differentiation medium. Spheroids were cultured for 7 days and coated with hPEKs overnight
to become organoids. Organoids were placed in contact with each other on d8 (d0 of fusion), cultured in
co‐culture medium with inhibitors or VPA for 2 days, and imaged on days 0, 1, and 2 for fusion analysis.
Untreated organoids were collected on d8 for PCR analysis and immunohistochemistry of model
components. 2CT and 3CT organoids expressed genes for each model’s cell type, vimentin,
cytokeratin17, PECAM; extracellular matrix protein collagen IV; osteogenic marker RUNX2; and
components of signaling pathways mediating fusion including BMP2, E‐Cadherin, Irf6, ROCK1, TGFβ3
and TGFβ2r. Collagen IV, vimentin, cytokeratin 17, and PECAM‐1 were also identified by
immunocytochemistry. Fusion was inhibited by an FGF inhibitor (CH5183284) in 3CT organoids at lower
concentrations (10 µM) compared to 2CT organoids (20 µM), while fusion was not significantly inhibited
by a BMP inhibitor (K02288) in either model. Fusion was inhibited by VPA in 3CT organoids at lower
concentrations (1 µM) compared to 2CT organoids (10 µM). These results suggest the 3CT model may be
a more sensitive model for the study of human palatal fusion. This work does not necessarily reflect US
EPA policy.
ABSTRACT NUMBER: 3318
Poster Board Number: P131
TITLE: Standard Measures and Adverse Outcome Pathways Can Facilitate the Integration of
Epidemiology and Toxicology Information to Support Risk Assessment
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. W. Edwards1, H. Pan1, C. Ives1, M.
Mandal1, H. H. Covert2, E. W. Harville2, M. Y. Lichtveld2, J. K. Wickliffe2, and C. M. Hamilton1. 1RTI
International, Research Triangle Park, NC; and 2Tulane University School of Public Health and Tropical
Medicine, New Orleans, LA.
KEYWORDS: Bioinformatics; Epidemiology; Predictive Toxicology
ABSTRACT: Advances with Integrated Approaches to Testing and Assessment (IATA) have shown the
value of integrating in vitro and in vivo toxicology information to support risk assessment decisions. We
utilize standard measures and the Adverse Outcome Pathway (AOP) framework to incorporate human
data from epidemiology studies into IATAs. The PhenX project (https://www.phenx.org/) provides
standard measures for many phenotypes and exposures relevant for environmental epidemiology
studies. We evaluated the barriers to adoption of standard measures by several consortia studying the
Deepwater Horizon oil spill including GROWH, WaTCH, and GC‐HARMS. Multiple studies evaluated
depression, PTSD, anxiety and resiliency with up to 4,514 subjects from several distinct sites for some
measures, but the diversity of measurements across the studies limits the options for mega or meta‐
analyses that leverage this large sample size. Chemical measurements using different analytical
approaches showed differences in limits of detection and other discrepancies that prevent direction
comparison. Non‐chemical stressors such as economic and social impacts on the subjects mirrored the
measurement diversity seen with the phenotypic information. Standard measures and a priori
discussions regarding data harmonization can help, but challenges associated with standard measures
include both practical (e.g. need to launch a study quickly following a disaster such as DWH) and
scientific (e.g. tailoring measurement protocols to the population and area of focus for the study). As
more resources become available to support the use of standard measures, researchers can now better
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coordinate their studies without compromising research focus or timely completion of the study goals.
While standard measures allow better integration of data across human studies, the AOP framework can
integrate results from human studies with traditional toxicology and New Approach Methods (NAMs).
Late breaking work from our team demonstrates that human phenotype data from dbGaP can be
modeled in a manner suitable for inclusion in an AOP‐based IATA. Collectively, these results show that
existing tools can enable tighter integration of human and non‐human data to support environmental
risk assessment.
ABSTRACT NUMBER: 3319
Poster Board Number: P132
TITLE: Mechanistic Insights into Drug Drug Interactions from Large Scale Toxicogenomics Data
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Bhat, P. Uniyal, P. Chandarana, T.
Sharma, and S. Das. Syngene International, Bangalore, India.
KEYWORDS: Toxicogenomics; Mechanisms; Liver
ABSTRACT: Withdrawal of drugs from the market due to drug‐drug interactions (DDI) continues to be a
challenge in drug development, suggesting that a multi‐parametric approach encompassing gene
expression regulation as well as enzyme activity alterations are needed to improve predictions of DDI
potential. Major drug metabolizing enzymes (DME) are currently investigated for evaluating the
potential for drug interactions to meet the FDA guidelines for industry. Comprehensive toxicogenomics
datasets that measure systemic changes over a longer duration can provide further insights into the
events preceding the activity observed in assays performed in cell free systems. In this study, we have
analyzed the large‐scale toxicogenomics data from the Open TG‐GATES dataset to identify the
mechanisms underlying DDI at the transcriptome level. We used the single dosing dataset comprising of
gene expression values in the liver from rats at different time points (3‐24 hours) following exposure to
multiple concentrations (low, middle, high) of the drug. Significant genes (q<0.05) were extracted for
fifteen orally administered drugs associated with DDI identified from published literature. The DDI
network from the BioSNAP collection was used to identify interactions among the 15 compounds. Drugs
with the highest number of interactions (cimetidine, theophylline and quinidine) and their interactors
(including tolbutamide, diltiazem and disulfiram) were selected for further study. Major DMEs
associated with each drug either as a substrate (s) or an inhibitor (i) were identified from literature and
databases. Compounds were then paired by common DMEs such that a compound in the pair was a
substrate for the DME while the other compound was an inhibitor for the same DME. For instance,
CYP2E1 pairs theophylline (s) and disulfiram (i) and CYP2D6 pairs diltiazem (s) and cimetidine (i).
Compound specific gene expression profiles for DMEs were extracted and compared between pairs.
Analysis of the gene expression profiles for common DMEs indicated that for a pair involved in DDI, the
DME that is inhibited at the activity level is upregulated at the gene expression level. Thus, the
understanding of DDI mechanisms resulting from our analysis provides directions for inferring potential
interactions between pairs of compounds based on single compound toxicogenomics data.
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ABSTRACT NUMBER: 3320
Poster Board Number: P133
TITLE: Multi 'Omics Data Integration to Study Biological System through the Creation of Genomic
Interaction Networks
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. J. M. Kuijpers, J. C. S. Kleinjans, and D. G.
J. Jennen. Maastricht University, Maastricht, Netherlands. Sponsor: H. Van Loveren
KEYWORDS: Bioinformatics; Computational Toxicology; Toxicogenomics
ABSTRACT: The integration of different omics data sets can provide a more holistic view of a biological
system in an experimental setup. This could provide us in more detail the possible toxic effects of
chemical compounds, as well as increase our understanding of disease development and progression.
However, due to the nature of these different omics types, there is a great need for bioinformatics tools
that can integrate data set with different distributions and dimensions. Previous studies have shown the
promising results of detecting clusters and features by applying Nonnegative Matrix Factorization
(NMF). Here, we propose a multi‐layer NMF to detect both inter and intra relationships in all layers of
omics information, which can be studied through the use of genomic interaction networks. The original
NMF method by Lee and Seung is adapted to take into account multiple layers of omics data. This allows
us to stratify samples (i.e. cell lines, dose‐response measurements or human cohort data) into clusters,
based on the combination of different omics measurement. For each cluster, a genomic interaction
network is built that contains information about gene ‐ gene interactions, CpG site ‐ gene interactions,
compound ‐ gene interactions (Comparative Toxicogenomics database) and disease‐gene associations
(DisGeneNet). To evaluate the proposed workflow, we used DNA methylation and gene expression data
from the 2019 Cancer Cell line encyclopedia. DNA methylation is a form of epigenetic control that plays
an important role in gene regulation but is also believed to influence the genotoxic potential of a
chemical compound, since several studies suggest that, reactive chemicals have preferred binding sites
to regions of the DNA with specific DNA methylation patterns. For the 2019 Cancer cell line
encyclopedia, our algorithm proposed eight stable clusters to classify the cell lines. For each cluster, the
genomic interaction network is built that store the cluster‐specific genes and CpG islands. These
genomic interaction networks show the relationship between hypo‐ or hypermethylated CpG islands
and gene expression in cancer cells clusters. Future case studies can be applied to investigate the
possible toxic effects of compounds through the obtained genomic interaction networks, which could
help to identify exposure‐related changes on the omics layers.
ABSTRACT NUMBER: 3321
Poster Board Number: P134
TITLE: Nonlineardose‐Response Modeling of High‐Throughput Screening Data Using an Evolutionary
Algorithm
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Ma, and A. Motsinger‐Reif. NIEHS,
Research Triangle Park, NC.
KEYWORDS: Bioinformatics; Dose‐Response
ABSTRACT: Nonlinear dose‐response relationships exist extensively in the cellular, biochemical, and
physiologic processes that are affected by varying levels of biological, chemical, or radiation stress.
Modeling such responses is a crucial component of toxicity testing and chemical screening. Traditional
model fitting methods such as nonlinear least squares are very sensitive to initial parameter values and
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often suffer from convergence failure. The use of evolutionary algorithms has been proposed to address
many of the limitations of traditional approaches, but previous methods have been limited in the types
of models they can fit. Therefore, we propose the use of an evolutionary algorithm for dose‐response
modeling for a range of potential response model functional forms. This new method can not only fit the
most commonly used nonlinear dose‐response models (e.g., exponential models and three‐, four‐, and
five‐parameter logistic models) but also select the best model if no model assumption is made, which is
especially useful in the case of high‐throughput curve fitting. Compared with nonlinear least squares,
the new method provides stable and robust solutions without sensitivity to initial values. Additionally,
we compare our approach to another evolutionary algorithm implementation, and our approach has
higher performance in terms of computational time and fit. We demonstrate our approach on dose
response to the cytotoxic drug temozolomide in lymphoblastoid cell lines.
ABSTRACT NUMBER: 3322
Poster Board Number: P135
TITLE: Transitioning Animal to Non‐Animal Testing with a Zebrafish Behavioral and Transcriptomic
Model to Predict General Toxicity and Endocrine Disruption
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. L. Woodland1, and L. D. Ellis2.
1
Government of Canada, Ottawa, ON, Canada; and 2Government of Canada, Halifax, NS, Canada.
Sponsor: N. Garcia‐Reyero
KEYWORDS: Gene Expression/Regulation; Endocrine Disruptors; Behavior
ABSTRACT: In 2018 the Government of Canada began researching the potential of the zebrafish (ZF)
embryo and larva as whole organism models to 1) evaluate endocrine disruption beyond developmental
effects and 2) as an alternative to the 28‐day rodent assay for general toxicity assessments, thereby
facilitating the 3Rs of reduction, refinement and replacement of animals in toxicity testing. Key to this
research are 1) incorporation of behavioral and transcriptomic platforms as early biomarkers of toxicity
and 2) international collaboration to validate the ZF model as a globally harmonized regulatory tool for
chemical risk assessment. Using NRC Canada ZF toxicity tests, the fish embryo toxicity (FET) assay and
the general and behavioural toxicity (GBT) assay, 3 replicates of 12 embryos/concentration were
exposed statically for 6‐120 hpf in the FET and for 72‐120 hpf in the GBT. Single larvae (GBT) or
chorionated embryos (FET) were treated in individual wells. Selection of 7 concentrations/test
compound was based on the MTC determined in dose range finding tests. Phenotypic toxicity (EC20) was
profiled using 20 markers (eg. hatching, heart beat) at 72 and 120 hpf in the FET and 96 and 120 hpf in
the GBT. Behavior was evaluated for distance travelled and startle response at 120 hpf. Larval tissue was
collected for RNA sequencing to determine differential gene expression. In collaboration with the NTP
(SEAZIT initiative), 20 test compounds (Aldicarb, Amoxicillin, Benzophenone, Bisphenol A, Bisphenol S,
Dechlorane Plus, 3,4‐Dichloroaniline, Raloxifene HCl, Pyriproxifen, Pyrene, Propofol, Permethrin,
Resorcinol, Tetrabromobisphenol A, Testosterone Propionate, Thiobendazole, Tricresyl Phosphate,
Triphenyl Phosphate, Tris(dichloro‐isopropyl) phosphate, Valproic Acid) were selected. The EC20 for the
most prominent phenotype observed varied with substance, and between assay (FET, GBT) and time
points. The behavioural response varied with substance. Substance‐specific differential expression of
gene subsets within dose ranges of EC20 x 10‐4‐100.7 varied with substance and included endocrine‐
related genes. Results suggest substance‐specific mechanisms of action and life‐stage specific sensitivity
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that support the utility of ZF models with behavioural and transcriptomic markers for predicting
endocrine disruption and general toxicity as potentially more sensitive than rodent assays.
ABSTRACT NUMBER: 3323
Poster Board Number: P136
TITLE: Application of Capillary Aerosol Generator for Liquid Aerosol Exposure Studies
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. K. Kuczaj1, F. Lucci1, D. Goedertier1, T.
Lee2, W. Tan2, S. Krishnan2, F. Radtke1, S. Schorderet Weber1, and P. Vanscheeuwijck1. 1Philip Morris
International R&D, Neuchatel, Switzerland; and 2Philip Morris Research Laboratories Pte. Ltd., Singapore,
Singapore. Sponsor: J. Hoeng
KEYWORDS: Inhalation Toxicology; Exposure Assessment; Dosimetry
ABSTRACT: The capillary aerosol generator (CAG) produces a stream of well‐controlled aerosol, initially
governed by thermal liquid evaporation, followed by subsequent nucleation and condensation of
generated vapors. In particular, it can be used when large volumes of continuous aerosol are needed, as,
for example, for chronic or subchronic in vivo toxicological inhalation studies. The physical and chemical
processes governing aerosol generation in the CAG are similar to the existing ones in electronic
cigarettes (ECs), thus allowing assessment of e‐liquids. As the CAG allows regulation of the volume of
supplied liquid and heating and cooling of the aerosol formation processes, it is useful for testing various
liquid formulations that undergo thermal aerosolization at controlled laboratory conditions. Their
physical properties can also be controlled through appropriate design of experimental conditions
governing aerosol formation and mainly determined by the chemical liquid formulation, temperatures
and flow rate. To demonstrate the applicability and use of the CAG for reproducible, continuous, large‐
volume aerosol generation with constant chemical and physical aerosol characteristics, we conducted a
series of aerosol generation experiments with the same liquid formulation. The combination of liquid
capillary flow, capillary heating temperature, and cooling air‐flow volumes presented in the derived
protocols enabled us to adjust to the required concentration and particle size distribution for in vivo
exposure/inhalation studies. We will demonstrate a snapshot from this work, with typical results,
discussing their application potential and related complexities that should be considered for successful
use of the CAG in inhalation studies. The technology and protocol can be used for applications beyond
testing e‐liquid formulations and serves as a prototyping tool for controlled aerosol generation (e.g., for
development of inhalable drug delivery systems).

The Toxicologist: Late-Breaking Supplement 2020

25

ABSTRACT NUMBER: 3324
Poster Board Number: P137
TITLE: Carcinogenic Hazard Assessment of Cobalt‐Containing Alloys in Medical Devices
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Kovochich1, A. Monnot1, D. G. Kougias1,
S. More1, J. T. Wilsey2, Q. Qiu3, L. Perkins4, P. Hasgall5, M. Taneja3, G. Eichenbaum6, E. E. Reverdy6, J.
Sague3, S. Marcello6, K. Connor7, W. Christian8, P. Coplan6, L. Katz9, M. Vreeke10, M. Calistri‐Yeh11, B.
Faiola11, and K. Unice1. 1Cardno ChemRisk, Chicago, IL; 2Smith & Nephew, Memphis, TN; 3Stryker,
Kalamazoo, MI; 4Abbott, Chicago, IL; 5Zimmer Biomet, Winterthur, Switzerland; 6Johnson & Johnson,
New Brunswick, NJ; 7Boston Scientific, Marlborough, MA; 8Medtronic, Jacksonville, FL; 9LifeScan,
Malvern, PA; 10Edwards Lifesciences, Irvine, CA; and 11Becton Dickinson, Franklin Lakes, NJ.
KEYWORDS: Carcinogenesis; Toxicity; Chronic; Bioavailability
ABSTRACT: Cobalt (Co) alloys have been used for over seven decades in a wide range of medical devices,
including hip and knee implants, surgical tools, and vascular stents, due to their favorable
biocompatibility, durability, and mechanical properties. Recent regulatory hazard classification reviews
in the European Union resulted in a proposal to classify metallic Co as a Class 1B Carcinogen (presumed
to have carcinogenic potential for humans). However, the proposal did not consider in vivo data with Co
alloys or relevant routes of exposure for medical devices, all of which are critical factors in the
assessment of carcinogenicity. The purpose of this evaluation is to determine the carcinogenic hazard of
Co exposure from medical devices using the following: 1) a comprehensive review and assessment of
the available in vivo animal data on the carcinogenic hazard potential of Co alloys that are present in
medical devices and 2) comparison of Co alloys with other Co chemical forms. We reviewed data that
included thousands of animals and examined local and systemic tumor incidence in various species
including rats, mice, guinea pigs, and hamsters. The assessment concludes that, in multiple in vivo
studies which involved the use of Co‐containing alloy materials and clinically relevant routes of
exposure, there is no significant increase of local or systemic tumors. The inhalation data which form the
basis for the Class 1B Classification of Co metal have little or no relevance in the cancer hazard
assessment of Co alloys. Taken together, the available in vivo data do not support a conclusion that Co‐
containing alloys pose a carcinogenic hazard for use in medical devices.
ABSTRACT NUMBER: 3325
Poster Board Number: P138
TITLE: Proteomic Responses of Silver Nanoparticles in Human Pluripotent Stem Cell‐Derived
Hepatocytes
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Li, J. J. Yourick, R. L. Sprando, and X. Gao.
US FDA/CFSAN, Laurel, MD.
KEYWORDS: Proteomics; Hepatocytes
ABSTRACT: Silver nanoparticles (AgNPs) have been widely used in consumer and pharmaceutical
products for many years due to their antibacterial and antifungal properties. In this study, we report
findings of a proteomic study that evaluated alternations in protein expression in cultured human
induced pluripotent stem cell (iPSC)‐derived hepatocytes in response to AgNP (10 µg/ml) exposure. In
total, 6,287 proteins were identified across two groups of samples (n = 3, 6 in total) using TMT‐multiplex
labeling kits. Amongst these proteins, 147 were identified to be significantly differentially expressed by
iPSC‐derived hepatocytes (fold change ≥ 1.5, p < 0.01) in the AgNP‐treated group compared to the
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untreated control group, which included 84 up‐regulated proteins and 63 down‐regulated proteins.
Proteins in the metallothionein (MT) and the heat shock protein (HSP) families were the prominent up‐
regulated proteins, suggesting that AgNP exposure induced oxidative stress and elicited cellular
protective responses in iPSC‐derived hepatocytes. Pathway analysis revealed that those differentially
regulated proteins are majorly involved in the following biological responses, apoptosis/p53/cell
survival, mitochondrial function, mitophage and autophage, DNA replication and repair, ER stress and
oxidative stress response, and alterations in the extracellular matrix (ECM). Collectively, these proteomic
results are consistent with the findings of our previous transcriptomic study and further elucidate the
effects of AgNPs on pluripotent stem cell (iPSC)‐derived hepatocytes.
ABSTRACT NUMBER: 3326
Poster Board Number: P139
TITLE: Inhibition of Human Embryonic Stem Cell Commitment into Osteoblasts Revealed by Tobacco‐
Linked Transcriptome Analysis
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. K. M. Vera‐Colón. University of California
Riverside, Riverside, CA.
KEYWORDS: Embryonic Stem Cells; Reproductive and Developmental Toxicology; Environmental
Toxicology
ABSTRACT: According to a report by the U.S. Department of Health and Human Services, cigarette
smoking is the cause of upwards of 480,000 deaths per year. Additionally, exposure to second‐hand
smoke results in more than 41,000 deaths annually. While numerous studies demonstrate the adverse
effects of tobacco‐related products towards health and developing embryos, the ramifications towards
embryonic skeletal development remain unclear. Specifically, the role tobacco exposure plays in altering
signaling pathways that activate transcriptional programs necessary for embryonic cell fate specification
is not well understood. We hypothesized that specific signaling mechanisms that control cell fate are
dysregulated due to tobacco exposure and therefore perturb osteogenic differentiation. Here, we show
that in vivo exposure to cigarette smoke caused metabolic bone disease characterized by
hypomineralized bones and in vitro inhibition of human embryonic stem cell (hESC) osteoblast
differentiation. In this work, we compared transcriptome variations in Camel Blue and Snus tobacco
extract (STE) treated differentiating hESCs. Differentially expressed genes (DEGs) were shown to be
associated with adversely affecting skeletal development. Among the DEGs, genes involved in fibroblast
and insulin growth factor, folate, WNT and BMP signaling pathways were enriched. Exogenous
treatment of hESCs with FGF17, folate and PQ‐401, an inhibitor of insulin growth factor signaling, during
differentiation mimicked the negative effects of tobacco exposure on osteogenic differentiation.
Osteogenesis was rescued in tobacco treated hESCs when coadministered with insulin. These data
implicated that Camel Blue and STE tobacco products dysregulate osteogenic signaling pathways that
impact bone lineage specification resulting in a skeletal developmental defect.
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ABSTRACT NUMBER: 3327
Poster Board Number: P140
TITLE: A Novel lnc‐RNA, lnc‐RHL Regulates the Production of Hepatocytes in HepaRG Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Lee, B. Prabhakar, and T. Rasmussen.
University of Connecticut, Storrs, CT.
ABSTRACT: Long noncoding RNAs (lncRNAs) are transcripts with length of over 200 nucleotides that do
not encode proteins. LncRNAs have received wide attention as key regulators of stem cell proliferation
and differentiation, but knowledge of the specific role of lncRNAs in hepatocyte differentiation is still
limited. In a previous study, our lab group identified a novel lncRNA, lnc‐RHL (regulator of hepatic
lineage) which plays a critical role in the differentiation of bipotent hepatoblasts to hepatocytes and
cholangiocytes. Lnc‐RHL maps to human chromosome 11q23.3 in an apolipoprotein (APO) gene cluster
and consists of a 670‐base pair polyadenylated lncRNA with two exons and an intron. In HepaRG cells,
lnc‐RHL was knocked‐down with a doxycycline (dox) inducible lentiviral vector to examine the role of
this lncRNA in HepaRG cell differentiation. Knockdown of lnc‐RHL inhibited differentiation to
hepatocytes but not to cholangiocytes. Dox was added 72 hours before harvest or at day 14 when
switching to differentiation media. Interestingly, the mRNA expression of all APO genes including
APOA1, APOC3, and APOA5 were decreased in the lnc‐RHL knockdown cells and showed more significant
down‐regulation in dox (day14‐33) groups in which knock‐down was continuously maintained during the
entire course of differentiation. Moreover, the mRNA levels of hepatocyte markers such as HNF4 alpha
and albumin were down‐regulated upon knockdown of lnc‐RHL. Lastly, we have performed flow
cytometry and RNA sequencing analysis to further investigate functions and mechanisms of lnc‐RHL. In
summary, this study explores the requirement for lnc‐RHL in HepaRG cell differentiation and shows that
it is required for the proper production of hepatocytes in these cells.
ABSTRACT NUMBER: 3328
Poster Board Number: P141
TITLE: Long‐Term Maintenance of Metabolic Function and Engraftment of Human Small Hepatocyte
Progenitor Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Sengupta. Morgridge Institute for
Research, Madison, WI.
KEYWORDS: Hepatocytes; Cytochrome P450; Cell Proliferation
ABSTRACT: Derivation and culture of small hepatocyte progenitor cells (SHPCs) capable of proliferating
in vitro has been described in rodents and recently in humans. These cells are capable of engrafting in
injured livers, however, they display de‐differentiated morphology and reduced xenobiotic metabolism
activity in culture over passages. Here we report development of culture conditions that allows long
term maintenance of xenobiotic metabolic functions of SHPCs derived from adult primary human
hepatocytes (PHHs) over multiple passages. In our culture conditions, SHPCs not only display
differentiated morphology and exhibit gene expression profiles similar to adult PHHs, but importantly,
perform xenobiotic metabolism at rates equal to their parent PHHs as evidenced by the metabolism of
acetaminophen to all of its major metabolites. Further, these cells display engraftment in
immunodeficient mice upon transplantation. In summary, we present an improved culture system that
allows generation of long term functional SHPCs that would be useful for expansion of limited PHHs for
in vitro and in vivo studies of drug metabolism and toxicity testing.
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ABSTRACT NUMBER: 3329
Poster Board Number: P142
TITLE: Maturation of hiPSC‐CM Electrophysiological and Contractile Function for Enhanced Sensitivity of
Cardiac Safety Assays
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Dizon, A. M. Nicolini, C. A. Arrowood, D. C.
Millard, and M. Clements. Axion BioSystems, Atlanta, GA.
KEYWORDS: Cardiovascular System; Safety Pharmacology; Mode‐of‐Action
ABSTRACT: Human induced pluripotent stem cell‐derived cardiomyocytes (hiPSC‐CMs) have significantly
advanced in vitro cardiac safety assays, yet remain an immature representation of human ventricular
myocytes. Electrical or mechanical conditioning of hiPSC‐CMs facilitates maturation of hiPSC‐CMs as
measured by a positive force‐frequency relationship, but current in vitro protocols require 2‐4 weeks of
conditioning. Using array‐based contractility and local electrical stimulation, we detected functionally
mature phenotypes and compound responses in hiPSC‐CMs after only 48 hours of chronic pacing. To
“mature” the hiPSC‐CMs, hiPSC‐derived cardiomyocytes were cultured on 24‐, 48‐, and 96‐well multiwell
MEA plates and later electrically paced at 2Hz for 48 hours. Multimodal measurements were then used
to quantify contractile and electrophysiological response to varied pacing rates and compound addition.
After 48 hours of pacing, cardiomyocytes displayed shortened repolarization timing compared to before
chronic pacing (baseline: 423 +/‐ 21 ms; “matured”: 316 +/‐ 15 ms), without a significant change in beat
period (baseline: 1255 +/‐ 40 ms; “matured”: 1314 +/‐ 84 ms). The beat amplitude, an approximation of
contractile strength, was measured using array‐based impedance technology during spontaneous
beating and at increasing pacing rates (1, 1.2, 1.5, 2, and 2.5 Hz) from the same MEA plates. Before
chronic pacing, beat amplitude decreased with increasing pacing rate, whereas the same wells displayed
an increase in beat amplitude with increasing pacing rate after chronic pacing. In addition, the
“matured” wells displayed increased sensitivity to positive inotropes, such as isoproterenol, digoxin,
omecamtiv mecarbil, and dobutamine. Finally, multiwell local extracellular action potentials (LEAP)
revealed an altered electrophysiological response to ranolazine, a multichannel blocker. Unpaced
control wells exhibited APD90 prolongation to increasing concentrations of ranolazine, whereas
“matured” wells showed no change in APD90. Overall, hiPSC‐derived cardiomyocytes chronically paced
for only 48 hours exhibited a more mature functional phenotype, including a positive force‐frequnecy
relationship, enhanced inotrope sensitivity, and altered response to multichannel blockade.
ABSTRACT NUMBER: 3330
Poster Board Number: P143
TITLE: Assessing the Impact of Alzheimer’s Disease on the Blood‐Brain Barrier In Vitro Using Induced
Pluripotent Stem Cells (iPSCs)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Raut. Texas Tech University Health
Sciences Center, Amarillo, TX. Sponsor: S. Raut, American Association for the Advancement of Science
ABSTRACT: AD is characterized by the presence of senile plaques and neurofibrillary tangles, leading to
progressive neurodegeneration and loss in cognitive functions. An effort has been made to target Aβ
plaques formation, including the generation of several transgenic animal models overexpressing
mutated forms of APP and PSEN1. Yet it failed to yield notable advances in the treatment of AD. Our
hypothesis is to study the genetic mutation and abnormal peptides associated with AD that can provide
a better understanding of disease pathophysiology. Our aim is to study the impact of PSEN1 and PSEN2
mutations on BBB function using iPSC‐derived brain microvascular endothelial cells (BMECs). We have
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used an isogeneic in vitro model of the BBB based on patient iPSCs isolated from two patients diagnosed
with FAD and harboring mutations in PSEN1 or PSEN2 genes. PSEN1‐BMECs displayed a lower expression
of tight junction proteins. Changes in the barrier function were assessed by measuring changes in TEER
and fluorescein permeability. PSEN1‐BMECs showed impaired barrier function compared to control iPSC
lines, with significantly lower TEER ( ̴ 150 Ω.cm2) and higher fluorescein permeability. Changes in glucose
uptake between iPSC lines were assessed. PSEN1‐derived BMECs showed a lower glucose uptake
compared to controls and PSEN2‐BMECs. In addition, PSEN1‐BMECs failed to show inhibition of glucose
uptake following treatment with glucose transporter inhibitor II. To investigate the impact of such
impaired glucose uptake on cell metabolism, we investigated changes in glycolysis in iPSC‐derived
BMECs using a cell flux analyzer. PSEN1‐BMECs showed a notable decrease in acidic lysosomes
compared to control‐BMECs. Our results showed an impaired mitochondrial function in PSEN‐BMEC.
Further, we evaluated the effect of Amyloid β peptides on glucose metabolism at the BBB using iPSC‐
derived BMECs. Our data documented the presence of a dose‐dependent decrease in GLUT1 expression
and glucose diffusion at the BBB following treatment with Ab peptides in a dose‐dependent manner. We
are investigating how the different Ab (1‐40 vs 1‐42) impacts glucose metabolism at the BBB and identify
by which signaling pathway such down‐regulation in GLUT1 expression occurs. Our study constitutes the
first report of the presence of BMEC phenotype associated with PSEN mutations at the BBB, in particular
between PSEN1 and PSEN2 mutant carriers.
ABSTRACT NUMBER: 3331
Poster Board Number: P144
TITLE: Single‐Cell Transcriptome Identifies Potentially Transformed Subpopulations in Metal‐Treated
Prostate Epithelial Stem‐Like Cells in Morphologically Normal Prostate
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Leung1, C. Wang2, N. Tam1, L. Lu2, and S.
Ho1. 1University of Arkansas for Medical Sciences, Little Rock, AR; and 2Cincinnati Children's Research
Foundation, Cincinnati, OH.
KEYWORDS: Metals; Carcinogenesis
ABSTRACT: Metals have long been suspected carcinogens for many cancers. But the mechanism of how
metals induce carcinogenesis remains controversial. In this study, we examined whether metals
transform prostatic epithelial stem‐like cells (PrESLCs) and increase prostate cancer (PCa) risk in a novel
cancer model. We first exposed the mice with lead (Pb, 20 ppm) or arsenic (iAs, 375 ppb) for a relatively
short duration (1 month) and then treated them with N‐methyl N‐nitrosourea and testosterone for
another 6 months. We observed a significantly higher percentage of high‐grade prostate intraepithelial
neoplasia (P<0.001) and a strong trend of increased PCa incidence (P=0.059) in the dorsolateral prostate
of the iAs‐treated group when compared with the control group. The incidences of PCa and HGPIN of
Pb‐group were higher than those of the control but the difference was not statistically significant. Our
data suggest that exposure to an environmentally relevant dose of iAs and Pb can effectively increase
PCa risk. To understand the role of stem cells, we isolated Sca‐1+ CD49f+ Lin‐ (CD31‐, CD45‐ and Ter119‐)
PrESLCs in the metal‐exposed prostate. When plating them on soft agar, exposure either to either metal
significantly increased the number of colonies formed (both by a 3.5‐fold increase, P<0.05), suggesting
that one‐month exposure is enough to induce neoplastic transformation of PrESLCs in vivo. To
understand the underlying mechanism, we conducted a single‐cell transcriptomics analysis on the
freshly isolated PrESLCs. We observed 10 and 11 subpopulations in Pb and iAs‐treated cells, respectively.
With stem cell markers annotation, we identified that Pb treatment caused a significant shift of cell
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subpopulations, i.e. from epithelial‐like to more stromal‐like stem cells. The gene signature of this
expanded population was cancer‐related as predicted by pathway analysis. Similar change was not
observed in iAs treatment. Instead, we found a new subpopulation of PrESLCs exists in the iAs‐treated
group when comparing trajectory inference results with the Pb results. The majority of the gene
expressed in this subpopulation was functionally annotated as “genitourinary tumor”. This could
represent an early “transformed” stem‐like cell population that exists in the normal prostate after only
one‐month iAs treatment.
ABSTRACT NUMBER: 3332
Poster Board Number: P145
TITLE: Conduction Delay as a Predictive Indicator for BMS‐986094‐Induced Delayed Cardiotoxicity in
Human‐Induced Pluripotent Stem Cell‐Derived Cardiomyocytes (hiPSC‐CMs)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Shi, M. Huang, J. Kwagh, and P. Levesque.
Bristol‐Myers Squibb Company, Princeton, NJ. Sponsor: M. Gill
ABSTRACT: BMS‐986094, a nucleotide polymerase (NS5B) inhibitor for the treatment of hepatitis C was
discontinued in Phase II development after a patient experienced rapidly progressive heart failure and
expired. Pathological analysis revealed diffuse cardiomyocyte thinning and elongation with interstitial
fibrosis an areas of necrosis. A retrospective review of 34 patients noted fourteen patients developed
severe or moderate systolic dysfunction (<50% left ventricular ejection fraction, LVEF) after ≥ 2 weeks of
treatment. Reported ECG abnormalities included loss of T‐wave amplitude in a majority of patients, and
incidences of right bundle branch block and nonspecific intraventricular conduction defect. The purpose
of this study was to evaluate BMS‐986094 in hiPSC‐CMs and identify functional biomarkers for
preclinical prediction of delayed cardiotoxicity reported in patients. BMS‐986094 was tested at clinically
relevant concentrations up to 10 µM in spontaneously beating monolayers of hiPSC‐CMs for up to 11
days. Multi‐electrode array (MEA) was used for electrophysiologic (EP) measurement of field potential
duration (FPD), conduction time (CT), spike amplitude (SA), T‐wave amplitude (TA) and beat rate (BR).
Results were compared to previous impedance data (Cell Index) for effects on contractility and cell
viability, cardiac injury markers (troponin T/I and FABP3) from medium samples taken at different drug
concentrations and time points, viability assays, and drug induced structural changes under electron
microscopy. BMS‐986094 showed dose‐ and time‐dependent effects on CT, SA and TA. Effects on
conduction occurred after at least 2 days of exposure, and CT increased 55.3±7.2% after 3 days at 300
nM. SA reduced and T‐wave flattened after 2 days at ≥1 µM. BMS‐986094 had no significant effect on
FPDc compared to vehicle. The EP changes occurred earlier than the cytotoxicity manifestation and the
EP results were relevant to viability reduction, troponin T/I and FABP3 increase and myocyte disruption
after 3 days at ≥1 µM. The hiPSC‐CMs recapitulated the EP changes of conduction delay and T‐wave
flattening by BMS‐986094 in clinic, and showed cardiotoxicity after prolonged exposure. The conduction
delay may be caused by the loss of myocytes in the monolayer and could serve as a sensitive biomarker
for prediction of delayed cardiotoxicity.
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ABSTRACT NUMBER: 3333
Poster Board Number: P146
TITLE: Valproic Acid Hepatotoxicity Uniquely Modeled in 3D Spheroid Culture Configurations
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. S. Ferguson, S. C. Ramaiahgari, K. S.
Lavrich, S. S. Auerbach, M. J. DeVito, B. Merrick, and R. S. Paules. NIEHS, Research Triangle Park, NC.
KEYWORDS: In Vitro and Alternatives; Pharmaceuticals; Hepatocytes
ABSTRACT: The anti‐convulsant valproic acid (VPA) has been extensively reported as a human liver
injury compound. Efforts in our laboratory to model VPA hepatotoxicity in vitro using two‐dimensional
(2D) cultures of differentiated HepaRG assayed with the sensitivity of high‐throughput transcriptomics
failed to detect altered transcriptomic responses or cytotoxicity compared with the majority of liver
injury compounds we have evaluated (i.e., 13/15). It is known that metabolism is an important driver of
valproic acid effects in humans, and that 3D culture configurations greatly enhance the metabolic
competence of HepaRG cells. Therefore, we hypothesized that 3D spheroid models may better model
VPA effects observed in humans. To address this hypothesis, 3D spheroid cultures of HepaRG cells were
exposed to 7 concentrations of VPA over 96h and assayed for cytotoxicity and high‐throughput
transcriptomics (TempO‐seq, S1500+ gene set). Unlike 2D cultures, 3D HepaRG spheroids do display
cytotoxicity at 300µM exposures (Human Cmax~240µM). Moreover, using the S1500+ gene set, we
observed over 800 differentially expressed transcripts in the forms of benchmark concentrations (BMCs)
mapped to more than 2 thousand altered biological response pathways (CPDB). At lower exposure
levels, lipid and mitochondrial fatty acid metabolism were observed consistent with well‐established
clinical effects related to lipid accumulation and mitochondrial function. Interestingly, while not
generally thought to model neurological pathways, GABA receptor activation was identified at
intermediate concentrations consistent with the putative therapeutic target of this analgesic. Finally, at
the higher ranges of exposure we observed cellular stress and death (e.g., ROS, apoptosis) culminating in
identification of the urea cycle pathway that may be related to the clinically‐observed
hyperammonemia. These data demonstrate for the first time that 3D culture configurations of HepaRG
uniquely model valproic acid‐induced human liver injury, and further evaluation of the role of xenobiotic
metabolism in these models is warranted to qualify new approach methods (NAMs) and build
quantitative tools for data extrapolation to humans.
ABSTRACT NUMBER: 3334
Poster Board Number: P147
TITLE: Sub‐Acute Oral Toxicity Assessment of TGT Primaage Using Wistar Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. V. Patel1, K. N. Shah1, S. L. Jadhav1, and L.
Kong2. 1Jai Research Foundation, Valvada, India; and 2The MitoMasa Sdn. Bhd., Selangor, Malaysia.
KEYWORDS: Natural Products; Safety Evaluation; Antioxidants
ABSTRACT: Natural products are infinite treasures of bioactive chemicals which persist as an
inexhaustible resource for the discovery of drugs and exploration of their undefined activities. TGT
Primaage, one of the astonishing extracts obtained from combination of Moringa oleifera Lam. and
Centella asiatica (L.) Urb. Amongst various therapeutic effects, it’s potential antioxidant and antiaging
activity is well reported. There are no present findings reported regarding repeated exposure of this
extract, to guarantee the incidence of toxic effects of TGT Primaage. This study investigated the effects
of repeated‐dose administration of Astragalin and Isoquercetin which are the components of interest
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present in TGT Primaage using Wistar rats. Additionally, the concentration of Astragalin and Isoquercetin
in prepared formulation was analysed using LC‐MS/MS. Rats were divided into three treatment groups
and one vehicle control group (10 rats/sex/group). To assess reversibility, persistence, or delayed
occurrence of toxic effect, if any, an additional group was treated at the high dose level for 28 days and
then observed further for a period of 14 days without any treatment. For comparison purposes, a
vehicle control recovery group was also included and was treated alone over the equivalent period (28
days) and observed further for 14 days. TGT Primaage was administered orally, through gavage, at doses
of 0, 250, 500, and 1000 mg/kg b. wt./day. During this study, no mortality, morbidity, and clinical sign of
toxicity was observed in any of treatment group rats. Abnormality related to the neurological and
functional parameters was not seen in any rat from treatment groups. No change in the body weight, as
well as food consumption, was observed in male and female rats, throughout the study period.
Treatment did not lead to any adverse effect in the clinical pathology parameters and no alteration in
organ weights. Repeated exposure of TGT Primaage did not alter the morphological and
histopathological characteristics of organs. These results evident that TGT Primaage appears to be safe
and devoid of any toxic effect. It also concludes that TGT Primaage did not produce any systemic toxicity
or adverse effect up to the highest dose level of 1000 mg/kg b. wt./day, after the repeated dose oral
administration in Wistar rats. The NOAEL for TGT Primaage for both sexes were found to be 1000 mg/kg
b. wt./day, under standard conditions and procedures, followed during this study.
ABSTRACT NUMBER: 3336
Poster Board Number: P149
TITLE: Multi‐'Omics Analysis Reveals that Co‐exposure to Phthalates and Metals Disturbs Urea Cycle and
Choline Metabolism
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. Papaioannou1, O. Anesti2, E. Distel3, E. de
Oliveira Cacheado4, A. Gabriel1, I. Frydas1, E. Attignon3, M. Aggerbeck3, M. Horvat5, R. Barouki3, S.
Karakitsios1, and D. Sarigiannis1. 1Aristotle University of Thessaloniki, Thessaloniki, Greece; 2University of
Crete, Heraklion, Greece; 3INSERM UMR‐S 1124, Paris, France; 4Barcelona Science Park, University of
Barcelona, Spain; and 5Jožef Stefan Institute, Ljubljana, Slovenia.
KEYWORDS: Phthalates; Metals; Systems and Integrative Toxicology
ABSTRACT: The aim of this study was to obtain mechanistic insight into how co‐exposure to phthalates
and metals causes neurodevelopmental perturbations based on in vitro assays. HepaRG cells were
exposed to two mixtures of DEHP, DiNP, and BBzP phthalates, methylmercury and total mercury. The
effective concentrations of the chemicals in vitro were estimated through extrapolation from human
biomonitoring data through internal dosimetry modeling using the INTEGRA computational platform.
Multi‐'omics analysis was performed on the treated cell models including transcriptomics, proteomics,
and metabolomics. Integrated pathway‐level analysis of transcriptomics and proteomics data revealed
that co‐exposure to phthalates and heavy metals leads to the perturbation of the urea cycle due to
alterations in the expression levels of arginase‐1 and ‐2, argininosuccinate synthase, carbamoyl‐
phosphate synthase, ornithine carbamoyltransferase, and argininosuccinate lyase. Co‐mapping of
proteomics and metabolomics data revealed that their common drivers are responsible for the
homeostasis of metabolic pathways related to choline metabolism. Our work reveals that co‐exposure
to plasticizers and metals disturb biochemical processes related to mitochondrial respiration are
clinically linked to neurodevelopmental perturbations.
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ABSTRACT NUMBER: 3337
Poster Board Number: P150
TITLE: Use of a Zebrafish Model to Identify Anti‐Convulsive Properties of Cannabis Extracts
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. E. Murr, and C. C. Green. Louisiana State
University, Baton Rouge, LA. Sponsor: C. Green
KEYWORDS: Behavior; Nervous System
ABSTRACT: Epilepsy is a neurological disorder that effects approximately 65 million people worldwide.
While no drug can prevent the development of epilepsy, several compounds that the limit the severity
of epileptic seizures have been identified. The clinical use of phytocannabinoids for the treatment of
neurological disorders has increased in recent years, as they have been shown to have strong
neuroprotective and anticonvulsive properties. Numerous terpeniods are present in Cannabis plants but
have yet to be clinically investigated for potential anticonvulsant properties. The goal of this research is
to use zebrafish (Danio rerio) as a model organism to identify the anticonvulsive properties of
phytocannabinoids and terpenoids to provide insight for their potential use as anti‐epileptic drugs.
Larval zebrafish (7‐dpf) were exposed to cannabidiol (CBD), cannabinol (CBN), tetrahydrocannabinol
(THC), or tetrahydrocannabivarin (THV) at concentrations of 0.125, 0.25, 0.5, and 1mg/L or terpenoids
(pinene, limonene, myrcene, terpinolene, linalool) at concentrations of 1, 5, 10, 25mg/L for 90 min.
Epileptic‐like seizures were then induced by exposing larvae to a 10mM pentylenetetrazol solution for
10 minutes. After the 90‐min cannabinoid incubation, larvae were individually placed into wells of a 48‐
well plate, and movements were recorded for 10 min using a DanioVision recording chamber. The total
distance each larva moved during the 10 minute recording period was measured using Ethovision XT
software. Zebrafish larvae exposed to phytocannabinoids had significantly reduced seizure behavior (p =
0.05) except for the 1mg/L THV treatment. Larvae exposed to linalool, pinene, and terpinolene showed
no reduction in seizure behavior across all concentrations while larvae exposed to myrcene and
limonene had significantly reduced seizure behavior (p = 0.05) at all concentrations. This work has
identified cannabinoid and terpenoid compounds that reduce seizure pathology in a zebrafish model. It
is anticipated this research will potentially support a larger body of work as production and use of
Cannabis extracts increases.
ABSTRACT NUMBER: 3338
Poster Board Number: P151
TITLE: Vitamin B3 as a Sensor for Metabolic Status, Sperm Epigenome Programming, and Offspring
Physiology
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. L. Meyer‐Ficca, M. Wandersee, S. Lopez,
and R. G. Meyer. Utah State University, Logan, UT.
KEYWORDS: Biotransformation and Toxicokinetics; Metabolism; Reproductive System
ABSTRACT: Vitamin B3 (niacin) are precursors of NAD+ and NADP+ and their reduced forms, NADH and
NADPH. These molecules are essential as cofactors for cellular redox reactions for energy metabolism
and respiration, as well as for various detoxifying pathways like cytochrome P450‐ and glutathione‐
dependent reactions. Humans need dietary niacin as the main precursor molecules of NAD+ and NADP+
synthesis. Insufficient niacin intake causes low NAD levels and imbalances in NAD+/NADH and
NADP+/NADPH redox ratios. Extreme niacin deficiency, pellagra, is now rare, but milder niacin
deficiencies are still common, e.g. with increasing age, in cancer patients, alcoholics and people lacking
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quality food. Age‐related NAD+ decline occurs despite food fortification and significantly contributes to
aging‐associated health problems. Rodents do not need dietary niacin for NAD synthesis, and have not
been suitable to study health effects of low NAD. Our lab has developed a transgenic mouse of acquired
niacin dependency (ANDY) with “adjustable” levels of NAD synthesis that is suitable for investigating the
link between low NAD metabolism and common age‐related health problems, including the often poor
pharmacokinetics of drugs in the elderly. NAD+ also is a substrate for epigenetic regulators, including
sirtuins and ADP‐ribosylating enzymes. Recent evidence shows that epigenetic information inherited
from the father affects the physiology of his children, depending on environmental factors and paternal
metabolic status. Research suggests that paternally inherited epigenetic information in part depends on
paternal diet and contributes to childhood obesity and other public health problems, but the underlying
mechanisms are not understood as it remains unclear which dietary factors modify sperm epigenetic
programming in a way that affects metabolism in the offspring. We used ANDY mice to test the
hypothesis that age‐associated low NAD metabolism contributes to deteriorating male fertility, as well
as poor quality and altered epigenetic programming of sperm. NAD deficiency in males resulted in the
inhibition of NAD‐dependent enzymes, reduced physical activity, altered glucose metabolism, and poor
sperm quality, compared to control males. Our data also show that low paternal NAD+ levels resulted in
smaller progeny with altered insulin sensitivity, carbohydrate and lipid metabolism. Paternal NAD levels
may thus link dietary niacin with aging, sperm epigenetics and offspring health.
ABSTRACT NUMBER: 3339
Poster Board Number: P152
TITLE: Feasibility of the Induction of Skin Blisters Using Negative Pressure Suction in Cynomolgus
Monkeys
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: G. G. Goodrich. Charles River, Reno, NV.
Sponsor: S. Bulera
KEYWORDS: Pharmacokinetics; Cytokines; Safety Evaluation
ABSTRACT: Skin blister techniques and skin blister fluid (SBF) are common procedures/samples used to
measure multiple endpoints in humans for diagnostic and disease identification purposes. Similar
techniques have not been used in nonclinical research using nonhuman primates (NHP). The objective of
this study was to test the feasibility of inducing skin blisters on cynomolgus monkeys and to collect SBF
for cytokine assay development. Two male cynomolgus monkeys (Macaca fascicularis at ≥ 3.5 kg) were
sedated with ketamine and anesthetized with propofol for blister formation and collection of SBF on
Days 1 and 3. A console vacuum setting was set to minimum suction, tubing assembly and electrical
connections were put in place, and 4 x 10 mm, 3 x 5 mm, or 2 x 10 mm orifice openings in heated
suction cups were investigated by gradually increasing suction pressure. Blister formations were
continuously monitored through an aperture glass in the suction cup and pressure adjusted as needed
to avoid tearing or rupture of the epidermis. When blisters were formed, the vacuum pressure was
stopped, and the suction cups were removed while recording blister formation time. SBF was collected
using a 1 mL tuberculin syringe and needle, all available fluid from each blister was withdrawn and
pooled per animal per day. SBF was analyzed for cytokine levels, TGFβ1 and TGFβ2. Blister formation on
the shaved backs of monkeys was achieved over periods of 1‐2 hours with application of either 4 x 10
mm, 3 x 5 mm, or 2 x 10 mm suction cups. Fluid from the 5 mm blisters was minimal, yielding
insufficient volume for downstream application if employed alone. The 10 mm blisters yielded the
greatest volume of fluid. Lower pressure applied over a longer time yielded the greatest amount of fluid
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without creating skin hemorrhage, and all blisters leaked fluid once the skin passed over the ends of
hairs. However, the fluid dried and gelled, and blisters continued to grow with continued suction. Total
blister fluid accumulation ranged from 30 µL to 180 µL per animal per timepoint. SBF from the two male
monkeys collected on Days 1 and 3 had mean levels of TGFβ1 and TGFβ2 of 948 ± 247 and 245 ± 37
pg/mL; respectively. Skin blister formation and fluid collection is feasible in NHP and can be used to
assess reproducible levels of TGFβ1 and TGFβ2. The ability to create and collect SBF in NHP will be a
useful nonclinical toxicology tool for possible pharmacokinetic or pharmacodynamic assessment of
drugs where the target is only conserved in NHP species.
ABSTRACT NUMBER: 3340
Poster Board Number: P153
TITLE: Application and Characterization of a Novel Generation and Exposure Method for Use with
Electronic Nicotine Delivery Systems (ENDS) and Electronic Vapor Devices (EVD) in Nonhuman Primates
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Carluccio1, R. Jaeger1, R. Redman2, and C.
J. Roy2. 1CH Technologies (USA) Inc., Westwood, NJ; and 2Tulane National Primate Research Center,
Covington, LA.
KEYWORDS: Lung; Pulmonary or Respiratory System; Inflammation; Inhalation Toxicology
ABSTRACT: Respiratory illness of rapid onset, unexplained as to cause but associated with use of ENDS
or EVD, represents a profound public health emergency. Some vaping devices associated with the
syndrome are thought to be used with formulations of Cannabis and other licit or illicit substances. Such
use among adolescents and young adult populations who chose to employ customized ENDS or EVD is
suspect. Hospitalizations and deaths have occurred. While less suspect, commercial but modifiable ENDS
systems may be involved. However, no definitive toxicologic cause or source has been identified.
Commercial ENDS were thought to be less harmful choices than nicotine inhalation from combustible
tobacco. Yet surprisingly few studies prospectively describe the effects of inhaling the complex aerosol
condensates that result from suspect or modified ENDS and EVD. There are no studies wherein
nonhuman primates are used as experimental disease models. Thus, in response to the public health
emergency, an inhalation system was built that emulates human EVD use. This system can employ
multiple nonhuman primates in acute and sub‐chronic inhalation studies to identify the causative
agent(s), either licit or illicit. Configured for dynamic inhalation exposure, the system provides a laminar
flow of freshly generated e‐vapor to an anesthetized supine primate in a 16‐liter head‐only chamber.
EVD vapor is generated in positive pressure mode with controlled power, diluted as required and
delivered to the subject from an Electronic Cigarette Aerosol Generator (ECAG) using either a Juul® type
port or a ‘cartomizer’ port. The latter may be filled with customized formulations for experimental vapor
generation. Active monitoring with physical aerosol characterization is done concurrently using an in‐
line white light spectrophotometer and collection systems for analysis. The inhalation system of flows,
pressures and sampling is controlled by a computer‐based system. Consistent with the late breaking
nature of the epidemic, characterization of the system and assembled components are being performed
in conjunction with pilot studies of the sub‐chronic effects of the ENDS and EVD fluid products in the
rhesus macaque. Results of the inhalation system characterization and its integration with the
nonhuman primate will be described and discussed.
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ABSTRACT NUMBER: 3341
Poster Board Number: P154
TITLE: Rodent Models for Renal Disposition in Nonalcoholic Steatohepatitis
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. L. Frost1, J. L. Jilek1, E. L. Toth1, M.
Goedken2, and N. J. Cherrington1. 1University of Arizona, Tucson, AZ; and 2Rutgers, The State University
of New Jersey, Piscataway, NJ.
ABSTRACT: Nonalcoholic steatohepatitis (NASH) has the ability to alter drug disposition through the
disruption of drug transporters leading to potential adverse drug reactions. While disruption of hepatic
drug transporters is well characterized in NASH, little is known about alterations in renal drug
transporters caused by potential hepato‐renal cross talk. Compensatory physiological changes by the
kidney during liver disease is suggested to occur during NASH causing an alteration in renal disposition.
The current study was designed to determine alterations in renal drug transporter expression in widely
used rodent models of NASH. Clinical chemistry and transcriptional expression of renal drug transporters
was determined to identify the model most representative of human NASH. NASH models include
Sprague Dawley rats fed a methionine and choline deficient (MCD), atherogenic, or control diets, or C57
mice fed a fast food diet with thrice weekly thioacetamide injections (FFDTH), American lifestyle induced
obesity syndrome (ALIOS), or control diet, and genetically defective leptin receptor mice fed an MCD
diet (db/db). The MCD, atherogenic and ALIOS models exhibited a significant increase in blood urea
nitrogen. However, only the MCD and ALIOS models had a significant increase in alanine transaminase
relative to control mice. The FFDTH model experienced no significant changes in clinical chemistry for
the liver or kidney. The db/db, FFDTH, and ALIOS models all presented a significant decrease in renal
Oatp1a1 to 3, 22 and 44% of control, respectively. The FFDTH and ALIOS models expressed a reduction
to 73 and 38% of control in Oat2. However, Oat3 was significantly increased to 184% of control in the
db/db model. For the efflux transporters, Mrp2 and Mate1 presented a decrease to 65 and 69% of
control in the FFDTH model. Interestingly, there is a downward trend of expression for both uptake and
efflux renal transporters across the mouse models except for Oat3. Conversely, none of the rat models
presented significant alterations in renal xenobiotic transporters. These data suggest alterations in renal
drug transporters are associated with NASH in db/db and ALIOS models and demonstrate the potential
for renal disposition changes during liver disease. Importantly, this provides a mechanistic basis for
variability in the fate of drugs and environmental toxicants eliminated through renal clearance.
ABSTRACT NUMBER: 3342
Poster Board Number: P155
TITLE: Prediction of In Vivo Monocrotaline‐Induced Liver Toxicity in Rat Using an In Vitro‐In Silico
Approach
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Suparmi1,2, S. Wesseling1, and I. M. C. M.
Rietjens1. 1Wageningen University and Research, Wageningen, Netherlands; and 2Universitas Islam
Sultan Agung, Semarang, Indonesia.
KEYWORDS: In Vitro and Alternatives; Toxicity; Acute; Liver
ABSTRACT: In human, acute exposure to pyrrolizidine alkaloids (PAs), can cause hepatic veno‐occlusive
disease with severe liver damage, whereas chronic exposure may increase the risk of liver cancer.
Although different PAs may vary in their toxic potency, toxicity data on many PAs are lacking. The aim of
the present study was to use an in vitro‐in silico approach to predict the in vivo acute liver toxicity of
monocrotaline and to characterize the influence of its metabolism on its relative in vivo toxic potency
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compared to lasiocarpine and riddelliine. In the in vitro assay with rat primary hepatocytes, the IC50
value of monocrotaline was 20.7‐ and 35.7‐ fold higher than that of lasiocarpine and riddelliine. LC‐MS
based analysis of substrate depletion in in vitro incubations indicated that monocrotaline was slowly
metabolized by rat liver and intestinal microsomes. The kinetic efficiency for monocrotaline conversion
appeared to be 42.1‐ and 4.1‐ fold lower compared to that previously reported using the same approach
for lasiocarpine and riddelliine, respectively. The predicted dose‐response curve for acute liver toxicity
of monocrotaline in rats and the resulting benchmark dose lower to upper confidence limit for 10%
effect (BMDL10‐BMDU10) of 1.7‐6.3 mg/kg bw/day was in line with no‐observed‐adverse‐effect‐levels
(NOAELs) derived from available in vivo studies and matched the oral dose range of 1‐3 mg PA/kg
bw/day at which adverse effects in humans are reported. A comparison to the oral toxicity of the
lasiocarpine and riddelliine revealed that, although in rat liver hepatocytes monocrotaline appeared less
toxic than lasiocarpine and riddelliine, due to its relatively inefficient clearance its in vivo acute liver
toxicity was predicted to be comparable. In conclusion, a combined in vitro‐ PBK modeling‐facilitated
reverse dosimetry approach quantitatively predicted the acute toxicity of monocrotaline in rats. The
comparison of its relative toxic potency to lasiocarpine and riddelliine indicates that the kinetic and
metabolic properties of these PAs should be taken into account when defining relative differences in in
vivo toxic potency. This insight is of importance when developing alternative testing strategies in risk
and safety evaluation of PAs.
ABSTRACT NUMBER: 3343
Poster Board Number: P156
TITLE: Homogeneity and Inhomogeneity of Reconstructed Human Bronchial Epithelial Tissues in
Inflammatory States and Gene Expression Profile during Long‐Term Cultivation
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Ito, S. Ishikawa, K. Matsumura, and K.
Ishimori. Japan Tobacco Inc., Yokohama, Japan.
KEYWORDS: In Vitro and Alternatives
ABSTRACT: Reconstructed human airway (RhuA) models have been expected as one of the alternatives
to animal testing, because of their resemblance with in vivo tissues. RhuA model of bronchial epithelial
cells shows a pseudostratified epithelial structure, which consist of functionally differentiated ciliated
cells, basal cells, and goblet cells, with a similar gene expression profile with in vivo bronchial epithelia.
Additional advantage of these in vitro models is a long‐shelf life, which enables repeated exposure
study, thus useful for the investigation of chronic effects of potential toxicants. However, homogeneity
of RhuA tissues during repeated exposure study should be considered to avoid misleading
interpretation. In this study, we investigated the homogeneity of RhuA model of bronchial epithelial
cells through the experimental period up to 40 days from the viewpoints of secretion of inflammatory
mediators and gene expression profile. Secreted inflammatory mediators were measured throughout
experimental period, and gene expression profile was investigated at day‐1, day‐20, day‐30, and day‐40
by microarray analysis. As results, secretion of inflammatory mediators were gradually declined in the
first half of cultivation, and then became stably low. Microarray analysis revealed that 362, 530, and 518
differentially expressed genes (DEGs), were detected in the tissues at day‐20, day‐30, and day‐40
respectively when compared to the tissues at day‐1 (|Fold change|>1.5, p<0.05). Gene ontology analysis
with the downregulated DEGs revealed that proliferation‐related genes were constitutively
downregulated, and inflammation‐related genes were also downregulated at day‐20 and day‐30.
Meanwhile, the gene ontologies of upregulated DEGs were changed through the experimental period.
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Upregulated genes at day‐20 were related with epoxygenase P450 pathway, while those at day‐30 and
day‐40 were related with tissue system development and negative regulation of metabolisms
respectively. In addition, the gene expression of several cytochrome P450 (CYP) enzymes (e.g. CYP1B1,
CYP2A6, CYP2A7, CYP2A13, and CYP2B6) were increased mostly in a duration dependent manner. In
conclusion, overall our results suggest that the RhuA models could show different tissue conditions at
each day of observation, therefore, such differences should be appropriately considered and reflected in
analyses and interpretation.
ABSTRACT NUMBER: 3344
Poster Board Number: P157
TITLE: Simple Model Organisms for Hazard Assessment of Chemical Warfare Agents
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Kearn. Defence Science and Technology
Laboratory, Salisbury, United Kingdom. Sponsor: C. Dalton
KEYWORDS: Chemical and Biological Weapons
ABSTRACT: Understanding the toxicity of a range of hazardous substances is important for informing
defence and security policy and for development of effective mitigation against such substances.
Currently, in vivo mammalian experimentation is relied upon for understanding and predicting the toxic
effects of such chemicals. Whilst effective at predicting toxicity in humans, in vivo testing is often slow,
expensive and has an associated ethical burden. In vitro testing has advantages but a disadvantage is
that in vitro models are not intact systems and cannot exhibit complex outputs such as behaviour, which
are a key part of hazard assessment. “Simple” model organisms such as Caenorhabditis elegans and
larval zebrafish could provide a bridge of increasing complexity between in vitro testing and traditional
mammalian in vivo testing. As part of a battery of models and tests (in vitro, ex vivo, in silico) simple
model organisms could contribute towards more cost effective and rapid hazard assessment with a
reduced requirement for traditional in vivo models. Here, assays were developed for quantifying the
effects of the nerve agent sarin on the nematode C. elegans and zebrafish larvae (<5 days post
fertilisation). An infrared behavioural tracking system was used to quantify a concentration‐dependent
inhibition of C. elegans locomotion in the presence of sarin. In addition, a C. elegans strain with altered
cuticle permeability had heightened sensitivity to sarin. Experiments were also conducted with zebrafish
larvae using the Zantiks MWP behavioural tracking system and with the infrared tracking system.
Concentration‐dependent effects were observed on larval locomotion, including an impaired ability to
respond to allyl iosthiocyanate, which functions as a noxious stimulus. These results indicate the
sensitivity of both of these models to nerve agents and provide assays that could contribute to hazard
assessment and potentially the development of novel medical countermeasures. Additional experiments
are underway to further characterise the effects of nerve agents and other threat agents on both C.
elegans and zebrafish larvae and to develop assays of other behaviours.
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ABSTRACT NUMBER: 3345
Poster Board Number: P158
TITLE: Comparing and Combining In Silico Outcomes and In Vitro Mechanism‐Based Assays to Predict
Genotoxicity
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. A. Stalford1, A. N. Cayley1, R. Derr2, and G.
Hendriks2. 1Lhasa Limited, Leeds, United Kingdom; and 2Toxys, Leiden, Netherlands.
ABSTRACT: Genotoxicity is of major concern in human health risk assessment, and as such, regulatory
guidance across a diverse number of industries calls for extensive genotoxicity testing to be carried out
on new chemical entities. As there is an ambition to abolish in vivo experiments when assessing safety,
in vitro assays have also been incorporated into regulatory decision making. (Q)SAR and high‐throughput
assays can provide valuable information about mechanism of action and can be considered as
alternatives, or add context to traditional regulatory assays. However, how do these technologies
compare in terms of activity prediction, and can their results be combined to give a better overall
prediction for genotoxicity? Outputs from Derek Nexus, an expert rule‐based (Q)SAR system which
predicts for multiple genotoxicity endpoints, and ToxTracker, a cell‐based reporter assay which can
provide mechanistic insight into genotoxic activity, were compared for 92 compounds, and then
combined to assess predictivity using collated experimental data from several in vitro and in vivo
genotoxicity assays. A comparison of Derek Nexus predictions and ToxTracker data generally showed
good concordance between the two systems with respect to activity prediction. When compared with
experimental data from in vitro and in vivo assays, it was found that a combination of results from the
two systems was generally more predictive for genotoxicity than using Derek Nexus or ToxTracker alone.
The predictivity of the combination of results improves further when only considering relevant markers
from Toxtracker (which predict for DNA damage mechanisms), and reasoning between the validation
data available (i.e. using in vitro assay results only when in vivo assay data is not available). These results
suggest that combining in silico and mechanism‐based in vitro assays can be used to predict in vivo
genotoxicity and act as a screening tool to reduce animal testing. Given the additional mechanistic
information and knowledge these systems provide, in the future, it may be possible to reason between
the results in a more sophisticated way, for example, using an adverse outcome pathway framework, to
reach a conclusion which would help combine evidence to waive testing in a regulatory scenario, saving
time, money and animals.
ABSTRACT NUMBER: 3346
Poster Board Number: P159
TITLE: Utilizing Isozyme‐Specific Clearance Rates to Inform Population Toxicokinetic Variability
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Kreutz, and B. A. Wetmore. US EPA,
Research Triangle Park, NC.
KEYWORDS: Toxicokinetics; In Vitro and Alternatives; Physiologically‐Based Pharmacokinetics
ABSTRACT: When toxicokinetic (TK) variability occurs across different populations or lifestages, identical
external chemical exposures may yield differing blood or tissue concentrations, and may in turn result in
differing health impacts. In vitro–in vivo extrapolation (IVIVE) modeling that combines in vitro TK data
with population‐specific physiologic and ontogenetic information during Monte Carlo simulations can be
used to predict in vivo systemic exposures. A previous proof of concept applied this approach and
successfully predicted systemic exposures for drugs for which in vivo data were available and
demonstrated how variability in systemic concentrations could be quantitated across different
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populations or lifestages. In this follow‐up, enzymatic clearance data has been generated across 6
isozymes we previously found to be the predominant contributors to metabolism of chemicals in
commercial products (cytochromes P450 1A2, 2C9, 2C19, 3A4 and uridine diphosphoglucuronosyl
transferases 1A1 and 1A4). The resulting data are being used to further our understanding of whether
particular isozyme metabolic profiles may drive greater TK variability than others, and the extent of such
variability. To date, recombinantly expressed isozyme‐specific clearance rates have been measured for 6
compounds: ametryn, dimethenamid, fenbuconazole, fenhexamid, glyphosate, and n‐butylparaben.
Prediction of steady state concentrations and human‐specific TK adjustment factors (HKAFs) thus far
show that the pediatric lifestage (0‐2 weeks old) is often the most sensitive, with HKAFs ranging from 9 to
12 for all but one assessed thus far. These values fall well above the 3.2 default uncertainty factor
typically assigned for TK variability. Sensitivity in the pediatric lifestages decreases with age, coinciding
with maturation of the metabolic enzymes. By 12 weeks to 6 months of age, HKAFs ranged from 1.3‐5.2;
compared to the ~10‐fold variability noted in the first two weeks of life. In the case of n‐butylparaben,
cirrhosis patients exhibited the highest HKAF. We noted an inverse relationship between HKAF variability
and the number of enzymes with fraction of compound metabolized exceeding 3% for these chemicals—
n‐butylparaben, metabolized by 5 of the 6 enzymes, showed the lowest HKAF. Future work will continue
to expand the chemical space analyzed and our assessments of the relationship of isozyme metabolic
profiles to TK variabilities. This abstract doesn’t necessarily reflect the views of the EPA.
ABSTRACT NUMBER: 3347
Poster Board Number: P160
TITLE: Zebrafish as Complementary Model for Drug Discovery and Chemical Prioritization: An Example of
High‐Throughput Screening Method to Validate Teratogenic Effects
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Jarque, R. Miñana‐Prieto, V. Schiavone, J.
Ibarra, M. Rubio‐Brotons, and J. Terriente. ZeClinics, Barcelona, Spain. Sponsor: S. Jarque, Society of
Environmental Toxicology and Chemistry
KEYWORDS: Developmental/Teratology; Alternatives to Animal Testing; In Vitro and Alternatives
ABSTRACT: Zebrafish has gained popularity in the field of safety pharmacology and ecotoxicology due to
its unique biological qualities (small size, transparency and rapid development, highly similar to the
mammalian) to such an extent that it is now considered a potential alternative to experimentation in
higher vertebrates. In order to answer the increasing demand for a rapid, reliable and cost‐effective
methodology to detect toxicity of chemical substances, particularly in Human Risk Assessment, several
laboratories across the world conducting zebrafish research (including ours) are acting together on
different fronts to develop, standardize, harmonize and promote new test methods and relative
guidance. With this purpose, we are participating in a large number of international initiatives as well as
boosting our internal R&D to support and validate the model. In this scenario, we present here a high‐
throughput screening system for validating the teratogenicity effects in zebrafish of 30 compounds,
reported as teratogenic or non‐teratogenic in humans. Zebrafish embryos are exposed at different
concentrations from 6 to 96‐hour post‐fertilization and imaged with an automated capillary‐based
system. During the first phase, we perform a dose range finding assay in order to determine the
Benchmark Dose 10 (BMD10) for each compound. The BMD10 is subsequently used to establish a
narrower exposure range of concentrations: BMD10/2, BMD10, BMD10x2, BMDx4, and BMDx8 to
determine and score morphological changes and functional abnormalities according to 15 physiological
teratogenic endpoints. Thanks to this new phenotypic approach, we are able to detect even subtle
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teratogenic effects, including those manifested at concentrations close to lethality. The study shows a
clear dose‐response teratogenic effects for those compounds reported as teratogens in humans,
including thalidomide, usually reported as non‐teratogen in zebrafish. The correlation between our
results and the results previously published, both in zebrafish and in other higher vertebrates (including
human), confirms the predictive potential of the model for high‐throughput teratogenicity screening
and supports its use as valid experimental alternative method.
ABSTRACT NUMBER: 3348
Poster Board Number: P161
TITLE: A Novel In Vitro Skin Irritation Test Designed for Antimicrobial Cleaning Products Using The
Phenion FT Human Skin Model
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. E. Page1, K. Sullivan2, W. Westerink3, and
C. S. Roper4. 1The Clorox Company, Pleasanton, CA; 2Physicians Committee for Responsible Medicine,
Washington, DC; 3Charles River, Den Bosch, Netherlands; and 4Charles River, Edinburgh, United Kingdom.
KEYWORDS: Alternatives to Animal Testing; Safety Evaluation
ABSTRACT: Human and animal skin both have excellent barrier functions protecting against external
hazards, a characteristic that is utilized in the in vivo skin irritation test; OECD test guideline (TG) 405.
Conversely, the currently accepted 3D tissue models (e.g., EpiDermTM) used in OECD TG 439 have poor
barrier functionality. Consequently, the standard OECD TG 439 over‐predicts the irritation potential of
antimicrobial cleaning products; complex chemical mixtures designed to kill microbial cells. Therefore, a
New Approach Methodology (NAM) was developed using the Phenion® FT model, which was designed
for dermal absorption testing with an improved barrier function compared to existing 3D models. Ten
antimicrobial cleaning products were tested using the OECD TG 439 with Phenion® FT. The test articles
each contained one of the following active ingredients: sodium hypochlorite, hydrogen peroxide,
quaternary amines, glycolic acid and citric acid. All formulations selected were previously tested in OECD
TGs 405 and 439 with in vivo EPA Categories II, III and IV and OECD Category 2, 3, and No Category.
Phenion® FT and EpiDermTM (OECD TG 439) were compared to OECD TG 405 data. Phenion® FT correctly
predicted 8/10 formulations; whereas, EpiDermTM correctly predicted 4/10 formulations. The Phenion®
FT model did not correctly identify Category 3 formulations which OECD TG 439 is not designed to
predict. Both 3D tissue models gave a borderline Category 2 prediction for one of the Category 3
formulations. As OECD 405 is known to have variability, these in vitro models may have correctly
categorized this mixture. The variability in the animal test must be taken into account when evaluating
NAMs. In conclusion, for antimicrobial formulations, this modified OECD TG 439 method provides
superior predictive GHS classifications (Category 2 and No Category). Additional work will be performed
to improve prediction of the optional GHS Category 3 and the US EPA Categories.
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ABSTRACT NUMBER: 3349
Poster Board Number: P162
TITLE: Developmental Exposure to Total Particulate Matter from Cigarette Smoke Induces Transient
Changes in DNA Methylation in Zebrafish (Danio rerio)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Massarsky1,2, G. L. Prasad3, and R. T. Di
Giulio1. 1Duke University, Durham, NC; 2Cardno ChemRisk, Aliso Viejo, CA; and 3RAI Services Company,
Winston‐Salem, NC.
KEYWORDS: Alternatives to Animal Testing; Epigenetics; Reproductive and Developmental Toxicology
ABSTRACT: In addition to developmental and behavioral effects that are associated with maternal
smoking, prenatal exposure to tobacco smoke also has the potential to alter the epigenome of the
developing fetus. Epigenetic changes may underlie the phenotypic changes, and thus, there is an
increased interest in understanding the epigenetic changes caused by prenatal exposure to cigarette
smoke. Our previous cross‐generational study has demonstrated that exposure of developing zebrafish
to total particulate matter (TPM) from cigarette smoke results in larval (F0) swimming hyperactivity,
behavioral changes in adults (F0), and minor behavioral changes in F1 larvae. Consequently, the current
study investigates whether developmental exposure has the potential to induce cross‐generational
epigenetic changes. To this end we analyzed global methylation and then performed MethylCap‐Seq
analysis in F0 and F1 zebrafish larvae, in order to identify specific genes with altered methylation
profiles. Our results demonstrate that developmental TPM exposure led to extensive global
hypomethylation and minimal hypermethylation in the DNA of F0 larvae. The F1 larval DNA exhibited
very limited DNA methylation changes, which were predominantly hypermethylation changes, relative
to control larval DNA. Moreover, methylation was significantly affected in gene regions associated with
several pathways; in most cases, these gene regions were hypomethylated and the effects were
predominantly noted in F0 larvae exposed to the highest dose of TPM. At the organism level, immune
system, neuronal system and development biology systems were impacted by TPM treatment in the F0
larvae. However, these changes did not persist in F1 larvae. We conclude that developmental TPM
exposure of zebrafish larvae induces transient changes in DNA methylation that do not appear to persist
in the next generation.
ABSTRACT NUMBER: 3350
Poster Board Number: P163
TITLE: Further Development of an In Vitro Buccal Membrane Absorption Model for the Evaluation of
Tobacco Constituent Permeability and Absorption: Nicotine and Tritiated Artificial Saliva
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Hieber1, C. Vaught1, R. L. Jones1, R.
Justiniano1, D. Lauterstein2, J. Crespo‐Barreto2, R. L. Sprando1, R. P. Yeager2, J. J. Yourick1, and M. E. K.
Kraeling1. 1US FDA, Laurel, MD; and 2US FDA, White Oak, MD.
KEYWORDS: In Vitro and Alternatives; Predictive Toxicology
ABSTRACT: There are few models available to evaluate the permeability and absorption of harmful and
potentially harmful constituents (HPHCs) in tobacco products via the buccal pathway. Therefore, an in
vitro buccal membrane absorption model (IVBMAM) for assessing the pharmacokinetics of HPHCs was
developed. Porcine buccal mucosa was isolated from connective tissue, cut with a dermatome to a
thickness of 400‐550 microns, and mounted in flow‐through diffusion cells. Saliva permeability
coefficients (Kp) were measured using tritiated artificial saliva, pH 6.8 and 7.7. From these studies, the
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overall average baseline Kp value for tritiated saliva pH 6.8 in porcine buccal mucosa was 2.8 x 10‐2 cm/h
(n = 6). The overall average baseline Kp value for tritiated saliva pH 7.7 in porcine buccal mucosa was
higher, although not significantly, at 5.1 x 10‐2 cm/h (n = 10). Nicotine tartrate (~1 mM concentration) Kp
values were also determined at the two pH levels. The average baseline Kp value for nicotine tartrate,
pH 6.8 in porcine buccal mucosa was 1.9 x 10‐3 cm/h (n = 4), while the average baseline Kp value for
nicotine tartrate, pH 7.7 was higher at 3.0 x 10‐3 cm/h (n = 3) indicating a trend toward higher
permeability with increasing pH levels. The IVBMAM will be used to determine the permeability
constants of selected HPHCs in tobacco products. Supported in part by Oak Ridge Institute for Science
and Education. Disclaimer: This presentation is not a formal dissemination of information by FDA and
does not represent Agency position or policy.
ABSTRACT NUMBER: 3351
Poster Board Number: P164
TITLE: In Vitro High‐Throughput Screening of Chemical‐Induced Oxidative Stress Using 2D‐ and 3D‐
HepaRG and 3D Primary Human Hepatocyte Models
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. C. Urbano, K. Lavrich, S. Ramaiahgari, S.
Ferguson, M. DeVito, and W. M. Gwinn. NIEHS, Durham, NC.
ABSTRACT: Oxidative stress is thought to be critical in the pathogenesis of many diseases including
inflammation and cancer and is one of IARC’s Key Characteristics of Carcinogens. In vitro high‐
throughput screening approaches are needed to characterize the potential of chemicals to induce
oxidative stress. In this study, chemical‐induced cytotoxicity and oxidative stress were evaluated and
compared in vitro across 3 human hepatocyte culture models. This evaluation focused on a set of
chemicals which were previously tested by the NTP, mostly in 2‐yr bioassays, and thus have established
in vivo toxicity data in mice and rats. This set included chemicals that were carcinogenic and non‐
carcinogenic to the liver. 2D‐HepaRG cells, 3D‐HepaRG spheroids, or 3D‐primary human hepatocyte
(PHH) spheroids were exposed to 9 doses of chemical (or vehicle control) in a high‐throughput (384‐well
plate) format for 96 hr at 37°C. Culture media containing chemical was replaced with fresh
media/chemical after 48 hr of exposure. Cell viability and oxidative stress were measured after 96 hr of
exposure using the CellTiter (ATP)‐Glo and reactive oxygen species (ROS)‐Glo assays, respectively.
Menadione and ginseng were used as the positive and negative controls, respectively. ROS/ATP ratios
were calculated. BPAF, milk thistle extract, and triclosan induced oxidative stress (increased ROS/ATP) in
all 3 culture models; whereas PFOA induced oxidative stress only in the 3D culture models. TBBPA
induced oxidative stress only in the 3D HepaRG model. These in vitro human hepatocyte culture models
have the potential to be used for high‐throughput screening of chemical‐induced oxidative stress.
Discrepancies with regards to in vivo vs. in vitro chemical‐induced hepatotoxic effects may be
attributable to species‐specific differences (human vs. mice/rat).
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ABSTRACT NUMBER: 3352
Poster Board Number: P165
TITLE: High‐Throughput Neurotoxicology Studies Using C. elegans on vivoChip
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Mondal, E. Hegarty, A. DuPlissis, and A.
Ben‐Yakar. University of Texas at Austin, Austin, TX.
KEYWORDS: Neurotoxicity; Developmental; Alternatives to Animal Testing; Nervous System
ABSTRACT: The growing aversion to in vivo animal testing for toxicology has led many large industries to
adapt small animals as alternative models. Caenorhabditis elegans offers a powerful alternative by
enabling in vivo neurotoxicological assessment at high throughputs in a complex, intact nervous system
with detailed information on the specific neuron types and behavioral outputs. High‐throughput
screening of C. elegans for chemical screening and identify new genetic interactors would require
technological advancements for high‐resolution imaging that operates at high speeds. We have
developed an automated and large‐scale microfluidic imaging platform (vivoChip) to enable high‐
throughput imaging of multiple C. elegans populations. Using this platform we now demonstrate large‐
scale screening of 96 different populations of C. elegans that are treated with well‐characterized
neurotoxic chemicals and automatically image them with high‐resolution objectives using multiple z‐
stack images with a sub‐micron resolution. A semi‐automated graphic user interface is then used to
analyze the images to identify neuronal degeneration features from all 4,000 animals in a short amount
of time. This platform allows us to test the efficacy of chemicals at multiple doses and with positive and
negative controls. The study demonstrates the potential to use the platform for large‐scale chemical
library screening using such sub‐lethal neurodegeneration models in C. elegans.
ABSTRACT NUMBER: 3353
Poster Board Number: P166
TITLE: In Vitro Evaluation of Immune Responses to Nickel Using Humanized TLR 4 Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Gottipati, and S. C. Wood. US FDA, Silver
Spring, MD. Sponsor: P. Goering
KEYWORDS: Metals; Immunotoxicity; Inflammation
ABSTRACT: The alloy Nitinol is used widely in biomedical implantable devices, including cardiac
andfallopian tube stents. Hypersensitivity to nitinol stents can occur mediated largely by theinteraction
of nickel with the TLR‐4 receptor. The focus of these studies is to use a transgenicmouse model that
expresses the human TLR‐4 to understand the immunotoxicity of nickel anddevelop possible tests to
predict nickel hypersensitivity. Previous studies have shown that nitinolnano particles elicited
inflammation in vitro and angiogenesis in vivo. In this study we showedthe TLR 4 mice, spleen cell
response to CD4 and CD8. In general mice are insensitive to nickelparticles. Using this transgenic model
(TLR‐4) will help us better understand the humanresponses to nickel. Spleen cells labelled with CFDA‐SE
dye were exposed to 3 concentrationsof Nickel Chloride (2.5 µM, 25 µM, 250µM) for 3 and 6 days. Cells
exposed to PMA andionomycin were used as positive controls. The cultures were analyzed for T Cell
markers, CD4APC and CD8 PerCP and the proliferation was assessed using flow cytometer. Results
showedthat CD4 cells proliferated at lower concentrations of nickel resulting in a U‐shaped
doseresponse curve. Unfortunately, Newport green DCF diacetate stain did not show any uptake
ofnickel by cells, which might be due to the low concentrations of nickel used in this study. Atthese low
concentrations of nickel, cells did not show any signs of reactive oxygen and nitrogenspecies. Spleen
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cells treated with same concentrations of nickel for 3 and 6 days, to test theangiogenesis using
MADCAM FITC and CD31 PE is in progress. We investigated the effect ofnickel on TLR‐4 mice spleen cells
on T cells and our results demonstrate that nickel at lowconcentration cause proliferation and at high
concentration cause apoptosis. With a wide rangeof nickel in materials use to make implantable devices,
more testing needs to be done toevaluate localized tissue reactions. This study was funded by Office of
Women’s Health, Officeof Science and Engineering Laboratories (OSEL) and FDA Critical Path.
ABSTRACT NUMBER: 3354
Poster Board Number: P167
TITLE: Exposure to Gulf War Chemicals is Associated with Persistent Neurological Inflammation Which Is
NLRP3 Mediated
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Kimono1, R. K. Seth1, D. Bose1, A.
Mondal1, P. Saha1, M. Nagarkatti1, P. Nagarkatti1, P. Janulewicz Lloyd2, K. Sullivan2, S. Lasley3, N. Klimas4,
R. Horner1, and C. Saurabh1. 1University of South Carolina, Columbia, SC; 2Boston University School of
Public Health, Boston, MA; 3University of Illinois College of Medicine at Peoria, Peoria, IL; and 4Nova
Southeastern University, Miami, FL.
KEYWORDS: Neurotoxicity; Pesticides; Inflammation; Neurotoxicology
ABSTRACT: A large number of these veterans complain of neurological disorders including muscle
weakness, headaches, memory problems etc which developed during or shortly after the war and
persist 30 years later. These pathologies are associated with chemical exposures like Pyridostigmine
Bromide (PB) and pesticides eg Permethrin. Our recent research showed that chemical exposure in GW
caused microbial dysbiosis accompanied by a leaky gut and systemic endotoxemia with inflammation
found in intestine, liver and brain. However, it was not clear whether these pathological conditions
persist. In this study we investigated the hypothesis that exposure to GW chemicals results in persistent
alterations in the microbiome, which lead to a chronic low grade systemic endotoxemia and
inflammation, which interferes with production and signaling of neuronal growth factors resulting in
neurological disturbances. Using a persistence rodent model of GWI, mice were treated with pesticides
and pyridostigmine bromide for two weeks, left for a further 20 weeks, and then organs harvested for
further studies. We report that GWI mouse brain showed a significant increase in IL‐1 mediated
inflammation with an associated decrease in blood brain barrier tight junction protein Claudin 5
expression, and a decrease in neuronal growth factor BDNF. Remarkably, systemic deletion of NLRP3
resulted in a decrease in IL‐1 mediated inflammation and restored BDNF levels, with an associated
increase in TLR5 expression. An increased TLR5 in NLRP3 KO mice forms a mechanistic basis for tackling
inflammation persistence as it has been shown to be protective in several neuroinflammatory conditions
through its promotion of less aggressive proinflammatory cytokines in a toxic environment. In
conclusion, we report a mechanistic approach to explain persistent neurological disturbances in GWI
that can be key to therapeutic strategies in aging veterans who continue to face these issues. Funding
provided by DoD‐IIRFA grant: W81XWH1810374 and VA merit award I01 CX001923‐01 to Saurabh
Chatterjee.
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ABSTRACT NUMBER: 3355
Poster Board Number: P168
TITLE: The Nrf2 Activator, tBHQ, Inhibits Induction of Effector Genes in NK Cells in Response to Influenza
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. P. Boss, R. A. Freeborn, Y. Jin, E. M.
Gardner, and C. E. Rockwell. Michigan State University, East Lansing, MI.
ABSTRACT: Influenza virus is estimated to cause millions of illnesses and thousands of hospitalizations
and deaths yearly in the United States, making influenza a major public health concern. It is well known
that an early natural killer (NK) cell response against influenza is vital for effective viral clearance. Tert‐
butylhydroquinone (tBHQ) is a widely used food preservative with known immunomodulatory activity.
Our lab has shown tBHQ to negatively impact NK cell activation, effector function, and maturation in
vitro. However, little is known regarding the effects of tBHQ consumption on NK cells in vivo, specifically
in response to influenza infection. In the current study, we asked whether the consumption of tBHQ
would impair NK cell response two days after primary influenza virus infection. Female C57Bl/6J mice
were fed a diet containing either 0.0014% tBHQ or vehicle (VEH) diet 10 days before infection. Mice
were instilled intranasally with influenza A/PR/8/34 (H1N1) and were monitored for two days. At day
two of infection, lungs were collected and processed for analysis by flow cytometry, qPCR, and ELISA.
Mice on a tBHQ diet exhibited similar weight loss to mice on control diet at day two of infection. There
were no statistical differences in the infiltration or maturation of NK cells in the lungs between the
groups. However, there was a modest decrease in induction of FasL in NK cells from mice on a tBHQ diet
as compared to those on a control diet. Likewise, induction of the effector genes, IFNg and granzyme B,
was decreased in the lungs of mice on a tBHQ diet. Taken together, the data suggest that the food
additive tBHQ may impair the induction of genes associated with NK effector function in influenza‐
infected mice. This study was funded by ES024966.
ABSTRACT NUMBER: 3356
Poster Board Number: P169
TITLE: Arsenic Trioxide Impairs the Response of Human Peripheral Blood Mononuclear Cells to Influenza
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. M. Kaiser, R. A. Freeborn, and C. E.
Rockwell. Michigan State University, East Lansing, MI.
KEYWORDS: Immunotoxicology
ABSTRACT: Nuclear factor erythroid‐2 related factor 2 (Nrf2) is a stress‐inducible transcription factor
present in mammalian cells. It is a key regulator for both cytoprotective genes and immunosuppressive
effects in the context of inflammation. Nrf2 is constitutively bound to its cytosolic repressor protein,
Kelch‐like ECH‐associated protein 1 (KEAP1). Upon activation, unbound Nrf‐2 translocates to the nucleus
to induce Nrf2 target genes. This homeostasis can be disturbed by environmental toxicants, electrophilic
compounds and metals such as arsenic trioxide (As2O3). Humans can be exposed to arsenic via their
drinking water. In the United State, high concentrations of inorganic arsenic are found in certain areas of
Michigan, Maine, Nevada and California, among other regions. In this study, we evaluated the role of
As2O3 in modulating ex vivo immune responses upon exposure to H1N1 influenza using peripheral
blood mononuclear cells (PBMCs) isolated from whole blood. PBMCs were purified and treated with
either 1 μM As2O3 or PBS, and challenged with H1N1 influenza virus. 96 hours later, cells were
fluorescently labeled and assessed for T‐cell, NK‐cell and B‐cell specific activation. The data indicate that
As2O3 causes a temporal delay in CD4 T cell activation. In addition, As2O3 also decreased IFNg
production by CD8 T cells. Other effector molecules expressed by CD8 T cells, such as CD107a, were not
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diminished by As2O3. Taken together, the data suggest that arsenic trioxide impairs the activation and
production of effector cytokines by human immune cells to H1N1 influenza. This work was supported by
NIH grants ES024966 and GM092715.
ABSTRACT NUMBER: 3357
Poster Board Number: P170
TITLE: Development of a Quantitative Model for Assessing Potential Adverse Events Caused by
Combination Therapy with Immune Checkpoint Inhibitors and a Small Molecule Tyrosine Kinase Inhibitor
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Jonsson‐Schmunk, C. Boyle, M. Oropallo,
J. Monroe, C. Raab, and R. Evers. Merck & Co. Inc., West Point, PA. Sponsor: D. Herzyk
KEYWORDS: Immunotoxicity
ABSTRACT: Immune checkpoint inhibitors (ICIs) have become standard of care for the treatment of
many cancers. Although the spectrum of the response and duration of response are unprecedented, the
majority of patients do not respond to ICI treatment. However, in combination with other therapies, ICIs
can greatly enhance the response rate. Along with potential therapeutic advantages, combination
therapies of small molecules and ICIs can lead to unexpected synergistic adverse events (AEs). The aim
of this study is to develop a preclinical mouse model that can predict the propensity of combination
therapies of ICIs and small molecules to cause AEs. A preclinical model may potentially elucidate the
underlying mechanism of AEs and ultimately enable more patients to benefit from ICI combination
therapies. Female BALB/c mice were treated with murine anti‐PD‐1 and murine anti‐CTLA‐4 monoclonal
antibodies, with or without coadministration with a small molecule tyrosine kinase inhibitor (Drug A) for
up to 7 weeks. AEs were observed as early as week 3‐4 for animals treated with anti‐CTLA‐4, anti‐PD‐1
and Drug A combined and by week 5‐6 for those treated with anti‐CTLA‐4 plus anti‐PD‐1. An increase in
splenic regulatory T cells (Tregs) in mice treated with anti‐CTLA‐4 plus anti‐PD‐1 was reduced with
addition of Drug A. The duodenum rather than the colon was more affected by treatment with ICIs. Anti‐
CTLA‐4 plus anti‐PD‐1 caused immune cell infiltrates within the duodenum; interestingly, the infiltration
was reduced when Drug A was added. More genes associated with gut inflammation were upregulated
in the anti‐CTLA‐4 plus anti‐PD‐1 treated group in comparison to the group treated with ICIs and Drug A.
Treatment of BALB/c mice with anti‐CTLA‐4 plus anti‐PD‐1, with or without Drug A, over 7 weeks was
able to recapitulate AE observations from the clinic including elevations of various cytokines, gut
inflammation, and changes in several clinical chemistry parameters. While many endpoint
measurements were similar, addition of Drug A to anti‐CTLA‐4 plus anti‐PD‐1 treated animals reduced
gut inflammation and reduced splenic Tregs compared to animals only treated with anti‐CTLA‐4 plus
anti‐PD‐1. This model may allow preclinical assessment of AEs in relationship to ICI therapy in
combination with small molecules.
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ABSTRACT NUMBER: 3358
Poster Board Number: P171
TITLE: Investigating the Sex‐Specific Effects of Arsenic Exposure on the Risk of Influenza Infections
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. S. Sanchez, S. E. Attreed, R. Liu, K. A.
Rychlik, E. J. Illingworth, T. Howard, and F. C. M. Sillé. Johns Hopkins University Bloomberg School of
Public Health, Baltimore, MD.
KEYWORDS: Immunotoxicity; Metals; Infectious Disease
ABSTRACT: It is estimated that on average, eight percent of people living in the United States will get
infected with influenza virus. Epidemiological studies consistently report that environmental
immunotoxicants, such as arsenic, increase susceptibility to respiratory infections, including the H1N1
influenza A virus (IAV). We observed that IAV morbidity and mortality was exacerbated upon arsenic
exposure with a stronger effect in female mice compared to males. Arsenic impaired immune function
by altering cytokine levels and cell function differently in males and females, but specific mechanisms
that contribute to these observed sex differences in immune responses remain unknown. We
hypothesized that sex steroid hormones play a partial role in the arsenic‐related sex‐specific immune
response against IAV. We are investigating estrogen and testosterone levels in arsenic‐exposed males
and females with and without IAV infection. Our preliminary data does not indicate significant
differences in sex steroid hormone levels in arsenic exposed mice compared to controls. In addition, we
are investigating the effects of arsenic on IAV infection in gonadectomized mice. For example, the use of
ovariectomized female mice allows for the determination of the role of estrogen, a key sex steroid
hormone in women, during the immune response against IAV. Our preliminary results show that,
although there is a difference in body temperature in ovariectomized mice post‐infection compared to
the control group, the absence of sex hormones did not significantly alter the arsenic‐related disease
severity. Such findings suggest that the exacerbated effect of arsenic on IAV in females may not be
driven by sex hormones. We are currently validating our results, investigating the role of sex steroid
hormones in males exposed to arsenic, and exploring how other mechanisms may help explain the sex
differences in arsenic‐related immune responses.
ABSTRACT NUMBER: 3359
Poster Board Number: P172
TITLE: Exposure to Cadmium Inhibits IL‐2 Production by Activated T Cells from Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. V. Poidomani1, R. C. Kennedy1, R. A.
Freeborn1, A. P. Boss1, Y. Jin1, L. M. Kaiser1, G. P. Yarandi1, E. T. Crockett1, J. R. Edwards2, and C. E.
Rockwell1. 1Michigan State University, East Lansing, MI; and 2Midwestern University, Downers Grove, IL.
KEYWORDS: Immunotoxicity; Cytokines
ABSTRACT: Cadmium is a heavy metal and environmental contaminant, where exposure occurs through
a variety of routes. Chronic exposure to cadmium can induce long‐term immunotoxic damage to vital
organs, including the spleen. Specifically, cadmium can cause splenomegaly, oxidative stress and other
effects on the adaptive immune system. The mechanism for many of these effects remains unknown.
The purpose of the present study was to assess the effect of chronic high dose cadmium exposure on
immune parameters in female rats (as may occur in an occupational setting). Female rats were provided
0.6 mg/kg/day cadmium by s.c. administration for twelve weeks, after which spleens were collected and
weighed. We observed splenomegaly and a marked increase in splenocyte numbers in cadmium‐treated
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rats as compared to control rats. We also observed a substantial decrease in IL‐2 production in
splenocytes activated with anti‐CD3/anti‐CD28 in vitro. Overall, these data indicate that chronic
exposure to cadmium at this dose increases immune cellularity and inhibits IL‐2 production by activated
T cells. These findings suggest that high‐dose cadmium alters immune homeostasis which may disrupt
immune function. This work was supported by NIH grants R01 ES024966 (to C.E.R.), R15 ES028443 (to
J.R.E.) and 5‐R25‐HL108864 (to E.T.C.).
ABSTRACT NUMBER: 3360
Poster Board Number: P173
TITLE: Elucidation of the Molecular Mechanisms of Th2 Polarization in Mouse Primary CD4+ T Cells
following tBHQ Exposure
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. C. Kennedy, S. Liu, and C. E. Rockwell.
Michigan State University, East Lansing, MI.
KEYWORDS: Immunotoxicology; Food Allergy; Cytokines
ABSTRACT: Humans are exposed to a variety of chemicals every day, where many of which, knowledge
of toxicity is incomplete. Exposure to Tert‐butylhydroquinone (tBHQ) is common due to its use as a food
additive. The role of tBHQ in activation of the nuclear factor erythroid 2‐like 2 (Nrf2) signaling pathway
to induce expression of antioxidant and detoxifying genes, and thus many potential human health
benefits, is well documented. Alternatively, we have shown that activation of Nrf2 by tBHQ in CD4+ T
cells led to skewing towards a Th2 phenotype (associated with allergic disorders) with increased
production of Th2 cytokines (IL‐4, IL‐5 and IL‐13) and DNA binding of the master regulator of Th2
differentiation, GATA3. This increase occurred in a Nrf2‐dependent manner. However, the mechanism(s)
responsible for this increase in GATA3 activity and cytokine production are unknown. CD4+ T cells
collected from WT or Nrf2‐null mice were isolated and treated with tBHQ for 96h. Our data suggests
that GATA3 is regulated by Nrf2 at the transcriptional level. This is shown through the following lines of
evidence: 1) gene expression of gata3 increased in a Nrf2‐dependent manner following tBHQ exposure
and 2) binding of Nrf2 to putative AREs within an intron and the promoter of gata3 was demonstrated
by ChIP assay. Additionally, we found that the presence of Nrf2 (WT vs Nrf2‐null) affected histone
acetylation status (normally associated with gene activation) of the il4 promoter. Collectively, these
studies suggest that activation of Nrf2 by the food additive tBHQ promotes Th2 polarization in a GATA3‐
dependent manner and ultimately may induce or promote Th2‐mediated diseases, such as allergy. This
study was supported by NIH grants ES024966 and ES725530.
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ABSTRACT NUMBER: 3361
Poster Board Number: P174
TITLE: Sitagliptin Accelerates Cardiovascular Inflammatory and Structural Changes in Rats Fed a High
Cholesterol Diet
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Palfrey1, A. Kumar1, R. Pathak1, S.
Murthy1, K. Stone2, and T. Gettys2. 1Southern University and A&M College, Baton Rouge, LA; and
2
Louisiana State University Pennington Biomedical Research Center, Baton Rouge, LA.
KEYWORDS: Inflammation; Cardiovascular System
ABSTRACT: Atherosclerosis progressing to ischemic heart disease is the most frequent cause of
mortality among the many cardiovascular diseases (CVD). Western diets contribute to CVD as they are
rich in the atherogenic compounds cholesterol (Cho) and methionine (Met), the latter of which forms
homocysteine, a noted risk factor in CVD. Since studies on the combined effects of Cho and Met are
limited, the hypothesis that dietary enrichment with Cho + Met would result in additive effects on rat
cardiovascular inflammation and structural integrity was investigated. As type II diabetes is a common
comorbidity in CVD, we also tested the anti‐inflammatory potential of sitagliptin; an anti‐diabetic drug
with multiple health benefits. Adult male Sprague‐Dawley rats were fed either a control, high Met
(1.5%), high Cho (2.0%), or high Met + high Cho diet for short‐ and long‐term periods, of 35 and 98 days,
respectively. Animals were orally gavaged with either vehicle or sitagliptin (100 mg/kg/d) from day 10
through 35 in short‐term and day 30 through 98 in the long‐term. At the conclusion of the experiments,
rats were euthanized and heart tissue was collected for analysis. Cardiac atherosclerotic markers were
unaffected by diet alone in the short‐term but were increased by sitagliptin in rats fed the high Cho diet.
This effect was attenuated by the addition of Met to the high Cho diet. Conversely, long‐term high Cho
feeding increased the expression of atherosclerotic markers, independent of sitagliptin.
Histopathological data of cardiac troponin‐I showed marked reductions in myocardial striations in short‐
term high Cho feeding, which was exacerbated by sitagliptin, but improved by the addition of Met to the
high Cho diet. Similar structural alterations were observed in the long‐term, independent of sitagliptin.
Collectively, our data demonstrate that atherosclerotic responses and structural changes in rat
cardiovascular tissue (seen in long term feeding of high Cho) are accelerated and exacerbated by
sitagliptin in short term. Importantly, the addition of Met to the high Cho diet counters such effects.
These findings may be important for evaluating the risk benefit of sitagliptin in type 2 diabetic patients
known to consume atherogenic diets.
ABSTRACT NUMBER: 3362
Poster Board Number: P175
TITLE: LPS Challenge in Beagle Dogs and Cytokine Multiplex Assay
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Felx, M. Pepin, T. Gruetzner, S. Menard,
S. Cotton, and A. Varela. Charles River, Senneville, QC, Canada.
KEYWORDS: Cytokines; Inflammation
ABSTRACT: Cytokine analyses largely rely on the utilization of commercially available immunoassay kits
that are produced by a myriad of different suppliers. However, it is generally difficult to predict whether
a specific kit will accurately detect quantifiable results for the analytes of interest in the end user’s
intended assay design. In‐vivo lipopolysaccharide (LPS) stimulation in beagle dogs was thus used to
evaluate a 13‐plex beads‐based multiplex assay (GM‐CSF, IFN‐g, IL‐2, IL‐6, IL‐7, IL‐8, IL‐10, IL‐15, IL‐18, IP‐
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10, KC‐LIKE, MCP‐1, TNF‐a) and to test optimal procedures for LPS challenge in dogs. LPS, a constituent
of the outer membrane of Gram‐negative bacteria, is an important microbial trigger that stimulates
innate immunity. The LPS challenge evaluates the animal's ability to respond to an inflammatory
stimulus by mounting an acute phase response. This response is induced by the production of cytokines
as a result of an inflammatory stimulus. Low doses of LPS (1 µg/kg) were administered to 3 beagle dogs
via intravenous (bolus) injection. Two hours post LPS administration, clinical signs were recorded and
body temperature measured. Blood samples were collected pre, 1, 2, 4, 6 and 12 hours post LPS
injection and processed to both serum and plasma. Clinical signs observed in the animals were more
pronounced between 3 and 4 hours post LPS injection with body temperatures of up to 39.5°C. Animals
had fully recovered from the injection by the following day. Out of the 13 cytokines/chemokines tested,
the following were found to be the best candidates to detect an inflammatory response following LPS
injection: IL‐6, IL‐10, KC‐Like, MCP‐1 and TNF‐a. Other cytokines were either below the limit of
quantitation (BLQ) or values remained constant throughout all time points evaluated. In conclusion,
administration of LPS at 1 µg/kg to beagle dogs lead to expected clinical signs with a quick recovery and
permitted the establishment of a panel of quantifiable cytokines that can be used to evaluate an acute
phase response.
ABSTRACT NUMBER: 3363
Poster Board Number: P176
TITLE: Acute Cigarette Smoke Exposure Causes Epithelial Barrier Disruption and Suppresses Antiviral
Immune Response to Influenza Infection Ex Vivo
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Boehlen1, O. Danov1, H. Obernolte1, J.
Knebel1, D. Ritter1, P. Braubach2, D. Jonigk2, G. Warnecke2, H. Fieguth3, A. Braun1, S. Wronski1, and K.
Sewald1. 1Fraunhofer Institute for Toxicology and Experimental Medicine, Hannover, Germany;
2
Hannover Medical School, Hannover, Germany; and 3KRH Clinics, Hannover, Germany. Sponsor: C.
Dasenbrock
KEYWORDS: Infectious Disease; Inflammation; In Vitro and Alternatives
ABSTRACT: Chronic obstructive pulmonary disease (COPD) is a progressive lung disease causing 3 million
deaths per year. Infections with influenza virus can lead to severe exacerbations of the disease. The
mechanisms underlying virus‐induced exacerbations are not well understood. The aim of this study was
to investigate the impact of acute cigarette smoke exposure on the antiviral immune response of the
lower respiratory tract to influenza H1N1 infection of smoke exposed Calu‐3 cells and viable human
precision‐cut lung slices (PCLS). Cells or PCLS were cultured at air liquid interface and exposed to
cigarette smoke using the P.R.I.T ExpoCube®, followed by inoculation with H1N1 for 1 h and post‐
incubated for 48 h. Cytokine analysis, tissue damage, viral titer and trans‐epithelial electrical resistance
were assessed. Cigarette smoke exposure of Calu‐3 cells led to a disturbed epithelial barrier function
and reduced cell viability, however, viability of PCLS remained unchanged compared to air exposed
controls. Infection with influenza H1N1 triggered an antiviral immune response as indicated by the
increased release of IFN‐λ (90‐fold), IP‐10 (28‐fold) in Calu‐ 3 cells as well as IFN‐λ (50‐fold) and IP‐10
(2468‐fold) released by PCLS compared to control. Cigarette smoke exposure substantially diminished
the host immune response towards influenza infection in both Calu‐3 cells and PCLS, as shown by the
reduced release of pro‐inflammatory cytokine IL‐6, antiviral cytokines (IFN‐α2a, IFN‐λ, and IP‐10) and IL‐
15, which modulates T‐cell response. The viral titer remained unchanged in cigarette smoke exposed
human lung tissue in this setting and was even reduced in high dose cigarette smoke infected Calu‐3
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cells due to its cytotoxic effect. This study showed that cigarette smoke exposure disrupted the
epithelial barrier function in Calu‐3 cells and suppressed the H1N1‐induced antiviral immune response in
cells and human lung tissue of the lower respiratory tract ex vivo. Both events induced by cigarette
smoke might directly contribute to virally‐induced COPD exacerbations.
ABSTRACT NUMBER: 3364
Poster Board Number: P177
TITLE: Effects of DPP‐4 Inhibitors on Steato‐Hepatitic Changes Induced by High Cholesterol Diet
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Pathak, A. Kumar, H. Palfrey, and S. N.
Murthy. Southern University and A&M College, Baton Rouge, LA.
KEYWORDS: Inflammation; Histopathology
ABSTRACT: Dipeptidyl peptidase (DPP)‐4 inhibitors/gliptins are oral anti‐diabetic drugs. Independent of
their hypoglycemic effects, DPP‐4 inhibitors also improve lipid profile, confer anti‐inflammatory and
anti‐fibrotic effects. Since high cholesterol (Cho) is a documented risk factor for atherosclerosis,
nonalcoholic fatty liver and progression to a more severe inflammatory disease called nonalcoholic
steatohepatitis (NASH), studies were conducted to assess the impact of DPP‐4 inhibitors on hepatic
steatosis, necro‐inflammation and fibrosis in the context of dietary hypercholesterolemia. Using adult
male Sprague Dawley rats fed control or high Cho (2.0%) diets, and gavaged daily with vehicle or DPP‐4
inhibitors (sitagliptin or alogliptin or saxagliptin), we found that DPP‐4 inhibitors reduced triglyceride
and total Cho levels in serum of rats on the control diet, but these effects were lost in rats on the high
Cho diet. Compared to controls, high Cho diet produced robust increase in NASH like phenotype that
included increased expression of hepatic (Il1b, Tnfa, Mcp1) and circulatory (TNF‐α, MCP‐1) markers of
inflammation, steatosis (Oil red O), necrosis (indicated by cytoplasmic translocation of HMGB1), fibrosis
(Sirius red) and mononuclear cell infiltration. These mononuclear cells were identified as macrophages
and T cells, and their recruitment in the liver was facilitated by marked increase in endothelium‐
expressed cell adhesion molecules. Importantly, treatment with DPP‐4 inhibitors (3 tested) did not
alleviate the pathologic responses induced by high Cho diet. Collectively, our studies demonstrate that
high Cho is a significant risk factor for liver damage and has a potential to undermine the beneficial
effects of DPP‐4 inhibitors.
ABSTRACT NUMBER: 3365
Poster Board Number: P178
TITLE: Effects of Incorporating Non‐Linearity in Human Health Characterization in Life Cycle Assessment
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Li1, M. Tao2, J. Vieira2,3, and S. Suh2.
1
University of Nevada Reno, Reno, NV; 2University of California Santa Barbara, Santa Barbara, CA; and
3
Apeel Sciences, Goleta, CA.
KEYWORDS: Environmental Fate; Dose‐Response; Exposure Assessment
ABSTRACT: Processes that constitute environmental mechanisms are generally non‐linear.
Characterization models in life cycle impact assessment, however, often use averages and linearity
assumptions, while their implications have not been fully evaluated. Here, we test potential effects of
incorporating three non‐linear processes: emission, environmental fate, and exposure‐response.
Characterized results of human health impact from USEtox, a conventional, steady‐state model are
compared against those from CLiCC suites, which incorporates dynamic emissions profile, non‐steady
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state fate and transport, and no‐effect exposure thresholds. The two approaches show comparable
results under constant emission rates over a long period of time. When significant temporal variations
are introduced to emission rates, however, the results from the two approaches start to deviate. On the
one hand, pulse emissions averaged over time under USEtox tend to show lower results as compared to
CLiCC, as the level of exposure shortly after the pulse emission temporarily shifts the dose‐response
regime to a steeper territory in the curve. On the other hand, USEtox, in the absence of no‐effect
exposure thresholds, tends to show higher results compared to CLiCC for low‐level emissions with little
temporal variation. Our results call for a careful interpretation of characterized results derived from
averaging and linearization.
ABSTRACT NUMBER: 3366
Poster Board Number: P179
TITLE: In‐Depth Modeling of Pulmonary Deposition and Clearance of Particulate Matter at US Air Force
Firing Ranges
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. M. Pitts1, J. M. Gearhart2, C. M. Duran1,
and D. K. Ott1. 1US Air Force, Wright‐Patterson AFB, OH; and 2Henry M. Jackson Foundation, Wright‐
Patterson AFB, OH.
KEYWORDS: Particulates; Respiratory; Respiratory Toxicology
ABSTRACT: Since the early 2000s the US Air Force (USAF) has used Lead‐Free Frangible (LLF) ammunition
at USAF firing ranges. Almost immediately after implementation there were reports of symptoms that
were suggested to be potentially related to the LFF rounds at these ranges, specifically in regards to the
range instructors; however, there are no definitive mechanistic answers as to what is causing the
symptomology. As the particulate composition has been further characterized a nanoparticulate
presence has been detected; the average particulate size is ~50 nm AD. Our goal was to create a model
to better understand the pulmonary kinetics of this particulate matter (PM) as it is breathed by the
range staff. Human physiological/exposure data were gathered for approximately 20 individuals
between two different firing ranges. The exposure data were gathered in real time using devices fixed to
the range instructors’ person(s). Additional data were gathered using a series of chambered tests which
gathered PM from ~1 nm to ~10 µm AD directly after firing which was then analyzed for more advanced
characterization of PM composition. A lung particulate deposition model, Multi‐Pathway Particle
Deposition model (MPPD), was employed to determine the particulate deposition in the airways, as well
as the clearance of the particulate matter from the respiratory tract. The model suggests that acute
exposures do not result in a significant accumulation of copper and zinc deposit in the respiratory tract
over time. In chronic exposures, once clearance is considered, the tracheobronchial (TB) region does not
retain any significant amount of PM. However, alveolar accumulation occurs at a much greater rate as
there is little clearance from this region. Copper in this PM deposits 50.5% more in the alveolar region
than in the TB region, and clears 57.76 times more quickly from the TB region than from the alveolar
region.
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ABSTRACT NUMBER: 3367
Poster Board Number: P180
TITLE: Individual Chemical Exposure to Potential Endocrine Disrupting Chemicals during the Aftermath of
Hurricane Harvey
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. M. Samon1, D. Rohlman1, L. Tidwell1, A.
Oluyomi2, C. Walker2, W. Hamilton2, G. Armstrong2, M. Bondy2, and K. Anderson1. 1Oregon State
University, Corvallis, OR; and 2Baylor College of Medicine, Houston, TX.
KEYWORDS: Endocrine Disruptors; Exposure, Environmental
ABSTRACT: Hurricane Harvey was a category 4 storm that induced catastrophic rainfall‐triggered
flooding in the Houston metropolitan area. It was the wettest tropical cyclone on record for the United
States. In a four‐day period, many areas received more than 40 inches of rain with a high of 60.58
inches. The floods damaged or destroyed more than 200,000 homes and businesses. As a result of the
hurricane and subsequent flooding, multiple industrial complexes underwent shut‐downs resulting in
toxic releases. Of the 41 Superfund sites in the area, 13 were flooded. In collaboration with Baylor
College of Medicine and UT Health, OSU’s Food Safety and Environmental Stewardship program
deployed personal sampling devices to targeted communities within Houston immediately after the
hurricane, and one year later. All participants completed a questionnaire which included inquiries
regarding their personal experience with the flooding following the Hurricane. We tested each
wristband from immediately after the hurricane (n=173) for 1,530 chemicals. Additionally, we compared
the list of chemicals we tested for to the TedX list of potential endocrine disrupting chemicals (pEDC’s),
and the United Nations and Danish EPA list of endocrine disrupting chemicals (EDC’s). Of the 1530
chemicals that were tested for, 183 chemicals were present in at least one wristband. Of those 183
chemicals, 93 are pEDC’s and 16 are designated as EDC’s by either the UN or the Danish EPA. Similar
exposure profiles existed across participants, independent of flooding status (Kaplan Meier survivability,
Mantel‐Haenszel). When analyzed across study sites (n=5), the number of pEDC and EDC detected and
the concentration at which they were detected were significantly higher (p<0.05) in East Houston and
Baytown.
ABSTRACT NUMBER: 3368
Poster Board Number: P181
TITLE: Effect of Diving Water Contaminants
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Xu1, K. Frondorf2, D. Wu2, R. Agans2, and
M. Shipman1. 1Naval Medical Research Unit Dayton, Dayton, OH; and 2Henry M. Jackson Foundation,
Wright‐Patterson AFB, OH. Sponsor: K. Mumy
KEYWORDS: Environmental Toxicology; Exposure, Environmental; In Vitro and Alternatives
ABSTRACT: Diving in contaminated water inevitably puts military divers at risk of exposure to toxic
chemicals. Many contaminants that divers are exposed to can persist in the water column and pass
through the skin, raising the possibility that other tissues will be impacted. To investigate the effect of
the contaminants and to study the mechanism behind possible toxic effect, we exposed a co‐culture
model containing human keratinocytes and hepatic cells to four skin‐permeable chemicals (hexachrome:
Cr6, epichlorohydrin: Epi, 2,3,7,8‐Terachlorodibenzodioxin: TCDD and octamethyl pyrophosphoramide:
OMPA) that can be found in chemically contaminated water. . Keratinocytes were directly exposed to
chemicals while hepatic cells communicated with keratinocytes through pores on transwells. To mimic
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different exposure scenarios, we did acute exposures (3h) using low, medium and high doses of
individual chemicals, as well as chronic exposures (12h or 2h/day for 12 days) using low dose of
individual chemicals or their mixture. Our data showed that both types of cells responded to chemicals
in a dose‐ and time‐ dependent pattern. After 3h acute exposure, both types of cells showed significant
oxidative damage to Cr6 and Epi at medium or high doses while no significant changes were observed
for TCDD and OMPA exposures. Interestingly, during chronic exposures at low concentration, different
cell types reacted to exposure duration and chemical in different patterns: keratinocytes were not
stressed during 12h exposure, but were significantly damaged by chemical mixture after 12d exposure.
In contrast, oxidative damage in hepatic cells were significantly increased after 12h exposure while
maintained unchanged in all exposure groups during the 12d exposure. Liver function marker Alanine
Transaminase was not elevated in all exposure groups. The differential results under various exposure
conditions demonstrated how different organs reacts to different toxicants. The data provides exposure
level information to the diving community for risk assessment consideration for operations in chemically
contaminated water, as well as to other Joint Warfighter communities that are required to swim at or
near the surface of the water.
ABSTRACT NUMBER: 3369
Poster Board Number: P182
TITLE: Transfer, Retention, and Aerosol Exhale Emissions of Flavor Chemicals and Nicotine during
Electronic Cigarette Use
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Khachatoorian1, K. McWhirter2, W. Luo2,
J. F. Pankow2, and P. Talbot1. 1University of California Riverside, Riverside, CA; and 2Portland State
University, Portland, OR.
KEYWORDS: Exposure Assessment; Exposure, Environmental; Inhalation Toxicology
ABSTRACT: Little is known about the transfer of electronic cigarette (EC) flavor chemicals to aerosols or
the subsequent retention and exhalation of chemicals during vaping. To characterize retention and
exhalation, we identified and quantified flavor chemicals and nicotine in two refill fluids (Dewberry
Cream and Cinnamon Roll), their aerosols created with a smoking machine, and exhaled aerosols from
participants. A SMOK Alien box mod, TFV8 Baby Beast tank, and Q2 (0.4 Ω) coils were used at 40 and 80
watts to create 30 puffs of aerosols. Samples were analyzed by gas chromatography‐mass spectrometry.
For each major flavor chemical and nicotine, the transfer rate, percent retention, and aerosol exhale
emissions were calculated. Flavor chemical transfer efficiency increased with an increase in puff
duration and wattage varying from 3% to 56%. However, nicotine had a higher transfer efficiency
ranging from 40% to 82% for both refill fluids. Participants (n=10) created exhaled aerosols using the
same EC, refill fluids, puffs and wattages at 1 puff per minute. Participants puff duration varied from
0.35 to 4.4 second puff, while most were between 1 to 2 seconds, and total exhaled flavor chemicals
varied from 0.0008 to 14.2291 mg/mL. When participants were separated into two categories (mouth
and lung inhalers), the mouth inhalers had a direct correlation of total flavor chemicals exhaled and puff
duration for most conditions. There was also a correlation of Dewberry Cream refill fluid consumed and
flavor chemicals exhaled at the 40W setting for mouth inhalers. Percent retention of flavor chemicals
and nicotine was about 100% for all lung inhalers, while mouth inhalers varied. Cinnamaldehyde percent
retention was higher than all other major flavor chemicals. Transfer efficiency was affected by wattage
and puff duration, while topography and EC settings contributed to the variability of flavor chemical and
nicotine retention for each user. These data contribute to our understanding of retention and exhalation
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of flavor chemicals and nicotine during vaping and are important to inform EC users, the public, and
government agencies of potential health effects caused by EC use.
ABSTRACT NUMBER: 3370
Poster Board Number: P183
TITLE: Serum Levels of Per‐ and Polyfluoroalkyl Compounds among the General Population
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Bourgeois, S. Saji, S. Jones, G. Johnson,
A. LeBeau, and R. Harbison. University of South Florida, Tampa, FL.
KEYWORDS: Perfluoronated Agents; Persistent Organic Chemicals; Biomonitoring
ABSTRACT: Per‐ and polyfluoroalkyl substances (PFAS) are a group of persistent organic pollutants
(POPs) of emerging public health and environmental concern due to their resistance to degradation and
ability to bioaccumulate. PFAS are highly hydrophobic, durable and heat resistant. Their ubiquitous
presence in the environment is a direct result of consumer product use, industrial operations and
emissions. They are found in the food chain, drinking water, and air. This study was focused on assessing
the levels of several types of PFAS, especially, n‐perfluorooctane sulfonic acid (PFOS),perfluorohexane
sulfonic acid (PFHxS), n‐perfluorooctanoic acid (PFOA), Sm‐PFOS, perfluorononanoic acid (PFNA) and
perfluoroundecanoic acid in the blood serum of 2,169 individuals recorded in the National Health and
Nutrition Examination Survey (NHANES)/CDC database. Within these data, various demographics were
analyzed with the blood serum levels of PFAS, to characterize the correlation between basic
demographic characteristics (e.g., age, gender, race/ethnicity, education level, etc.), and the levels of
PFAS compounds identified in serum. Children enrolled between 5th and 12th grades had significantly
higher levels of n‐perfluorooctane sulfonic acid than the other PFAS assessed. Asians exhibited slightly
and significantly higher levels of n‐perfluorooctane sulfonic acid than other races, while the other PFAS
levels were generally similar among racial groups. Significantly higher N‐perfluorooctane sulfonic acid
levels were also observed in males. The 2015‐2016 data was compared to a previous study cycle (2003‐
2004) and was assessed for trends and changes in PFAS serum levels. It was observed that the levels of
PFAS had remarkably reduced over a period of 13 years, which is most likely due to the changes in PFOS
and related perfluorooctanesulfonyl fluoride compounds use in industrial production processes. In the
cross‐comparison between the two study cycles, it was understood that perfluorohexane sulfonic acid
levels have remained higher than any other PFAS screened. Comparing data from 2003 and 2016, males
exhibited higher levels of PFAS than females.
ABSTRACT NUMBER: 3371
Poster Board Number: P184
TITLE: Evaluation of Airborne Dust Concentrations from Simulated Application of Cosmetic Talcum
Pressed Powders
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. S. Riordan, A. R. McEwen, J. T. Lotter, E.
Miller, and J. S. Pierce. Cardno Chemrisk, Chicago, IL.
KEYWORDS: Exposure Assessment; Particulates
ABSTRACT: Cosmetics comprise a large category of products, including perfumes, hair dyes, loose
powders, and pressed powders among others. While many loose talcum powders have been previously
characterized for airborne dust exposure potential, it has long been assumed that pressed talcum
powders have a low potential for airborne exposure due to particle agglomeration from the use of
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emollients and waxes within product formulations. However, no formal evaluation of these products has
been presented in the scientific literature. In order to investigate the potential airborne dust exposure, a
simulation study was conducted in which two pressed talcum powder products (one foundation and one
eyeshadow) were separately applied to the face of a mannequin within an exposure chamber that was
designed to be representative of a residential bathroom. Three sampling events were conducted for
each of the two pressed powder products, for a total of six sampling events. During each event, a study
participant within the exposure chamber applied the product to the mannequin for one minute on three
occasions (t = 0, 10, 20 min), for a total of three minutes of application per 30‐minute sampling event.
Short‐term (10‐30 min) total and respirable dust samples were collected in the breathing zone of the
mannequin, and total dust samples were collected at distances of 3.5 and 6.5 feet from the mannequin.
All but three of the total dust samples collected in the breathing zone during foundation application
were below limits of detection (LOD) (Range: <0.80 ‐ <2.6 mg/m3; n=33). For samples above the LOD
(n=3) during foundation application, the total dust concentrations for 30‐min samples collected on the
lapels were 0.80 and 0.95 mg/m3. One additional 10‐min total dust sample collected through the nose
had a concentration of 2.6 mg/m3. All respirable dust samples during both foundation and eyeshadow
application were below the LOD (Range: <0.66 ‐ <0.87 mg/m3; n=12). All area total dust samples
collected at distances of both 3.5 and 6.5 feet were below the LOD (range: <0.81 ‐ <0.83 mg/m3; n=12).
Measured concentrations were below applicable occupational exposure limits for total and respirable
dust. The results of this study provide exposure measurements and factors that can be used to inform
exposure characterization and human health risk assessment for consumer product safety.
ABSTRACT NUMBER: 3372
Poster Board Number: P185
TITLE: Hair Dye and Risk of Skin Sensitization Induction: A Product Survey and Quantitative Risk
Assessment for Para‐Phenylenediamine (PPD)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Towle1, R. Hwang1, E. Fung2, D. Hollins1,
and A. Monnot1. 1Cardno ChemRisk, San Francisco, CA; and 2Cardno ChemRisk, Aliso Viejo, CA.
KEYWORDS: Safety Evaluation; Exposure Assessment
ABSTRACT: Para‐phenylenediamine (PPD) is a commonly used dye intermediate in permanent hair dye
formulations, and exposure to PPD has been associated with allergic contact dermatitis at certain doses.
The objectives of this product survey and quantitative risk assessment were to (1) determine the
concentration of PPD in a sample of commercially available self‐application permanent hair dye
products, (2) analyze the differences in PPD concentrations by hair dye product shade, and (3) perform a
quantitative risk assessment to determine the risk of skin sensitization induction following application of
the evaluated hair dye products. A black, brown, and blonde shade were selected from 8 consumer, self‐
application, permanent hair dye brand lines that listed PPD as an ingredient, for a total sample size of 24
hair dye products. The concentration of PPD in the samples (mixture of hair dye color and developer
components) was quantified by liquid chromatography with tandem mass spectrometry (LC‐MS/MS). A
consumer exposure level (CEL) to PPD following application of the hair dye products was estimated
using the maximum amount of hair dye that can adhere to the surface area of the scalp, the
concentration of PPD in the hair dye, a retention factor, the dermal absorption of PPD, and the surface
area of the scalp. CELs were calculated for various exposure scenarios, and were stratified by hair dye
shade. The shade‐specific median concentrations of PPD were 3,600 ppm (range: 41‐6,700 ppm) for
black hair dyes, 1,300 ppm (range: <25‐5,400 ppm) for brown hair dyes, and 445 ppm (range: <25‐600
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ppm) for blonde hair dyes. For the calculation of CELs, the measured PPD concentrations (ppm) were
converted to µg/mg. All estimated CELs did not exceed the acceptable exposure level (AEL) of 0.58
µg/cm2 (no expected sensitization induction level of 17.5 µg/cm2 divided by a sensitization assessment
factor of 30). Margins of safety (AEL/CEL) were calculated, with a MOS >1 indicating an exposure
scenario with a low likelihood of skin sensitization induction. In this analysis, calculated MOSs ranged
from 23 to 15,340 for black dyes, 29 to 50,314 for brown dyes, and 262 to 50,314 for blonde dyes. Based
on the calculations performed in this analysis, use of the evaluated hair dye products (under the
examined exposure scenarios) was not expected to result in an increased risk of skin sensitization
induction due to PPD exposure.
ABSTRACT NUMBER: 3373
Poster Board Number: P186
TITLE: Investigating Steatosis Susceptibility in Pancreas Tissue of Mouse in Response to Vinyl Chloride
Exposure
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Ge1, M. Bruno1, B. Chorley1, M. Cave2, and
J. Beier3. 1US EPA, Research Triangle Park, NC; 2University of Louisville, Louisville, KY; and 3University of
Pittsburgh, Pittsburgh, PA.
KEYWORDS: Proteomics; Predictive Toxicology; Systems and Integrative Toxicology
ABSTRACT: Abnormal pancreatic function can result from environmental exposures, such as chemicals
and diet, which can impact susceptibility to metabolic problems and fatty diseases. It has been reported
that environmental vinyl chloride (VC) exposure significantly increased steatosis in mice fed a high‐fat
diet (HFD) but not low‐fat diet (LFD). However, little is known about toxicity pathways, key pathway
regulators, and molecular mechanisms underlying the VC‐ increased steatosis and environmental
susceptibility. The present study was undertaken to examine the protein responses to VC exposure at a
targeted concentration of 0.1 ppm for 12 weeks in pancreas tissues of six‐week‐old C57BL/6J mice
(Jackson Laboratory) fed LFD or HFD (Envigo Teklad Diets) using a combination of 200 Mouse cytokine
array (QAM‐CAA‐4000)) and Western blot, with focus on the investigation of the changes at expression
and/or phosphorylation levels of some protein biomarkers of fat metabolism, and key regulators of
critical steatotic pathways. A small group of proteins were altered at expression and phosphorylation in
pancreas of mice treated with VC and HFD as compared to control groups treated with LFD, HFD, or LFD
and VC. For instance, the expression levels of chemokine 6 (CCL6) and angiotensin converting enzyme
(ACE) were increased, and expression of CD48, NOV homolog (NOV), Mannose binding protein (MBL2),
thymus‐expressed chemokine 1 (TCK‐1), glutathione‐s‐transferases (GSTµ), and phosphorylation of
pAKT, and glycogen synthase kinase 3β (GSK3β) were decreased in pancreas of mice treated with VC and
HFD as compared to those treated with VC or HFD alone. In addition, GSTµ, pAKT, and pGSK3β was
decreased in expression levels in pancreas of mice treated with HFD and VC as compared to those
treated with LFD and VC. These and other identified proteins were mainly involved in four predominant
toxicity pathways such as pGSK3β mediated fatty acid oxidation and lipid metabolism, TCK‐1, MBL2,
ACE, CCL6, and CD48 mediate inflammation responses, GSTµ mediated oxidative stress, and NOV and
CCL6 mediated cell fibrosis, and the protein alterations may modify the susceptibility of mouse to VC
exposures in context of the existing steatotic pathways of inflammation, fatty acid oxidation, and fibrotic
processes in the pancreas. (This abstract does not reflect the views of the Agency
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ABSTRACT NUMBER: 3374
Poster Board Number: P187
TITLE: Investigating the Transfer Rate of Waterpipe Flavors to Smoke As an Integral Part of Toxicological
Risk Assessments
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. C. Miller Holt1, J. Gafner1, C. Hirn1, and B.
Mayer‐Helm2. 1JT International SA, Geneva, Switzerland; and 2Oekolab Gesellschaft Fuer Umweltanalytik
Ges.m.b.H., Vienna, Austria.
KEYWORDS: Exposure Assessment; Safety Evaluation; Risk Assessment
ABSTRACT: Waterpipe, also known as hookah, narghile or narghila, shisha or hubbly bubbly, is a
tobacco‐smoking device. Waterpipe tobacco is heated and consumed by a process of inhaling tobacco
smoke, that bubbles through water before being inhaled. To date, no comprehensive studies have
determined the transfer of waterpipe flavors from tobacco to smoke. However, this study was designed
to investigate the filtration ability of the waterpipe’s bowl to define exposure to flavors in smoke, which
is an essential requirement to complete the toxicological risk assessment of waterpipe flavors. In this
current study, a standard smoking protocol was used to evaluate the transfer of a total of 10 flavors. The
results provide evidence that transfer varies between 0‐65% depending on the flavor. Initial results
failed to show any obvious correlation of flavor transfer to individual flavor physicochemical properties.
These ﬁndings underscore the complexity of flavor transfer and highlight the necessity of exposure
assessment for meaningful waterpipe flavor risk assessments. An example of how to use this data as
part of a toxicological risk assessment will be provided.
ABSTRACT NUMBER: 3375
Poster Board Number: P188
TITLE: Risk Assessment of Boron in a Children's Toy Product
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Yeh1, J. W. Rice2, and T. A. Lewandowski1.
1
Gradient, Seattle, WA; and 2Gradient, Boston, MA.
KEYWORDS: Children’s Health; Risk Assessment; Safety Evaluation
ABSTRACT: Boron is a naturally occurring element obtained via diet that appears important for normal
human physiology. However, evidence in laboratory animals suggests prenatal exposure to boron is
associated with developmental toxicity, although there is currently a lack of evidence of these effects in
humans. Recent alerts by the European Commission raised concern about toxicity associated with
leaching of boron from some children's toy products. Here, we evaluated the potential risk to human
health associated with exposure to boron in a children's toy and examined two relevant exposure
scenarios: daily dermal exposure to the product spread across both hands (representative of intended
use), and a one‐time or infrequent ingestion of the entire product (considered highly unlikely due to
palatability). The exposed individual of interest was a 3‐year‐old child based on the youngest
recommended age of use; exposure parameters were based on experimental study data and US EPA
sources. We received analytical chemistry results reporting concentrations of extractable boron in the
toy from two different European Standard for Safety of Toys methods: an n‐heptane extraction, and an
acid leach test. Of note, levels of boron resulting from the n‐heptane extraction were one order of
magnitude greater than the acid leach test. Based on review of the product chemistry and sample
testing methods, we determined the n‐heptane extraction breaks covalent bonds and essentially
destroys the product; this process is inconsistent with anecdotal information provided by the toy
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manufacturer indicating that after accidental ingestion the product is excreted intact. Hence, results of
the n‐heptane extraction were not considered biologically relevant as the concentrations would not be
reached under any human dermal or ingestion exposure scenarios. Based on the concentration of
extractable boron resulting from the acid leach test, representative of physiological conditions in the
human digestive system (i.e., pH 1‐1.5), the doses of boron (as boric acid) associated with the dermal
and oral exposure scenarios were 0.017 mg/kg‐bw/day and 0.757 mg/kg‐bw, respectively. These values
are lower than the dermal (196 mg/kg‐bw/day) and oral (0.98 mg/kg‐bw/day) exposure derived no
effect levels (DNELs) of boric acid recommended by the European Chemicals Agency (ECHA). Our risk
assessment indicated concentrations of extractable boron in the toy are below levels that could cause
adverse health effects in children who may use the product, even on a daily basis.
ABSTRACT NUMBER: 3376
Poster Board Number: P189
TITLE: Amorphous Silica Nanoparticles May Induce Inflammatory Response Depending on Gender and
Particle Size in the Lung
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Han1, Y. Yang1, J. Cho1, S. Kim1, S. Park1, J.
Ahn1, J. Ahn1, H. Yang1, J. Oh1, S. Yoon1, M. Heo2, T. Lee2, and E. Park3. 1Korea Institute of Toxicology,
Daejeon, Korea, Republic of; 2Korea Research Institute of Standards and Science, Daejeon, Korea,
Republic of; and 3Kyung Hee University, Yongin, Korea, Republic of.
ABSTRACT: Due to mass production and extensive use, the potential adverse health effects of
amorphous silica nanoparticles (ASiNPs) have raised as an important public concern. Meanwhile,
physicochemical properties of nanomaterials can function as important factors determining their health
effects, and size is among them. In this study, we manufactured 20 nm‐ and 50 nm‐size of ASiNPs by the
precipitated method approved by International Organization for Standardization and compared the
pulmonary toxic response in mice. There were no dosing‐related differences in mortality, body weight,
body weight gain, absolute organ weight and relative organ weight to body weight between all the
groups. Meanwhile, both types of ASiNPs significantly decreased proportion of neutrophils in male rats,
and the level of the hemoglobin and the hematocrit was clearly reduced in only female rats instilled with
20 nm‐ASiNPs. Additionally, dosing‐related blood biochemical effects were clearly observed in both
sexes of rats exposed to both sizes of ASiNPs. We also found that tissue damage was limited in the lung
with bronchi, indicating clearer changes in rats exposed with 20 nm‐ASiNPs compared to 50 nm‐ASiNPs
and in female rats than male rats. Similarly, expression of MMP‐9, a membrane damage‐related enzyme,
was the most notable in female rats treated with 20 nm‐ASiNPs. Furthermore, the number of total cells
significantly increased in the lung of rats instilled with 20 nm‐ASiNPs, but not 50 nm‐ASiNPs
accompanying the decrease in the proportion of macrophage cells and the increase in
polymorphonuclear leukocyte cells (PMN). As well, the level of inflammatory mediators clearly increased
only in the supernatants of cells treated with 20 nm‐ASiNPs, but not 50 nm‐ASiNPs. Taken together we
suggest that pulmonary effects of inhaled ASiNPs depend on particle size, and gender differences should
be carefully considered in understanding nanomaterial‐induced adverse health effects.
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ABSTRACT NUMBER: 3377
Poster Board Number: P190
TITLE: Derivation of California Proposition 65 Safe Harbor Levels for Nine Chemicals
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Johnson1, C. Thompson2, A. Verwiel3, and
G. Brorby4. 1Chevron, Houston, TX; 2ToxStrategies Inc., Houston, TX; 3ToxStrategies Inc., San Rafael, CA;
and 4ToxStrategies Inc., Napa, CA.
KEYWORDS: Exposure Assessment; Regulatory/Policy; Reference Dose
ABSTRACT: California’s Safe Drinking Water and Toxic Enforcement Act of (1986), also known as
Proposition 65 (Prop 65), requires that companies provide a “clear and reasonable” warning if products
manufactured and/or sold in the state of California contain listed chemicals that present a potential risk
of cancer and/or reproductive harm. The state of California also provides Safe Harbor Levels for many of
the listed chemicals, i.e., an exposure level below which health risks of cancer and/or reproductive harm
is not expected to occur, and thus a product does not require a Prop 65 label. However, only
approximately 300 Safe Harbor Levels exist for the &gt;900 listed chemicals. Thus, this poster details the
derivation of Safe Harbor Levels for nine chemicals commonly found in automotive products. No
significant risk levels (NSRLs) for carcinogens and maximum allowable dose levels (MADLs) for
reproductive and developmental toxicants were derived using published literature (diethanolamine),
surrogate data from OEHHA (1‐naphthylamine), toxicity criteria available in the US Environmental
Protection Agency (USEPA) Integrated Risk Information System (IRIS) (propylene oxide, methyl isobutyl
ketone), and from primary cancer bioassays (methyl isobutyl ketone, alpha‐methyl styrene, cumene,
ethyl acrylate, and C.I. Solvent Yellow). NSRLs were derived following federal and state guidelines so that
exposure would not exceed a cancer risk of 1x10‐5 (1E‐05 or one in one hundred thousand), and MADLs
were derived so that exposure would be 1000 times lower than the no observed adverse effect level
(NOAEL). The derived safe harbor levels for these nine chemicals will provide scientifically‐defensible
rationale for whether a product requires Prop 65 labeling.
ABSTRACT NUMBER: 3378
Poster Board Number: P191
TITLE: New Approach Method‐Based Chemical Risk Prioritization by Integrating ToxCast, HTTK, and
SEEM3 for Alkylphenols
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Qian1, C. Ring2, M. L. Green1, and F. A.
Grimm1. 1ExxonMobil Biomedical Sciences, Inc., Annandale, NJ; and 2ToxStrategies Inc., Austin, TX.
KEYWORDS: In Vitro and Alternatives; Risk Assessment; Toxicokinetics
ABSTRACT: High‐throughput (HT) and computational tools are used to close gaps in availability of
toxicology and exposure data for chemicals and to increase confidence in risk‐based decision making. In
this study, we demonstrate how HT computational toxicokinetics and exposure predictions can be
applied for rapid, risk‐based prioritization of a group of commercially relevant chemicals, alkylphenols
(APs). Certain members of the AP class have been identified as estrogen receptor active, and therefore,
may lead to an adverse outcome through an endocrine mediated mode of action. Based on chemical
structure, about 300 APs were identified in the chemical inventory of the U.S. Environmental Protection
Agency (EPA)’s ToxCast program of in vitro HT screening assays. Of these APs, 200 showed activity in 17
ToxCast assays associated with potential estrogen receptor bioactivity. Using EPA’s HT toxicokinetics
(HTTK) R package, reverse dosimetry (i.e. in vitro‐to‐in vivo‐extrapolation) was performed for these 200
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chemicals and 17 assays to translate in vitro bioactivity concentrations (assay AC50) to corresponding
predicted daily oral equivalent doses (OEDs) in humans. Predicted OEDs were then compared with
median U.S. population exposures estimated using EPA’s SEEM3 (Systematic Empirical Evaluation of
Models) framework for 195 chemicals. Resulting activity‐to‐exposure ratios (AER) were used for risk
prioritization and screening. With the exception of a single chemical, all tested APs (99%) were
associated with AERs >1 for all assays, indicating that estimated exposures are lower than the AC50
equivalent doses for these assays. AERs < 1 (ranging from 0.1‐0.6) were only observed for meso‐
hexestrol in 3 out of 17 assays. The integrated HT risk prioritization approach allows rapid comparative
risk‐screening amenable for relative chemical ranking and evaluation of alternatives. The results from
this case study may be applied to better identify and understand challenges faced when using NAM‐
based approaches in risk‐based prioritization of chemicals.
ABSTRACT NUMBER: 3379
Poster Board Number: P192
TITLE: An Assessment of Historical Occupational and Non‐Occupational Ethylene Oxide Exposure
Questions the Applicability of US EPA’s Implied 10‐6 Increase in Cancer Risk at an Exposure Level of 0.1
ppt
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Sheehan1, J. Bus2, R. Lewis1, E. Winegar1,
and A. Li1. 1Exponent, Oakland, CA; and 2Exponent, Midland, MI.
KEYWORDS: Receptor; Exposure Assessment; Risk Assessment
ABSTRACT: A synthesis of recently published data on ethylene oxide (EO) exposure among historical
sterilization workers and among the general population via ambient air in the U.S. and endogenous
metabolic processes informs regulatory applicability of the U.S. Environmental Protection Agency
(EPA)’s risk estimate of 10‐6 implied from chronic, daily inhalation exposure to EO at 0.1 parts per trillion
(ppt). New historical industrial hygiene and engineering reconstruction exposure modeling indicates that
the exposed sterilization operators in the 1940s to 1970s in the critical study used by EPA likely received
daily 8‐hr time‐weighted average (TWA) occupational exposures to EO as high as ~50,000,000 to
190,000,000 ppt. Humans are exposed to EO through metabolic production and inhalation of ambient
air from sources other than industrial emissions (i.e., background). An analysis of equivalent inhaled EO
concentrations to that produced metabolically estimates a mean daily exposure concentration of 1,900
ppt ± 1,300 ppt. Eight monitoring studies of background EO concentrations in ambient air conducted
between the 1990s and 2019 showed mean ambient air concentrations between ~50‐220 ppt (range:
~15‐800 ppt). Thus, daily metabolic and background inhaled EO exposures, generally not considered to
significantly increase cancer risk, are more than three orders of magnitude greater than the EPA risk‐
based concentration. These exposure assessments provide important data to ground truth the selection
of different statistical dose‐response models that fit the human data equally well. For example, EO
cancer risk assessment adopted by the European Union Scientific Committee on Occupational Exposure
Limits uses a standard Cox Proportional Hazard Model of the same critical study that results in 10‐6 risk‐
based concentrations of approximately 300 ppt after further adjustments for the general population and
EPA’s age dependent adjustment factor. Although not addressing exposure assessment issues for the
historical cohort of sterilization workers, this alternative approach provides a risk‐based concentration
that aligns better with universal metabolic and background EO exposure levels to which everyone is
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exposed and is still more than four orders of magnitude below annual TWA exposure levels among early
sterilization operators.
ABSTRACT NUMBER: 3380
Poster Board Number: P193
TITLE: Relative Potency Evaluation of a Subgroup of PFAS
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. J. S. Baird, and C. M. Smith. MassDEP,
Boston, MA.
KEYWORDS: Perfluoronated Agents; Risk Assessment; Dose‐Response
ABSTRACT: Per‐ and polyfluorinated chemicals (PFAS) have been detected in drinking water (DW)
supplies across the US requiring responses from state agencies. Multiple PFAS often co‐occur in DW
samples, many without toxicity data. PFAS studied to date affect multiple organ systems including, liver,
immune, kidney and thyroid, as well as development. Individual toxicity values have been developed by
EPA and ATSDR for 6 PFAS: perfluorooctanoic acid (PFOA), perfluorooctane sulfonic acid (PFOS),
perfluorohexane sulfonic acid (PFHxS), perfluorononanoic acid (PFNA), perfluorobutane sulfonic acid
(PFBS) and GenX chemicals. In the absence of enforceable DW values from EPA, states have taken
several approaches for protecting public health. Some have developed values for individual PFAS, others
have relied on the EPA (2016) DW health advisory (HA) for PFOA and PFOS as is or adjusted, and some
have grouped several PFAS for comparison to the HA. MA has proposed DW standards for 6 PFAS as a
group: PFOA, PFOS, PFHxS, PFNA, perfluoroheptanoic acid (PFHpA), and perfluorodecanoic acid (PFDA).
The National Toxicology Program (NTP 2018) evaluated 7 PFAS chemicals, PFOA, PFOS, PFNA, PFHxS,
PFDA, PFBS, and perfluorohexanoic acid (PFHxA) for 28‐days in rats; providing the first opportunity to
compare adverse effects and potency across PFAS in the same test system. Our evaluation focused on 5
of these 7 longer‐chain PFAS: PFOA, PFOS, PFNA, PFHxS and PFDA, using sensitive effects observed in
thyroid and liver. Bayesian benchmark dose software was used to estimate a consistent point of
comparison (median, lower and upper confidence levels; weighted average of dose‐response models) at
response rates specific to the endpoints using a dose metric of measured individual animal serum conc.
for each PFAS. Potency relative to PFOA was calculated for thyroxine serum conc. and relative liver wt.
using two dose metrics, PFAS serum conc. and human equivalent dose estimated using PFAS specific
human half‐life values. All relative potency estimates were within a factor of 5 of PFOA; most were
within a factor of 2 or less. These potency differences are less than the order of magnitude used to
distinguish potency differences across the PAHs; another group of structurally similar chemicals. The
consistency of the adverse effects observed in the NTP study and the relative potency estimates for this
subgroup of PFAS supports: use of PFOA as a surrogate toxicity value for data poor members of this
subgroup, and an additive approach pending more toxicity data and understanding of modes of action.
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ABSTRACT NUMBER: 3381
Poster Board Number: P194
TITLE: Risk Assessment of Estragole in Plant‐Based Food Supplements from Malaysia using Margin of
Exposure Approach
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Abdullah, and N. S. Mohd Esa. Universiti
Putra Malaysia, Serdang, Malaysia. Sponsor: S. Inayat‐Hussain
KEYWORDS: Natural Products; Risk Assessment
ABSTRACT: Plant‐based Food Supplements (PFS) are commonly used by the consumers without knowing
the actual ingredients in the PFS as they thought all “natural” ingredients are “safe”. However, it is not
always the case. Estragole is among of genotoxic and carcinogenic alkenylbenzenes derivatives that can
naturally be found in plant such as basil, fennel and anise. In this study, we aimed to determine the
exposure of estragole via consumption of PFS among Malaysian and to assess the risk using margin of
exposure (MOE) approach. To achieve this aim, ten local PFS were purposively purchased and the level
of estragole in the samples was quantified using Ultra High‐Performance Liquid Chromatography
(UHPLC). MOE approach was applied to calculate the risk for both genotoxic and carcinogenic
substances. The MOE was calculated by dividing the Benchmark Dose Level (BMDL10) to the estimated
daily intake (EDI) of the PFS. Results obtained showed that estragole was detected in all samples ranging
between 371.8±275.5 µg/g to 1950.6±1575.4 µg/g. The EDI values calculated were from 0.021 mg/kg
bw/day to 0.117 mg/kg bw/day. All samples were found to have MOE less than 10,000 with minimum
value of 20‐60 and maximum value of 150‐310 indicating high priority for risk management action.
Based on the results obtained, it can be concluded that Malaysian populations are exposed to estragole
via consumption of PFS and risk management actions are needed in order to control the exposure to this
natural genotoxic and carcinogenic chemical.
ABSTRACT NUMBER: 3382
Poster Board Number: P195
TITLE: Chemical‐Specific Adjustment Factor (CSAF) for Developmental Toxicity of Perfluorooctanoate
(PFOA)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. Gadagbui1, M. L. Dourson1, C. Onyema1,
P. M. McGinnis1, and R. G. York2. 1TERA, Cincinnati, OH; and 2RG York and Associates LLC, Cincinnati, OH.
ABSTRACT: Guidelines of the US EPA (EPA, 1991) and the International Programme on Chemical Safety
(PCS, 2005) suggest two different default positions for dosimetric extrapolation from experimental
animals to humans when the dosimetry of the critical effect is not known. The default position of EPA
(1991) for developmental toxicity is to use peak concentration (or Cmax), whereas for IPCS (2005), the
default position in the absence of data is to use the area under the curve (or AUC). The choice of the
appropriate dose metric is important in the development of either a Chemical Specific Adjustment
Factor (CSAF) of IPCS (2005) or a Data Derived Extrapolation Factor (DDEF) of EPA (2014). We report on
the derivation of a DDEF for developmental toxicity for perfluorooctanoate (PFOA), a chemical of
current interest. The developmental effects identified by EPA (2016) served as the basis for
identification of appropriate dosimetric adjustment for PFOA. While some of these effects appear to be
related to Cmax, most appear to be related to the average concentration or its AUC, but only during the
critical period of development for a particular effect. The kinetic data from PFOA exposure in mice were
compared with kinetic data in humans after up to 36 weeks of PFOA exposure in a phase 1 clinical trial
by Elcombe et al. (2013). DDEF for PFOA was determined to be 1.3 or 14 using the average
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concentration during the various exposure windows of concern. These values are significantly different
than comparable extrapolations by several other authorities based on differences in PFOA half‐life
among species.
ABSTRACT NUMBER: 3383
Poster Board Number: P196
TITLE: Health Risk Assessment of Ethylenethiourea in Crumb Rubber Based on Original Exposure
Scenario for Japanese Soccer Players on the Synthetic Turf Fields
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Inoue, K. Yoshida, T. Kawakami, S. Sakai,
R. Kubota, Y. Ikarashi, and A. Hirose. National Institute of Health Sciences, Kawasaki, Japan.
ABSTRACT: We analyzed contents and leaching of volatile organic compounds, semi‐volatile organic
compounds and metals in crumb rubber, and measured their concentrations in the air collected from
synthetic turf fields in Japan, and then evaluated their health risk. The original exposure scenarios for six
age groups (from 6 to 35 years old) were set according to the published data on body weights,
frequencies and duration of playing soccer on a ground for Japanese players. Related reports such as
Norwegian Institute of Public Health and the Radium Hospital (2006) were referred to set ingestion of
granules, an amount of granules contacting with exposed skin and PM10 rubber granulate in the air and
respiratory rate. Average daily oral intake and average daily dermal absorption were calculated using
maximum analyzed values of leaching from rubber granules to artificial saliva, gastric juice, intestinal
juice or sweat. In this presentation, we report results of health risk assessment for ethylenethiourea
(ETU), one of the object chemicals whose hazard quotient (HQ) was over one and detected in some
crumb rubber which were before filling and derived from recycled industrial rubber. To calculate a HQ of
ETU for health risk, the reference dose (RfD) of 8 x 10‐5 mg/kg/day (US EPA, 1991) was used for the
present study. As a result, the oral HQs in the age groups of 6‐9 years old and 9‐12 years old were 1.5
and 1.3, respectively. However, a little excess of the HQs was considered to be less toxicological concern
due to the mechanism of a critical endpoint (follicular hyperplasia in the thyroid of rat treated with ETU
for two years) for the RfD derivation. In the dermal exposure scenarios, the HQs in all the age groups
were more than one (maximum value was 6.2 in the group of 12‐15 years old) when the dermal
absorption rate was assumed to be 100%. However, as a result of revision of dermal absorption rate
based on the Risk Assessment Guidance (US EPA, 2004), the HQs in all the age groups became less than
one. In conclusion, it is indicated that ETU contained in crumb rubber derived from recycled industrial
rubber is unlikely to have health risk in Japanese soccer players on synthetic turf field.
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ABSTRACT NUMBER: 3384
Poster Board Number: P197
TITLE: Application of Tentative Reference Doses for Risk Assessment of Endocrine‐Disrupting Chemicals
Using Cell Lines
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: G. Lee1, S. Kim1, J. Lee2, K. Kim3, K. Lee1, Y.
Cho4, and K. Choi1. 1Seoul National University, Seoul, Korea, Republic of; 2Helmholtz Centre for
Environmental Research‐UFZ, Leipzig, Germany; 3Seoul National University of Science and Technology,
Seoul, Korea, Republic of; and 4University of Montana, Missoula, MT.
KEYWORDS: Phthalates
ABSTRACT: Endocrine disrupting chemicals (EDCs) can interfere various reproductive functions and
influence developmental processes in humans; thus, tight regulations have been implemented in many
countries. As a consequence, new and alternative chemicals were developed to replace the existing
EDCs and used in commerce. Because of limited toxicological information, however, risk assessment for
these alternative chemicals is not possible. We propose an approach to derive tentative reference doses
(tRfD) using cell lines and endpoints representing well characterized endocrine modes of action.
Phthalates were selected as model chemicals. DEHP was considered as a reference chemical, and the
toxicities of other phthalates are expressed as proportions of the toxicity that is expected from DEHP.
Relative potency (RPF) of each phthalate was determined based on the responses from three cell line
toxicity assays designed to measure endocrine disruption potential, including estrogen receptor
transactivation assay, steroidogenic assay, and thyroid hormone dependent cell proliferation assay. RPF
determined for each phthalate is used to derive tRfD of the given phthalate, by multiplying with RfD of
DEHP, which is 20 µg/kg/day (US EPA). The RPF of target chemicals were estimated: 1 (DEHP, reference),
0.06 (DEP), 0.58 (DMP), 0.40 (DnOP), 0.06 (DiNP), 0.06 (DiDP), 0.11 (DINCH), 0.37 (ATBC), 0.002 (DOTP),
and 0.02 (TOTM). The tRfDs were estimated: 20 (DEHP, reference), 324.1 (DEP), 34.3 (DMP), 50.5
(DnOP), 350.0 (DiNP), 350.0 (DiDP), 185.8 (DINCH), 54.0 (ATBC), 8543.6 (DOTP), 1137.0 (TOTM)
µg/kg/day. The tRfD was lesser than the tolerable daily intake (TDI) value for DEP set by WHO (500
µg/kg/day), but two times larger than the TDI value for DiNP established by EFSA (150 µg/kg/day). When
appropriate RfD values are not available, the approach of deriving tRfD proposed herein can be used to
derive tentative toxicity score of a given chemical. This information can be used to derive tentative
hazard quotients of chemicals and prioritize chemicals of which toxicological information should be
generated. This is a concept rather than a rigid framework, and can be modified by user to add or
remove the assays to fit specific purpose.
ABSTRACT NUMBER: 3385
Poster Board Number: P198
TITLE: Human Health and Ecological Risk Associated with Microplastics in Aquatic Environments
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. A. Aistis, B. Newkirk, S. Chattopadhyay, J.
Archer, and A. M. Kadry. University of Maryland, College Park, MD.
KEYWORDS: Risk Assessment; Exposure Assessment; Persistent Organic Chemicals
ABSTRACT: The use of synthetic plastics has rapidly increased since their inception in early 20th century,
becoming one of the most widely used materials on Earth. Plastic has become ubiquitous, being found in
almost every corner of the world, most significantly accumulating in the oceans. As plastics remain in
the environment, they break down into smaller pieces, known as microplastics (< 5 mm in diameter) and
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release and sorb chemical compounds. These microplastics have been found in the guts, tissues and gills
of various shellfish and seafood and when ingested, can provide a pathway for the transport of
persistent organic pollutants (POPs), such as dichlorodiphenyltrichloroethane DDT. It is estimated 8
million metric tons of plastics are entering the ocean each year. The exponential volume of waste
plastics in waterways has inevitably led to a growing concern regarding the impact of plastics on human
and environmental health, especially as microplastics degrade more rapidly in aquatic environments due
to UV exposure and turbidity. In this project, information was collected regarding the deposition of
microplastics in shellfish and seafood. The results of multiple laboratory studies on microplastic
ingestion on crabs, oysters, and other sea creatures were analyzed. A deterministic human exposure
assessment was performed. The Food Commodity Intake Database (FCID), was used to estimate
consumption of crustacean and mollusk by various human subpopulation. The database is based on the
National Health and Nutrition Examination Survey (NHANES). The finding of the analysis indicated that in
90th percentile of crustacean eaters may be exposed up to 0.43 g of microplastics/kg body wt. Also, the
analysis may indicate that human 1‐6 years old and adult Mexican American (18‐60 years) could be the
highest exposure group to microplastics. The current preliminary results did not consider the
bioavailability or pharmacokinetics of microplastics in the human body. This evidence calls for more
research as crabs, oysters, and mussels, makeup a large portion of the commercially fished food for
human consumption in the Chesapeake Bay of Maryland.
ABSTRACT NUMBER: 3386
Poster Board Number: P199
TITLE: Overview of the Procedural Components for the Development and Public Participation on
Chemical Risk Evaluations under the Amended Toxic Substances Control Act
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. McOliver. US EPA, Washington, DC.
Sponsor: T. Stedeford
ABSTRACT: EPA seeks public review and comment throughout the Toxic Substances Control Act (TSCA,
15 USC §2601 et seq) risk evaluation process in accordance with applicable requirements under TSCA
and its implementing regulations, and general principles of administrative law. TSCA, as amended by the
Frank R. Lautenberg Chemical Safety for the 21st Century Act, requires EPA to prioritize and designate
existing chemicals as high‐ or low‐priority substances. Risk evaluations must be completed on high‐
priority substances within a three‐year period, with the possibility of a six‐month extension for each
chemical. Under TSCA section 6(b)(4) and implementing regulations in 40 CFR 702, EPA engages the
public and stakeholders through opportunities for public comments on draft scope documents for risk
evaluations (see 40 CFR 702.41(c)(7)) and draft risk evaluations (see TSCA section 6(b)(4)(H) and 40 CFR
702.49(a)). In December 2016, EPA identified the first ten chemicals for risk evaluation. Subsequently,
the Agency has completed draft risk evaluations on Pigment Violet 29, 1‐Bromopropane, 1,4 Dioxane,
Cyclic Aliphatic Bromide Cluster, Methylene Chloride, and N‐Methylpyrrolidone. EPA published Federal
Register notices on the availability of the draft risk evaluations and established supporting dockets that
allowed stakeholders to provide comments on the primary draft risk evaluations, key studies, supporting
data, and supplemental files. The Agency also held public TSCA Science Advisory Committee on
Chemicals (TSCA SACC) reviews, which included preparatory virtual meetings and in‐person peer
reviews. At the same time the Agency issues the final risk evaluations, it will provide formal responses to
the comments received during the notice and comment periods for the draft risk evaluations and to the
peer reviews. EPA maintains a Risk Evaluation website with a designated technical contact for each
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chemical substance to ensure transparency and public access, which serves as an additional tool that
supports EPA’s implementation of the amended TSCA. Industry and trade groups, non‐governmental
organizations, and academia are the primary contributors and participants in the notice and comment
process. The general public is also an important stakeholder and its robust and timely participation is
critical and valued.
ABSTRACT NUMBER: 3387
Poster Board Number: P200
TITLE: Human Health Risk Assessment (HHRA) of Metals under the Third Phase of Canada’s Chemicals
Management Plan
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Mohr, D. Poddalgoda, K. Macey, I.
Jayawardene, and S. Hancock. Health Canada, Ottawa, ON, Canada. Sponsor: M. Khan
ABSTRACT: Certain metals are part of the 4300 substances identified as priorities for assessment under
Canada’s Chemicals Management Plan (CMP). The human health risks of these substances can be
characterized using several approaches, including 1) a conventional risk assessment approach,
comparing exposure estimates for the general population (through environmental media and food, and
consumer product use) to a health‐effects‐based point of departure, 2) the biomonitoring‐based
Approach 1, a qualitative science approach used to identify substances with limited exposure, based on
substances or moieties measured in the Canadian population at very low frequencies, 3) the
biomonitoring‐based approach 2, which compares human biomonitoring data (exposure) against human
biomonitoring reference values or biomonitoring equivalents (BEs), i.e., the blood or urine equivalent of
health‐based exposure guidance values such as a reference dose (RfD) or Tolerable Daily Intake (TDI) to
identify substances with low concern for human health. For biomonitoring‐based approaches 1 and 2,
human biomonitoring data from population‐level biomonitoring surveys, such as the Canadian Health
Measures Survey (CHMS) and the National Health and Nutrition Examination Survey (NHANES), were
used to evaluate integrated internal exposures. Total concentrations of a metal moiety in blood or urine
can provide a biologically relevant, integrated measure of exposures that may occur across multiple
routes and sources. Case studies on human health risk assessment of metals conducted under the third
phase of Canada’s Chemicals Management plan using conventional (copper) and biomonitoring‐based 1
(Beryllium) and biomonitoring‐based 2 (Barium and Molybdenum) approaches will be presented,
including how essentiality, as well as identification of a suitable biomarker of exposure for each metal,
were considered within these approaches.
ABSTRACT NUMBER: 3388
Poster Board Number: P201
TITLE: Risk Assessment Guidance for Enzyme‐Containing Consumer Products
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: F. H. Kruszewski. American Cleaning
Institute, Washington, DC.
KEYWORDS: Risk Assessment; Safety Evaluation; Respiratory Sensitization
ABSTRACT: The American Cleaning Institute’s (ACI) 2019 Guidance for the Risk Assessment of Enzyme‐
Containing Consumer Products provides valuable information on the potential health hazards of
enzymes used in consumer products and provides a framework for manufacturers of these products to
conduct risk assessments to help ensure the safety of new products containing enzymes. Enzymes like
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many other proteins can act as allergens and induce the production of enzyme‐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
enzyme‐specific antibody and the development of symptoms of respiratory Type 1 hypersensitivity. This
hazard is the primary focus for risk assessment of enzymes, and it must be managed carefully. Another
hazard that should be addressed is primary irritation of the eye and skin which can be caused by
enzymes belonging to the class of proteases. Only enzymes of the class of protease will have this
irritating effect. 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.
Program designs 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. The ACI
2019 updated guidance document provides risk assessment approaches and risk management strategies
that have been used successfully by the cleaning products industry and other industries.
ABSTRACT NUMBER: 3389
Poster Board Number: P202
TITLE: Effect of Solvent Polarity on Releasable Levels of Commonly Observed Extractables: Chemical
Substances and Their Toxicological Risk Assessment Scenarios Observed for Limited, Prolonged, and
Permanent Contact Devices
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. K. Das, D. Sadhu, S. Doherty, and L. Desai.
Toxikon Corporation, Bedford, MA. Sponsor: K. Connor
KEYWORDS: Risk Assessment
ABSTRACT: As per ISO 10993‐12, the medical devices are required to be tested under aggressive or
exhaustive extractions to determine the potential biological hazard that could be imposed by the
medical devices upon contact with the patients during clinical use. The temperature and extraction
duration could significantly impact the leachable profiles of the chemical substances. Similarly,
significant impact was also observed for solvent polarity as the devices are extracted with solvent of
varying polarity, extremely polar, purified water, to nonpolar solvent, such as hexane. A series of
medical devices are extracted and analyzed for metallic elements and organic chemical substances. The
extraction of the devices is performed under aggressive (50 ºC for 72 hours) or exhaustive conditions (at
50 ºC for >72 hours) as per ISO 10993‐12 and/or ISO 18562‐4. The variation in the leachable profiles are
determined for the most commonly observed metallic elements and non‐volatile organic compounds
(NVOCs). The variation in the releasable profiles for the elements as observed for extraction with
purified water, 20% ethanol, 50% ethanol, 100% ethanol, and Isopropyl alcohol (IPA) are compared with
the corresponding polarity of the solvent. The variation in the leachable levels for the elements are not
significantly differed as observed for permanent implants, breathing gas pathway devices, and surface
devices for most instances. However, a significant variation in leachable levels, variation in the range of
order(s) of magnitude, are observed for commonly observed NVOCs such as saturated fatty acids,
plasticizers, and antioxidants as observed for extraction with purified water (polar), ethanol, and hexane
(nonpolar). The subsequent toxicological risk assessment was conducted for the concentration levels
observed for each extraction medium. The tolerable exposure limits for long‐term toxicity studies are

The Toxicologist: Late-Breaking Supplement 2020

70

derived as per ISO 10993‐17 and compared with the observed concentration levels for limited,
prolonged, and permanent contact devices to determine a margin of safety (MOS). NVOCs level
observed in the nonpolar extract displayed the lowest MOS values among three solvents. The selection
of an appropriate extraction solvent is essential for evaluating device safety.
ABSTRACT NUMBER: 3390
Poster Board Number: P203
TITLE: Evidence Mapping Health Outcomes: Rapid vs. Traditional Approaches
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Lam1, B. Howard1, K. Thayer2, and R.
Shah1. 1Sciome LLC, Durham, NC; and 2NIEHS/NTP, Research Triangle Park, NC.
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 literature
and identify scientific consensus with respect to potential health risks. The practice of “evidence
mapping” is being increasingly used to identify the key areas of study relevant to a given topic along
with gaps in the literature to inform more time‐intensive systematic reviews. Constructing detailed
evidence maps can be resource‐intensive, limiting their utility for practical implementation, particularly
for broader questions of interest. “Rapid Evidence Mapping” (rEM) can potentially simplify this process
and increase the speed of evidence mapping. A previous case study on the topic of low‐calorie
sweeteners (LCS) with respect to human dietary exposures and health outcomes illustrated how rapid
evidence maps can be created with the aid of Sciome’s text‐mining and machine learning software and
require less time, effort, and resources. In this work, we complete a traditional evidence map to explore
whether our conclusions using rEM would have resulted in the same conclusions regarding the current
state of the science and existing research gaps. Our results indicate that although discrepancies exist,
overall conclusions are similar between the rEM vs. traditional evidence map. Certain study design
characteristics typically reported in the abstract (i.e., sample size and exposure groups) are similarly
accounted for in a rEM vs. traditional evidence map. However, other study characteristics where more
detail is typically reported in the manuscript full text (i.e., length, baseline health, and complete list of
outcomes measured) are more discrepant between the rEM vs. traditional evidence map. However, the
rEM evidence map performs well in identifying where a large body of evidence exists vs. where it is
lacking. Thus, rEMs can be used to quickly summarize the available body of evidence relevant to a
research question, identify gaps in the literature to inform future research, and contextualize the design
of a systematic review within the broader scientific literature, reducing human effort while yielding
results comparable to those from traditional methods. The potential time savings of this approach make
it a powerful tool for translating knowledge to inform science‐based decision‐making.
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ABSTRACT NUMBER: 3391
Poster Board Number: P204
TITLE: Risk Assessment for Local Toxicity of Metallic Elements: What to Consider in the Determination of
Safe Limits
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. K. Das, D. Sadhu, and L. Desai. Toxikon
Corporation, Bedford, MA. Sponsor: K. Connor
KEYWORDS: Metals; Risk Assessment
ABSTRACT: ICH Q3D listed the permissible Daily Exposure (PDE) levels for elemental impurities for oral,
parenteral, and inhalation routes of exposure. Multiple uncertainty factors are applied to extrapolate
the threshold limit from less critical route (oral) to the most critical routes (inhalation) of exposure. The
No Observed Adverse Effect Level (NOAEL) or Lowest Observed Adverse Effect Level (LOAEL) values
observed in repeated dose toxicity studies are used for determining tolerable exposure limits for
systemic toxicity after applying appropriate uncertainty factors. However, no specific guidance is
available for assessing the safe limits for the local toxicity of elements. Therefore, a comprehensive
literature search was performed to determine the factors to be considered for assessing local toxicity of
elements and to quantify safe limits for these elements. Later, the leachable levels observed for metallic
elements in the extraction of permanent implants with polar and mid‐polar solvent are analyzed for
their potential local toxicity. The leachable levels of antimony, barium, copper, cobalt, and nickel
observed for several permanent implants are compared with the doses for cytotoxicity, genotoxicity,
and inflammation, the possible major local toxicity effects. For copper, the tolerable exposure limits for
inflammation as observed in the repeated dose toxicity was applied for determining tolerable exposure
limits as per ISO 10993‐17. The assessment of copper shows that the oral administration of copper
induce inflammation in the liver, and the tolerable exposure limits for copper has been calculated as 560
µg/day after applying several uncertainty factors. The potential for genotoxicity is assessed by
comparing the leachable levels with the available dose limits for in vitro genotoxicity of copper.
Similarly, risk was assessed for local toxicity of other elements as observed for multiple permanently
implantable devices. The methods applied here can be potentially used by the industries and regulatory
agencies to determine safety threshold for local toxicity of elements.
ABSTRACT NUMBER: 3392
Poster Board Number: P205
TITLE: Probable Activities of Protocatechuic Acid on Experimental Chronic Gastric Ulcer during
Potassium Bromate Exposure in Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. T. Salami1, M. A. Adebimpe1, O. C.
Olagoke2, T. O. Iyiola1, and S. B. Olaleye1. 1University of Ibadan, Ibadan, Nigeria; and 2Universidade
Federal de Santa Maria, Cidade Universitária Bairro Camobi, Brazil.
KEYWORDS: Risk Assessment; Food Safety/Nutrition; Oxidative Injury
ABSTRACT: Gastric ulcer healing has been documented to occur in phases, which are drug targets. The
gastro‐protective efficacy of Hibiscus sabdariffa (due to its flavonoid, i.e protocatechuic acid [PCA]) has
been reported, and exposure to environmental factors such as xenobiotics, have been shown to delay
healing rate. Potassium bromate ‐ a xenobiotic ‐ is known to be reduced to a less harmful substance in
the gastric mucosa, however, ambiguous information abounds about its role during gastric ulcer healing
which this study investigates. 60 male wistar rats (100‐120g n=5) were divided into 6 groups: control,
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ulcer alone, Potassium bromate treated (12.5mg/Kg), PCA(120mg/Kg) treated, Omeprazole(20mg/Kg)
treated, Potassium bromate(12.5mg/Kg) with PCA treated groups for 7 days after gastric ulcer induction.
Gastric macroscopic ulcer scores, biochemical and histological evaluation were analysed by days 3 and 7
of treatment. Data were expressed as Mean ± SEM, analyzed using ANOVA, p≤0.05 was considered
significant. Bromate significantly increased Neutrophil and Platelet counts, Catalase, Sulfhydryl and
Nitric Oxide levels at day 3 compared with ulcer untreated group. Neutrophil/Lymphocyte ratio, Mucin
content and H+/K+ATPase (pump) activity were significantly reduced in bromate treated groups
compared with ulcer untreated group by day 3 of treatment. Groups that received both bromate and
PCA had significantly increased Nitric Oxide level and Catalase activity compared with ulcer untreated
and PCA treated groups. Bromate at this dose exerted gastroprotective activities probably via reduced
oxidative stress, and H+/K+ATPase activity. However, when combined with protocatechuic acid these
activities were further enhanced thus accelerating gastric ulcer healing.
ABSTRACT NUMBER: 3393
Poster Board Number: P206
TITLE: In Silico and In Vitro Analysis of 4,4’‐Methylenedianiline Replacements
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: V. H. Adams1, E. N. Reinke1, and J. J.
LaScala2. 1Army Public Health Center, Aberdeen Proving Ground, MD; and 2U.S. Army Futures Command,
Aberdeen Proving Ground, MD.
KEYWORDS: Mutagen; QSAR; Predictive Toxicology
ABSTRACT: The first generation PMR (polymerization of monomeric reactants) matrix resin included
MDA (4,4’‐methylenedianiline) as a component and is currently known as PMR‐15. PMR‐15 composites
have been used for decades to produce a variety of high quality aerospace and weapon systems
structural components. MDA was identified as hepatotoxic, mutagenic and carcinogenic in animals in
the 1980s’ making it a candidate for replacement. Surrogates for MDA were investigated for this project.
A total of 57 MDA‐related molecular structures (all provided in methods) were evaluated using in silico
methods to estimate physico‐chemical properties, fate, transport and toxicity. Of this group, 23 were
further evaluated with in vitro screening assays for mutagenicity, drinking water safety, skin
sensitization, and acute toxicity estimation. As a whole, the MDA replacements were within a
biologically active molecular weight range. The average LogKow was 2.44. As a group, the MDA
compounds had moderate to low volatility. Using TOPKAT (TOxicity Prediction by Komputer Assisted
Technology, Biovia, Waltham MA) and in vitro cytotoxicity estimation, acute toxicity was predicted as
low to moderate. Estimates for acute aquatic toxicity using ECOSAR (ecological structure‐activity
relationship model, USEPA) and A. fischeri bioluminescence were also low to moderate. Based on
TOPKAT prediction of skin sensitization, 6 MDA replacements were tested using the h‐CLAT assay‐ 5 of 6
were identified as skin sensitizers with this new approach methodology (NAM). Sixteen replacements
were screened for mutagenicity using a modified Ames assay and 9 additional replacements had
published mutagenicity data available. The concordance between the TOPKAT and experimental
mutagenicity data was greater than 70%. Based on the screening level toxicity data reported here that
shows fairly homogeneous categorical hazards, the preferred surrogate(s) should be prioritized by lack
of mutagenicity. The development of MDA alternatives with reduced toxicity and PMR resin properties
that are similar or improved relative to PMR‐15 reduces costs and health effects associated with PMR‐15
manufacturing.
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ABSTRACT NUMBER: 3394
Poster Board Number: P207
TITLE: Skin Permeability Profiler: The First Step in the ChemTunes.ToxGPS “Skin Suite” for
Comprehensive Assessment of Dermal Toxicity
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. Heldreth1, J. Zhu1, C. Yang2, J. Rathman3,4,
A. Mostrag3, and T. Magdziarz2. 1Cosmetic Ingredient Review, Washington, DC; 2MN‐AM, Nuremberg,
Germany; 3MN‐AM, Columbus, OH; and 4Ohio State University, Columbus, OH.
KEYWORDS: Predictive Toxicology; Computational Toxicology
ABSTRACT: Dermal toxicity is a set of human health related endpoints (penetration, irritation,
sensitization) key for assessing the risk/safety of topically applied chemicals as required by current
regulatory standards. In light of scientific and legislative efforts to reduce animal testing (EU Cosmetics
Directive, California Cruelty‐Free Cosmetics Act), in silico tools for dermal toxicity assessment are in
particularly high demand. The first step to evaluate possible dermal effects addresses the degree of
dermal absorption/ penetration of chemicals which affects their bioavailability (exposure) and potential
toxicity. We present a Skin Permeability Profiler, one component of the comprehensive “Skin Suite” of in
silico tools addressing all skin toxicity related endpoints, available in ChemTunes.ToxGPS. The Skin
Permeability Profiler classifies chemicals according to their ability to permeate human skin into three
categories (low, medium, high). It was developed on a training set of 270 diverse chemicals with high
quality in vitro data on key parameters describing dermal permeability (permeability coefficient and
steady‐state flux) rigorously curated from regulatory sources (EU ECHA, SCCS, DANISH EPA; US FDA, CIR),
databases (COSMOS NG, EDETOX, Flynn Dataset) and literature. Using the ToxPrint chemotypes, more
than 20 structural features have been associated with compounds having low (e.g.: phthalates), medium
(e.g.: quaternary C4‐6 alkyl compounds), and high (e.g.: phenyl halides) skin permeability.
Structure/property rules for skin permeability are defined in terms of these fragments plus relevant
physical/chemical properties identified via statistical analyses and expert evaluation. For example, the
rule set for compounds containing the “fused ring ‐ steroid” structural moiety uses the physicochemical
properties XlogP (octanol‐water partition coefficient) and TPSA (topological polar surface area) to
predict skin permeability class. Rules for other structural classes are defined in similar fashion and
encoded using CSRML (Chemical Subgraphs and Reactions Markup Language) to create new chemotypes
for incorporation into the Skin Permeability Profiler, software that identifies compounds that will
permeate human skin and may exhibit skin toxicity, as comprehensively addressed by subsequent
components of the “Skin Suite”.
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ABSTRACT NUMBER: 3395
Poster Board Number: P208
TITLE: Using Deep Learning Artificial Intelligence (AI) Algorithms to Verify N‐nitroso‐N‐methylurea
(NMU) and Urethane Positive Control Proliferative Changes in Tg‐rasH2 Mouse Carcinogenicity Studies
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. G. Rudmann1, J. Albretsen2, C. Doolan3,
M. Gregson3, B. Dray1, and D. O'Shea3. 1Charles River, Ashland, OH; 2Charles River, Mattawan, MI; and
3
Deciphex, Dublin, Ireland.
KEYWORDS: Carcinogenesis; Safety Evaluation; Histopathology
ABSTRACT: Preclinical carcinogenicity studies require considerable pathology effort and involve the
evaluation of 10000 to 30000 or more tissues, with a large proportion of these tissues being normal or
only having background changes common for the examined species (mouse or rat). In transgenic
carcinogenicity mouse models using the Tg‐rasH2 mouse, a positive control group is included that is
treated with a carcinogen such as urethane or N‐nitroso‐N‐methylurea (NMU). The purpose of the
positive control group is to verify that the study is valid based on the presence of the expected
neoplasms in the transgenic mice (lymphomas and papillomas/squamous cell carcinomas for NMU and
lung adenomas/adenocarcinomas for urethane). We hypothesized that artificial intelligence
methodology could be used to screen tissues for proliferative changes and reduce pathologist time
examining positive control animals. Whole slide imaging (WSI) of lungs, thymus, and stomachs from
positive control groups (1 urethane and 1 NMU‐treated) was used for supervised training of a
convolutional neural network (CNN) by Deciphex. A pathology working group composed of ACVP/ECVP
board certified pathologists established diagnostic criteria for training the CNN. A single pathologist
annotated all samples and iteratively guided computer learning. The subsequent algorithm was tested
with a subset of tissues and the CNN output was verified by the training pathologist. The test samples
were also evaluated blindly by 3 pathologists (not the training pathologist) and the results compared to
the CNN output. The developed AI method was able to identify tumor positive and negative animals
from the positive control group at 100% concordance with the pathologists. This process simulated a
different workflow for review of the positive control groups from carcinogenicity studies whereby
pathologists only evaluate selected positive control group tissues after AI screening, saving an estimated
3 working days per study.
ABSTRACT NUMBER: 3396
Poster Board Number: P209
TITLE: Inhibition of miR‐92a by LNA Oligonucleotide Does Not Impact Tumor Perfusion or Tumor Growth
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Weiler. Servier, Gidy, France. Sponsor: T.
Weiler, EUROTOX
ABSTRACT: MicroRNAs (miRNAs) play critical roles in human cancers. MiR‐92a belongs to the cluster
miR‐17~92: a group of at least six miRNAs involved in various cellular functions including cell survival,
proliferation, differentiation and angiogenesis. Among them miR‐92a is a well‐established inhibitor of
angiogenesis, and by consequence our LNA oligonucleotide inhibitor acts as a pro‐angiogenic agent. This
study was implemented in order to determine the ability of antimiR‐92a to favor local perfusion by
generation of new vessels and to promote tumor growth and in two types of tumors expressing
different levels of miR‐92a. Quantification of miR‐92a expression by RT‐qPCR among seven different
tumor cell lines was performed for selection of a cell line with the highest miR‐92a expression (Calu‐6)
and one with the lowest miR‐92a expression (MDA‐MD‐231). Tumor cells were implanted
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subcutaneously in nude rats and after three weekly intravenous administrations (slow bolus) with our
LNA oligonucleotide at 5 mg/kg. Tumor vascular integrity was evaluated by DCE‐MRI (5 days after each
weekly treatment) and tumoral volume was assessed (every 3 or 4 days). Eribulin was used as a positive
control (McCracken et al, AACR 2013 #4502). At 5 mg/kg, inhibition of miR‐92a in rats bearing a
subcutaneous tumor with high or low miR‐92a levels had no impact on volume or perfusion of the
tumor. In both models, treatment with Eribulin induced tumor growth inhibition and tumor vascular
perfusion modification. These results validated the study. These data will help to derisk further
development of this LNA oligonucleotide in non‐oncology indications.
ABSTRACT NUMBER: 3397
Poster Board Number: P210
TITLE: Assessing Otic Toxicology: A Comparison of Administration Routes for Middle‐Ear Dosing in Rats
and Guinea Pigs
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Tenneson1, J. Lafond1, and R. Tapp2.
1
Charles River, Senneville, QC, Canada; and 2Charles River, Mattawan, MI.
ABSTRACT: Hearing and vestibular diseases represent an overall unmet need for drugs and drug
development. In recent years, targeted delivery of drugs into the middle or inner ear and associated
ototoxicity assessment have become more common because of the potential for improving quality of
life in patients. We have evaluated the differences of two different middle ear administration routes,
intra‐tympanic (IT) injection and surgical implantation of a cannula, in commonly used animal models for
assessing chronic ototoxicity. Bilateral transtympanic injection was performed using an endoscope and
27G needle; an injection volume of up to 70 uL was given at 3‐week intervals. Surgical implantation of
catheters was performed bilaterally into the middle ear via an opening created in the temporal bone
and connected subcutaneously to a dual‐channel access port in the interscapular region; dosing was
performed up to twice‐daily with volumes up to 70 uL. General condition was evaluated with clinical
signs, body weight measurement and clinical pathology. Effects on the otic system were evaluated by
auditory brainstem response (ABR) assessment, and microscopic evaluation or cytocochleogram analysis
following necropsy. There were no changes in general condition of the animals with either route. In
catheterized ears, ABRs were generally unchanged following dosing at low injection volumes but
showed slight (10‐20 dB) elevations with larger injection volumes (70 uL) at higher frequencies (10‐20
kHz). Overall, catheterized ears had minimal microscopic changes in the middle ear secondary to
implantation and dose administration/volume. In rats, repeat TT injections showed similar results as the
catheterized model; however, in Guinea pigs, there were cumulative ABR elevations (up to 50 dB), along
with middle and inner ear pathology; however, these changes were not associated with hair cell loss. In
conclusion, both TT and catheterized models for administration into the middle ear are suitable for long‐
term ototoxicity studies, however, species, dose volume, formulation viscosity, frequency and duration
must be taken into careful consideration during study design based on recognized risks and limitations.
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ABSTRACT NUMBER: 3398
Poster Board Number: P211
TITLE: Drug‐TNF Interaction in the Prediction of Idiosyncratic Hepatotoxicity: A Point‐of‐Departure (POD)
Approach In Vitro
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: W. Ma, H. Mollon, R. Roth, and P. Ganey.
Michigan State University, East Lansing, MI.
KEYWORDS: Safety Evaluation; Hepatic; Cytokines
ABSTRACT: Idiosyncratic, drug‐induced liver injury (IDILI) can occur by several mechanisms, but results
from animal and in vitro studies suggest that for some drugs associated with IDILI, interaction with
cytokines such as tumor necrosis factor‐alpha (TNF) underlies hepatocellular death. Results from a
previous study employing a small number of drugs suggested that a classification model using covariates
derived from cytotoxic responses of HepG2 cells in the presence and absence of TNF could classify drugs
according to their IDILI liability with high sensitivity and specificity (Maiuri et al, JPET 2017). This model
used drug concentrations normalized to Cmax in humans and covariates derived from complete
concentration‐response (C‐R) curves (ie, curves that reach a plateau). However, early in preclinical safety
evaluation, Cmax may not be known, and drug solubility can preclude elucidating complete C‐R
relationships. Using a larger number of drugs and a POD approach, we present in this study a model that
relies on neither Cmax nor complete C‐R relationships. C‐R curves for HepG2 cell cytotoxicity (ie, LDH
release) were determined in the absence or presence of 10ng/ml TNF for 79 drugs categorized by
Bjornsson and Hoofnagle (Hepatology 2016) as either highly associated with IDILI or highly unlikely to
cause IDILI in human patients. Best‐fit curves were determined by selecting among 10 candidate models,
and POD was defined as two standard deviations from the mean LDH release in the absence of drug.
From the POD for each drug, a corresponding benchmark drug concentration (BDC) was calculated in the
presence and absence of TNF. These two BDCs were used as covariates, and the best performing
coefficients of the classification model were derived using cross‐validation. This classification model
produces a calculated “probability” of IDILI for each of the 79 drugs. ROC analysis yielded an area under
the curve of 0.76 for this drug set. At k*, the sensitivity, specificity and accuracy values were 0.80, 0.82
and 0.81, respectfully. In conclusion, this model performed reasonably well even in the absence of Cmax
as a covariate, suggesting usefulness in preclinical prediction of IDILI liability. Its limitations could be due
to ambiguity in IDILI categorization (ie, suboptimal “gold standard”) and/or mechanisms of IDILI not
captured by the TNF interaction mechanism. Supported by NIH R01DK112695.
ABSTRACT NUMBER: 3399
Poster Board Number: P212
TITLE: Safety Assessment of Dab‐4‐Linked Nitroxide Citrate Salt in Beagle Dogs Administered a Single
Dose via Intra‐articular Route
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: G. Rosen1, K. Atkari2, S. Thohan1, J. Danihel1,
T. Schubert1, E. Schneider1, P. Blackshear2, C. Simpson2, J. Query2, and D. Dandekar2. 1Nitrosci
Pharmaceuticals LLC, West Allis, WI; and 2Covance Greenfield Laboratories, Greenfield, IN.
ABSTRACT: Magnetic resonance (MR) contrast enhancement of articular cartilage is an imperative for
the accurate assessment of joint health and planning of therapeutic/surgical intervention. Dendrimers
pose a defined advantage over conventional gadolinium‐based in that they are positively‐charged at
physiological pH and thus are targeted to the GAG molecules of cartilage. Dab‐4 linked Nitroxide Citrate
Salt (DNCS) is a novel dendrimer‐based imaging agent to be administered once via intra‐articularly to aid
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MRI evaluation of the joint. The acute safety profile of DNCS was evaluated in beagle dogs. Male and
female beagles (n=5/sex) were assigned to four groups, animals were dosed via intra‐articular injection
into the right knee joint as a single dose on Day 1 at a volume of 1.5 mL/animal at 0, 14.75, 147.75 or
295.25 mg/animal and sacrificed on Day 3 or Day 17. Assessment of toxicity was based on mortality,
clinical observations, body weights, food consumption, clinical and anatomic pathology. Blood samples
were collected for toxicokinetic evaluations. All animals survived to their scheduled sacrifice. No DNCS ‐
related clinical signs, differences in body weight, body weight change, or food consumption or clinical
pathology findings were noted. No DNCS ‐related macroscopic observations, or organ weight changes
were noted. DNCS ‐related chondrocyte degeneration/necrosis and/or decreased Safranin‐O staining of
the articular cartilage were noted in animals administered >147.75 mg/animal and sacrificed on Day 3.
Animals with decreased Safranin‐O staining of the articular cartilage of the right stifle had no
morphologic changes on H&E stained sections. Chondrocyte degeneration/necrosis was considered
adverse. No Dab‐4 linked Nitroxide Citrate Salt‐related findings were noted in the right stifle joint of
animals on Day 17. In conclusion, chondrocyte degeneration/necrosis noted in female administered
295.25 mg/animal was considered as an adverse effect whereas, decreased Safranin‐O staining in
animals administered 147.75 mg/animal was considered nonadverse. Based on the findings in this study,
the no observed adverse effect level (NOAEL) is 147.75 mg/animal, which equates to 0.125
mmol/animal or 83.37 mM. This NOAEL provides >10X safety margin to the clinical dose.
ABSTRACT NUMBER: 3400
Poster Board Number: P213
TITLE: A New Breathing Lung‐on‐Chip Exposure Setup Allowing Risk Assessment of Liquid Aerosols,
Tobacco Smoke, and E‐cigarettes
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Stucki1, N. Roldan1,2, T. Krebs3, O. Guenat2,
and N. Hobi1,2. 1AlveoliX AG, Bern, Switzerland; 2ARTORG Center, Bern, Switzerland; and 3Vitrocell
Systems GMBH, Waldkirch, Germany. Sponsor: A. Clippinger
KEYWORDS: Lung; Pulmonary or Respiratory System; Inhalation Toxicology; Safety Pharmacology
ABSTRACT: The conductive airways and the distal lung are constantly exposed to environmental health
risk factors like exhaust fumes, air pollution or smoke. More than 20% of world’s population are
smokers, and smoking is the leading cause of preventable death world‐wide. In the recent years, the
tobacco industry has invested intensively into the research and development for safer alternatives to
the conventional tobacco cigarette, as they see great potential in e‐cigarettes and vaporizers. However,
health organizations and clinicals have a contrary opinion and there is a high demand from the
authorities that, in future, nicotine and vaping products must be tested rigorously. Yet, adequate lung
models that can replicate disease biogenesis in vitro, including aerosol exposure of the human distal
lung to cigarette smoke or vaping puffs, under physiological breathing conditions, are lacking. Here, we
describe the biologically relevant and sophisticated setup of the new breathing lung‐on‐chip aerosol
exposure system. The system combines cutting‐edge AlveoliX organs‐on‐chip technology with Vitrocell
in vitro inhalation know‐how. The new AX12 chip includes 12 separate wells, mimicking the lung alveolar
barrier, composed of air‐liquid interface cultured primary cells. The setup allows aerosol exposure and
breathing contemporaneously, under controlled temperature conditions. Additionally, it can be
equipped with a quartz crystal microbalance for online particle counting. We have tested the
toxicological effect of ZnO nanoparticles and could show that the breathing motion makes cells three
times more susceptive to ZnO. This reflects in TEER drop and LDH increase. Furthermore, we
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demonstrated that including an immune component like PBMCs enhances cell toxicity and cytokine
response drastically. Currently, we combine primary alveolar epithelial cells and alveolar macrophages
from the same donor to test how aerosolized endotoxins and tobacco smoke or vaping puffs affect gene
expression, cell integrity and cytokine levels. The latest results propose the new system as valuable tool
for safety studies, combining medium through‐put and in‐vivo complexity. Further studies are needed to
test the systems broad applicability and prove its benefit over conventional methods.
ABSTRACT NUMBER: 3401
Poster Board Number: P214
TITLE: New Innovative Substrate for Identification of CYP3A5 Metabolic Contribution
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Daligaux1, S. Lobet2, S. Martin3, R. Li2, A.
Sharma2, and C. Chesné2. 1Starlight, Olivet, France; 2Biopredic International, Rennes, France; and
3
Eurosafe, Rennes, France.
KEYWORDS: Cytochrome P450; Metabolism; Pharmaceuticals
ABSTRACT: Drug metabolism occurs primarily through the cytochrome P450 (CYPs) family. In vitro
identification and measurement of the contribution of the major CYP enzymes involved in the
metabolism of a new drug candidate is a requisite for drug approval. [1][2]
Therefore selective CYP substrates represent useful tools to predict drug‐drug interaction (DDI) in drug
development. CYP3A is the most important CYP subfamily due to its high abundance and its involvement
in the metabolism of a broad range of compounds. While CYP3A4 is highly expressed in the liver,
CYP3A5 plays also an important role according to its polymorphic and organ expression. Current
reference CYP3A substrates (e.g. midazolam, nifedipine) are metabolized by both CYP3A4 and CYP3A5
enzymes and result in the inability to differentiate the respective contribution of each CYP3A isoform. So
the objective of this study was to develop a new probe able to meet this need.
Here we report a new compound able to distinguish CYP3A5 activity in vitro system containing both
CYP3A isoforms. The conversion of the CYP3A5 probe into a specific metabolite mediated exclusively by
the CYP3A5 allows measuring the real CYP3A5’s contribution. By using both CYP3A4 and CYP3A5
recombinant enzymes, the specificity for CYP3A5 isoform has been proven. Additional investigation has
been conducted by using human hepatic microsome systems which are in agreement with our obtained
results. Our data demonstrate that this innovative combination of CYP3A5 substrate / specific
metabolite represents a promising tool for measuring in vitro the metabolic contribution of CYP3A5. [1]
https://www.fda.gov/regulatory‐information/search‐fda‐guidance‐documents/vitro‐metabolism‐and‐
transporter‐mediated‐drug‐drug‐interaction‐studies‐guidance‐industry. [2]
https://www.ema.europa.eu/en/investigation‐drug‐interactions
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ABSTRACT NUMBER: 3402
Poster Board Number: P215
TITLE: A Toxicologist’s Perspective: Understanding Impurity Assessment and Challenges in Pre‐Clinical
Studies
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Salian‐Mehta, B. Trela, and J. Nicolette.
AbbVie Inc., Chicago, IL.
ABSTRACT: Impurity risk assessments for drug substance (DS) are routinely performed by preclinical
scientists but pose a major challenge in understanding of the key issues and regulatory guidelines that
govern the current practices used for their assessment. Several tools including literature, in‐silico
analysis for SAR and toxicology tests (Ames assay) are used for the initial classification of these
impurities as mutagenic or non‐mutagenic. This classification of impurity determines the appropriate
regulatory guidelines to be followed that will provide adequate support for its eventual qualification as
biologically safe at controlled levels in the DS or drug product (DP). At marketing, impurities are
maintained at safe levels as per ICH Q3A (for DS) and Q3B (for DP); however, there are no guidelines
addressing their safe levels or control limits during clinical development. These levels range from
thresholds in terms of ppm or an absolute dose of impurity to higher levels deemed safe through in vivo
impurity qualification studies. DS impurity levels early in clinical development often exceed those
specified in ICH guidelines for marketing and are tightened as more knowledge is obtained about the
synthetic route. Acceptable ordinary impurity levels for early development are not defined in ICH
guidance. AbbVie has adopted an approach that limits impurities that were present in early toxicology
GLP lots to 0.5% or 5 mg/day in clinical lots. Additionally, companies use varying approaches for
calculating qualification levels for impurities from general or dedicated impurity toxicology studies. For
example, an impurity present at 0.38% in a DS with a no‐observed‐adverse‐effect level of 60 mg/kg from
a rat toxicology study for an AbbVie early phase clinical trial (< 6 months) is qualified to 0.228 mg/kg or a
human exposure of 11.4 mg (for 50 kg). However, applying a body surface area conversion for rats to
humans, only 0.04 mg/kg or 1.84 mg is qualified. These differences in calculations can affect clinical dose
levels. Finally, when considering the risk of exposure to impurities, an appropriate risk/benefit
evaluation is required that should consider the indication for which the drug is being used, the
similarities of impurities to the drug and toxicity of the drug itself. This work will summarize these
current perspectives/challenges, and AbbVie’s strategy for qualification study design and use of body
surface area calculation for determining qualified limits will be presented.
ABSTRACT NUMBER: 3403
Poster Board Number: P216
TITLE: Safety Assessment of Abaloparatide‐Solid Microstructured Transdermal System for the Treatment
of Osteoporosis in Hra:(NZW) SPF Rabbits
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: G. Li1, K. H. Gelow2, K. Atkari2, K. Engleking2,
D. Dandekar2, and S. Troy1. 1Radius Health Inc., Waltham, MA; and 2Covance Greenfield Laboratories,
Greenfield, IN.
KEYWORDS: Safety Evaluation; Bone
ABSTRACT: Osteoporosis affects more than 200 million people worldwide. As the life expectance
continues to increase, the incidence in postmenopausal women is expected to rise. Known as a “silent
disease “, osteoporosis is undiagnosed in many patients until they experience a fracture as a result of a
significant bone loss. After an initial fracture, a patient’s risk for secondary fractures is increased by 86%.
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Currently, abaloparatide once daily subcutaneous (s.c) injection is a FDA approved drug for the
treatment of postmenopausal women with osteoporosis at high risk for fracture. Abaloparatide‐ solid
microstructured transdermal system (sMTS) is a drug‐device combination product consisting of the drug
abaloparatide, coated onto a sMTS array for transdermal administration of abaloparatide. We evaluated
the toxicity of abaloparatide‐sMTS in support of clinical trials. Male and female rabbits were assigned to
a placebo (n=8/sex), low (150 µg/day [n=5/sex]), or high (300 µg/day [n=8/sex]) dose group and
administrated placebo or abaloparatide, respectively, once daily for 28 days followed by a two week
recovery. Dermal patches were applied for 5 min. No abaloparatide‐sMTS‐related adverse clinical
observations, changes in body weight or food consumption were noted. There were dose‐dependent
reversible abaloparatide related slight/very slight dose site erythema and edema for animals
administered abaloparatide‐sMTS throughout the dosing phase. Clinical pathology changes included
reversible, nonadverse minimally to mildly decreased phosphorous in animals administered 300 µg/day
and minimally increased fibrinogen concentration in animals administered ≥150 µg/day. Microscopic
findings included increased trabecular and cortical bone and physis thickness (femur); increased stromal
proliferation and hematopoietic cells (marrow of the femur and sternum); and hypotrophy (parathyroid)
of animals administered ≥150 µg/day and were consistent with the pharmacological effect of
abaloparatide. Microscopic findings were partially reversible in the recovery phase. Overall, up to 300
µg/day, abaloparatide‐sMTS was well tolerated and did not lead to any adverse toxicity after daily
treatment through dermal application for 28 days in Hra:(NZW) SPF rabbits. The results from current
study support further clinical developments of abaloparatide‐sMTS.
ABSTRACT NUMBER: 3404
Poster Board Number: P217
TITLE: Incidence of New Toxicities in Biologics and Small Molecules upon Long‐Term Dosing
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Prior, B. Labram, and F. Sewell. NC3Rs,
London, United Kingdom.
KEYWORDS: Pharmaceuticals; Toxicity; Chronic
ABSTRACT: A recent international consortium reviewed the use of two species in drug development,
concluding that current ICHS6(R1) approaches for use of a single species for long‐term toxicity studies
could be used more widely for biologics and other modalities, including small molecules. The cross‐
company dataset was examined to investigate how often new toxicities are identified in long‐term (13,
26 or 39 week) toxicity studies in rodents and non‐rodents and whether use of only one species would
miss toxicities of potential concern for human safety. Paired studies (short‐term: ≤6 week and long‐
term: 13‐39 week) were available for 31 molecules in rodent, 33 molecules in non‐rodent and 29
molecules in both species. Toxicities in different target organs (high‐level definitions, e.g. hematology,
immune system etc) were compared between study durations and defined as 1) No novel effects
identified in long‐term studies, or 2) New effects identified in long‐term studies. The most common
rodent target organ toxicities were clinical chemistry and bile ducts/liver in short‐term studies or clinical
chemistry and hematology in long‐term studies. The most common non‐rodent target organ toxicities
were clinical signs and clinical chemistry in both short and long‐term studies. No novel effects were
identified in long‐term studies for 14 small molecules or 6 biologics (rodent) and for 12 small molecules
or 10 biologics (non‐rodent). No effects were identified in either study for 3 small molecules or 3
biologics (rodent) and 1 small molecule or 6 biologics (non‐rodent). New effects were identified in long‐
term studies for 7 small molecules or 4 biologics (rodent) and for 7 small molecules or 4 biologics (non‐
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rodent). For 10 biologics using two species in short‐term studies, new long‐term toxicities may have
potentially been missed in 2 if the rodent only had progressed, or in a further 1 if the non‐rodent only
had progressed. For 19 small molecules using two species in short‐term studies, new long‐term toxicities
may have been missed in 7 if the rodent only had progressed, or in a different 7 if the non‐rodent only
had progressed. There are examples where the long‐term studies in rodent, non‐rodent or both did not
identify new toxicities for small molecules and biologics, leading to wider opportunities to run these
studies in only a single species. A key concern is how to identify the most appropriate species to
progress from short‐term study data such that human safety is not compromised.
ABSTRACT NUMBER: 3405
Poster Board Number: P218
TITLE: Species Used for Toxicity Assessments of Small Molecules and Monoclonal Antibodies Approved
by EMA (2016‐2018)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. Labram, F. Sewell, and H. Prior. NC3Rs,
London, United Kingdom.
KEYWORDS: Pharmaceuticals; Toxicity; Chronic
ABSTRACT: A recent international collaboration reviewed species use in pharmaceutical toxicology
studies using a dataset of 172 unmarketed drug candidates1 to identify opportunities to use a single
species. Data within European Public Assessment Reports has also been reviewed to investigate trends
for marketed products authorised by the European Medicines Agency (EMA). Species used in short‐term
(1 month) and long‐term (3‐9 months) studies and the inclusion of recovery animals were collated for
the 44 small molecules and 19 monoclonal antibodies (mAbs) approved by EMA between 2016 and 2018
(data likely to be from the 1990s onwards). For small molecules, short‐term toxicity was often assessed
in two species (21 small molecules), with rat and dog (10 small molecules) or rat and non‐human
primate (NHP, 9 small molecules) most commonly used. However, a similar proportion (22 small
molecules) used 3 or more species, with the mouse typically the additional species. Two small molecules
for HIV indications used mouse only long‐term study was reported in 35 small molecules, 32 used two
species (a rodent and non‐rodent), 1 used only rat and 2 continued using 3 species. For mAbs, short‐
term toxicity was frequently assessed in a single species, usually the NHP (11 mAbs) but the chimpanzee
or mouse were the only species for 2 mAbs. However, 5 mAbs used two or more species, with rodent in
addition to NHP. One mAb did not include any in vivo data. A long‐term study was reported in 14 mAbs,
13 used NHP only, whilst 1 continued with two species. In line with ICHS6, 15 mAbs incorporated safety
pharmacology assessments into short‐term toxicity studies. None of the approved packages used the
minipig. Data on inclusion of recovery groups was not always noted. Where this was clear and both
short and long‐term studies were included (28 small molecules and 14 mAbs): 9 small molecules and 10
mAbs included recovery on both phases, 7 small molecules and 1 mAb on the short‐term study only, 2
small molecules and 2 mAbs on the long‐term studies only and 10 small molecules and 1 mAb did not
include any recovery period. This and our unmarketed dataset (and other publications) illustrate that
single species are used for both modalities. Variable approaches reflect the diversity of drug modalities
currently in development and that case‐by‐case consideration are made which provide opportunities to
apply the 3Rs. 1Prior H et al. (2018). International Journal of Toxicology 37: 121‐124.

The Toxicologist: Late-Breaking Supplement 2020

82

ABSTRACT NUMBER: 3406
Poster Board Number: P219
TITLE: Preclinical Evaluation of Immunogenicity and Safety Risk to Therapeutic Proteins and Their Quality
Attributes Using High‐Throughput Human Blood‐Derived Multiplexed Cytokine Signatures
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. K. Stone, B. Christian, and V. Jawa.
Acuimmune, Chatsworth, CA. Sponsor: V. Jawa, American Association of Immunologists
KEYWORDS: Biomarkers; Safety Evaluation
ABSTRACT: Multiple factors can impact the immunogenicity of a protein based therapeutic. Hence, it is
important to understand the risk and predict and mitigate those risks. There are several methods, both
in vitro and in silico that can predict the ability of the proteins and the associated attributes to induce an
immediate as well as long term immune response. With the development of next generation biologics
including peptides, multi domain therapeutics like bispecifics, nanobodies as well as gene therapy
products like anti sense oligos, viral vectors, cell therapies etc., multiplexed methods that can look at the
risk due to each component of the therapeutic would be an efficient and high throughput way to assess
the risk due to engagement of immune system targets both at innate and adaptive phase. This work
evaluates the ability of peptides and biologics to elicit an innate and adaptive phase response using
human blood derived immune cells and cell lines. The study included biologics with known
immunogenicity and safety profiles as well as peptides that were identified to contain non self‐epitopes
capable of driving Class I and Class II MHC mediated T cell responses. The multiplexed proteomic
outputs assessed using Luminex platform were able to distinguish early vs late phase immune response
signatures as well as understand which molecules could drive an effective immune response in clinic.
The readouts associated with early innate phase cells like monocytes and late phase responses from T
cells were captured. Use of machine learning algorithms and in vitro assays can help understand
potential risks related to different regions of a therapeutic protein preclinically and aid in 1) design of
proteins with low immunogenic profiles 2) provide an understanding of nature of immune activation
due to on and off target engagement 3) assess the contributions due to different components of a
complex biologic and 3) understand the role of quality attributes due to formulation or device in
activating the innate phase immune response.
ABSTRACT NUMBER: 3407
Poster Board Number: P220
TITLE: Postmortem Handling and Processing Effects on Histomorphometry of Heart Chamber Size
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. N. Diep. MyoKardia, South San Francisco,
CA. Sponsor: C. del Rio
KEYWORDS: Cardiopulmonary; Histopathology; Safety Evaluation
ABSTRACT: The purpose of this study is to evaluate the optimal preservation and examination of rat
hearts collected in GLP‐compliant studies. Routine tissue collection and preservation of a standard set of
animal tissues can introduce artifacts that obscure the true ventricular and atrial dimensions. Here we
present data that demonstrates how various aspects of postmortem tissue handling and processing can
alter heart chamber size dimensions. We examined how time to fixation from explantation and formalin
temperature changes the ventricular and atrial luminal sizes by histomorphometry. The
histomorphometry data is compared with in vivo echocardiography data to see if cold fixation better
preserves the rat heart tissue to better reflect actual heart chamber size. In vivo, rats had normal
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ejection fraction (females: 78±3%, males: 76±3%) and ventricular dimension (LVIDd, females:
6.5±0.3mm, males: 7.8±0.3mm) for their body weight (females: 191±4g, males: 317±8g), suggesting
normal cardiac function. However, upon histological examination hearts fixated with a delay (in room‐
temperature formalin) showed significant variability in chamber dimensions, masking their in vivo
geometry. In conclusion, the results demonstrate that immediate cold fixation of freshly explanted
hearts best preserved the cardiac chamber sizes as measured by histomorphometry.
ABSTRACT NUMBER: 3408
Poster Board Number: P221
TITLE: Are All Nitrosamines Concerning?
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. V. Williams, D. J. Ponting, R. E. Tennant,
R. Thomas, and A. Thresher. Lhasa Limited, Leeds, United Kingdom.
KEYWORDS: Carcinogenesis; Genetic Toxicology; Computational Toxicology
ABSTRACT: The recent discovery of nitrosamine impurities in several marketed pharmaceuticals has led
to a spike of interest in their genotoxicity and carcinogenicity. This class of chemicals is considered to
pose an exceptional risk, such that they are considered to be in a ‘cohort of concern’ where even
conservative metrics such as TTC should not be applied. Whilst there are some exceptionally potent (and
Ames positive) carcinogens within this class, such as nitrosodiethylamine, it’s not clear whether this is a
universal property of all members of the class. To test this, genotoxicity and carcinogenicity data were
gathered for nitrosamines from the published literature, to augment that already available in a
commercially available database. As a result, data for 491 nitrosamines is now available electronically,
380 with Ames test data, 143 with data from other in vitro genotoxicity assays, 38 with data from in vivo
genotoxicity assays and 253 with data from rodent carcinogenicity bioassays. For the Ames test, 19% of
nitrosamines were judged to be non‐mutagenic, which may suggest that the cohort of concern is overly
sensitive. Additionally, carcinogenic potency (as measured by TD50s) stretches over several orders of
magnitude and there are several nitrosamines do not display carcinogenic activity.
ABSTRACT NUMBER: 3409
Poster Board Number: P222
TITLE: Sildenafil versus Ambrisentan in a Rat Model of Pulmonary Arterial Hypertension
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. B. Senese, T. Martinez, K. R. Doherty, J.
Bi, H. Wang, M. D. Zammit, and M. R. Gralinski. CorDynamics Inc., Chicago, IL.
KEYWORDS: Respiratory Toxicology; Cardiopulmonary; Safety Evaluation
ABSTRACT: We have previously demonstrated the development of increased pulmonary artery pressure
(PAP) and hypertrophy of pulmonary vascular smooth muscle akin to pulmonary arterial hypertension
(PAH) after a single dose of semaxanib and hypoxia. Further, partial reversal of PAH symptoms has been
shown following treatment with the phosphodiesterase‐5 (PDE5) inhibitor sildenafil. This study was
undertaken to compare the effectiveness of sildenafil versus the selective type‐A endothelin receptor
antagonist ambrisentan in this model. Male Sprague‐Dawley rats (223−300 g) received a single dose of
semaxanib (200 mg/kg SC) on Day 1 and then were placed in a low oxygen (13%) chamber from Day
1−21. Rats were housed in normoxic condi�ons from Day 21−56. Test compounds were orally dosed
from Day 28−56, with sildenaﬁl given at 60 mg/kg/day (BID) and ambrisentan given at 10 mg/kg/day
(SID). PAP, arterial pressure and thoracic organ weights were measured on Day 56. In addition, lungs
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were processed for histopathological examination. Relative to vehicle, PAP decreased more with
ambrisentan than with sildenafil. Systolic PAP decreased 11% following sildenafil and 29% following
ambrisentan (diastolic PAP: ‐33% and 33%, mean PAP: 24% and ‐31%, respectively). Arterial blood
pressures and heart rate were similar to vehicle‐treated animals. Necropsy findings showed a decrease
in right ventricle (RV) weight and the Fulton Index in animals given either sildenafil or ambrisentan. RV
weight decreased by 22% and 30% while the Fulton Index decreased by 17% and 25%, respectively.
Decreases in muscularization and partially obstructed arterioles occurred following the administration of
ambrisentan and were more substantial than after the administration of sildenafil. Clinical observations
were minor. Treatment with ambrisentan at 10 mg/kg/day and sildenafil at 60 mg/kg/day attenuated
the elevated PAP (as reflected in sPAP) and reduced right heart hypertrophy (as reflected in the Fulton
Index) while minimally impacting arterial blood pressures. Under the conditions of this study,
ambrisentan appears to be a reliable positive control in this model of PAH.
ABSTRACT NUMBER: 3410
Poster Board Number: P223
TITLE: Secondary Pharmacology Screening in Pharmaceutical R&D: A Survey of Practices and Experiences
across 18 Companies
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. J. Brennan1, and O. Secondary
Pharmacology Working Group2. 1Sanofi, Waltham, MA; and 2IQ Consortium, Philadelphia, PA.
KEYWORDS: Pharmaceuticals; In Vitro and Alternatives; Safety Pharmacology
ABSTRACT: In vitro pharmacological profiling across a range of protein targets is used routinely in
pharmaceutical research and development to better understand the biological properties of active
molecules, to identify potentially hazardous off‐target activities, and to optimize the activity profile of
molecules to fit the intended drug candidate profile. Previous reviews (Bowes et al 2012, Lynch et al
2017, Valentin et al, 2018, Roberts et al, 2019) have investigated rationale, strategies and
methodologies for Secondary Pharmacology Screening (2PS) across a limited number of large pharma
companies, and summarized the key adverse effects associated with off‐target activity, and the impact
of 2PS on R&D. Under the IQ DruSafe consortium, a working group on 2PS has expanded on this prior
work with a broad review of 2PS practices and performance across 18 member companies, comprising
large and midsized biopharmaceutical R&D organizations. The IQ member companies contributed
screening metadata to build a detailed database of 2PS panels, targets, assays, scheduling, and
specificity in practical application of 2PS. Captured were operational parameters, such as the target
panel composition and orientation, position in the R&D process, sourcing of the panels, the assay types,
effect direction, and technology used. Performance and outcome, including total number of compounds
run, concentrations tested, and hit rates, also were captured. The database currently holds 3729 records
describing assays on 747 different biological targets or anti‐targets. The prevalence of proteins that are
frequent off‐targets of drug‐like molecules in early screening suggests a strong influence of previous
work on panel composition, with 38 of 44 targets discussed by Bowes et al, and 40 of 70 targets from
Lynch et al being applied by a majority of the survey participants. The data provide a unique and
valuable insight into 2PS screening strategies across the industry. These data will enable a detailed
evaluation of assay performance, identification of bespoke or uncommon targets and commonly‐
screened targets beyond those discussed in prior publications, and a discussion of best practices and
recommendations for future application of 2PS.

The Toxicologist: Late-Breaking Supplement 2020

85

ABSTRACT NUMBER: 3411
Poster Board Number: P224
TITLE: Electrophysiological Analysis of Seroquel’s Activity in Sodium Ion Channels, CiPA Ion Channels,
and hiPSC‐Neuronal Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Rockley, M. Morton, K. Jones, and R.
Roberts. ApconiX Ltd, Alderley Park, United Kingdom.
KEYWORDS: Neurotoxicology; Safety Pharmacology; Pharmaceuticals
ABSTRACT: The antipsychotic Seroquel (quetiapine) is used for treatment of schizophrenia, bipolar
disorder and depression. Seroquel works by antagonizing dopamine D1 and D2 receptors, serotonin
5HT1A and 5HT2A receptors, adrenergic A1 and A2 receptors, the H1 histamine receptor and its
metabolite norquetiapine blocks the M1 muscarinic receptor. Whilst generally well tolerated, overdose
is associated with anticholinergic syndrome (confusion, restlessness), sedation/coma, seizures,
tachycardia, hypotension and prolongation of the QRS and QTc intervals. Seroquel’s MOA explains many
of these toxicities, however except for inhibition of the hERG potassium channel (responsible for
prolongation of the QTc interval), Seroquel’s activity against ion channels which may contribute to
toxicity has been largely unreported. In addition, Seroquel‐induced hERG block does not translate to
Torsdaes de Pointes, suggesting counteracting effects in other ion channels. The aim of this work was to
characterize activity of Seroquel (0.1 ‐ 300μM) in human sodium ion channel subtypes (NaV1.1, 1.2, 1.4,
1.5, 1.6 and 1.7) and in the CiPA ion channels using recombinant cell lines and automated patch clamp.
IC50 values were estimated from 8‐point concentration‐response curves and resting and use‐dependent
block were recorded at room temperature. Seroquel showed similar potency and use dependence in
NaV1.1, 1.2, 1.4, 1.5 and 1.7 (P1 and P20 IC50 values ranging from 58 ‐ 115μM and 9.1 ‐ 35.27μM
respectively) and showed no activity in NaV1.6 at the concentrations tested. Seroquel demonstrated a
range of potencies at all CiPA ion channels. It was most potent at hERG (IC50 <10μM). NaV1.5 is found in
the heart, therefore its inhibition may be linked with QRS interval prolongation. NaV1.1/1.2 are
primarily found in the brain and linked to epilepsy, therefore inhibition may correspond to seizure risk.
Given the submicromolar free Cmax of Seroquel, it would be classified as low proarrhythmic risk. Using
microelectrode array analysis Seroquel (100μM) reduced electrical activity of hiPSC‐neuronal cells
(measured by number of active electrodes, spikes and networks bursts). This may reflect antagonism of
Seroquel’s receptor targets and relate to the drugs antipsychotic effects. These results provide
additional insight into the activity of Seroquel in ion channels and suggest that hiPSC‐neuronal cells are a
suitable model for further investigation into the drug’s neuronal effects.
ABSTRACT NUMBER: 3412
Poster Board Number: P225
TITLE: Consortium‐Led Federated QSAR Models for Secondary Pharmacology: Preparing the Data
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Davies, A. Fowkes, L. A. Johnston, and R.
V. Williams. Lhasa Limited, Leeds, United Kingdom.
KEYWORDS: QSAR; Predictive Toxicology
ABSTRACT: Prioritisation of drug candidates is a multifactorial challenge, including the navigation of
potential toxicities caused by interactions with known off‐targets. Generating secondary pharmacology
profiles can aid prioritisation through elimination of candidates which have greater toxicity liabilities. In
silico approaches can provide a cost‐effective and robust alternative to in vitro screening panels and can
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have the added benefit of identifying structural features driving activity. However, the applicability
domains of quantitative structure‐activity relationship models are limited by the chemical space
represented in training sets. This can restrict their use, particularly when profiling proprietary
compounds using models trained on public data. Federated learning, where models are trained from
multiple data sources, provides an avenue to generate public models trained on proprietary data,
without the transfer of confidential information. A consortium involving pharmaceutical companies and
Lhasa Limited was established with the aim of developing federated models for a diverse set of targets.
Secondary pharmacology screening strategies were shared within the consortium, highlighting targets of
interest, assay types used, and subsequent decision making. Analysing the data available across the
consortium led to the selection of five targets from different protein classes suitable for further
investigation. Activity thresholds for each target were established utilising data for reference
compounds and thresholds provided by individual consortium members. To examine the feasibility of
modelling the selected targets and leverage data from the public domain, bioactivity data from publicly
available databases were curated. Representing compounds using an atom pair descriptor and training
models using a SOHN (Self‐Organising Hypotheses Network) algorithm, resulted in models with balanced
accuracies from five‐fold cross‐validation ranging from 76% to 96%. The results have shown that
performant models can be generated for a diverse set of secondary pharmacology targets. In addition,
the data preparation and curation approaches used support the development of a larger suite of
federated models for secondary pharmacology as part of the Effiris project. The Effiris model suite will
allow models to cover larger areas of relevant chemical space by leveraging data from multiple
proprietary sources.
ABSTRACT NUMBER: 3413
Poster Board Number: P226
TITLE: An In Vitro Co‐Culture System of Human Peripheral Blood Mononuclear Cells with Hepatocellular
Carcinoma‐Derived Cells for Predicting Drug‐Induced Liver Injury
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Oda1, Y. Uchida1, M. D. Aleo2, P. H. Koza‐
Taylor2, M. Hizue3, L. D. Marroquin2, J. Whritenour2, and T. Yokoi1. 1Nagoya University Graduate School
of Medicine, Nagoya, Japan; 2Pfizer Inc., Groton, CT; and 3Pfizer Inc., Tokyo, Japan.
KEYWORDS: In Vitro and Alternatives; Safety Evaluation
ABSTRACT: Evaluation of potential clinical drug‐induced liver injury (DILI) remains a major challenge
because DILI develops via multifactorial mechanisms involving both drug properties (dose, lipophilicity,
reactive metabolite, mitochondrial liability, enzyme and transporter inhibition) and host‐specific factors
(genetic variation, age, sex, microbiota, diet, polypharmacy). These risk factors can be applied to test
platforms for de‐risking DILI. Immune and inflammation reactions are considered one of the
mechanisms for DILI; however, biomarkers from in vitro systems using immune cells have not been
comprehensively studied. The aims of this study were 1) to find promising biomarkers for predicting DILI
in an in vitro co‐culture model of peripheral blood mononuclear cells (PBMCs) with a human liver cell
line and 2) to evaluate these markers as a predictor of DILI using a panel of drugs with different clinical
DILI risks. We performed transcriptome‐wide analysis of the PBMCs co‐cultured with HepG2 or
differentiated HepaRG cells that were treated with several drugs. A principal component analysis
revealed an appropriate separation of DILI‐positive and ‐negative drugs, from which 12 biomarker genes
were selected. To evaluate the predictive performance of these genes, PBMCs co‐cultured with HepG2
cells were exposed to 77 different drugs at a concentration based on PBMC viability and gene expression
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levels in PBMCs were determined by qPCR. The gene, MET showed the highest area under the receiver
operating characteristics (AUC) value of 0.83 among the 12 genes with a high sensitivity/specificity
(85/66%). The combination of these markers by a stepwise logistic regression showed the highest AUC
value of 0.94 with a high sensitivity/specificity (93/86%). These AUC values were higher than when the
IC50 value of PBMC viability was used as a predictor (AUC = 0.70). Taken together, we established a co‐
culture system using PBMCs and HepG2 cells and selected biomarkers that can predict DILI risk. The
established model would be useful in detecting DILI potential of compounds, in particular those that are
immune mediated.
ABSTRACT NUMBER: 3414
Poster Board Number: P227
TITLE: Screening the Membrane Proteome to Determine Antibody Specificity and De‐risk CAR‐T Cell
Development
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Harmon, J. Sullivan, J. Rucker, and B.
Doranz. Integral Molecular, Philadelphia, PA. Sponsor: J. Rucker, American Association for the
Advancement of Science
KEYWORDS: Biotech Products; Proteome
ABSTRACT: Off‐target reactivity is the single largest cause of failed preclinical drug programs, accounting
for 62% of all failures. We developed the Membrane Proteome Array (MPA) platform to de‐risk lead
selection by testing biotherapeutics for specificity and off‐target binding. The MPA enables safety
analysis by screening antibodies against an expression array of 6,000 membrane proteins. Each
membrane protein is presented in live cells in its structurally intact and native conformation with human
post‐translational modifications. Binding interactions are assayed by high‐throughput flow cytometry
allowing for high sensitivity detection and rapid analysis. In the process of testing hundreds of
antibodies, we found that, despite their presumed specificity, up to 20% of monoclonal antibodies
(MAbs) exhibit detectable off‐target binding. In many cases, off‐target interactions occurred with
unrelated proteins and could not be predicted by protein sequence homology. We present a case study
where a MAb targeting the SLC2A4 transporter showed cross‐reactivity to Notch1, a protein with no
structural or functional similarity. The unexpected cross‐reactivity was explained by a shared epitope
contained in a six amino acid loop that was mapped on SLC2A4. A second case study shows the
ramification of low‐level cross‐reactivity of a Claudin 6 (CLDN6) MAb with the highly homologous
Claudin 3 (CLND3) protein as revealed by the MPA. CAR‐T cells formatted with this MAb as an scFv CAR
were robustly activated by both CLDN6 and CLND3 antigen, suggesting that even minimal off‐target
reactivity is sufficient to activate the killing mechanisms of CAR‐T cells, with possible serious
consequences. In summary, our findings indicate that detailed specificity profiling is necessary to better
predict off‐target binding and de‐risk preclinical biotherapeutics prior to entering first‐in‐human studies.
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ABSTRACT NUMBER: 3415
Poster Board Number: P228
TITLE: Determination of the Normal Reference Levels of Plasma Cytokines in Healthy Cynomolgus
Monkeys (Macaca fascicularis)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. Zhao, A. Forrest, and V. Patel. Charles
River, Reno, NV.
KEYWORDS: Immunotoxicology; Safety Evaluation; Biomarkers
ABSTRACT: Changes in immune system status are frequently determined in safety assessment studies
for novel therapies by measuring circulating cytokines. The cynomolgus monkey (Macaca fascicularis) is
an accepted non‐rodent species for preclinical toxicity testing by regulatory agencies; however, normal
reference levels for cytokines have not been widely established in varied sex and ages for this species. In
this study, plasma samples collected from over 100 healthy male and female cynomolgus monkeys were
analyzed for levels of IL‐1β, IL‐1RA, IL‐2, IL‐4, IL‐5, IL‐6, IL‐8, IL‐10, IL‐12/23 (p40), IL‐13, IL‐17A, MCP‐1,
MIP‐1β, IFN‐γ, TNF‐α, G‐CSF, and GM‐CSF using a validated multiplex assay. Descriptive statistics were
calculated for each cytokine, and cytokine profiles were compared before and after intravenous (IV)
injection (infusion or slow bolus) with inert vehicles commonly used as negative controls in toxicology
studies. In addition, the effects of sex, age, body weight, and country of origin on cytokine profiles were
also assessed. Most of the cytokines evaluated were below the lower limit of detection (<LLOQ; <150
pg/mL) before vehicle administration, with detectable levels of TNF‐α and IL‐8 observed sporadically (9%
and 18% of all analyzed samples, respectively). After IV dosing with inert vehicle, transient and low
magnitude increases (2 to 5‐fold) in IL‐1RA, IL‐6, IL‐8, and MCP‐1 were observed between 1 and 6 hours
postdose. The magnitudes of increases were higher following IV infusion when compared to IV bolus
injection, suggesting a relationship to stress experienced during dosing procedures. In addition, the
results of this analysis showed that males or sexually mature animals (>5 years old) showed trends of
higher plasma levels in IL‐1RA and IL‐8 when compared to females or immature animals (2‐4 years of
age), respectively. In conclusion, when assessing potential test article‐related cytokine changes in
cynomolgus monkeys, variability in baseline cytokines levels, dosing routes, and effects of vehicles
should be considered.
ABSTRACT NUMBER: 3416
Poster Board Number: P230
TITLE: Use of a PBPK Array Mixtures Model to Streamline In Vitro Investigation of Gulf War Illness Effects
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. R. Sterner1,2, E. A. Merrill1, M. K.
Miklasevich2,3, T. Ethridge3,4, and J. G. Rohan3. 1Air Force Research Laboratory, 711th Human
Performance Wing, Airman Systems Directorate (711 HPW/RHBB), Wright‐Patterson AFB, OH; 2Henry M.
Jackson Foundation, Wright‐Patterson AFB, OH; 3Naval Medical Research Unit Dayton (NAMRU‐D),
Wright‐Patterson AFB, OH; and 4Oak Ridge Institute for Science and Education, Oak Ridge, TN.
KEYWORDS: Neurotoxicology; Neurotoxicity; Pesticides; Physiologically‐Based Pharmacokinetics
ABSTRACT: Military deployed during the Gulf War (1990‐1991) frequently exhibit signs of a neurological
disorder known as Gulf War Illness (GWI). Published animal studies indicate a mixtures exposure of 1.3
mg/kg pyridostigmine bromide (PB, oral), 40 mg/kg diethyltoluamide (DEET, dermal) and 0.13 mg/kg
permethrin (PER, dermal), dosed daily for 28 days, to be effective in inducing GWI‐like symptoms in rats.
An in vitro study was designed to measure the electrophysiological effects of this mixture in rat
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hippocampus brain slices. Physiologically‐based pharmacokinetic (PBPK) modeling was utilized to predict
tissue doses from exposures mirroring the in vivo study. An array (vector) PBPK model was constructed
to simultaneously predict brain concentrations of GWI compounds in the rat. Array models use a unified
model structure to simulate single or multiple compounds. Each GWI compound was parameterized
individually using kinetic data sets from literature sources. Cis‐ and trans‐PER isomers required separate
kinetic parameters. The model predicted effective brain concentration ranges of 0.1‐0.5, 0.04‐0.1 and
0.06‐0.6 μg/mL for PB, DEET and PER (55:45 cis:trans ratio), respectively. Directed by these predictions,
slices of male Sprague‐Dawley rat hippocampus incubated in 0.097, 0.13, and 0.5 μg/mL PB, DEET and
PER, respectively, resulted in an increase in paired pulse facilitation and a decrease in input‐output
response of hippocampal neurons; these effects were not statistically significant. A 10X mixture
produced statistically significant dose‐dependent changes. The array PBPK model was useful in
predicting tissue doses and reducing the number of animals/iterations required for successful in vitro
testing. (In compliance with DODI 3216.01.)
ABSTRACT NUMBER: 3417
Poster Board Number: P231
TITLE: Dose‐Dependent Organ Damage Induced by Chronic Exposure to Low Doses of 13 Chemical
Mixtures in a Murine Model
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. E. Trusca1, A. O. Docea1, T. K.
Nikolouzakis2, A. Kalogeraki2, D. Nathena2, D. Calina1, V. N. Rakitskii3, M. Aschner4, and A. Tsatsakis2.
1
University of Medicine and Pharmacy of Craiova, Craiova, Romania; 2University of Crete, Heraklion,
Greece; 3Federal Scientific Center of Hygiene FF Erisman, Moscow, Russian Federation; and 4Albert
Einsten College of Medicine, New York, NY.
KEYWORDS: Pesticides; Pancreas
ABSTRACT: During the last few decades, the world has witnessed an exponential increase in various
chronic diseases, recognizing that exposure to various xenobiotics is associated with this phenomenon.
The aim of this study was to evaluate the effects of chronic exposure to low doses of a chemical mixture
consisting of 13 chemicals on organ histopathological changes. Forty Sprague Dawley rats (20 males and
20 females) were divided in 4 groups and exposed for 18 months to a mixture of carbaryl, dimethoate,
glyphosate, methomyl, methyl parathion, triadimefon, sodium benzoate, calcium disodium ethylene
diamine tetraacetate (EDTA), ethylparaben, butylparaben, bisphenol A, aspartame and acacia gum at
doses of 0xNOAEL, 0.0025xNOAEL, 0.01xNOAEL and 0.05xNOAEL (mg/kg bw/day), respectively. Post
exposure the rats were sacrificed and their organs harvested and histopathologically evaluated. The
animal experiment was approved by the Ethical Committee of UMF Craiova. After 18 months of
exposure it was observed a dose‐dependent pattern of organ damage. Specifically, testes samples
revealed degenerative and cellularity disorders, liver hepatocytes exhibited decreased glycogen
deposition, whereas degenerative changes of the gastric mucosa were present. Lung tissue showed
increased inflammatory cells infiltration and alveolar macrophages with enhanced phagocytic activity,
whereas brain tissue exhibited changes in glial and astrocyte cells numbers. Kidneys showed distortion
of glomeruli, spleen a decreased white pulp volume with a concomitant increase of the red pulp volume
and pancreas was also affected showing distortion of the lobular architecture and the islets of
Langerhans. In the 0.05xNOAEL group the mixture induced a generalized inflammation with extensive
leukocytic infiltration in almost all organs. The chronic exposure to low doses of a mixture of 13
chemicals induces dose‐dependent organ damage in rats. Thus, these results not only highlight the
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actual health hazards of an otherwise “safe mixture” but also suggest that radical moves have to be
made from policy‐makers and opinion‐formers in order to protect global population from these effects.
ABSTRACT NUMBER: 3418
Poster Board Number: P232
TITLE: Extended Applicability Domain of the GARD Platform by Solvent‐Extraction Protocols Allows for
Accurate Assessment of Sensitizing Mixtures and UVCBs
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: O. Larne1, U. Torstensdotter Mattson1, J. J.
Schmidt2, A. Forreryd1, and H. Johansson1. 1SenzaGen AB, Lund, Sweden; and 2SenzaGen Inc., Raleigh,
NC.
KEYWORDS: In Vitro and Alternatives
ABSTRACT: The prevalence of allergies is increasing, and a link has been made between this increase
and the continuously growing use of chemicals in consumer products. For this reason, proactive
identification of chemicals with skin sensitizing properties is a key toxicological endpoint within hazard
testing. While historically such assessments have been made using animal experimentation, current
trends within the field of predictive toxicology advocate the increased use of in vitro methods. To date,
several in vitro assays for assessment of skin sensitizers have been proposed, some of which have gained
various levels of regulatory acceptance. While their applicability is primarily defined for neat chemicals,
accurate hazard and risk assessment of solid materials, formulations, complex mixtures and UVCBs in an
in vitro setting remains challenging. The GARD™ (Genomic Allergen Rapid Detection) platform constitutes
an attractive testing strategy for skin sensitization testing, as it has been shown to be robust,
reproducible and highly accurate in validating ring trials for neat chemicals. Furthermore, it was recently
demonstrated that GARD™skin protocols could be adapted in order to facilitate accurate testing of
medical device test items, by implementing polar and non‐polar vehicle extraction protocols in
compliance with available ISO guidelines. Here, we further demonstrate the applicability of such
protocol adaptations by performing extractions from liquid, complex mixture test items. Using sesame
oil as a proxy vehicle for formulations, mixtures and UCVBs, we used three different sensitizers and one
non‐sensitizer to spike blank oil. Subsequently, using five different polar and non‐polar solvents,
GARD™skin was able to accurately detect 13 out of 15 spiked samples. Importantly, all spiked samples
were accurately classified as such in at least one extraction vehicle, emphasizing the importance of
utilizing a wide range of polar to non‐polar extraction vehicles. Furthermore, no false positives were
obtained from blank or negatively spiked samples. In conclusion, we here propose novel add‐on
protocols to the validated GARD™skin SOP, adapted from the in‐house validated Medical Device
protocols, in order facilitate resource‐effective and accurate sensitization assessment of formulations,
complex mixtures and UVCBs in an in vitro setting.
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ABSTRACT NUMBER: 3419
Poster Board Number: P233
TITLE: A Framework to Evaluate Health Impacts of Cumulative Exposures to Multiple Chemicals from
Consumer Products
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Q. Meng, and A. Doherty. California
Department of Toxic Substances Control, Sacramento, CA.
KEYWORDS: Computational Toxicology
ABSTRACT: Humans are constantly exposed to chemical mixtures from different consumer products.
However, most of the current studies assess human health risks associated with individual chemical
exposures. The patterns of cumulative exposures to multiple chemicals from consumer products are
largely unknown, and neither is the potential adverse impacts from exposures to complex mixtures at
low doses. A framework has been proposed to evaluate human health impacts of cumulative exposures
to multiple chemicals from consumer products. This framework takes advantage of the state‐of‐the‐
science bioinformatics approaches for exposure assessment and publicly available toxicity data
generated using high throughput approaches. This proposed framework involves three steps. First,
product ingredients from consumer products under various categories are extracted from existing
databases (e.g., the Mintel database). Product ingredients are identified using SDS datasheets as well as
ingredients on products labels, which is critically important for personal care products. Chemical
identifying information (i.e., CASRN) for each product ingredient, are gained, to the extent possible,
using the USEPA’s CompTox dashboard, PubChem, and the Unified Medical Language System. Second,
patterns of exposure to multiple chemicals are explored using the USEPA’s multiple chemical exposure
modeling tools (e.g. SHEDES‐HT and CHEM). Third, the health impacts of multiple chemicals are
examined using the Comparative Toxicogenomics Database (CTD), which is a curated database of known
interactions among chemicals, genes and diseases. Chemicals Inference scores are used to measure the
strength of the toxicological linkage between certain diseases and chemicals. This framework has been
initially tested using personal care and cleansing products reported in the Mintel database. The testing
results are promising but also demonstrate challenges, including the representativeness of consumer
products in ingredient databases, chemical identification, and health endpoints prioritization. Details will
be reported. Regulations for chemical mixture exposure are lagging behind as a result of insufficient
data and assessment approaches. This framework could be a promising tool to help better characterize
human exposure to chemical mixtures from consumer products, characterize potential health impacts of
cumulative exposures, and prioritize chemical mixtures to be regulated.
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ABSTRACT NUMBER: 3420
Poster Board Number: P234
TITLE: Toxicological Impact of Prenatal Exposure to Real‐Life Mixtures of Metals, PFCs,
Organophosphates, and Organochlorines on Early Child Development
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. A. Sarigiannis1, O. Anesti2, N.
Papaioannou1, A. Gabriel1, M. Dickinson3, I. Petridis1, J. Rovira4, V. Kumar4, M. Schuhmacher4, and S.
Karakitsios1. 1Aristotle University of Thessaloniki, Thessaloniki, Greece; 2University of Crete, Heraklion,
Greece; 3Fera Science Ltd., York, United Kingdom; and 4Universitat Rovira i Virgili, Tarragona, Spain.
KEYWORDS: Perfluoronated Agents; Metals; Developmental Toxicity; Prenatal
ABSTRACT: Unraveling the exposome may be a cornerstone towards precision prevention in public
health. The presented exposome‐based toxicity assessment methodology was applied to a cohort of 50
mother‐child pairs in the framework of the HEALS project. The links between in utero exposure to
metals, PFOS, PFOA, organophosphates, and organochlorines, metabolic pathway deregulation, and
clinically observed phenotypes were drawn through a urinary and serum untargeted metabolomics
analysis using UPLC Q‐TOF/MS, followed by integrative bioinformatics and application of exposome‐
wide association algorithms. Metabolite identification revealed that the total number of unique
annotated metabolites in urine and serum samples analysis using LC‐HRMS was 751, and 7830,
respectively. The detected metabolites on serum samples were mapped on 246 pathways, while urinary
metabolites on 163. According to EWAS analysis, birth weight is positively affected by S‐
Adenosylhomocysteine levels during the first trimester of pregnancy, and negatively associated with the
levels of citrulline, and DEAMPY, at delivery. In addition, higher exposure levels to
Hexachlorocyclohexane (HCH), 2,2',4,5,5'‐Pentachlorobiphenyl (PCB101) and 2.4’‐DDT, can lead to
height increasement. The same outcome is associated to citric acid levels. Head circumference is
positively associated with exposure to 4.4’‐DDT at the first trimester. Overall, functionally coupling
advanced bioinformatics algorithms applied on omics data with exposome‐derived information on
exposures and health indicators support the high‐dimension‐biology‐based association of environmental
exposures and adverse health outcomes in early life.
ABSTRACT NUMBER: 3421
Poster Board Number: P235
TITLE: RNA‐Sequencing Analysis of the Zebrafish Liver Cell Line (ZFL) after the Administrations of Acute
Exposure to Cd2+ Ions
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Chan, and M. Kwok. Chinese University of
Hong Kong, Sha Tin, Hong Kong.
KEYWORDS: Metals; Carcinogenesis; Aquatic Toxicology
ABSTRACT: Cadmium (Cd) is a non‐essential metal with no known biological function and a broad range
of toxic effects in biological systems. We used whole‐transcriptome shotgun sequencing (RNA‐seq) to
study the effects of Cd2+ toxicity in zebrafish liver cells, ZFL. The results of an RNA‐Seq analysis of ZFL
cells exposed to 5, 10 or 20 μM Cd2+ for 4 or 24 h were compared with the results of a similar study of
Cu2+‐exposed cells. Neither Cd2+ nor Cu2+ regulated the expression of genes associated with cellular Cu,
Zn, Fe or Ca homeostasis. However, exposure to both metal ions at both time points regulated the
expression of genes related to nitrogen‐compound metabolism, amino acid synthesis and glutathione
metabolism. Both Cd2+ and Cu2+ induced cell cycle arrest, apoptosis, hypoxia and oxidative stress in ZFL
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cells. Additionally, Cd2+ induced endoplasmic reticulum stress and thus induced the protein processing
pathway, and initiated the expression of genes related to carcinogenesis at 24 h. This paper provides a
comprehensive analysis of the expression profiles induced by Cd2+ exposure in ZFL cells, as well as useful
insights into the specific toxic effects of divalent metal ions.
ABSTRACT NUMBER: 3422
Poster Board Number: P236
TITLE: Arsenite Binds to the RING Finger Domain of ZNF598 E3 Ubiquitin Ligase and Results in the Loss of
Regulatory Ubiquitinations in Ribosomal Proteins
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. Tam. University of California Riverside,
Riverside, CA.
ABSTRACT: Arsenic contamination in drinking water is a serious global public health issue, which affects
approximately 200 million people in over 70 countries. People in the affected areas are exposed to
arsenic through ingestion of contaminated drinking water and diet on a daily basis. Numerous human
diseases, including neurodegenerative disorders, are engendered by the malfunctioning of proteins vital
for important biological processes elicited by protein misfolding and/or diminished capacity of protein
quality control during translation. Over the last two decades, it has been proposed that arsenic can
induce protein misfolding and translation infidelity, resulting in proteotoxic stress. Several
epidemiological studies have correlated higher incidence rates of neurodegenerative disorders in a
human population with chronic arsenic poisoning. However, the detailed molecular mechanisms
underlying the arsenic‐induced proteotoxic stress remain poorly defined. Here, we propose that arsenite
can lead to proteotoxic stress through impairing the ribosome‐associated protein quality control (RQC)
by downregulating the E3 ubiquitin ligase activity of ZNF598. We demonstrated that arsenite can
displace zinc ions from the RING finger motif of ZNF598 in cells. Additionally, our LC‐MS/MS‐based
proteomic data revealed that a 24‐hour exposure of GM00637 human skin fibroblast cells with 5 μM
NaAsO2 led to a significant decrease of the site‐specific ubiquitinations on specific ribosomal proteins
(i.e. K138/139 in RPS10 and K4/8 in RPS20) which are solely ubiquitinated by the E3 ubiquitin ligase
ZNF598. Together, our results support that arsenite can bind to cysteine residues in the RING finger
domain of ZNF598 by substituting its bound zinc ions, thereby reducing the regulatory ubiquitination on
RPS10/20 and compromising the initiation of RQC. Hence, our study suggests a novel mechanism
underlying the arsenic‐induced proteotoxic stress in human cells.
ABSTRACT NUMBER: 3423
Poster Board Number: P237
TITLE: Proteome Changes in Kidney of Common Marmoset (Callithrix jacchus) Exposed to
Methylmercury
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Shao1, M. Yamamoto2, G. Mironov3, and
L. Chan3. 1Guangzhou Medical University, Guangzhou, China; 2National Institute for Minamata Disease,
Minamata, Japan; and 3University of Ottawa, Ottawa, ON, Canada.
KEYWORDS: Metals; Proteome; Renal
ABSTRACT: Kidney is known as one of major targets of Methylmercury (MeHg) toxicity, but the
mechanisms of kidney dysfunction induced by MeHg are not fully understood. The aim of this study is to
investigate the effects of MeHg on protein profiles and their subsequent changes in biological functions
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through gene ontology annotation and pathway analysis in the kidneys of common marmoset model.
Mercury chloride was administered orally (1.5mg MeHg/kg body weight) or a vehicle solution
(containing 7.5mM L‐cysteine) on common marmosets for 2 weeks followed by two weeks without
treatment. A total of 914 proteins were identified in all kidney samples, and 89 proteins were found
differentially expressed (p<0.01, 60 up‐regulated and 29 down‐regulated) with MeHg exposures.
Functional enrichment analysis showed that the differently expressed proteins were mainly involved in
Triglyceride biosynthetic process, Acylglycerol biosynthetic process and Neutral lipid biosynthetic
process (p<0.05). Consistently, pathway enrichment analysis also showed Lipid metabolic pathways
(Glycerolipid metabolism, Adipocytokine signaling pathway, 4 genes, 66.7%) were affected by MeHg‐
exposed marmoset kidney. In addition, Nitric oxide associated pathway (Arginine biosynthesis, 4 genes,
44.4%; Arginine and proline metabolism, 7 genes, 38.9%) were strongly associated with nephrotoxicity
(p<0.05). Cellular component analysis revealed that transportation system including membranes and
vesicle system (vesicle, membrane‐enclosed lumen, endomembrane system, endosome) were the most
enriched organelles in MeHg‐treated marmoset kidneys using two bioinformatics tools Webgestalt and
ClueGO. Validation results of Western blot agree with Mass spectrum analysis in the kidney of common
marmoset. Our results indicate that disruption of Lipid biosynthetic process/pathway is an important
event occurred in MeHg exposed marmoset kidneys. MeHg may affect nitric oxide production by
regulation of nitric‐oxide synthase regulator activity and L‐arginine biosynthesis. Renal transportation
system, especially in membranes and vesicles are the major organelle targeted by MeHg in the common
marmoset, which is consistent with our previous study found in both primary neuronal cells and
cerebellum of common marmoset models.
ABSTRACT NUMBER: 3424
Poster Board Number: P238
TITLE: Circ‐SHPRH Suppresses Cadmium‐Induced Transformation of Human Bronchial Epithelial Cells by
Targeting miR‐224‐5p and Regulating QKI Expression
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Zhou, Q. Wang, S. Pan, P. Chen, Y. Hou,
and X. Zhou. Huazhong University of Science, Wuhan, China. Sponsor: H. Sun
ABSTRACT: Circular RNAs (circRNAs), a novel class of noncoding RNAs, have been recently shown to be
involved in the pathogenesis of human cancers. However, their role in chemical carcinogenesis is not
well understood. We investigated whether circ‐SHPRH(Hsa_circ_0001649), a circRNA found to be down‐
regulated in many cancers including cholangiocarcinoma, colorectal cancer, glioma, retinoblastoma and
non‐small cell lung cancer, is involved in cadmium‐induced transformation of human bronchial epithelial
(BEAS‐2B) cells. We found that the level of circ‐SHPRH was decreased in cadmium‐transformed BEAS‐2B
(T‐BEAS‐2B) cells. Overexpression of circ‐SHPRH significantly inhibited invasion, migration and colony
formation in soft agar of T‐BEAS‐2B cells. Mechanistically, circ‐SHPRH acted as a sponge for microRNA
(miR)‐224‐5p, which suppressed the expression of QKI that has been reported to prevent epithelial‐
mesenchymal transition (EMT) during progression of human cancers. Overexpression of circ‐SHPRH in T‐
BEAS‐2B cells promoted the expression of QKI, followed by decrease of the mesenchymal marker
vimentin and elevation of the epithelial marker E‐cadherin. However, cotransfection with miR‐224‐5p
mimics reversed the effects of circ‐SHPRH overexpression. Interestingly, QKI and circ‐SHPRH could
trigger a positive‐feedback loop that perpetuated the circ‐SHPRH/miR‐224‐5p/QKI axis. In conclusion,
our study demonstrates that circ‐SHPRH suppressed cadmium‐induced EMT during transformation in
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BEAS‐2B cells through circ‐SHPRH/miR‐224‐5p/QKI axis. The results uncovered a novel mechanism for
cadmium‐induced carcinogenesis.
ABSTRACT NUMBER: 3425
Poster Board Number: P239
TITLE: Used Lead‐Acid Battery Recycling Activities and Risk of Heavy Metal Contamination in Water, Soil,
and Plants around Recycling Centers in Ibadan, Nigeria
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Oloruntoba1, O. Gurusa1, F.
Omokhodion1, and J. Fobil2. 1University of Ibadan, Ibadan, Nigeria; and 2University of Ghana, Accra,
Ghana. Sponsor: E. Oloruntoba, Society of Environmental Toxicology and Chemistry
KEYWORDS: Metals; Environmental Toxicology
ABSTRACT: Heavy metal contamination of environmental media around informal Used Lead‐Acid
Battery (ULAB) recycling centers is a serious public health problem in Nigeria. This study assessed the
risk of heavy metal contamination of environmental media around the ULAB recycling centers and rate
of accumulation of Arsenic, Cadmium, Antimony, Chromium, Copper, Manganese, Nickel, Lead,
Selenium, and Zinc in water, soil and plant. Samples were collected using standard methods and
concentrations of metals were determined using Inductively Coupled Plasma Optical Emission
Spectrometry at the International Institute of Tropical Agriculture, Ibadan. pH of all water and soil
samples except for two locations were below permissible limits. Mean values of parameters were
3.29±2.59, 0.19±0.06, 0.29±0.08, 1.64±1.20, 6.17±3.95, 15.73±22.18, 6.28±8.91, 1.34±0.66, 2.88±3.64,
0.03±0.01, 25.80±28.44 for pH, As, Cd, Sb, Cr, Cu, Mn, Ni, Pb, Se and Zn in water; 3.91±1.99, 0.09±0.14,
0.09±0.12, 4.09±5.93, 1.47±1.71, 0.56±0.86, 2.25±0.90, 0.02±0.01, 10.28±10.13 for pH, Sb, Cr, Cu, Mn,
Ni, Pb, Se, and Zn in soil; 0.37±0.00, 0.09±0.11, 0.36±0.89, 0.30±0.34, 2.47±1.12, 0.01±0.01, 1.59±2.65
for Sb, Cr, Cu, Mn, Pb, Se, and Zn in plants. Only Selenium had values within permissible limits for all the
sampled locations. Concentration of metals detected were higher than permissible limits at more than
50% of the locations. Lead levels in water and plants from all locations exceeded the permissible limits.
The transfer factor of lead from soil to Amaranthus viridis was 1.92. This has implication for health as
the plant is often harvested for sale in local markets as a source of food and medicines. Study
recommends improved technology for ULAB recycling and adequate treatment of effluent/runoff from
recycling centers before discharge.
ABSTRACT NUMBER: 3426
Poster Board Number: P240
TITLE: Effect of Lantana camara on the Hematotoxicity and Nephrotoxicity of Potassium Dichromate‐
Treated Male Wistar Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: O. O. Osifeso1, K. Akinwumi2, A. Jagun3, A.
Taiwo1, A. Famuyiiwa1, Y. Lanre‐Iyanda1, A. Afuwape1, and A. Adewunmi1. 1Moshood Abiola Polytechnic,
Abeokuta, Nigeria; 2Bells University of Technology, Ota, Nigeria; and 3University of Ibadan, Ibadan,
Nigeria.
ABSTRACT: Chromium (VI) compounds are toxic and high level of exposure has been implicated in
hematotoxicity and nephrotoxicity. Research on effective treatment of Cr (VI) toxicity is ongoing and no
effective treatment is yet to be discovered. The present study evaluates the effect of ethanol extract of
Lantana camara (ELC) on potassium dichromate‐induced hematotoxicity and nephrotoxicity. Twenty‐
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four male albino rats were divided into eight (8) groups of six (6) animals each. Test rats were injected
(i.p) 12 mg/kg body weight of potassium dichromate and 10 mg/kg bd.wt ELC alone or in combination,
while control rats had water. The animals were intubated with the extract daily for six week and injected
with potassium dichromate weekly before sacrifice. The levels of creatinine, urea, total protein and
albumin were determined in the plasma of test and control animals. In addition, hematology and renal
histopathology were evaluated. The K2Cr2O7 significantly (p<0.05) increased creatinine and urea, while
total protein and albumin were significantly (p<0.05) reduced when compared to the control.
Additionally, K2Cr2O7 administration significantly (p<0.05) reduced PCV, hemoglobin and lymphocytes
coupled with increased leukocyte, neutrophil and eosinophil levels. The kidney of K2Cr2O7‐treated rats
revealed patchy tubular epithelial coagulation necrosis, ectasia and vasculitis. Administration of 10
mg/kg bd.wt ELC attenuated K2Cr2O7‐ induced lesion and restored the markers towards the level of the
control. The results suggest that ethanol extract of Lantana camara may be useful in the management
of chromate VI toxicities.
ABSTRACT NUMBER: 3427
Poster Board Number: P241
TITLE: Circ 0058040 Inhibits Cadmium‐Induced Transformation of Human Bronchial Epithelial Cells by
Decoying PIP5K1α
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Q. Wang, S. Pan, M. Zhou, W. Tu, Q. Zhang,
and X. Zhou. Huazhong University of Science and Technology, Wuhan, China. Sponsor: H. Sun
ABSTRACT: CircRNAs are emerging key players in various cancers. They have also been found to play
important roles in chemical carcinogenesis. Upregulation of circ100284, for instance, could promote
arsenic‐induced carcinogenesis. However, the role of circRNAs in cadmium‐induced carcinogenesis
remains unknown. In our study, high throughput sequencing revealed that circ0058040 was
downregulated in cadmium‐induced transformation of human bronchial epithelial (BEAS‐2B) cells.
Overexpression of circ0058040 in cadmium‐induced BEAS‐2B (T‐BEAS‐2B) cells attenuated proliferation,
migration, invasion, and colony formation in soft agar of T‐BEAS‐2B cells. Mechanistically, circ0058040
could bind with PIP5K1α to inhibit its function. PIP5K1α is a lipid kinase that has been found to activate
PI3K/AKT pathway, which plays important roles in cell proliferation, cell growth and apoptosis. Our
study demonstrated that circ0058040 could reverse cadmium‐induced transformation by inhibiting
PIP5K1α. Our results provide a new insight to understand the role of circRNAs in cadmium‐induced
carcinogenesis.
ABSTRACT NUMBER: 3428
Poster Board Number: P242
TITLE: Novel Circ 0036694 Promotes Cadmium‐Induced Transformation of Human Bronchial Epithelial
Cells by Targeting miR‐770
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Pan, Q. Wang, Q. Zhang, M. Zhou, and Z.
Xue. School of Public Health, Tongji Medical College, Huazhong University of Science and Technology,
Wuhan, China. Sponsor: H. Sun
ABSTRACT: Circular RNAs, a class of non‐coding RNAs, are carving a niche for themselves in
carcinogenesis. Previous studies have shown that circular RNAs were involved in arsenic‐associated
tumorigenesis. However, little is known about the role of circular RNAs in cadmium carcinogenesis.
Here, for the first time, we identified a novel circular RNA, circ 0034496, derived from Exon2 of PUS7
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gene, which is highly expressed in cadmium transformed human bronchial epithelial cell (T‐BEAS‐2B)
and in non‐small lung cancer cell lines. Suppression of circ 0034496 significantly inhibited proliferation,
migration, invasion and anchorage‐independent growth of T‐BEAS‐2B. Moreover, circ 0034496
functioned as a ‘microRNA sponge’ to regulate downstream mRNAs through direct binding with miR‐
770, an identified tumor suppressor in lung cancer. Transfection of miR‐770 mimics alone shared the
same effects as circ 0034496 knockdown. However, co‐transfection of miR‐770 inhibitors with circ
0034496 siRNA recovered cell migration and invasion. In summary, our findings suggest an oncogenic
role of circ 0036694 in cadmium‐induced cell transformation, providing a new perspective of
understanding cadmium carcinogenesis.
ABSTRACT NUMBER: 3429
Poster Board Number: P243
TITLE: Modulation of the Pro‐Carcinogen‐Activating Enzyme Cyp1a1 by Mercury and Its Organic
Metabolite Methylmercury in C57Bl/6 Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. AlQahtani, and A. El‐Kadi. University of
Alberta, Edmonton, AB, Canada.
KEYWORDS: Gene Expression/Regulation; RT‐PCR; Cytochrome P450
ABSTRACT: Cytochrome P450 1A1 (Cyp1a1) is a hepatic and extrahepatic enzyme that is regulated by
the aryl hydrocarbon receptor signaling pathway. With the growing human exposure to heavy metals,
emerging evidence suggests that heavy metals exposure alter Cyp1a1 enzyme activity. The importance
of Cyp1a1 emerges from the fact that it has been always associated with the metabolism of pro‐
carcinogenic compounds to highly carcinogenic metabolites. Recently we demonstrated the ability of
mercuric chloride (Hg2++) in human hepatoma HepG2 cells to significantly decreased the TCDD‐mediated
induction of Cyp1a1. In this study we investigated the effect of methylmercury (MeHg), the major
metabolite of Hg++, on Cyp1a1 in vivo. Male C57BL/6 mice were injected interperitoneally with Hg2++
orand MeHg (2.5 mg/kg) in the presence and absence of TCDD (15 μg/kg) forat 6hr and 24 hr. Real‐time
PCR, Western blot analysis and 7‐ethoxyresorufin O‐deethylation EROD assay were used to determine
Cyp1a1 mRNA, protein expression and enzymatic activity, respectively. Our results show that Hg2++ and
MeHg alone did not alter the hepatic Cyp1a1 mRNA. On the other hand, TCDD significantly increased
Cyp1a1 mRNA by 1850 folds. Interestingly, Hg2++ and MeHg significantly decreased the TCDD‐mediated
induction of Cyp1a1 by 95% and 71% respectively while MeHg potentiated the TCDD‐mediated
increased Cyp1a1 induction at activity level induced by TCDD. In conclusion, wWe demonstrate for the
first time that the organic form of mercury, MeHg is capable of modulating the expression of TCDD‐
mediated Cyp1a1 induction. This work was supported by the Natural Sciences and Engineering Re‐search
Council of Canada (NSERC) Discovery Grant RGPIN 250139‐107 to A.O.S.E. MA is the recipient of Saudi
Government Scholarship.
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ABSTRACT NUMBER: 3430
Poster Board Number: P244
TITLE: Characterizing a Mouse Model for the Effects of Whole Life, Low Dose Cadmium Exposure, and
High Fat Diet on the Lung
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. J. Croom‐Perez, J. L. Young, J. Xu, I.
Meaza, H. Lu, S. S. Wise, L. Cai, and J. P. Wise, Sr. University of Louisville, Louisville, KY.
KEYWORDS: Metals; Carcinogenesis; Lung; Pulmonary or Respiratory System
ABSTRACT: Cadmium is a non‐essential metal ranked number seven on the Agency for Toxic Substances
and Disease Registry list of environmental chemical hazards and is considered a major health concern by
the World Health Organization. Exposure to cadmium has not only been shown to cause liver and kidney
disease, but has been associated with obesity related diseases. Cadmium and cadmium compounds are
known human carcinogens. Lung cancer has been found in cadmium workers and in animal studies,
however cadmium’s carcinogenic mechanisms have not been well studied, and how diet may modulate
these mechanisms is unknown. The objective of this study is to characterize a mouse model for whole
life, low dose cadmium exposure and high‐fat diet to determine what effects cadmium has on the lung
and how diet may modulate them. In this model, ten‐week old male and female C57BL/6J mice were
exposed to 0.5 or 5 ppm cadmium in their drinking water with uncontaminated drinking water as a
control. Breeding pairs were established and offspring continued to be exposed to the same exposure
condition as their parents. After weaning, offspring from each exposure group were divided and
received either a low‐fat control diet or a high‐fat diet. After 24 weeks mice were sacrificed and samples
collected. Initial characterization of this model included weekly body weight measurements, lung to tibia
ratios were determined at sacrifice, and metal levels were measured in lung tissue. Independent of
cadmium treatment, as expected, male and female mice on the high‐fat diet gained more weight than
those on the low‐fat diet, however lung size was not significantly changed. A concentration‐dependent
increase of cadmium levels was seen in the lung and high‐fat diet did not seem to have an effect on the
cadmium levels in the lung. Based on the initial characterization of this exposure paradigm, this mouse
model is suitable for studying cadmium effects in the lung. Preliminary analysis also shows that low dose
exposure of cadmium to human lung cells in culture is cytotoxic. These data provide a foundation to
determine what effects cadmium and high‐fat diet have in the lung and to begin studies to understand
the carcinogenic mechanism of cadmium.
ABSTRACT NUMBER: 3431
Poster Board Number: P245
TITLE: Comparison of Environmental Metals and Metal Mixtures on Oxidative Stress and DNA Damage in
T Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. R. Schilz, E. J. Dashner‐Titus, K. Simmons,
T. R. Duncan, and L. G. Hudson. University of New Mexico, Albuquerque, NM.
KEYWORDS: Metals; Immunotoxicity
ABSTRACT: Chronic mixed metal exposure from numerous unremediated abandoned mines and waste
piles pose unknown health risks to populations living in their proximity. Metals elevated in
environmental or biological samples from people living near mine and milling sites in New Mexico
include arsenic (As), cadmium (Cd), cobalt (Co), iron (Fe), manganese (Mn), uranium (U) and vanadium
(V). Environmental contaminants rarely exist as single metal exposures, thus there is a need to

The Toxicologist: Late-Breaking Supplement 2020

99

investigate the biological impacts of environmentally‐relevant mixed metal combinations. Metals can
enter the body through inhalation of dust, contact with skin and/or consumption of contaminated food
and water and are associated with increased incidence of chronic disease and immune dysregulation.
Generation of oxidative stress and DNA damage are common cellular responses to metal exposure and
may reflect shared mechanisms of toxicity. T‐cells play a key role in immune system function and the
effects of metal induced oxidative stress and DNA damage may alter lymphocyte function causing
reactive oxygen species (ROS) mediated immunotoxicity. We compared the ability of relevant metals
and metal combinations to alter viability, induce oxidative stress and DNA damage in Jurkat (human T‐
lymphocytic) cells. Cells were most sensitive to As toxicity (IC50 20 uM) as measured by cell viability
assays compared to U and Co with IC50 values in excess of 100uM. Double metal combinations where
one metal was held at a subtoxic concentration (1 uM As, 30 uM Mn and 30 uM U) combined with a
dose curve of the other metal did not further decrease viability when compared to single metal dose
curves. However, holding 2 metals constant and adding a third metal did lead to marked decreases in
viability. Because oxidative stress can lead to cell toxicity, markers of ROS signaling in response to
different metals were analyzed by qRT‐PCR. Both As and Cd induced oxidative stress signaling as
measured by increases in heme oxygenase 1 (HMOX1) and NAD(P)H Quinone Dehydrogenase 1 (NQO1).
In contrast, V induced expression of catalase (CAT) but not HMOX1. Both As and V enhanced DNA
damage as measured by pH2AX staining whereas Cd, Fe and U did not. These data suggest that the
metals tested in this study differ in targeting pathways involved in ROS‐mediated immunotoxicity.
Understanding how specific metals affect immune cell function may be useful for prioritizing metals and
metal mixtures of concern for population‐based studies.
ABSTRACT NUMBER: 3432
Poster Board Number: P246
TITLE: Lung Lipids Are Primary Targets to Cadmium Exposure in Aged Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Z. R. Jarrell1, M. R. Smith1, M. Orr1, V. Tran1,
D. Botta2, C. M. Schaupp2, T. J. Kavanagh2, Y. Go1, and D. P. Jones1. 1Emory University, Atlanta, GA; and
2
University of Washington, Seattle, WA.
KEYWORDS: Metabolomics; Lung; Pulmonary or Respiratory System; Aging
ABSTRACT: Cadmium (Cd) is a naturally occurring environmental lung toxicant which, at low exposure
levels, is known to disrupt metabolism, especially that related to oxidative stress, fatty acid oxidation
and amino acid metabolism. Cd causes oxidation of thiol/disulfide redox systems, which are known to
decline with age; however, the age‐dependency of Cd’s effects on lung metabolism has remained
uninvestigated. Aim: Determine the effect of advanced age on metabolic responses to Cd exposure in
the lung. The effects of advanced age and Cd treatment on the lung metabolome were evaluated using
male C57BL/6 mice. Mice reared to either 6 or 24 months of age were injected intraperitoneally with
sterile saline or 2 mg/kg CdCl2 in sterile saline (n = 4 per combination of factors). Mice were sacrificed 72
hours post‐treatment and lung tissues harvested. High‐resolution metabolomics was performed on lung
samples. Samples were analyzed in triplicate using HILIC chromatography with positive electrospray
ionization. Mass spectral (m/z) features (metabolites) were extracted by apLCMS and xMSanalyzer. Data
were log‐transformed, and metabolome was compared with one‐way ANOVA using xmsPANDA followed
by pathway enrichment analysis with mummichog. The results included 1211 metabolites which differed
by age and/or treatment with Cd (p < 0.05). Older, Cd‐treated mice experienced disruptions in fatty acid
activation (p < 0.0186) and fatty acid metabolism (p < 0.0368) relative to younger counterparts. The
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results show that lung metabolomic responses to Cd exposure vary with age. Age’s influence on
response to Cd exposure is likely due to decline of native antioxidative defenses with age. These
differences in response to Cd suggest that Cd exposures pose a higher risk to aged individuals.
ABSTRACT NUMBER: 3433
Poster Board Number: P247
TITLE: Calcium‐Supplemented Rescue of Ceramide‐Mediated Cytotoxicity Caused by Lanthanide Metals
Depends on Lanthanide Ionic Radii
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Faulkner1, C. McKinley2, D. An1, and R.
Abergel1. 1Lawrence Berkeley National Lab, Berkeley, CA; and 2University of California Berkeley, Berkeley,
CA.
KEYWORDS: Metals; Toxicogenomics; Mechanisms
ABSTRACT: Lanthanide metals, also called “rare earth elements” are used to make magnets and other
vital components of the ubiquitous and ever‐growing consumer electronics industry. However,
mechanisms of lanthanide metal toxicity are incompletely understood, but appear to be heterogenous
across the series. However, all of the lanthanide metals are known to interfere with cellular calcium‐
regulation, albeit to different degrees. An untargeted yeast functional toxicogenomic assay identified
several key genes in the sphingolipid biosynthesis pathway that were required for growth in the
presence of nearly all the lanthanide metals: CSG2, CSH1, and SUR1. Knocking out these genes results in
the accumulation of Mannosyl inositol phosphoryl ceramides (MIPCs), leading to cytotoxicity and cell
death. Co‐treating these yeast knockout strains with calcium partially rescued the reduced growth
phenotype at varying degrees across the series. Samarium, followed by neodymium, and europium,
demonstrated the weakest recovery during calcium co‐treatment due to the ionic radii of these trivalent
metals being so similar to that of divalent calcium, or in the case of trivalent samarium, exactly the same
as divalent calcium. Additional experiments investigating calcium uptake provide further evidence of the
trend.
ABSTRACT NUMBER: 3434
Poster Board Number: P248
TITLE: Shotgun Metagenomics and Metabolomics Reveal Glyphosate Alters the Gut Microbiome of
Sprague‐Dawley Rats by Inhibiting the Shikimate Pathway
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Mesnage, and M. Antoniou. Kings College
London, London, United Kingdom.
KEYWORDS: Pesticides; Metabolomics; Gastrointestinal
ABSTRACT: There is intense debate as to whether glyphosate can interfere with aromatic amino acid
biosynthesis in microorganisms inhabiting the gastrointestinal tract, which could potentially lead to
negative health outcomes. We have addressed this major gap in glyphosate toxicology by using a multi‐
omics strategy combining shotgun metagenomics and metabolomics. We tested whether glyphosate
(0.5, 50, 175 mg/kg bw/day), or its representative EU commercial herbicide formulation MON 52276 at
the same glyphosate equivalent doses, has an effect on the rat gut microbiome in a 90‐day subchronic
toxicity test. Clinical biochemistry measurements in blood and histopathological evaluations showed
that MON 52276 but not glyphosate was associated with statistically significant increase in hepatic
steatosis and necrosis. Similar lesions were also present in the liver of glyphosate‐treated groups but not
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in the control group. Caecum metabolomics revealed that glyphosate inhibits the enzyme 5‐
enolpyruvylshikimate‐3‐phosphate (EPSP) synthase in the shikimate pathway as evidenced by an
accumulation of shikimic acid and 3‐dehydroshikimic acid. Levels of caecal microbiome dipeptides
involved in the regulation of redox balance (γ‐glutamylglutamine, cysteinylglycine, valylglycine) had their
levels significantly increased. Shotgun metagenomics showed that glyphosate affected caecum microbial
community structure and increased levels of Eggerthella spp. and Homeothermacea spp.. MON 52276,
but not glyphosate, increased the relative abundance of Shinella zoogleoides. Since Shinella spp. are
known to degrade alkaloids, its increased abundance may explain the decrease in solanidine levels
measured with MON 52776 but not glyphosate. Other glyphosate formulations may have different
effects since Roundup® GT Plus inhibited bacterial growth in vitro at concentrations at which MON
52276 did not present any visible effect. Our study highlights the power of a multi‐omics approach to
investigate effects of pesticides on the gut microbiome. This revealed the first biomarker of glyphosate
effects on rat gut microbiome. Although more studies will be needed to ascertain if there are health
implications arising from glyphosate inhibition of the shikimate pathway in the gut microbiome, our
findings can be used in environmental epidemiological studies to understand if glyphosate can have
biological effects in human populations.
ABSTRACT NUMBER: 3435
Poster Board Number: P249
TITLE: Transcriptional Profiling Informs Target Organ Phenotypic Responses of Agrochemicals in Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Cannizzo1, L. Wehmas2, K. Bailey3, D.
Cowie4, R. Currie4, and S. Hester2. 1Oak Ridge Institute for Science and Education, Durham, NC; 2US EPA,
Research Triangle Park, NC; 3Syngenta Crop Protection, Research Triangle Park, NC; and 4Syngenta
Jealott’s Hill International Research Centre, Bracknell, United Kingdom.
KEYWORDS: Genomics; Mode‐of‐Action
ABSTRACT: Short‐term mammalian toxicity studies combined with transcriptomics (TGx) can inform
target organ effects and may further reduce subsequent testing and animal use. The goal of the present
study was to assess added value of including TGx in a short‐term (14 d), repeat‐dose dietary study of
two chemically‐similar active substances in research and development, herein referred to herbicides C1
and C2. Male and female rats were exposed to 0, 600, 2000, 6000, 12000 ppm C1 (n=4/sex/grp; 0‐548
mg/kg bw/day) and 0, 200, 600, 2000, 6000 ppm C2 (n=4/sex/grp; 0‐451mg/kg bw/day). Daily endpoints
included body weight, food consumption, clinical signs; terminal analyses included blood clinical
chemistry, gross necropsy and weights/microscopic analyses of select organs. Animals exposed to C1 (all
doses) had decreased body weight gain and those in the 6000 and 12000 ppm groups were terminated
at 4d due to observed toxicity and excluded from TGx analysis. The adrenals and kidneys from animals
exposed to C1 and C2 were analyzed with the TempO‐Seq Whole Transcriptome Assay (BioClavis).
Differentially expressed genes (DEGs: p< 0.05, ±2‐fold change) were identified using Partek Flow™. C1
DEGs showed an increasing dose‐responsive trend (1.9‐fold on average) for male and female adrenals.
C1 DEGs mapped to oxidative stress pathways with inhibitory effects on glutathione peroxidase
production in male adrenals only and renal necrosis and xenobiotic signaling in the male kidney. For C2,
there was not a clear dose‐responsive trend in DEGs across adrenals and kidneys for either sex, however
males at the 6000ppm dose typically had &gt=1.8 fold more DEGs than females. C2 DEGs also mapped
to mitochondrial signaling pathways for both adrenals and kidneys. C1 had pathway effects in
aldosterone signaling in the male adrenal only. This aligned with increased eosinophilic inclusions in the
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kidney observed in males exposed to 600 and 2000 ppm C1 and adrenal gland vacuolization in males
and females treated with at 6000ppm C2 only. These findings suggest that short‐term TGx profiles can
strengthen matching phenotypic data and enhance our ability to rapidly inform new chemical
development decisions. This abstract does not reflect US EPA policy.
ABSTRACT NUMBER: 3436
Poster Board Number: P250
TITLE: Importance of Kinetic Investigation on the Interpretation of Toxicities of Pesticides: Analysis of
Case Example 2—Kinetics Investigation Influenced on Interpretation of Toxicity
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Yoshida1, S. Machino1, Y. Yokoyama1, T.
Egawa1, H. Satoh2, K. Miyajima3, S. Asano4, and S. Ozawa5. 1Food Safety Commission of Japan, Tokyo,
Japan; 2Iwate University, Iwate, Japan; 3Tokyo University of Agriculture, Tokyo, Japan; 4International
University of Health and Welfare, Tochigi, Japan; and 5Iwate Medical University, Iwate, Japan.
KEYWORDS: Pesticides; Toxicokinetics; Toxicity; Chronic
ABSTRACT: We have investigated appropriateness of methods on kinetics investigation in toxicity study
to find non‐linearity of internal exposure as the first step of kinetically derived maximum tolerated dose
based evaluation of pesticides residues (Machino et al., SOT2020). For the next step, we investigated
influence of non‐linearity of internal exposure on toxicological interpretation. We analyzed 6 pesticides
where the non‐linearity was observed. The data for this analysis was obtained from evaluation reports
published by Food Safety Commission of Japan. The toxicities were classified into 4 types based on doses
kinetically being non‐linear or not. They are KMD (a dose of the lowest inflection point of internal
exposure), lower dose(s) of KMD (<KMD), a dose of non‐linear internal exposure (NLD, the second
lowest inflection point), and higher dose(s) of NLD (NLD<). Parameters for internal exposure included
blood concentration, AUC or urine concentration of parent compound or marker metabolites. KMD or
NLD is considered a starting or perfectly fitting point of non‐linear exposure, respectively. As results, 2
compounds (1 herbicide and 1 fungicide) of 6 pesticides showed very weak toxicity. Almost their NOAELs
were NLD or NLD<, the highest doses tested. Another fungicide was low toxic in dogs and pregnant
rabbits, and their NOAELs were KMD or NLD<. However, NOAELs in long‐term study were <KMD in rats
and mice. In an insecticide showing low toxicity in mice and dogs, NOAELs and LOAELs were KMD and
NLD, respectively, but adrenal effects were observed in rats at <KMD. In remaining 2 fungicides, NOAELs
for short‐term toxicity were <KMD, and LOAELs were KMD in rats and dogs. No kinetics information was
obtained in long‐term studies. Our analysis indicated various toxicities were newly found at doses
related with non‐linearity. Species difference in kinetics was found. The kinetics investigation
contributed to judgement of tumorigenic doses in 1 insecticide where tumors increased with similar
frequency at two highest doses, NLD and NLD<. An ADI of 1 herbicide was set based on kinetics
consideration. Kinetics investigation influenced on hazard identification and characterization.
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ABSTRACT NUMBER: 3437
Poster Board Number: P251
TITLE: Importance of Kinetic Investigation on the Interpretation of Toxicities of Pesticides: Analysis of
Case Example 1—Methodology of Kinetics Investigation to Detect Non‐Linear Internal Exposure
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Machino1, Y. Yokoyama1, T. Egawa1, H.
Satoh2, K. Miyajima3, M. Yoshida1, S. Asano4, and S. Ozawa5. 1Food Safety Commission of Japan, Tokyo,
Japan; 2Iwate University, Iwate, Japan; 3Tokyo University of Agriculture, Tokyo, Japan; 4International
University of Health and Welfare, Tochigi, Japan; and 5Iwate Medical University, Iwate, Japan.
KEYWORDS: Pesticides; Toxicokinetics; Toxicity; Chronic
ABSTRACT: Maximum tolerated dose‐based toxicological evaluations have been conducted to detect
toxicities of pesticides. Recently submissions of kinetics investigation in each toxicity study as a
parameter of internal exposure to pesticide are increasing at toxicological evaluation. Such kinetically
derived maximum tolerated dose‐based evaluation will be expected informative for extrapolation of
toxicities of the pesticide to humans because consumers are unlikely exposed to plasma saturated levels
of pesticides via foods. We analyzed methodology in the kinetics investigations and appropriateness of
the investigations to find non‐linearity of internal exposure. All data used in this analysis were published
by Food Safety Commission of Japan. Eight pesticides were nominated. Visual non‐linearity of internal
exposure against administered dose were found in 6 of the 8 pesticides based on kinetics investigations,
where variation of their methodology such as choosing toxicity study type, sampling timing or kinetics
parameters were found. Since sampling time affected levels of blood concentrations, both AUC and 24‐
hr urine samples were considered good parameters to find non‐linear doses. Major metabolites were
chosen as indicators for the exposure in several compounds, in some case, major metabolites differed
by species. Species difference of non‐linear dose was found. In some cases, longer dosing duration made
it difficult to judge non‐linearity. Kinetics parameters were similar between non‐pregnant and pregnant
rats in one pesticide, but kinetics of pregnancy was not measured in others. In two compounds, doses of
studies were set based on the other kinetic analyses. Our analysis on methodology demonstrates that
kinetic investigation conducted in each toxicity study is important to find toxicities of pesticides relevant
to humans if kinetics parameters, sampling timing, analytic compound and species differences are
chosen appropriately in each toxicity study design.
ABSTRACT NUMBER: 3438
Poster Board Number: P252
TITLE: Toxicological Significance of Increased Serum Alkaline Phosphatase Activity in Dog Studies of
Pesticides: Improvement of Decision Tree for Judgement
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Yokoyama1,2, A. Ono3, M. Yoshida1, M.
Kiyoshi4, and M. Saito2. 1Food Safety Commission of Japan, Tokyo, Japan; 2Tokyo University of Agriculture
and Technology, Tokyo, Japan; 3Okayama University, Okayama, Japan; and 4Shinshu University, Nagano,
Japan.
KEYWORDS: Pesticides; Risk Assessment
ABSTRACT: We found a new interpretation that increased serum ALP was not an indicator of
hepatotoxicity in dogs treated with pesticides if hepatotoxic findings were absent based on the analysis
of toxicological significance of increased serum ALP in dog studies of over 200 pesticides evaluated
Japan during 2007 to 2013. On the basis of the previous analysis, we proposed a decision tree for
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toxicological significance of an increase in ALP in dogs in toxicity study (Yokoyama et al., Reg Toxicol
Pharmacol 109:104482, 2019). This study was conducted to validate our decision tree using other 129
pesticides evaluated during 2014 to 2019 in Japan. The necessity of improving the proposed decision
tree was also considered. All data used in this analysis were from evaluation reports published by Food
Safety Commission of Japan. Increased ALP was more frequent in dogs (58/129) than rats (22/129), but
increased ALP was not a specific marker of certain hepatotoxicity or a sensitive marker of hepatotoxicity
in dogs. Approximately 36% of pesticides with increase in ALP showed liver hypertrophy. These results
were coincident with those in the previous analysis, confirming that an increased ALP without other
hepatotoxicity findings in dogs did not indicate hepatotoxicity in all pesticides evaluated in Japan. When
the results of 58 pesticides with increase in ALP were applied to the proposed decision tree, most of the
four classified compounds were able to lead to accurate results. Among several cases with
hepatotoxicity and liver hypertrophy, a lower dose with liver hypertrophy only should be judged as that
liver hypertrophy was led to a route of no adversity without going through the hypertrophy. Therefore,
we improved the decision tree to distinguish between hepatotoxicity and liver hypertrophy. Precise
mode of action of increase in ALP in dogs remains unclear yet, however metabolic enzyme induction in
dogs were reported in 3 compounds, suggesting that increased ALP could be a change associated with
liver hypertrophy.
ABSTRACT NUMBER: 3439
Poster Board Number: P253
TITLE: Temephos, a Slightly Toxic Pesticide, Decreases the Sperm Fertilization Capacity at Safe
Concentrations Used in Public Health Campaigns
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Ramos‐Flores1, M. J. Solís‐Heredia1, I.
Camacho‐Hernández1, L. Y. Parra‐Forero1, I. Hernández‐Ochoa1, C. Zamora‐González1, A. E. Rojas‐
García2, and B. Quintanilla‐Vega1. 1Cinvestav, Mexico City, Mexico; and 2Autonomous University of
Nayarit, Tepic, Mexico.
KEYWORDS: Organophosphates; Fertility; Sperm
ABSTRACT: Temephos (Tem) is a non‐systemic organophosphorus (OP) pesticide widely used as a
larvicide in vector control campaigns that transmit diseases, such as dengue, chikungunya or zika, which
represent public health concerns in Latin American countries. Tem is classified in Category III by the
WHO, and its safe concentration (LOAEL) in male rats is 100 mg/kg/day/44 days and the recommended
concentration to use in drinking water is 1 ppm. In vivo studies demonstrated the acetylcholinesterase
(AChE) inhibition and the active metabolism of Tem in different tissues, probably by the action of mixed‐
function oxidases. Despite the limited toxicological information of Tem toxicity, a previous study by our
group showed that Tem decreases sperm quality at the safe recommended concentration and is present
as Tem and as some metabolites in testis and epididymis; one metabolite is the thiodiphenol‐sulfone
(known as bisphenol S [BPS], an endocrine disruptor). Due to the extensive use of this low‐toxic
pesticide and its effects on sperm quality, we evaluated the effect of Tem on sperm fertilization ability
using male Wistar rats (16‐18‐weeks old) administered with 100 mg/kg bw/5 days (gavage), cells were
collected from the epididymis‐vas deferens 24 hours post‐treatment. Tem significantly decreased sperm
motility and viability by 12.2 and 5.7%, respectively, and was able to decrease the sperm fertilization
rate by 30% (p<0.05). Also, AChE activity was inhibited by 72.9 and 73.8% at days 3 and 5 post‐
treatment, respectively. These results suggest that Tem decreases the fertilization capacity of
spermatozoa, at safe concentrations used in public health campaigns in endemic areas of mosquitos,
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which puts in risk the reproductive health of general population and of workers. This supports the need
to reevaluate the WHO classification of Tem and its safe concentration (LOAEL).
ABSTRACT NUMBER: 3440
Poster Board Number: P254
TITLE: Physiologically Based Kinetic (PBK) Modeling‐Facilitated Reverse Dosimetry to Predict Dose‐
Dependent In Vivo Acetylcholinesterase Inhibition for the Organophosphate Profenofos in Rats and
Humans
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: I. Omwenga1,2, S. Zhao1, L. Kanja2, S.
Wesseling1, B. Spenkelink1, H. Mol3, I. M. C. M. Rietjens1, and J. Louisse3. 1Wageningen University and
Research, Wageningen, Netherlands; 2University of Nairobi, Nairobi, Kenya; and 3Wageningen Food
Safety Research, part of Wageningen University and Research, Wageningen, Netherlands.
KEYWORDS: Organophosphates; Physiologically‐Based Pharmacokinetics; Neurotoxicity; Pesticides
ABSTRACT: Organophosphates (OPs) are among the most commonly used pesticides in the world.
Toxicity of OPs is considered to be related to the inhibition of acetylcholine esterase (AChE). The present
study aims to develop a combined in vitro‐in silico approach to predict dose‐dependent AChE inhibition
in rats and humans in vivo. To that end, a physiologically based kinetic (PBK) model for the OP
profenofos was developed for rats and humans, solely based on in vitro and in silico input parameters.
Parameter values for profenofos metabolism were derived from in vitro incubations with liver
microsomes, liver cytosol and plasma from rat and humans, and other chemical‐specific parameter
values such as tissue: plasma partition coefficients were derived using in silico calculations. The rat PBK
model was evaluated against in vivo data from the literature on the time‐dependent urinary excretion of
conjugated 4‐bromo‐2‐chlorophenol (BCP). Concentration‐dependent inhibition of rat AChE (obtained
from rat blood) and human (recombinant) AChE was determined in vitro and these data were translated
to predicted in vivo dose‐response curves using PBK modelling‐facilitated reverse dosimetry to predict
dose‐dependent AChE inhibition in vivo in rats and humans. Predicted dose‐dependent AChE inhibition
in rats was compared to in vivo data on profenofos‐induced AChE inhibition from the literature,
revealing an adequate prediction of in vivo effects in rats based on the combined in vitro‐in silico
approach. Furthermore, comparing rat and human predictions suggests that humans may be ten‐fold
more sensitive than rats. Altogether, the results demonstrate the ability to predict in vivo effects of OPs,
providing another proof‐of‐principle that with our approach in vivo effects of chemicals can be
adequately predicted for both animals and humans without the use of in vivo studies.
ABSTRACT NUMBER: 3441
Poster Board Number: P255
TITLE: Evaluation of Oxidative Stress and Cellular Glutathione in Human Neuroblastoma Cells Exposed to
Diazinon
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: I. Ngoka, A. Ishaque, and A. Elnabawi.
University of Maryland Eastern Shore, Princess Anne, MD.
KEYWORDS: Pesticides; Neurotoxicology
ABSTRACT: Diazinon (DZ) is a widely used insecticide for crop pest control in agricultural and
nonagricultural purposes. However, due to the emerging health and ecological risks posed by DZ, the
EPA has phased out all residential uses of Diazinon. The general population may be exposed to DZ
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through ingestion of contaminated food or drinking water and inhalation. The dermal and inhalation
exposure routes present the greatest potential for significant occupational hazard. DZ inhibits
acetylcholinesterase activity, and neurotoxicity is primarily a result of acetylcholine induced
hyperactivation in different regions in the brain. Animal and in vitro studies demonstrated that the
developing nervous system is more susceptible than the mature nervous system to the neurotoxic
effects of DZ. However, there is evidence that developmental exposure to low levels of DZ is associated
with neurological deficits in children and occupational neurotoxic effects in adults. Neurodegeneration
has increasingly been linked with mitochondrial dysfunction and generation of reactive oxygen species
(ROS), which can consequently cause cellular damage and death. The aim of this study was to examine
the neurotoxic effects of DZ and evaluate oxidative stress in human neuroblastoma SH‐SY5Y cells. SH‐
SY5Y cells were exposed to various concentrations of DZ for different exposure times. Cell proliferation,
viability, cellular reactive oxygen species (ROS) production, glutathione (GSH) content and mitochondrial
membrane potential were evaluated. Results indicated exposure to DZ decreased neuronal cell viability.
At low concentration of DZ, ROS levels were significantly increased at 6 and 24h in SH‐SY5Y cells. DZ
significantly decreased mitochondrial membrane potential similar to CCCP, the mitochondrial uncoupler
positive control. Further, exposure to DZ reduced the intracellular levels of GSH in neuronal cells. These
data suggest that the availability of GSH to the cells may not be sufficient to provide protection against
DZ toxicity and that DZ adversely results in neurodegeneration. Thus, DZ could be a risk factor for
neurodegenerative disorders. Supported by Title III.
ABSTRACT NUMBER: 3442
Poster Board Number: P256
TITLE: Expression of ADP‐Ribosylation Factor 1 (Arf1) in the Blood‐CSF Barrier: Effect of Lead Exposure In
Vitro
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. T. Sang, L. Liu, and W. Zheng. Purdue
University, West Lafayette, IN.
KEYWORDS: Metals
ABSTRACT: Copper (Cu) is an indispensable trace element for normal brain function. The homeostasis of
Cu in the cerebrospinal fluid (CSF) is regulated by the blood‐CSF barrier in the choroid plexus. Recent
studies have shown that ADP‐ribosylation factor 1 (Arf1), a key player in mediating vesicle trafficking
across different subcellular compartments, may participate in cellular Cu uptake. However, the
questions as to whether Arf1 is present in the choroid plexus and how it may influence the Cu transport
by the blood‐CSF barrier remained unknown. This study was designed to investigate the expression of
Arf1 in the choroid plexus and to test the hypothesis that exposure to lead (Pb), a toxic metal
extensively accumulated in the choroid plexus and known to interfere with Cu homeostasis, may alter
the expression of Arf1 in the choroid plexus. Immortalized choroidal epithelial Z310 cells and freshly
isolated rat plexus tissues were used to determine the expression of Arf1. Our qPCR data showed that
the expression of Arf1 in Z310 cells was 87.4% and 71.5% higher than that in N27 and PC12 cells,
respectively (p<0.05, n=3). Immunofluorescent data from rat choroid plexus tissue further indicated that
Arf1‐associated signals were mainly distributed on the apical surface facing the CSF and highly
overlapped with Golgi apparatus, indicating a possible role of Arf1 in taking up Cu from the CSF to the
choroid plexus. After Z310 cells were exposed to Pb in culture medium at various concentration (0.2 ‐
10.0 µM) for 24 hrs, the expression of Arf1, as quantified by the immunofluorescent intensity, was
elevated by at least 35%, as compared to controls (p<0.05, n=4). The confocal data also revealed that
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incubation of plexus tissues in a Pb‐containing artificial CSF at 10 µM induced the redistribution Arf1
from the apical region to the cytoplasm around nuclei. Taken together, our observations provide the
first‐hand evidence that Arf1 is expressed in the blood‐CSF barrier. Moreover, our data show that Pb
exposure can induce Arf1 expression and potentiate Arf1 intracellular trafficking. The impact of Pb and
Arf1 interaction on Cu levels in the CSF and the mechanism by which Pb interacts with Arf1 deserve
further investigation. Supported in part by NIH/NIEHS R01 ES027078.
ABSTRACT NUMBER: 3443
Poster Board Number: P257
TITLE: Prenatal Manganese Exposure Levels Modulate Auditory and Visual Processing as Assessed by
Intrinsic Functional Connectivity in Adolescents
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. A. Edmondson1, K. M. Cecil1, V. J.
Schmithorst2, and E. Haynes3. 1Cincinnati Children's Hospital Medical Center, Cincinnati, OH; 2Children's
Hospital of Pittsburgh, Cincinnati, PA; and 3University of Kentucky, Lexington, KY.
KEYWORDS: Exposure, Environmental; Children’s Health; Neurotoxicity; Metals
ABSTRACT: The Communities Actively Researching Exposure Study (CARES) was designed to address
whether low levels of manganese (Mn) are negatively impacting children from industrial sources of Mn.
Using magnetic resonance imaging (MRI), we assessed intrinsic functional connectivity (iFC) to
determine the effects of prenatal Mn on the adolescent brain. Prenatal dentine Mn (MnPre) from
deciduous teeth was determined using laser ablation ICP‐MS from 27 participants (13 Male, 14 Female,
mean age 16 (1.1) years). Resting‐state functional MRI was acquired on these participants using a
Siemens 3T MRI scanner. Preprocessing pipeline was done using Nipype and the FMRIB software library
(FSL). We used MELODIC to perform Independent Component Analysis (ICA) which decomposes
temporally concatenated 4D data sets into different spatial and temporal components. We identified 40
independent components from which 21, containing known intrinsic functional networks, were chosen.
We tested for association of iFC with MnPre using FSL's dual‐regression and randomise permutation‐
testing tool with age and full‐scale IQ as covariates. To account for multiple comparisons, the statistical
significance was set at p < 0.0006. The mean MnPre was 0.44 (0.14) AUC. We found weaker iFC with
greater MnPre between the lateral/medial posterior occipital cortex (visual processing) and right anterior
insular cortex (p = 0.0002). We also found stronger iFC with greater MnPre between the transverse
temporal gyrus (auditory processing) and right anterior insular cortex (p = 0.0005). Previous studies
indicate that insular activation is important in audio‐visual integration. Therefore, decreased
connectivity between visual processing, but increased connectivity between auditory processing may
suggest a compensatory mechanism after prenatal exposure to Mn.
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ABSTRACT NUMBER: 3444
Poster Board Number: P258
TITLE: Adverse Effects of the Gaseous Anesthetic, Sevoflurane, on the Developing Nonhuman Primate
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: F. Liu1, A. Moody1, S. Liu1, T. A. Patterson1,
C. M. Fogle1, J. P. Hanig2, W. Slikker1, and C. Wang1. 1US FDA/NCTR, Jefferson, AR; and 2US FDA/CDER,
Silver Spring, MD.
KEYWORDS: Neurotoxicity; Developmental
ABSTRACT: Sevoflurane is an inhalation anesthetic commonly used in pediatric patients during general
anesthesia and sedation. Adverse effects of sevoflurane on the developing rodent brain include a
widespread neuronal apoptosis in several brain regions. Those reports prompted studies of nonhuman
primates which are more closely related to the human population relative to length of pregnancy, brain
neuroanatomical organization, and pharmacodynamics. Our previous imaging study reported that an 8‐h
sevoflurane exposure at a clinically‐relevant concentration (2.5%) caused neurotoxicity in frontal cortex
of infant monkeys. The present experiment expanded on our previous study by examining the whole
brain using Fluoro‐Jade C staining. Serial sections of the whole brain were stained with Fluoro‐Jade C
which detects degenerating neurons. Positively‐stained cells were observed in multiple areas of the
sevoflurane‐exposed monkey brain. The area with the most staining remained the frontal cortex, with
the degenerating neurons localized in layers II to V. Some degenerating neurons were also observed in
the hippocampus and temporal lobe; however, the number in those areas were not significantly
increased relative to those in the control monkeys exposed only to room air. Additional experiments are
in progress to determine whether other cell types, including astrocytes or oligodendrocytes, are affected
by anesthesia exposure. However, it appears clear that an 8‐h sevoflurane exposure at a clinically‐
relevant concentration produced neuronal cell death in multiple regions of the brain of infant monkeys,
particularly in the frontal cortex.
ABSTRACT NUMBER: 3445
Poster Board Number: P259
TITLE: Early‐Life Exposures and Aging: Developmental Diazinon Effects on Behavior across Adulthood in
Zebrafish and Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Hawkey, J. Boyda, Z. Holloway, E. Pippen,
B. Bernstein, D. Unal, B. Kenou, and E. D. Levin. Duke University, Durham, NC.
KEYWORDS: Developmental/Teratology; Neurotoxicity; Pesticides; Aging
ABSTRACT: Developmental neurotoxicity is an important concern for risk assessment, as even brief
exposures early in life can produce long‐term changes in brain and behavior. Although animal models
often highlight neurobehavioral effects in the young, relatively little data is available to suggest how
early life exposures may affect aging processes in later adulthood. The current studies seek to address
this gap by assessing the long‐term consequences of early developmental exposure to the
organophosphate insecticide diazinon, collecting data in both early and late adulthood. A further aim is
to assess the congruity of these changes in rat and zebrafish models of developmental neurotoxicity.
Female Sprague‐Dawley rats were exposed to 0, 0.5 or 1 mg/kg/day of diazinon via osmotic minipumps,
with exposure lasting from pre‐conception into the first week after offspring were born. Offspring were
tested twice on behavioral batteries; once beginning at 4 weeks of age, and again beginning at one year
of age. For comparison, zebrafish embryos were exposed to 0, 70‐700 µM diazinon from 5‐120 hours
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post‐fertilization and tested at approximately 7 and 14 months of age. In rats, diazinon caused
significant locomotor hyperactivity, increased risk‐taking and deficits in recognition memory during
adolescence or early adulthood. The increased risk‐taking and memory deficit dissipated by later
adulthood. Among older female rats, diazinon produced attention deficits that were not observed in
early adulthood. In young adult zebrafish, developmental diazinon exposure dose‐dependently
increased novel tank diving and acoustic startle responses, while also reducing predator avoidance. By
later adulthood, the startle and predator effects had dissipated, while the diving effect persisted and a
locomotor hypoactivity effect became evident at this later age. These data suggest that neurobehavioral
toxicity observed at younger ages may not be persistent across the lifespan, but that new behavioral
deficits may still emerge at later ages. Further, it suggests that these two vertebrate models
complement one another on these changes across development. This work was supported by the Duke
University Superfund Research Center (ES010356).
ABSTRACT NUMBER: 3446
Poster Board Number: P260
TITLE: The Developmental Neurotoxicity of a Contemporary Mixture of Polychlorinated Biphenyls in the
LUHMES Human Neuronal Cell Line
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. Matelski, R. K. Morgan, B. Thuamsang, J.
Van de Water, and P. J. Lein. University of California Davis, Davis, CA.
KEYWORDS: Polychlorinated Biphenyls; Neurotoxicity; Developmental; In Vitro and Alternatives
ABSTRACT: Chronic exposure to environmental levels of polychlorinated biphenyls (PCBs) remains a
public health concern, particularly for the developing human brain. Many epidemiological studies have
shown associations between prenatal PCB exposure and neuropsychological deficits in children, and
prenatal exposures to PCBs have been identified as risk factors for neurodevelopmental disorders.
Preclinical studies have identified PCBs as developmental neurotoxicants with congener‐specific and
concentration‐dependent effects on dendritic arborization, axon outgrowth, and apoptosis in rodent
neurons. However, the PCB mixtures used in previous studies may not be representative of
contemporary human exposures, as older commercial mixtures such as Aroclor 1254 lack the lower
chlorinated PCB congeners that have been detected more recently in environmental and human
samples. Therefore, the developmental neurotoxicity of PCB profiles of relevance to current human
exposures need to be examined, especially in neurons of human origin. Therefore, we screened a PCB
mix comprised of the 12 most abundant congeners detected in human maternal plasma for
developmental neurotoxicity in LUHMES cells, a human neuronal cell line. LUHMES cells were exposed
to this PCB mixture for 24, 48, 72, and 96 h and assessed for changes in apoptosis, cytotoxicity and
general neurite outgrowth via live cell imaging, and cytokine receptor expression by qPCR. Of these
endpoints, only apoptosis was significantly altered by PCB exposure, with an increase in apoptosis
detected after 48 h. As previous preclinical PCB studies have indicated specific effects on dendrites or
axons, it is possible that the mechanisms of PCB neurotoxicity are not apparent via measurement of
general neurite outgrowth. Alternatively, these findings may be indicative of differences between
species, brain regions, or PCB congener profile.

The Toxicologist: Late-Breaking Supplement 2020

110

ABSTRACT NUMBER: 3447
Poster Board Number: P261
TITLE: Halobenzoquinone and Haloacetic Acid Water Disinfection Byproducts‐Induced S‐Phase Arrest
and Inhibited the Neural Differentiation of SH‐SY5 Y Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Li, and A. G. Grugbaye. Jilin University,
Changchun, China.
KEYWORDS: Disinfection By‐Products; Environmental Toxicology; Neurotoxicity; Developmental
ABSTRACT: The associations between water disinfection byproducts (DBPs) exposure and an increased
risk of adverse developmental outcomes, including stillbirth, spontaneous abortion, birth defects, and
low birth weight, have been reported in epidemiological studies. However, the effects of DBPs on
human neural development are unclear. Therefore, this study examined the effects of DBPs on the
neural differentiation of SH‐SY5Y cells. Monochloroacetic acid (CAA), a regulated DBP, and 2,6‐dichloro‐
1,4‐benzoquinone (2,6‐DCBQ), an emerging DBP, were chosen for SH‐SY5Y cell treatment. Both CAA and
2,6‐DCBQ significantly decreased the proliferation of neural differentiating SH‐SY5Y cells, and 2,6‐DCBQ
was more cytotoxic than CAA. Also, both DBPs inhibited the neural differentiation of SH‐SY5Y cells. In
addition, both CAA and 2,6‐DCBQ induced cell cycle arrest at S‐phase, and influenced the expression of
S‐phase proteins, including p21, CDK2, Cyclin E and Cyclin A. These results suggest DBP‐induced cell
cycle arrest and inhibition on the neural differentiation of SH‐SY5Y cells, demonstrating the need to
assess the neurodevelopmental toxicity of DBPs.
ABSTRACT NUMBER: 3448
Poster Board Number: P262
TITLE: Design and Application of a Test Battery to Screen Developmental Neurotoxicants and Improve
the Prediction Model
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Blum, X. Dolde, A. Holzer, T. Waldmann,
and M. Leist. University of Konstanz, Konstanz, Germany.
KEYWORDS: Neurotoxicology
ABSTRACT: There is an increasing prevalence of disorders that are associated with disturbed
neurodevelopment. Nonetheless, developmental neurotoxicity (DNT) is one of the least tested effects of
chemicals. This lack of testing is mainly attributed to the issue, that current DNT assessment is based
entirely on in vivo animal experiments which are cost‐intensive and time‐consuming. Therefore, new
approach methods (NAMs) have been recommended in the past few years to contribute to the test
status of DNT. Such NAMs are capable of testing large compound sets in high‐throughput approaches.
However, most NAMs have a strict hit to non‐hit cut off model, not dealing with compounds on the edge
of the specificity threshold. Here, we used 3 well established human cell‐based NAMs as a test battery
to assess two key events of DNT, neurite outgrowth and migration. Based on expert knowledge a bona
fide compound set of 44 DNT positive control compounds was selected and tested in the battery using
high content imaging to generate concentration‐response curves with at least 6 concentrations. The
prediction model used for hit definition distinguishes specific effects from general cytotoxicity. Several
compounds had effects close to the threshold criterion of the prediction models. In order to capture
also such borderline effects as alerts for potential toxicity, we modified the prediction model via the
introduction of a borderline category which picks up substances with results close to the specificity
threshold. The refined version of the prediction model was able to rank the tested compounds as
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specific hits for DNT, cytotoxic, negative or borderline alert compounds. As a result 66% of the
compound set were active in at least one assay and 52% of the compounds showed a specific DNT alert
across the test battery. The improved prediction model was set as a new standard for a real life screen
scenario testing a larger compound library and expanding the final set to >120 compounds. With these
results, we contribute to the area of DNT testing providing in total concentration‐response data and a
DNT effect categorization of >120 compounds in 3 NAMs representing a test battery. Moreover, our
suggestion for a borderline category could serve as an example to improve future in vitro screening test
strategies and ultimately regulatory risk assessment.
ABSTRACT NUMBER: 3449
Poster Board Number: P263
TITLE: Iron‐Sulfur Contaminants as Cause of Air Pollution‐Induced Developmental Neuropathology
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. M. Scofield, K. Conrad, E. Marvin, A.
Merrill, T. Anderson, M. Sobolewski, G. Oberdorster, and D. A. Cory‐Slechta. University of Rochester,
Rochester, NY.
KEYWORDS: Neurotoxicity; Developmental; Inhalation Toxicology; Undergraduate Student
ABSTRACT: Increasing evidence suggests that the central nervous system (CNS) is susceptible to life‐long
damage following exposure to air pollution during neurodevelopment. Our previous inhalation studies in
mice have identified ambient ultrafine particles (UFPs) as a toxic component of particulate air pollution
following either gestational or postnatal exposures. Exposures to ambient UFPs in the early postnatal
period, equivalent to human 3rd trimester brain development, resulted in one particularly dramatic
neuropathological effect, i.e., male‐biased ventriculomegaly (i.e., lateral ventricle dilation, a clinical
predictor of adverse developmental outcome), accompanied by corpus callosum demyelination. While
accumulating evidence suggests exposure to air pollution may cause neurotoxicity via a multitude of
neurodevelopmental mechanisms, less is known about what actual components underlie this damage.
However, analyses of particulate filter measurements revealed high levels of multiple trace elements,
particularly iron (Fe), and sulfur (S). Fe is critical to myelination, and both Fe and S can act via a ferroptic
mechanism of oxidative insult and are neurotoxic in excess. To investigate the potential involvement of
Fe and S in the developmental neurotoxicity of UFPs, C57/Bl6J mice were exposed to FexOy and SO2
(Fe:1.0 µg/m3, SO2: 0.66 mg/m3, representative of human exposures) from postnatal days (PND) 4‐7
and 10‐13, for 4 hours/day. Like UFPs, FexO4‐SO2 combined exposure produced a significant male‐
specific ventriculomegaly averaging 173% greater than filtered air controls as measured at PND14.
Ongoing work is examining concomitant inflammation (i.e., microglial and/or astrocytic activation), and
demyelination. Collectively, these findings suggest that specific trace element contamination
contributes significantly to the neuropathological consequences of ambient UFP exposure during
development, a notable finding given the sexually dimorphic nature of neurodevelopmental disorders
such as autism and schizophrenia that have already been linked to air pollution in epidemiological
studies. Such findings suggest a potential need for regulation of Fe emissions in air pollution for public
health protection and underscore the need to further evaluate elemental contaminants of air pollution.
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ABSTRACT NUMBER: 3450
Poster Board Number: P264
TITLE: Assessments of Gulf War Chemical Toxicity in Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. K. Miklasevich1,2, N. M. Gargas1,2, T.
Ethridge1,3, S. M. McInturf1, K. L. Mumy1, and J. G. Rohan1. 1Naval Medical Research Unit Dayton, Wright‐
Patterson AFB, OH; 2Henry Jackson Foundation for Military Research, Bethesda, MD; and 3Oak Ridge
Institute for Science and Education, Oak Ridge, TN.
KEYWORDS: Neurotoxicology; Neurotoxicity; Pesticides
ABSTRACT: Gulf War illness (GWI) is a disorder affecting military personnel deployed in the Gulf War
(GW) from 1990‐1991. Current studies using animal models of GWI demonstrated central nervous
system (CNS) dysfunction. Using a rat model of GWI, we are assessing CNS function using
electrophysiological approaches to characterize immediate and delayed effects of GW chemicals on
synaptic function of hippocampal neurons in combination with behavioral testing and biochemical
assays. Animals were divided into 3 experimental groups. The GWI group were exposed to 1.3
mg/kg/day PB (oral in water), 40 mg/kg/day DEET (dermal in 70% ethanol), and 0.13 mg/kg/day PER
(dermal in 70% ethanol). The GWI & stress group were exposed to the same GW chemicals as the GWI
group but are also subjected to 5 min of restraint stress. The control group was exposed to dermal
application of alcohol and oral gavage administration of water. Exposures occurred for 28 consecutive
days. Endpoints were electrophysiology, behavioral testing and biochemical measurements. The
majority of experiments are completed and data analysis is ongoing. Here, we present our findings thus
far on how Gulf War chemical exposures affect neuronal function, behavioral performance and several
biochemical parameters. There was a statistically significant effect on paired pulse facilitation of CA1
hippocampal neurons within 24 hours following completion of exposures. Statistically significant
increased motor activity was observed 3 months following completion of exposures. Furthermore, there
was a statistically significant delayed decrease in glutamate levels in homogenized hippocampus.
ABSTRACT NUMBER: 3451
Poster Board Number: P265
TITLE: 2,3,7,8‐Tetrachlorodibenzo‐P‐dioxin‐Induced Neurofilament‐l Expression and Accumulation in the
Neuronal Cells through the Interaction between AhR Pathway and MAPK Pathway
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Chen, L. Xu, and B. Zhao. Chinese
Academy of Sciences, Beijing, China.
ABSTRACT: Dioxin exposure is reported to affect nervous system development and increase the risk of
neurodegenerative diseases. Generally, Dioxin exerts its neurotoxicity via aryl hydrocarbon receptor
(AhR). Neurofilament (NF) light (NFL) protein is a biomarker for both neuronal differentiation and
neurodegeneration and its expression is controlled by the mitogen‐activated protein kinase (MAPK)
pathway. However, the effects of dioxin on NFL expression and involved mechanisms are incompletely
understood. We aimed to investigate the effects of 2,3,7,8‐tetrachlorodibenzo‐p‐dioxin (TCDD) on NFL
expression and elucidate the underlining signaling pathways and their potential crosstalk, specifically
between MAPK and AhR pathway. METHODS: We employed primary cultured rat cortical neurons to
evaluate the effect of TCDD exposure (at 10‐11 or 10‐10 mol/L for 1‐4 days in vitro) on NFL expression. We
also used nerve growth factor (NGF)‐treated PC12 cells with specific inhibitors to investigate the
involvement of and potential crosstalk between the MAPK pathways and the AhR pathways in mediating
the effects of TCDD on NFL expression. After TCDD exposure, NFL mRNA and protein levels were
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upregulated in cultured neurons. NFL protein was preferentially found in the cell body compared with
neurites of the cultured neurons. In PC12 cells, TCDD enhanced both NGF‐induced NFL expression and
phosphorylation of ERK1/2 and p38. The addition of MAPK‐pathway inhibitors partially blocked the
TCDD‐induced NFL upregulation. CH223191, an AhR antagonist, reversed the upregulation of NFL and
phosphorylation of ERK1/2 and p38 induced by TCDD. This study demonstrated TCDD‐induced
upregulation of NFL in cultured neurons, with protein retained in the cell body. TCDD action was
dependent on activation of AhR and MAPK,while crosstalk was found between these two signaling
pathways.
ABSTRACT NUMBER: 3452
Poster Board Number: P266
TITLE: Acute Treatment of Nicotine‐Derived Nitrosamine Ketone (NNK) Causes Disruption of Blood‐Brain
Barrier (BBB) and Microglia Activation
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. F. Ochoa, P. Villarreal, O. Solomon, M.
Motamedi, and G. Vargas. University of Texas Medical Branch, Galveston, TX.
KEYWORDS: Glia; Neurotoxicology; Toxicity; Acute
ABSTRACT: Cigarette Smoke (CS) continues to be a leading cause for decline of quality of life as well as
deaths globally. CS has been shown to have an association with neuroinflammation and several
neurological disorders. Mounting evidence indicates a correlation /association between Cigarette Smoke
Toxins with studies indicating that smoking can aid in blood brain barrier (BBB) impairment by
subsequent inflammatory activity. While there is indication that CS induces neuroinflammation
mediated by microglia and BBB breakdown, no focused effort has been taken to understand the role of
BBB disruption and subsequent gliovascular responses. Thus, there is a lack of studies on the effects of
CS on markers of neurodegeneration, though epidemiological evidence indicates a potential link. To
address this, we combine the use of transgenic mouse line (CX3CR1‐GFP) with intravital neuroimaging
(IN) in an acute intra‐nasal delivery model of nicotine‐derived nitrosamine ketone (NNK). This study
focuses on investigating the patterns of neuroinflammation caused by NNK across the brain using IN.
Using automated segmentation guided by machine learning, we were able to identify a shift of
microglial body size change in treated vs control. Additionally, this analysis also revealed that the
number of microglia bodies per field of view (FOV) is not significantly different but total volume covered
by these differ. This approach has the potential to reveal a connection between inhaled toxicants,
neuronal vulnerability and progression of neurodegeneration through use of a CX3CR1 transgenic
mouse line (expressing a GFP+ microglia). The in vivo tracking of CS effects provides a real time
assessment of BBB and microglia responses to a common aggressor found in cigarette smoke.
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ABSTRACT NUMBER: 3453
Poster Board Number: P267
TITLE: Global Metabolomic Profile of Nervous System Perturbation in Caenorhabditis elegans
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: V. Kalia1, J. Bradner1, F. K. Lau1, D. I.
Walker2, D. P. Jones3, and G. W. Miller1. 1Columbia University, New York, NY; 2Icahn School of Medicine
at Mount Sinai, New York, NY; and 3Emory University, Atlanta, GA.
KEYWORDS: Metabolomics; Neurotoxicology
ABSTRACT: Neurodegeneration has several risk factors that include genetic, environmental, and aging
processes. Some of these factors present as neuronal perturbation from toxicant insult, proteotoxicity,
and altered vesicular storage. To measure holistic changes in biochemical responses from such insults in
C. elegans, we have developed a high‐resolution metabolomics framework using a Thermo QExactive LC
Orbitrap that leverages the sensitivity of high‐resolution mass spectrometers and the unparalleled
genetic tractability of the nematode model. To identify metabolic pathways affected by neuronal
perturbation, we use a metabolic pathway enrichment test. MPTP (1‐methyl‐4‐phenyl‐1,2,3,6‐
tetrahydropyridine) is known to induce Parkinsonism in humans and animal models. Its active
metabolite MPP+ (1‐methyl‐4‐phenylpyridinium), is a complex I inhibitor that was briefly used as a
pesticide in the 1970s. In wildtype L4 worms exposed to 1 mM MPP+ for 4 hours, we detected changes in
tryptophan metabolism and altered levels of 5‐hydroxyindole acetate, the primary metabolite of
serotonin, suggesting changes in serotonin pathways. The proteotoxicity of hyperphosphorylated Tau
protein aggregation in neurons has been implicated as a risk factor in several neurodegenerative
diseases. Transgenic pan‐neuronal expression of pro‐aggregating tau protein showed altered
metabolism of glutathione, glycerophospholipids, and branched chain amino acids. In the cytoplasm of
monoaminergic neurons, the vesicular monoamine transporter 2 (VMAT2; SLC18A2) transports
monoamines into vesicles, where they reside until release into the synapse, protected from cytoplasmic
degradation. Altered expression of VMAT2 has been associated with susceptibility to MPP+ and
Parkinson’s disease, as observed in both animal and human studies. Loss of VMAT in C. elegans, using
the cat‐1 mutant strain, led to altered fatty acid beta‐oxidation, which is known to be regulated by the
monoamine serotonin in C. elegans. Metabolic features overlapping between the three perturbations
enriched the glycerophospholipid, lysine, and TCA cycle metabolic pathways. Thus, leveraging the ease
of C. elegans for toxicology and genetic studies, we can compare metabolomic profiles to elucidate
underlying biochemical pathways of neurodegeneration.
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ABSTRACT NUMBER: 3454
Poster Board Number: P268
TITLE: Role of Cycad Toxins in Parkinson‐Dementia Complex (PDC) Using Induced Pluripotent Cell (iPSC)
from Guam Patients
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. C. Chlebowski1, Y. Yang2, N. Siddique2, T.
Siddique2, P. S. Spencer3, J. C. Steele4, and G. E. Kisby1. 1Western University of Health Sciences, Lebanon,
OR; 2Northwestern University Feinberg School of Medicine, Chicago, IL; 3Oregon Health and Science
University, Portland, OR; and 4Formerly, Guam Memorial Hospital, Tamuning, GU.
KEYWORDS: Neurotoxicology; Cell Culture
ABSTRACT: Western Pacific amyotrophic lateral sclerosis/Parkinsonism‐Dementia Complex (ALS‐PDC) is
a disappearing neurodegenerative disease that shows clinical and neuropathological relationships with
amyotrophic lateral sclerosis (ALS), atypical parkinsonism and Alzheimer’s disease. ALS‐PDC has been
linked with exposure to environmental factors (i.e., cycad plant neurotoxins, certain metal ions), but
evidence from human and animal studies is inconclusive. Patient‐specific induced pluripotent stem cells
(iPSCs) that generate neural progenitor cells (NPCs), neurons and glia provide a powerful method to
explore PDC etiology. To this end, iPSC lines were developed from lymphocytes of a healthy 40‐yr‐old
female subject (from Saipan) and a 57‐yr‐old female Guam patient with advanced PDC and a family
history of the disease. Pluripotency of both lines was determined using established markers (Oct4, SSEA‐
4, TRA‐1‐60, Sox2) prior to inducing both lines to form NPCs and then neurons. An embryoid body
protocol was used to derive NPCs from both iPSC lines and a BrainPhys™ hNPC Neuron Kit (Stemcell
Technologies, BC, Canada) was employed to differentiate the hNPCs into mature neurons. Established
neuroprogenitor (nestin, Sox2), neuronal (β‐tubulin, Map2, doublecortin), and synaptic markers
(synaptophysin, PSD‐95) were used to characterize the NPCs and neurons by both
immunocytochemistry and dot blot analysis. NPCs from a commercial supplier (newborn male,
Caucasian) that were treated with the cycad toxins methylazoxymethanol acetate (MAM), β‐
methylamino‐L‐alanine (L‐BMAA), and cycasin showed a significant concentration‐dependent reduction
in cell viability (i.e., calceinAM/propidium) and protein expression changes (nestin). In contrast, both
Guamanian‐derived NPC lines showed little acute toxicity in response to the three cycad toxins. Studies
are underway to compare the effect of cycad toxins on protein expression in healthy Guamanian‐
derived NPCs and neurons and to determine whether they induce phenotypic changes comparable to
those of PDC‐derived hNPCs and neurons. These studies should help clarify the role of cycad toxin(s) in
ALS‐PDC.

The Toxicologist: Late-Breaking Supplement 2020

116

ABSTRACT NUMBER: 3455
Poster Board Number: P269
TITLE: A Potential Link between Air Pollution and Alzheimer's Disease: PM2.5 Particles Cause Microglia‐
Enhanced Hyperactivity in hiPSC‐Glutamatergic Neurons
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. L. Gordon1, C. Handley1, R. C. B. Basa1, Y.
Huang2, J. Zheng2, W. Ding3, J. Price1,4, and P. McDonough1. 1Vala Sciences Inc., San Diego, CA; 2University
of Nebraska Medical Center, Omaha, NE; 3Chinese Academy of Sciences, Beijing, China; and 4The
Scintillon Institute, San Diego, CA. Sponsor: P. McDonough, Safety Pharmacology Society
KEYWORDS: Neurotoxicology; Exposure, Environmental; Excitotoxicity
ABSTRACT: Epidemiology studies link air pollution, notably particulate matter 2.5 µm or less in diameter
(PM2.5), to increased Alzheimer’s disease (AD), but the mechanisms responsible for this link have not
been fully elucidated. The role of inflammation in neurodegenerative disease is also not fully
understood. Microglia, the brain immune cell, could protect or sensitize neurons to insults such as air
pollution. Apolipoprotein E (APOE) genotype may also play a role in the amount of damage done by
environmental insults. To investigate potential dysregulation of CNS neuron function by PM2.5, we
seeded commercially available glutamatergic neurons derived from human induced pluripotent stem
cells (hiPSC‐Gluts) into 384‐well plates and exposed the neurons to PM2.5 (at doses of 0.625, 12.5, 25, 50,
and 100 µg/ml) for 4 or 24 hrs. We used Rhod‐4 (an indicator of intracellular calcium) to monitor
neuronal activity via Kinetic Image Cytometry®, a method featuring an automated digital microscope
workstation. We collected of videos (2 minutes at 4 frames per second) from each well and analyzed the
videos on a cell‐by‐cell basis to quantify Rhod‐4 fluorescence. PM2.5 exposure increased calcium activity
in a dose‐ and time‐responsive manner (with a 1.6‐fold increase in integrated activity above baseline at
100 µg/ml, at 24 hr). Next, we co‐cultured neurons with hiPSC‐derived microglia prior to PM2.5 addition.
The microglia increased both the general calcium activity of the neurons (4‐6X increased spike
frequency) and the sensitivity to PM2.5 treatment, with effects seen at the 25 ug/mL dose and higher. We
have developed an isogenic panel of iPSCs with APOE 3/3, 3/4, or 4/4 genotypes and will test the PM2.5
sensitivity of neurons derived from these lines. Our results show that PM2.5 increases calcium transients
in neurons, a stress that may cause hyperactivity, excitotoxicity, and increased neuronal mortality.
Inflammatory responses by the microglia may also increase these effects. Development of a high
throughput assay system to test air pollution components for neurotoxic effects will enable research
into mechanisms that link air pollution to AD and spur the search for agents that may protect against
this neurodegenerative stimulus.
ABSTRACT NUMBER: 3456
Poster Board Number: P270
TITLE: Pituitary Adenylate Cyclase Activating Polypeptide Protects Human Neuroblastoma Cells against
Chlorpyrifos Oxon Neurotoxicity
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Z. C. Johnson, S. Black, A. Ishaque, and A.
Elnabawi. University of Maryland Eastern Shore, Princess Anne, MD.
ABSTRACT: Chlorpyrifos (CPF) is known to induce acute and chronic neurotoxicity in humans and
animals primarily by inhibiting acetylcholine esterase (AChE) activity and represents a concern for
human population. Recent studies identify association of exposure to organophosphate insecticides and
neurotoxic responses, including deficits in neurobehavioral performance, motor skills and
neurodegeneration. CPF undergoes oxidative desulfuration in the liver to form a highly active metabolite
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chlorpyrifos oxon (CPO), which potently inhibits AChE activity more than its parent compound. Pituitary
adenylate cyclase activating polypeptide (PACAP) is a pleiotropic and multifunctional peptide. PACAP
and its receptors are actively expressed in the central and peripheral nervous systems. Recent studies
have shown a neurotrophic and neuroprotective effect of PACAP in brain damage models in vivo and in
vitro, and in many neurological disorders characterized by neurodegeneration, such as cerebral
ischemia, stroke, Parkinson’s disease and Alzheimer’s disease. This study was aimed to investigate the
PACAP38 neuroprotection against CPO toxicity in human neuroblastoma (SH‐SY5Y) cells. Cells were
treated with CPO, PACAP38 or PACAP antagonist (PACAP6‐38) at various concentrations alone or in
combination. Cell proliferation, viability and cell death were assessed. Results showed that CPO
significantly reduced cell proliferation and viability in a concentration‐dependent manner after 24h of
exposure. Co‐treatment of SH‐SY5Y cells with CPO and graded concentrations of PACAP38 (0.01 to 100
nM) for 24h reduced the toxicity of CPO and restored cell viability. The elevation of the cell viability and
proliferation evoked by PACAP38 was significantly inhibited by the PACAP receptor antagonist PACAP6‐
38, suggesting that the neurotrophic activity of PACAP is mediated through activation of the adenylyl
cyclase/PKA pathway. Pretreatment of the cells with PACAP38 for 1h followed by CPO for 24h provoked
a significant increase in cell proliferation and viability. An understanding of the PACAP signaling
pathways may lead to the development of new prophylactic and therapeutic drugs. Supported by Title
III.
ABSTRACT NUMBER: 3457
Poster Board Number: P271
TITLE: Quantitative MRI T2 Mapping of Omniscan Brain Retention in Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. Sadovova, A. Tripp, and S. Liachenko. US
FDA/NCTR, Jefferson, AR.
ABSTRACT: Brain retention of some gadolinium‐based contrast agents (GBCA) has been reported in
patients and laboratory animals after multiple doses. Currently this has been studied using T1‐weighted
MRI (T1w) with relatively short duration of GBCA administration. It is important to study effects of more
prolonged exposures of GBCAs on their brain retention and possible neurotoxicity. This requires
extensive animal handling, particularly, if intravenous (IV) injections are considered. We propose to use
quantitative MRI T2 mapping (T2) and intraperitoneal (IP) route of administration for such studies.
Animal use protocol was approved by NCTR IACUC. To compare T1w and T2 twelve male Sprague‐Dawley
rats received IV Omniscan (0.62 mmol/kg) or saline (1.24 ml/kg) via tail vein. MRIs were performed using
7 tesla Bruker Biospec scanner before start of treatment and weekly thereafter (6 scans/subject). To
compare IV and IP administration of Omniscan, twelve rats were surgically implanted with vein
catheters and external injection ports and six rats remained intact for IP injections. Animals received
Omniscan IV (0.62 mmol/kg), IP (0.62 mmol/kg), or saline IV (1.24 ml/kg) over 5 weeks (4 doses/week,
20 total). Statistical analysis was performed using repeated measures ANOVA. T2 could positively detect
accumulation of Omniscan in deep cerebellar nuclei (DCN) starting from week 3 of dosing, whereas T1w
could detect it only at 5 weeks. These results suggest that even though Omniscan is predominantly a T1
relaxation agent, T2 relaxation effects are more readily detected in current setting. There was no
significant effect of route of Omniscan administration on its retention in DCN. These data suggest that
for long‐term studies of GBCA brain retention IP injections can successfully replace IV and thus improve
the efficiency and animal well‐being in such experiments. Therefore, the use of quantitative MRI T2
mapping and IP route of administration of GBCAs are justified. This work was supported by NCTR P0802.
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ABSTRACT NUMBER: 3458
Poster Board Number: P272
TITLE: Microrna Expression is Associated with Alzheimer’s Disease Development: A Transgenic Pig with
Multi‐Cistronic Vector System
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Cho1, E. Cole1, S. Lee2, M. Park2, S. Kim2, E.
Kim3, and S. Park2. 1University of Montana, Missoula, MT; 2Jeju National University, Jeju, Korea, Republic
of; and 3Mirae Cell Bio, Seoul, Korea, Republic of.
ABSTRACT: Alzheimer’s disease (AD) is the progressive neurodegenerative disease that includes memory
loss and cognitive impairments. AD is a relentlessly progressive disorder, which is not curable at present,
and the mechanisms driving development of AD are not fully understood. Epigenetic alterations are
associated with the development and progression of neurodegenerative diseases; thus, we aimed to (1)
profile expression of 134 miRNAs in AD transgenic pigs with a multi‐cistonic vector system generated at
Jeju National University Stem Cell Research Center; and (2) determine miRNA targets and functional
pathways of miRNA transcripts for AD development. Brain tissue RNAs from a normal pig and two
differently aged AD transgenic pigs (7 and 60 weeks) were used to profile 134 miRNAs using a
NanoString nCounter Analysis System. The data sets from each pig will be normalized using nSolver
Analysis Software 3.0, and IPA tool was used to predict miRNA targets and functional pathway of miRNA
transcripts. Among a total of 134 miRNAs, in comparison with a normal pig, 42 miRNAs and 44 miRNAs
were expressed abnormally in 7‐week and 60‐week AD transgenic pigs, respectively. Of these miRNAs,
miR‐1277‐3p and miR‐127‐3p showed significant difference of their expression between 7‐week and 60
weeks. The core functional network of AD development by age was found to be on the pathway through
miR‐127‐3p and miR‐1277‐3p and their predicted target genes, including SEC24A, VAX1, FANCD2, CLC,
IL6ST, NTRK1, RTL1, CUL3, and DIF2D. Our results may provide mechanistic data to explain AD
exacerbation by age using an AD transgenic porcine model. Understanding functional networks leading
AD development would allow better methods of treatment and reduce the health burden of this
disease. However, further studies into the potential for miRNAs as informative biomarkers using a larger
sample size are warranted.
ABSTRACT NUMBER: 3459
Poster Board Number: P273
TITLE: Formaldehyde and Brain Disorders: A Meta‐Analysis and Bioinformatics Approach
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: I. Rana1, L. Rieswijk2, C. Steinmaus1, M.
Weisskopf3, and L. Zhang1. 1University of California Berkeley, Berkeley, CA; 2Maastricht University,
Maastricht, Netherlands; and 3Harvard University, Cambridge, MA.
KEYWORDS: Carcinogenesis; Epidemiology; Neurotoxicology
ABSTRACT: While there has been significant investigation and investment in brain and
neurodegenerative disease research, current understanding of the etiologies and basic biology of
illnesses such as Alzheimer’s disease (AD), Parkinson’s disease (PD), amyotrophic lateral sclerosis (ALS),
and brain cancer remains limited. Environmental exposures to toxic chemicals like the ubiquitous
pollutant formaldehyde, an emerging neurotoxin that is widely used in industry, have been suspected to
play a critical role in mediating these disorders. Some recent studies reported that occupational
exposure to high levels of formaldehyde are associated with increased risk of ALS and brain cancer,
although the findings are limited and inconsistent. Focusing on highly exposed groups, we performed a
meta‐analysis on formaldehyde and neurodegenerative disease or brain tumors and reported the meta‐
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relative risk (meta‐RR) of ALS was increased by 78% (meta‐RR=1.78, 95% confidence interval, CI=1.20‐
2.65). Similarly, the meta‐RR for brain cancer was increased by 71% (meta‐RR=1.71; 95% CI=1.07‐2.73).
Multiple sensitivity analyses did not reveal meaningful sources of heterogeneity or bias. To assess the
biological plausibility of these observed associations, we conducted a bioinformatics analysis using
WikiPathways with data from the Comparative Toxicogenomics Database and identified candidate genes
and pathways that may be responsible for mediating these interactions. Our results newly indicate
dysregulation of the endogenous formaldehyde metabolism mediated by the Folate Metabolism
Pathway and the intimately linked Vitamin B12 Pathway is involved in AD, PD, ALS, and brain cancer. Our
novel findings suggest that formaldehyde may initiate brain disorders through perturbation of the
Oncostatin M Pathway, which is responsible for homeostasis of neuronal precursor cells in the olfactory
bulb. Interestingly, the OSM overlaps both brain cancer and ALS, confirming the associations detected in
human studies, with a majority of the genes in the pathway affected by formaldehyde. Overall, our
findings suggest that high exposures to formaldehyde are linked to ALS and brain cancer. Potential
mechanisms identified through our bioinformatics approach highlight the biological plausibility of this
association.
ABSTRACT NUMBER: 3460
Poster Board Number: P274
TITLE: The Aldehyde Product of Dopamine Inhibits Glutathione‐S‐Transferase
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. A. Crawford, K. R. Bowman, B. S. Cagle,
and J. A. Doorn. University of Iowa, Iowa City, IA.
ABSTRACT: Parkinson’s disease (PD) is a neurodegenerative disorder that is characterized by the death
of dopaminergic cells in the substantia nigra. While the etiopathogenesis of PD is not well understood, it
is accepted that dopamine dyshomeostasis plays an important role and represents a mechanistic link
between exposure to environmental agents, such as the organochlorine dieldrin, and
neurodegeneration. Dopamine is metabolized to 3,4‐dihydroxyphenylacetaldehyde (DOPAL) by
monoamine oxidase before it is further oxidized to 3,4‐dihydroxyphenylacetic acid (DOPAC). The
speculation that aberrant levels of the toxic and reactive DOPAL can result in protein aggregation,
oxidative stress, cell death, and disease is called the catecholaldehyde hypothesis. Previous work by our
laboratory found that Glutathione‐S‐Transferase (GST) is modified by DOPAL in vitro. GST is an
important enzyme involved in the detoxification of xenobiotics and endogenous toxins; therefore, the
modification of this enzyme by the aldehyde product of dopamine has toxicological implications. Our
hypothesis is that DOPAL inhibits GST activity, leading to an increase of free toxins in neurons and
contributing to PD pathology. We have studied this hypothesis using commercially available equine liver
GST and GST that we have isolated from N27 dopaminergic cells. We have found that DOPAL, DOPAC,
and dopamine inhibit both equine liver GST and N27 GST activity in a time and concentration dependent
matter. DOPAL potently inhibits GST activity, showing significant inhibition at 5µM, a biologically
relevant concentration. Inhibition is irreversible as activity was not regained in the absence of inhibitor.
Furthermore, we have identified and quantified conjugation of dopamine metabolites with the
scavengers L‐carnosine and L‐cysteine. HPLC‐ECD (electrochemical detection), LC‐MS, and nitroblue
tetrazolium staining were used to identify DOPAL conjugates to these scavengers. L‐carnosine and L‐
cysteine appear to be neuroprotective. The millimolar presence of these scavengers prevents inhibition
of GST activity by DOPAL. We have recently found that these scavengers are neuroprotective in vitro
against rotenone and organochlorines, substances implicated in PD. This research helps elucidate the
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etiology of PD and increases our knowledge of protein modifications that may be useful as biomarkers,
such as DOPAL modified GST. Insights into biological scavengers of DOPAL may be useful in developing
potential therapeutics.
ABSTRACT NUMBER: 3461
Poster Board Number: P275
TITLE: Ameliorating the Effects of an Environmental Toxin in a Drosophila Model of Parkinson’s Disease
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Williams, H. Lawal, and S. Boppana.
Delaware State University, Dover, DE.
ABSTRACT: Parkinson’s Diseases (PD) is a neurodegenerative disorder characterized in part by the
selective loss of dopaminergic neurons in the substantia nigra pars compacta. Although the precise
cause of PD is not yet fully understood, environmental factors are known to contribute to its etiology.
Rotenone, a pesticide that inhibits Complex 1 of the Electron Transport Chain in the mitochondria, is one
such toxin. Importantly, there is no known cure for PD and effective treatment options are severely
limited both in number and efficacy. We are interested in developing neuroprotective strategies that
may lead to more effective treatments for the disease. This project will study the effects of rotenone‐
induced toxicity in adult Drosophila melanogaster and the neuroprotective capacity of dacarbazine, a
possible anti‐PD drug that was identified in a previous pharmacological screen. We hypothesized that
dacarbazine will confer both organismal and neuroprotection against rotenone‐induced toxicity and
mitochondrial dysfunction. And we report that treatment with dacarbazine led to a partial rescue of
organismal lethality induced by rotenone. Moreover, we report the findings of our study to determine
whether the protection conferred by dacarbazine against lethality extends to the protection of DA
neurons in Drosophila. Further, we measured the effect of rotenone on mitochondrial oxygen
consumption rate using the Seahorse Analyzer and tested whether treatment with dacarbazine can
ameliorate the effects of the rotenone inhibition of the mitochondria. Our studies are representative of
three independent experiments; with each experiment containing a minimum of three biological
replicates. In sum, our report shows the utility of a potential neuroprotective chemical against a model
of PD and suggests a possible neuroprotective mechanism against the diseases.
ABSTRACT NUMBER: 3462
Poster Board Number: P276
TITLE: Nanoparticulate Complex of Nicotine and Cerium Oxide (NanoCeria) Preserves
Electrophysiological Neuronal Function in an In Vitro Model of Parkinson’s Disease
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Z. Imam, S. M. Burks, and M. Ramirez‐Lee.
US FDA/NCTR, Jefferson, AR.
KEYWORDS: Nanotechnology; In Vitro and Alternatives; Nervous System
ABSTRACT: The pathophysiology of dopaminergic (DA) loss in Parkinson’s disease (PD) is still unclear.
Lack of effective therapies maybe due to limitations in our understanding of the molecular and cellular
events leading to degeneration of the nigrostriatal DA system. Here, we report that a combination of
Nicotine and NanoCeria (Nic‐NANO) presents an outstanding case of prevention of PD progression, in a
1‐methyl‐4‐phenylpyridinium (MPP+)‐induced in vitro model of PD in primary human dopaminergic
neurons. Human primary dopaminergic neuronal precursor cells (HPDNPCs) were seeded on poly‐L‐
lysine (PLL)‐coated Micro‐Electrode Array (MEA) and maintained in differentiation media for 7 days.
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Then, HPDNPCs were exposed to nicotine (0.1 μM), NanoCeria (CNP) and Nic‐NANO conjugate (200 nM),
as well as to PLGA encapsulated Nic‐NANO (5 and 10 μg/mL). To model PD, HPDNPCs were treated with
0.125 mM methyl phenylpyridinium ion (MPP+) after 6 h after nanomaterial (NM) exposure.
Electrophysiological recordings of HPDNPCs using a Micro‐Electrode Array (MEA) system were
performed before and 6, 24, 48 and 72 h after exposure in absence and presence of MPP+. Action
potential were distinguished from noise using voltage threshold 5 times the standard deviations.As
expected, MPP+ decreased electrophysiological activity at all time points, successfully modeling altered
neural activity observed in PD. Nicotine alone increased the neural activity representing the
responsiveness and functionality of neuronal cells. In addition, nicotine also promoted a partial recovery
of neural function in presence of MPP+, suggesting that this treatment may protect against the
alteration of brain activity during PD. The CNP, Nic‐NANO and PLGA, alone did not alter or decreased the
basal neural activity. However, all nanoparticulate conjugates significantly prevented the MPP+‐induced
altered neural activity, even at the 72 h timepoint. We report for the first time that this therapeutic
combination of Nicotine and NanoCeria was not only able to prevent MPP+ induced loss of neuronal
function but also was able to significantly reverse it towards normal. A correlation of this functional
recovery with preservation of dopaminergic phenotype was also observed. Altogether, our data suggest
that the combination of nicotine and NanoCeria might be a successful approach to prevent PD
progression and preserve dopaminergic function during PD.
ABSTRACT NUMBER: 3463
Poster Board Number: P277
TITLE: Exposure to Trans‐nonachlor Produces Dose‐ and Diet‐Dependent Effects in Low‐ and High‐Fat
Diet‐Fed Male Sprague Dawley Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. Henein, E. McDevitt, A. Crawford, S.
Kondakala, D. Young, and G. Howell. Mississippi State University College of Veterinary Medicine,
Mississippi State, MS.
KEYWORDS: Persistent Organic Chemicals; Pesticides; Endocrine Disruptors
ABSTRACT: Metabolic diseases such as type 2 diabetes have been associated with elevated exposures to
persistent organic pollutants such as the organochlorine pesticides and their metabolites and
polychlorinated biphenyls (PCBs). While there are several in vivo studies implicating exposure to PCBs in
metabolic dysfunction, studies examining the effects of individual OC pesticides on the pathogenesis of
both T2D and associated pathological alterations are lacking. Thus, the goal of the present study was to
examine the effects of dietary intake of the OC pesticide contaminant trans‐nonachlor on high fat diet
induced metabolic dysfunction. Briefly, male Sprague Dawley rats were exposed to either 0.5 or 5 ppm
trans‐nonachlor in either low or high fat diet for 16 weeks. Following exposures, key metabolic
indicators of both glucose and lipid metabolism were assessed. Exposure to 5 ppm trans‐nonachlor
significantly elevated plasma free fatty acids while decreasing blood glucose levels in low fat but not
high fat fed rats. Additionally, there was a decrease in liver glycogen content and an increase in hepatic
de novo lipogenic genes suggesting an increase in hepatic lipogenesis in the low‐fat fed animals.
Interestingly, the combination of high fat feeding and 5 ppm trans‐nonachlor significantly decreased the
expression of the pro‐inflammatory cytokine IL‐1β and the macrophage marker F4/80 in the liver. Taken
together, the present data indicate that exposure to trans‐nonachlor produces both diet and
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concentration dependent effects on lipid and glucose metabolism in male Sprague Dawley rats which
may exacerbate symptoms of metabolic dysfunction.
ABSTRACT NUMBER: 3464
Poster Board Number: P279
TITLE: Comparison of ToxCast HTS and High‐Throughput Toxicokinetic Data with In Vivo Animal Data to
Evaluate the Utility in Food Chemical Safety Assessment
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. E. Turley1, J. Zang1, K. Paul‐Friedman2, R.
S. Judson2, and S. C. Fitzpatrick1. 1US FDA/CFSAN, College Park, MD; and 2US EPA, Research Triangle Park,
NC.
ABSTRACT: New toxicological approaches and technologies are currently being developed and evaluated
for use in chemical safety assessment. These technologies encompass a variety of methods, including in
vitro high‐throughput screening (HTS) used in the ToxCast/Tox21 programs. The relationship between
data from these new approach methodologies (NAMS) and traditional in vivo animal toxicology data, as
well as the utility of these assays in risk assessment situations, is still under evaluation. HTS assay data
has been used to prioritizing chemicals for further analysis, however, the use of these assays in food
chemical safety risk assessment has not been determined. Many compounds used directly or indirectly
in foods have been run in these HTS assays, and the goal of this study is to evaluate the utility of the
ToxCast/Tox21 HTS data in food safety assessment. To do this, concentrations demonstrating bioactivity
in the ToxCast assays for a group of food‐use compounds were identified and converted into oral
administered equivalent doses (AEDs) via in‐vitro to in‐vivo extrapolation (IVIVE) using the HTTK package
developed by the US EPA and either in vitro‐ or in silico‐ based toxicokinetic parameters. These AEDs
were then compared to low‐observed effect levels or low‐observed adverse effect levels reported in in
vivo animal studies, initially using values from the ToxValDB. The initial comparison showed great
variability between the ToxCast and in vivo datasets. From the initial list of 216 compounds, a subset of
18 compounds were identified for further investigation to refine both the in vitro and in vivo estimates
of activity based on the presence of published pharmacokinetic data. For these 18 compounds, the
ToxCast AEDs were generally roughly equivalent to or lower than the doses demonstrating effects in
vivo, though the magnitude of the difference between the two estimates varied greatly, spanning 6
orders of magnitude with a median difference of roughly fifty‐fold. This work does not reflect the official
policy of the US EPA or the US FDA.
ABSTRACT NUMBER: 3465
Poster Board Number: P280
TITLE: Analysis of Mushroom Poisoning Outbreaks in China, 2019
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Li, B. Li, and C. Sun. National Institute of
Occupational Health and Poison Control, Beijing, China.
KEYWORDS: Food Safety/Nutrition
ABSTRACT: Mushroom poisoning is becoming the most serious food safety issue in China, which is
responsible for nearly a half of all deaths. Mushroom poisoning incidents from 17 provinces at 2019
were analyzed, including 276 independent incidents involving 769 patients and 22 deaths, with an
overall mortality of 2.86%. The results demonstrated that mushroom poisoning happened every month
all year round, and concentrated from June to October with its peak at July. Southwestern and central
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China are the most serious areas of mushroom poisoning, followed by eastern and southern China, then
greatly reduced toward the north, and Zhejiang Province from eastern China turned out to be the fastest
growing region. The number of cases ranged from 1 to 23, the median was 2, and 6 outbreaks involved
more than 10 patients. Mushroom species were identified for all incidents and a few were still un‐
resolved. Ca. 70 species causing six different clinical syndromes were successfully confirmed. Seven
species (Entoloma strictius, Gymnopilus lepidotus, Inocybe serotina, I. squarrosolutea, Lactarius
atrobrunneus, Lactifluus vellereus and Psilocybe thaiaerugineomaculans) were newly recorded as
poisonous mushrooms in 2019, and were added to the Chinese poisonous mushroom list. Nine species
(Amanita exitialis, A. fuliginea, A. cf. fuliginea, A. pallidorosea, A. rimosa, A. subjunquillea, A.
subpallidorosea, Galerina sulciceps and Lepiota brunneoincarnata) causing acute liver failure resulted in
42 incidents involving 102 patients and 20 deaths. Notably, A. exitialis had led to death of 13 patients
and then became the first killer of mushroom poisoning in China. Russula subnigricans gave rise to
rhabdomyolysis resulting in 15 incidents involving 54 patients and 1 death. The most common poisonous
mushroom is Chlorophyllum molybdites, which is widely distributed in south areas of China and causes
gastro‐intestinal symptoms generating 54 incidents involving 126 patients.
ABSTRACT NUMBER: 3466
Poster Board Number: P281
TITLE: Fluoride‐Induced Alteration in Bacterial and Fungal Dysbiosis in Mice Colon
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Niu. Shanxi Agricultural University, Taigu,
China. Sponsor: X. Ren
ABSTRACT: To explore the effects of fluoride on bacterial and fungi in mouse intestine, the internal
transcriptional spacer (ITS) region in colon feces of mice exposed to 100 mg sodium fluoride (NaF)/L of
distilled water for 60 days were sequenced. Results of bacterial analysis showed that, a total of 253
operative taxonomical units (OTUs) in two groups, and 22 unique OTUs occurred in the fluoride group.
Concretely, the abundance of the Tenericutes was increased at the level of the phyla in the fluoride
group. In addition, in the fluoride group, significant differences at the genus level were observed in
Faecalibaculum, Alloprevotella, Eubacterium xylanophilum group, Prevotellaceae UCG001, and
Ruminiclostridium9, compared to the control group. Among them, except for the reduction in
Faecalibaculum, the other four bacteriawere increased in the fluoride group. According to the results of
fungi analysis, there were 305 operational taxonomic units (OTUs) unique to the control group, 154
OTUs to the fluoride group, and 295 OTUs were detected in both groups. At the genus level, Epicoccum,
Penicillium, Microdochium, Plectosphaerella and Pluteus were significantly affected by fluoride
exposure. In summary, the intestinal microbial composition of mice was reconstituted by the presence
of fluoride, and the significantly changing bacteria and fungi may partly account for the pathogenesis of
fluoride‐induced intestinal dysfunction.
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ABSTRACT NUMBER: 3467
Poster Board Number: P282
TITLE: Testing of Commercial Aflatoxin Sorbents Intended for Dairy Cattle Using a Ruminal Fluid
Simulation
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. S. Treviño‐Espinosa, N. R. Guerra‐
Fuentes, and A. G. Marroquín‐Cardona. Universidad Autonoma de Nuevo Leon, General Escobedo,
Mexico.
KEYWORDS: Food Safety/Nutrition
ABSTRACT: This study evaluated the in vitro performance of twelve commercial aflatoxins (AFs) sorbents
and a sorbent under investigation. Mineral composition was determined to correlate mineral
characteristics and AFs adsorption. Sorbents collected in Mexico are used for dairy cattle. The samples
were labeled from C‐1 to C‐12 and Novasilect® AF adsorbent was used as a reference. Sample C‐5 is the
sample under investigation (sold by Mineral Technologies & Volclay de Mexico). Mineral composition
was determined by X‐ray diffraction (XRD) aided by reactions to H2O2, HCl, pH, conductivity and
granulometry determinations. Adsorption isotherms were done to evaluate preliminary AFs sorption
capacity using eleven AF dilutions (0.4, 0.8, 1.6, 2.4, 3.6, 4, 4.8, 5.6, 6.4, 7.2, 8 mg AFB1 / L H2O) and a
UV‐spectrophotometer. Samples with best isotherm performance and representing different origin
(mineral, mixtures and organics) were analyzed in a gastrointestinal (GI) simulation with ruminal fluid
(RF). For each sorbent selected for GI simulation, two amounts were tested (105 mg: low and 420 mg:
high). Determination of AFs (AFB1, AFB2, AFG1 and AFG2) was done by UPLC. The XRD patterns showed
the presence of peaks compatible with smectites in ten samples (C‐1, C‐3, C‐4, C‐5, C‐6, C‐7, C‐9, C‐10, C‐
11 and Novasilect® AF), while the rest of the samples only showed the presence of organic matter.
Isotherms for AFB1 showed that Novasilect® AF and C‐5 sample had the highest adsorption capacity
(Qmax) of 0.38 and 0.3 mol/kg, respectively. While C‐12 had the lowest value of 0.04 mol/kg. For the GI
simulation, samples C‐5, Novasilect® AF, C‐3 and C‐12 were tested. Samples represented the control
(Novasilect® AF), a sorbent with the best mineral profile (C‐5), a mineral‐organic mixture sorbent (C‐3)
and an organic sorbent (C‐12). The GI simulation with RF showed that Novasilect® AF and C‐5 had
significantly higher adsorption capacity (p<0.05) than samples C‐3 and C‐12. Sample C‐5 had the best
mineral profile as AF sorbent when compared to the other eleven samples. Samples C‐3 and C‐12
containing organic components did not have good performance in the RF assays. There was no
significant difference between the Novasilect® AF and C‐5 sample (p>0.05). The sorbents with best
performance in the isotherms maintained its sorption ability in RF simulation while sorbents of organic
origin did not perform well in both analyses.
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ABSTRACT NUMBER: 3468
Poster Board Number: P283
TITLE: Evaluation of Risk to Consumers from Exposure to Pesticide Residues on Fresh Food Commodities
for the California Pesticide Residue Monitoring Program
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Dodmane, M. Leung, L. Scanlan, Q. Dong,
A. Kalashnikova, M. Geier, K. Truong, B. Brown, C. Lewis, A. Rubin, P. Lohstroh, S. Koshlukova, M.
Armstrong, S. DuTeaux, and K. Morrison. California Department of Pesticide Regulation, Sacramento, CA.
KEYWORDS: Food Safety/Nutrition; Pesticides; Risk Assessment
ABSTRACT: In order to limit public exposure to illegal pesticide residues in food, the California
Department of Pesticide Regulation (DPR) operates the California Pesticide Residue Monitoring Program
(CPRMP). This program monitors pesticide residues in raw agricultural commodities and assesses the
health implications of those residues. Commodities can be sampled at any point in the channels of
trade, such as from distribution centers or farmer’s markets. CPRMP enforces pesticide tolerances
established by the US EPA. Tolerances ‐ the highest residue levels of a pesticide legally permitted on a
specific commodity ‐ are based on field trials and risks to human health. After collection, the samples
are quantitatively analyzed for approximately 400 different pesticides. Two types of violations are
monitored: 1) “over tolerance” (OT), which occur when residue levels are greater than the tolerance
limit; and 2) “no tolerance established” (NTE), which occur when a tolerance has not been set for a
pesticide on a specific commodity. In both cases, CPRMP immediately investigates and quarantines the
affected produce and conducts health risk evaluations to inform and protect the public. Risk evaluations
are conducted by first estimating levels of pesticide exposure through diet using commodity
consumption rate data (National Health and Nutrition Examination Survey, 2003‐2016). The exposure
level is then compared to acute oral reference doses (aRfDs), or the maximum acceptable oral doses
established by DPR, US EPA, or other regulatory organizations. Exposures greater than the aRfD indicate
potential acute health risks to consumers, and trigger more stringent enforcement actions than those
undertaken when a health risk is not indicated. In this work, we present several evaluations of illegal
residue detections to highlight the diversity of cases encountered in CPRMP. We also describe DPR’s
methods for choosing consumption rate and for updating the aRfD database to accurately predict risk .
Finally, we provide an overview of the 2018 CPRMP data. In 2018, 3,666 samples were collected from
600 different businesses; 192 (5.2%) of those samples contained illegal residues. A total of 29 samples
(0.8%) posed potential risks, all of which contained illegal organophosphates or carbamate residues.
ABSTRACT NUMBER: 3469
Poster Board Number: P284
TITLE: Flavonoids as Modulators of Key Enzymes in the Management of Type 2 Diabetes: A Structure‐
Activity Relationship Study
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Proença1, M. Freitas1, D. Ribeiro1, S. M.
Tomé2, A. M. S. Silva2, P. A. Fernandes1, and E. Fernandes1. 1Universidade do Porto, Porto, Portugal; and
2
University of Aveiro, Aveiro, Portugal. Sponsor: F. Carvalho
ABSTRACT: The therapeutic protocol for type 2 diabetes (T2D) is frequently associated with multiple
adverse effects, often leading to incompliance and treatment failure. As such, the search and
development of new antidiabetic agents with a good safety profile has been a long‐lasting need. This
study evaluates the inhibition of several enzymes involved in the management of glycaemia ‐ α‐
glucosidase, α‐amylase, protein tyrosine phosphatase 1 B (PTP1B), dipeptidyl dipeptidase‐4 (DPP‐4) and
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fructose 1,6‐bisphosphatase (FBPase) by a series of 30 flavonoids. The results suggest that, for the
inhibition of α‐amylase, a flavone with ‐OH groups at 3’‐, 4’‐, 5‐ and 7‐positions, together with a ‐Cl
substituent at 3‐position, was the most active compound. Concerning the inhibition of α‐glucosidase,
the hydroxylation of flavonoids at 3‐, 3’‐, 4’‐,7‐ and 8‐ positions favours the intended effect. Regarding
PTP1B inhibition, the presence of ‐OBn groups at 7‐ and 8‐positions, together with the presence of ‐OMe
groups at both 3'‐ and 4'‐positions and the ‐OH group at 3‐position have shown to be favourable. The
inhibitory activity of flavonoids on DPP‐4 showed that the most potent flavonoid presented ‐OH groups
at 3‐, 7‐ and 8‐positions, as well as ‐OMe groups at 3’‐ and 4’‐positions. Finally, baicalein was the best
inhibitor of FBPase, demonstrating that the hydroxylation at 5‐, 6‐ and 7‐positions in the flavonoid
scaffold has an important role for this specific biological effect. The present study will certainly
contribute for the development of new flavonoids with enhanced antidiabetic activity and higher safety
profile. This work was supported by UID/QUI/50006/2019 with funding from FCT/MCTES through
national funds, and “Programa Operacional Competitividade e Internacionalização” (COMPETE) (POCI‐
01‐0145‐FEDER‐029241). Carina Proença acknowledges FCT the financial support for the PhD grant
(SFRH/BD/116005/2016), in the ambit of "QREN ‐ POPH ‐ Tipologia 4.1 ‐ Formação Avançada", co‐
sponsored by FSE and by national funds of MCTES.
ABSTRACT NUMBER: 3470
Poster Board Number: P285
TITLE: Effectiveness of Propolis to Reduce Aspergillus and Fusarium Contamination in Maize Seeds
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. G. Marroquín‐Cardona1, C. P. Garza‐
Ramos1, J. A. Torres‐Castillo2, and G. C. G. Martinez‐Avila1. 1Universidad Autonoma de Nuevo Leon,
General Escobedo, Mexico; and 2Universidad Autonoma de Tamaulipas, Ciudad Victoria, Mexico.
KEYWORDS: Antioxidants; Natural Products
ABSTRACT: Propolis is a resinous plant material collected by bees. It has been used in alternative
medicine for its antimicrobial properties. Due to its proposed antifungal activity, we used propolis to
coat maize seeds to confer them protection against fungi. Isolates of Aspergillus flavus, A. parasiticus
and Fusarium verticillioides were used to contaminate seeds. After an initial screening of propolis
samples in Mexico, a sample from Queretaro state was chosen. Polyphenol content resulted in 37 μg/mL
as determined with UV‐spectrophotometry and gallic acid as standard. AS‐900 maize seeds were
sanitized with 5% sodium hypochlorite for 5 min and rinsed with distilled water (3 times) before drying.
Triplicates of 10 seeds were exposed to treatments (control, benomyl, undiluted propolis, 5% and 2.5%
diluted propolis) by immersion for 5 min following drying. Conidia for inoculation were obtained from
cultures on either Sabouraud (SAB) or Potato Dextrose Agar (PDA) for Aspergillus and Fusarium,
respectively. Conidia were counted with a Neubauer chamber and concentrations adjusted to 1×106/mL.
A volume of 10 µL of conidia suspensions was applied on seed surface for each treatment group.
Contaminated seeds were placed in petri dishes containing SAB or PDA media for 3 or 10 days,
accordingly. After incubation, contaminated seeds were placed inside conical tubes with 10 mL of 0.1%
tween 20 and vortexed to detach conidia. A sample of the suspension was used to quantify conidia.
Additional germination and radicle measurement assays were performed to investigate safety of
treatments onto seeds. A SAS Kruskal‐Wallis test program was used for statistical analysis. Overall,
propolis was able to confer protection to seeds against all fungi, nonetheless the best propolis dilution
was 2.5%. Concentrated propolis as well as 5% dilution resulted in higher conidia counts for A.
parasiticus when compared to controls and other treatments (p ˂ 0.05). Although at a speciﬁc
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concentration, propolis seemed to be a feasible strategy to protect seeds from contamination, a
reduction in germination and radicle length observed for propolis groups warrant more research to
determine the ideal dose to confer protection.
ABSTRACT NUMBER: 3471
Poster Board Number: P286
TITLE: Reduced mRNA Levels of Antioxidant Enzymes in ICR Mice by Chronic Exposure of Ochratoxin A
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. García‐Péreza1, D. Ryu2, and H. Lee2.
1
Washington State University, Pullman, WA; and 2University of Idaho, Moscow, ID.
KEYWORDS: Toxicity; Chronic
ABSTRACT: Humans are exposed to ochratoxin A (OTA), a mycotoxin that is possibly carcinogenic to
humans by consuming food made with contaminated cereal grains and other commodities. OTA has
been shown to induce nephrotoxicity and hepatotoxicity in both in vitro and in vivo studies, and
oxidative stress may be one of the factors contributing to its toxicity. To further investigate OTA’s
mechanism of action, male ICR mice were fed naturally OTA‐contaminated oat‐based diets for 4 or 8
weeks. At the end of the 4‐ or 8‐weeks period, no evidence of renal or hepatic damage was observed
when organ weights and serum biochemical parameters were analyzed. However, OTA significantly (p <
0.05) modulated the mRNA expression levels of catalase (CAT), glutathione peroxidase 1 (GPX1),
superoxide dismutase 1 (SOD1), glutathione reductase (GSR), and hexose‐6‐phosphate dehydrogenase
(H6PD) in both the kidney and liver of OTA‐treated mice. In the kidney, CAT, GPX1 and GSR mRNA levels
were down‐regulated after 4 weeks while SOD1 and H6PD mRNA levels were up‐regulated. Except for
CAT, the mRNA levels of the other enzymes remained down‐regulated in the kidney after 8 weeks. In the
liver, all the enzymes mRNA levels were down‐regulated after 4 weeks but normalized after 8 weeks.
Therefore, the reduction of cellular antioxidant defenses may be involved in the nephrotoxicity and
hepatotoxicity of OTA in male ICR mice.
ABSTRACT NUMBER: 3473
Poster Board Number: P288
TITLE: Basil and Fennel Seed Essential Oils Trigger a Promoter‐Switch in CYP19 Regulation in Hs578t
Breast Cancer Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Yancu1, É. Caron‐Beaudoin2, and T.
Sanderson1. 1INRS‐Institut Armand‐Frappier, Laval, QC, Canada; and 2Université de Montréal, Montreal,
QC, Canada.
KEYWORDS: Natural Products; Cytochrome P450; Endocrine Toxicology
ABSTRACT: It is estimated that 40‐60% of women suffering from breast cancer choose to use
complementary and alternative medicines (CAMs) with the goal of avoiding toxic side‐effects associated
with their cancer treatment. Natural products and dietary supplements are the most frequently used
CAMs among breast cancer patients and recent evidence suggests some of these products exhibit
estrogenic effects. Aromatase (CYP19) is a key enzyme in the synthesis of estrogens and its expression is
regulated in a tissue‐specific manner with the help of different promoters. In the normal breast, CYP19
is regulated by its promoter I.4. However, a promoter‐switch takes place in hormone‐dependent breast
cancer whereby I.4 activity is decreased in favor of increases in promoter I.3, PII, and I.7 activity. In this
study, we evaluated the effects of basil and fennel seed essential oil in Hs578t cells; a representative
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model of human estrogen‐dependent breast cancer. We determined that both essential oils triggered a
promoter‐switch in Hs578t cells and increased CYP19 expression and aromatase catalytic activity which
was associated with a decrease in I.4 activity and a rise in PII activity. Furthermore, we showed that the
promoter‐switch was mediated by an increase in cAMP levels and PKA activity.
ABSTRACT NUMBER: 3474
Poster Board Number: P289
TITLE: The Effect of Bizzy Nut on Gram‐Negative Bacteria
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Telles, and C. McKinsey. Southern
University and A & M College, Baton Rouge, LA.
KEYWORDS: Natural Products
ABSTRACT: Traditional healers have long used plant‐derived products to prevent or cure infectious
diseases. The main reason is that these natural products may contain antimicrobial agents that are
effective against drug‐resistant bacteria. The Bizzy nut is a “cure‐all” herbal medicine that is useful for
many medical purposes, such as removal of poisons from the body; birth control; control of diabetes;
weight loss; and contains antimicrobial activity. Previously, we reported on the antimicrobial property of
the natural product, Bizzy nut, in gram‐positive bacteria. In this study, we extended this analysis to
gram‐negative organisms. The antimicrobial activity of an acetone extract (Biz‐3) of Bizzy nut was
determined using the agar well diffusion method and the MIC assay. We observed that a concentration
between 30ug/mL to 50ug/mL Bizzy nut was effective in killing gram‐negative organisms. Our data
demonstrate that gram‐positive organisms, such as Staphylococcus aureus, was 5‐6‐times more potent
towards the Bizzy nut extract. The order of potency of the organisms examined is Klebsiella pneumoniae
> Escherichia coli > Enterobacter aerogenes. This study suggests that Bizzy nut contains selective
antimicrobial activity.
ABSTRACT NUMBER: 3475
Poster Board Number: P290
TITLE: Ameliorative Effect of Alstonia boonei and Nauclea latifolia on Paracetamol‐Induced Liver
Damage in Wistar Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: O. K. Kareem1, and M. O. Abatan2.
1
University of Ibadan, Ibadan, Nigeria; and 2Pan African University, Ibadan, Nigeria.
KEYWORDS: Antioxidants; Histopathology; Hepatic
ABSTRACT: The study determined the ameliorative effects of Alstonia boonei and Nauclea latifolia on
paracetamol induced liver damage in Wistar rats. Male rats (120‐160±4.88g) were grouped into A to F of
ten rats each. Chloroform, hexane ethylacetate, and methanol extracts of the plants were used. Animals
in group A were administered normal saline, group B administered 2mg/kg paracetamol in normal
saline; group C1 administered 50mg/kg extract of A. boonei, and C2 administered 50mg/kg extract of N.
latifolia; group D1 administered 100mg/kg extract of A. boonei, and D2 administered 100mg/kg extract of
N. latifolia. Group E1 were pretreated with 2g/kg paracetamol and given 50mg/kg extract of Alstonia
boonei at one hour interval, and E2 were pretreated with 2g/kg paracetamol and given 50mg/kg extract
of Nauclea latifolia at one hour interval, groups F1 and F2 were pretreated with 2g/kg paracetamol and
100mg/kg extract of Alstonia boonei and Nauclea latifolia at one hour interval respectively by oral route
for 7 days. Animals were sacrificed by cervical dislocation 24hours after the last administration of the
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extracts and blood collected for analysis. The study showed that A. boonei and N latifolia have
antioxidant activity. The antioxidant activity of Alstonia boonei is highest with chloroform fraction and
least with hexane fraction. Ethylacetate fraction of Nauclea latifolia had the highest antioxidant activity
and hexane fraction had the least activity. There was statistically significant increase (P<) in the values of
ALP, AST, ALT in group B compared to all groups for plants. The mean value of albumin in group B was
statistically decreased (P< 0.05) when compared with those in groups C and D. Total bilirubin levels of
those in group B were statistically decreased (P< 0.05) when compared to groups C and F. There was no
statistically significant increase (P >0.05) in the values of total cholesterol and triglyceride in group B
compared to others. Histology of the liver of rats in B showed random hepatocellular necrosis with
vacuolar degeneration and inflammatory aggregates. Kupffer cells hyperplasia and vascular congestion
were observed in the Alstonia boonei and Nauclea latifolia treated groups. The findings suggest that the
bark extract of Alstonia boonei and Nauclea latifolia, may possess hepatoprotective effects.
ABSTRACT NUMBER: 3476
Poster Board Number: P291
TITLE: The Reaction of Dimethyl Trisulfide (DMTS) with Hemoglobin
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: W. G. Senanayake, M. Hernandez, A.
Ramirez, I. Petrikovics, and D. E. Thompson. Sam Houston State University, Huntsville, TX.
KEYWORDS: Chemical and Biological Weapons; Biotransformation; Cardiovascular System
ABSTRACT: Dimethyl trisulﬁde (DMTS) is a promising antidotal candidate for cyanide intoxication. Early
in vitro experiments showed that DMTS acts as a sulfur donor in the conversion of cyanide to the less‐
toxic thiocyanate. More recently, some of the injected DMTS has been shown to undergo a reaction
with hemoglobin to form met hemoglobin. The sulfur containing product of this secondary reaction has
not yet been identified. We report a series of experiments whose goal was to test the hypothesis that
the reaction between the cyanide antidotal candidate dimethyl trisulfide and oxyHb would produce
methane thiol as a product. The detection of volatile compounds such as methane thiol is challenging,
because their signals are often masked by those of more abundant components of the complex matrix in
which they reside. This challenge was overcome by using a dual chamber cell to separate the gas
detection chamber from the reaction chamber. Oxyhemoglobin was prepared by reacting sodium
dithionite with methemoglobin (metHb) and was then isolated by gel filtration chromatography. When
the isolated oxyHb was reacted with DMTS, no color change in the detection chamber 5, 5‐dithiobis(2‐
nitrobenzoic acid)) solution was observed. This contrasted strongly with the proof‐of‐principle
experiments, which showed strong color changes in the detection chamber following the addition of
dimethyl trisulfide to tris (2‐carboxy ethyl)phosphine. The headspace gases above the reactions of
dimethyl trisulfide with tris (2‐carboxy ethyl)phosphine, and dimethyl trisulfide with oxyHb were also
analyzed with GC‐MS. These experiments showed that dimethyl trisulfide was consumed, and methane
thiol was formed when dimethyl trisulfide was mixed with tris (2‐carboxy ethyl)phosphine; and that
dimethyl trisulfide signal significantly decreased, but no methane thiol was observed when dimethyl
trisulfide was mixed with oxy hemoglobin. The most important novel conclusions of these experiments
are that methane thiol was not detected as a product of the reaction between dimethyl trisulfide and
oxy hemoglobin, and that no new large peaks were observed in the headspace gas chromatograms,
suggesting that the sulfur containing product of this reaction is likely to be a molecule other than
methane thiol, and is likely to have a lower volatility than methane thiol.
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ABSTRACT NUMBER: 3477
Poster Board Number: P292
TITLE: Heavy Metal Pollution at E‐waste Dumpsites and Potential Effects on Oreochromis niloticus
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. B. Asanga Fai1,2. 1University of Bamenda,
Bambili, Cameroon; and 2University of Dschang, Dschang, Cameroon. Sponsor: P. Fai, Society of
Environmental Toxicology and Chemistry
KEYWORDS: Environmental Toxicology; Metals; Ecotoxicology
ABSTRACT: Globalization has led to an increased growth in the technological industry and ownership of
appliances such as mobile phones, laptops and desktop computers. When improperly discarded these
equipment constitute e‐waste and contain substances that pose environmental and health risks.
Product lifecycles have become shorter and many do not support repair/reuse resulting in rapidly
increasing amounts of e‐waste globally. There is therefore an urgent need to develop innovative e‐waste
policies and establish/monitor waste‐reduction targets. Our main goal was to contribute to the proper
management of electronic waste by providing local data on e‐waste metal contamination of soils from
two major cities in Cameroon and their potential effects on a locally important fish species.
Environmental samples from e‐waste dumpsites in Yaounde and Bafoussam and reference sites were
analyzed to identify and quantify six metal contaminants (Hg, Zn, Cd, Cu, Cr and Pb). A locally important
fish species (Oreochromis niloticus) was exposed to the e‐waste contaminated soils mixed in water to
assess potential effects of e‐waste contaminants to fish growth. Hg, Pb and Zn were the only metals
found in the water samples with Hg and Pb showing higher concentrations downstream from the
dumpsite. In contrast, all six metals were found in the sediment and soil samples although only Hg and
Pb had higher concentrations downstream, demonstrating that they originated from the adjacent
dumpsite. A similar metal profile was observed in the ash samples from dumpsites in the two cities with
Hg having the highest concentration. Soil Hg, Cu, Zn and Pb concentrations were generally higher in e‐
waste contaminated soils than in the reference soils. This confirms that human e‐waste related activities
at the dumpsites resulted in soil, water, and sediment contamination. Gill and muscle alterations were
observed in exposed O. niloticus fingerlings. In addition, fingerling growth was inhibited in dumpsite
soils from Yaounde but unaffected or slightly promoted in contaminated soils from Bafoussam. Sub‐
lethal concentrations of metal mixtures have been shown to produce additive or antagonistic effects.
Further analysis indicated that the presence of Cr in soils in Bafoussam (which was absent in Yaounde)
seemed to be responsible for this possible antagonistic effect on growth. However, further
investigations are needed to unravel the metal mixture interactions and the mechanisms by which they
affect growth.
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ABSTRACT NUMBER: 3478
Poster Board Number: P293
TITLE: Multigenerational Effects of Crude Oil Exposure on Morphology and Fitness in Gulf Killifish
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. D. Hess1, L. K. Little1, C. A. Brown1, J.
Park2, A. Whitehead3, and F. Galvez1. 1Louisiana State University, Baton Rouge, LA; 2University of
California, Davis, Davis, CA; and 3University of California Davis, Davis, CA. Sponsor: F. Galvez, Society of
Environmental Toxicology and Chemistry
KEYWORDS: Aquatic Toxicology; Polycyclic Aromatic Hydrocarbons; Toxicity; Chronic
ABSTRACT: The 2010 Deepwater Horizon oil spill, which released approximately 800 million liters of
crude oil into the northern Gulf of Mexico, coincided with the spawning period of many fish species
including the Gulf killifish, Fundulus grandis, a ubiquitous marsh resident. This study characterized the
effects of Gulf killifish parental exposure of crude oil on the morphology and fitness of progeny. Lab‐
reared adult fish were exposed to control (i.e., unoiled) water or oiled water for up to 40 days and then
used as broodstocks to generate four lineages of F1 offspring according to the following crosses: control
female x control male (CxC), control female x oil exposed male (CxE), oil exposed female x control male
(ExC), and oil exposed female x oil exposed male (ExE). The F1 individuals derived from CxE, ExC, and ExE
lineages displayed craniofacial and spinal abnormalities as adults despite being reared in clean water
until sexual maturity. F1 adults resulting from both CxE and ExC lineages were also significantly shorter
(i.e., decrease in total and standard length) than the F1 progeny of the CxC lineage. Additionally, a
significant decrease in both swimming and live prey capture abilities were observed in the F1 adults
resulting from both the CxE and ExE lineages relative to the CxC lineage. F2 offspring from the CxE and
ExE lineages continued to display significant craniofacial deformities and a significant decrease in total
length relative to the F2 CxC lineage. This research suggests that exposure of adult Gulf killifish to crude
oil can affect the morphology of their progeny for at least two generations.
ABSTRACT NUMBER: 3479
Poster Board Number: P294
TITLE: First Report on Perfluoroalkyl Substances (PFASs) in Dolphins from the Western Mediterranean
Sea
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: G. López‐Berenguer1, R. Bossi2, R. Dietz2, J.
Peñalver3, C. Sonne2, and E. Martínez‐López1,4. 1University of Murcia, Murcia, Spain; 2Aarhus University,
Roskilde, Denmark; 3Fishing Aquaculture Service, Murcia, Spain; and 4IMIB‐Arrixaca, Murcia, Spain.
Sponsor: G. Font
KEYWORDS: Perfluoronated Agents; Environmental Toxicology; Ecotoxicology
ABSTRACT: Perfluoroalkyl substances (PFASs) are persistent pollutants of recent concern due to their
worldwide presence, persistence in the environment, and bioaccumulation and biomagnifying
properties. Their potential effects include hepatic, neuroendocrine, reproductive, developmental and
immune disorders. These compounds are not reported in pollutant studies from the Mediterranean Sea.
Then, We studied 16 PFAS compounds, including perfluorinated carboxylic acids (PFCAs: PFPeA, PFHxA,
PFHpA, PFOA, PFNA, PFDA, PFUnA, PFDoA, PFTrA, PFTeA), perfluorinated sulfonic acids (PFSAs: PFBS,
PFHxS, PFHpS, PFOS, PFDS) and one precursor (FOSA), in liver and muscle of striped dolphin (Stenella
coeruleoalba) (n=29) stranded in Murcia coastline, SE Spain (2009‐2018). ΣPFASs in liver was 259 ± 136.2
ng/g ww, with PFSAs and PFCAs in similar proportion; muscle levels were almost an order of magnitude
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lower (51.6 ± 36.4 ng/g ww). Our results were in the range detected for other cetacean species
elsewhere. No significant differences were found among sexes and length was generally not significantly
correlated with any compound. Only three PFASs in liver showed a significant decreasing temporal trend
over the years (Mann‐Whitney Test, PFDS, U=50.4 p=0.021; FOSA, U=47 p=0.014; PFUnA, U=56
p=0.043). PFASs profile differed between liver and muscle. In liver, shortest chain PFSA, PFBS (C4) and
shortest chain PFCAs, PFPeA (C5), PFHxA (C6) and PFHpA (C7), were not detected. The rest were found in
more than 70% of liver samples, except PFDS (C10). By contrast, longest chain PFSA, PFDS, and longest
chain PFCAs, PFDoA (C12), PFTrA (C13), and PFTeA (C14), were not detected in muscle. Although PFOS
production was phased‐out in 2002, it was the predominant compound (45.4% of liver ΣPFAS; 57.3% of
muscle ΣPFAS). We found PFOS levels (liver, 117.8 ± 59.4 ng/g ww) four times higher than those
previously reported from striped dolphins in the central Mediterranean in 1991. Our PFOS data are
below the tentative critical concentration calculated for hepatic toxicity in marine mammals from
NOAEL in lab mammals (677‐775 ng/g ww). However, our found concentrations are of the same order
and besides we cannot dismiss effects at other levels.
ABSTRACT NUMBER: 3480
Poster Board Number: P295
TITLE: The Factors That Affect Irritation of Isododecane in Lip Products
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Park, S. Kim, M. Oh, J. Han, G. Kim, and S.
An. AmorePacific, Yongin, Korea, Republic of.
KEYWORDS: Safety Evaluation
ABSTRACT: Isododecane is commonly used in lip products at around 30‐60% to make a silky and matte
texture. However, safety is controversial because it leads to strong irritation on occlusive condition.
There is parabolic relationship between chain length and skin irritation, especially short chain(C9~12)
alkane could induce skin irritation. Some branched alkane has highly volatile properties which is
considered as main factor of skin irritation in occlusive condition. According to our study, skin irritation
increased depending on the concentration of isododecane in lip products. Because Isododecane is
evaporated quickly, it causes mild irritation in semi‐occlusive condition. However, it can make to
increase irritation by certain factors in products. So, we tested to confirm factors changing volatility of
isododecane. Moreover, to find out the correlation between volatility and irritation, we carried out
Repeated Human Patch Test using lip products formula containing isododecane. Volatility of
isododecane is affected by kinds and amounts of viscosity agents. Hectorite, especially, reduced
evaporation of isododecane more effetively than others. We predict that higher viscosity will result in
longer skin retention and increased skin absorption. As the viscosity is increasing, the volatility is
decreasing and also low volatility could affect to strong stimuli. The formula which has the highest
viscosity showed the strongest skin irritation. Unfortunately, it was not in direct proportion to viscosity
although the volatility changed by viscosity. According to our study, the viscosity is critical factor for skin
irritation of lip products containing high concentration of isododecane. And it needs to study to find
another factors affecting skin irritation not only viscosity of formula.
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Poster Board Number: P296
TITLE: Neurodevelopmental Effects of Cannabis (Marijuana) Smoke and Δ9‐THC: New Additions to
California’s Proposition 65 List
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Iyer, Y. Niknam, M. Campbell, F. Moran, L.
Wu, F. L. Kaufman, A. Kim, M. S. Sandy, and L. Zeise. California Environmental Protection Agency,
Sacramento, CA.
KEYWORDS: Regulatory/Policy; Neurotoxicity; Developmental
ABSTRACT: California’s Developmental and Reproductive Toxicant Identification Committee (DARTIC) for
Proposition 65 (Safe Drinking Water and Toxics Enforcement Act) determined that cannabis (marijuana)
smoke and Δ9‐tetrahydrocannabinol (Δ9‐THC) have been clearly shown through scientifically valid testing
according to generally accepted principles to cause reproductive toxicity (developmental endpoint). The
DARTIC evaluated the evidence for developmental toxicity given the public health concern after
legalization of cannabis use in California. OEHHA conducted a review of published epidemiological and
animal studies to support the DARTIC’s deliberations. Neurodevelopmental effects after exposure during
pregnancy and lactation to cannabis smoke and Δ9‐THC, the main psychoactive component of cannabis,
included effects on motor behavior, cognitive performance, emotionality and susceptibility to addiction
in animals. Emotionality was observed in different rodent experiments as an increase in separation‐
induced ultrasonic vocalizations, reduced social interaction and play behavior, and increased generalized
anxiety behavior. Altered mRNA levels in the nucleus accumbens, the brain region associated with
compulsivity, addiction vulnerability, and reward sensitivity was noted. Increased rate of acquisition of
morphine self‐administration and/or enhanced sensitivity towards the rewarding effects of morphine or
heroin was reported in adult animals. Epidemiologic studies reported adverse effects of prenatal
exposure to cannabis smoke on attention, impulsivity, learning, intelligence, substance use, mood
disorders and behavior, as well as differences in brain activity during executive functioning tasks.
Findings in zebrafish studies supported effects in mammalian models. Neurochemical and
neuroanatomical effects on brain regions and neurotransmitter systems seen in animal and human
studies could impact cognitive function, motor activity, and drug sensitivity. Mechanistic studies
provided evidence for the biological plausibility of effects, such as altered signaling affecting memory
and neuronal plasticity. Epigenetic studies gave insight into how Δ9‐THC may affect neurodevelopment,
although this evidence is correlational and not causal. Cannabis (marijuana) smoke and Δ9‐THC are now
listed under Proposition 65.
ABSTRACT NUMBER: 3482
Poster Board Number: P297
TITLE: A Cross‐Sectional Analysis of Associations between Environmental Indices and Prevalent
Respiratory Illness in US Counties during 2003 to 2012
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Hurbain, Y. Liu, M. Strickland, and D. Li.
University of Nevada Reno, Reno, NV.
KEYWORDS: Epidemiology; Exposure, Environmental; Respiratory
ABSTRACT: In attempts of capturing the impacts of multiple environmental stressors, environmental
indices like the Air Quality Index (AQI), Toxic Release Inventory (TRI) and Environmental Quality Index
(EQI) have been used to have been used to investigate environmental quality and its association with
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public health issues. However, there is a lack of examination on their predictive capabilities for health
outcomes over large populations and multiple years. In addition, individual factors are often not
considered in such studies. Based on data availability, we assessed the predictive capability of these
indices for prevalent respiratory illness across 186 ‐ 314 U.S. counties from 2003 to 2012. We gathered
asthma and chronic obstructive pulmonary disease (COPD) data from the U.S. CDC Behavioral Risk
Factor Surveillance System by county and used multivariable generalized linear mixed models to
estimate associations between the environmental indices and health outcomes, adjusting for individual
factors such as race, smoking, income level, etc. We found the environmental indices offered no
consistent predictability, with a mix of positive, negative, and null associations with the health outcomes
vary between years [e.g. odds ratios for the EQI ranged from 0.63 to 1.13]. Individual risk factors were
more consistently associated with asthma and COPD.
ABSTRACT NUMBER: 3483
Poster Board Number: P298
TITLE: Fluoride Exposure and Reproductive Health among Adolescent Females in the United States:
NHANES 2013‐2016
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. J. Malin, S. A. Busgang, J. C. Garcia, P.
Curtin, and A. P. Sanders. Icahn School of Medicine at Mount Sinai, New York, NY. Sponsor: R. Wright
KEYWORDS: Reproductive and Developmental Toxicology; Environmental Toxicology
ABSTRACT: Fluoride can affect reproductive health in animals and is associated with later pubertal
development and decreased testosterone production in human males. However, effects of fluoride on
women’s reproductive health are unclear. Adolescence is a key time to assess women’s reproductive
health indicators as significant hormonal changes are occurring. Therefore, we examined the
relationship between fluoride exposure and reproductive health outcomes among adolescent females in
the United States. The sample included females aged 16‐19 who participated in The National Health and
Nutrition Examination Surveys in the 2013 to 2016 cycle years. There were 524 and 460 participants
who had plasma fluoride and household tap water fluoride measurements respectively, at least one
reproductive health outcome examined and complete covariate data. Participants taking sex hormone
medication were excluded from analyses with sex hormones or menstrual cycle regularity (n=46 and
n=41 for plasma and water fluoride samples respectively). We applied covariate adjusted survey‐
weighted linear or logistic regression to examine associations of fluoride exposure with age of
menarche, menstrual cycle regularity, or log2 transformed serum sex steroid hormone level. Sex
hormones assessed included estradiol, testosterone and sex hormone‐binding globulin. Covariates
included age, race/ethnicity, body mass index and the ratio of family income to poverty. Median (IQR)
water and plasma fluoride levels were 0.48 (0.53) mg/L and 0.34 (0.30) µmol/L respectively. An IQR
increase in water fluoride was associated with a 3.3 month earlier first menstrual period (B= ‐0.28,
95%CI: ‐0.54, ‐0.02, p = 0.05). We observed no direct relationship between plasma fluoride and age of
menarche; however, we observed a significant interaction between plasma fluoride and race/ethnicity
in association with age of menarche (p = 0.01). For non‐Hispanic black females, each IQR increase in
plasma fluoride was associated with a 5‐month earlier age of menarche (B=‐0.42, 95%CI: ‐0.61, ‐0.23, p <
0.001). Examining whether chronic low‐level fluoride exposure contributes to changes in female
reproductive health is an important public health question. Moreover, whether non‐Hispanic black
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females are uniquely vulnerable to potential reproductive impacts of fluoride should be explored in
prospective studies.
ABSTRACT NUMBER: 3484
Poster Board Number: P299
TITLE: Environmental Persistent Organic Pesticides in the Serum and Breast Milk of Lactating North
Carolina Women
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. P. Hines, and S. E. Fenton. US EPA,
Research Triangle Park, NC.
KEYWORDS: Persistent Organic Chemicals; Environmental Toxicology; Reproductive and Developmental
Toxicology
ABSTRACT: Persistent organic pesticides are environmental chemicals that are found in measurable
concentrations in human populations even though some of these chemicals have been phased out of
use, production, or release to the environment. Many of these chemicals are lipophilic compounds that
bioconcentrate in the food chain and are present in detectable amounts in human populations. There is
a paucity of data about infant exposures through breast milk to the persistent organic pesticides
especially in US studies and even fewer studies exist with repeated measures over time from the same
individual. The goal of the US EPA Methods Advancement for Milk Analysis (MAMA) Study was to
develop or adapt methods to measure persistent organic pesticides and other environmental chemicals
in milk and serum twice during lactation (at 2‐7 weeks and 3‐4 months postpartum) in 34 North Carolina
women. Milk and serum were quantified for persistent organic pesticides (hexachlorobenzene (HCB),
hexachlorocyclohexane (HCCH), oxychlordane, trans‐nonachlor, DDE, DDT and Mirex). A majority of both
the milk and serum samples contained pesticides at concentrations above LOD, excluding serum HCCH.
The majority of the chemicals did not show depuration (decreased amount of chemical between two
collections during lactation) in milk; only HCB showed decreased concentrations in milk at the second
clinic visit. Mean concentrations were highest for p,p’‐DDE (163 ng/ml lipid in milk, 102 ng/ml lipid in
serum) with Mirex having among the lowest concentrations (0.7 ng/ml lipid in milk, 0.9 ng/ml in serum).
Additional data are needed in order to develop a predictive model for breast milk content, using serum
samples from the same individual. These data suggest that breast feeding North Carolina mothers are
exposed to these environmental persistent organic pesticides and they can partition to breast milk. This
abstract is the opinion of the authors and does not represent US EPA or NIEHS policy.
ABSTRACT NUMBER: 3485
Poster Board Number: P300
TITLE: The Role of Ambient Particulate Matter Air Pollution in Cutaneous Malignant Melanoma and Non‐
Melanoma Skin Cancer in the Women’s Health Initiative
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. An, and S. Vedal. University of
Washington, Seattle, WA. Sponsor: E. Faustman
KEYWORDS: Epidemiology; Cutaneous or Skin Toxicity; Particulates
ABSTRACT: The incidence rates of non‐melanoma skin cancer and cutaneous malignant melanoma are
rapidly increasing annually. As skin cancers are extremely common and carry high economic burden, it is
important to determine the impact of environmental risk factors. Numerous studies have evaluated the
association between and mechanisms behind UV radiation and the development of skin cancers;
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however, the associations between particulate matter (both PM2.5 and PM10) from air pollution and skin
cancers have not been studied thoroughly. This study evaluated the associations between PM2.5 and
PM10 on cutaneous malignant melanoma and non‐melanoma skin cancer incidence rates in the
Women’s Health Initiative Observational Study. Particulate matter exposure levels for the subjects were
estimated from previous spatial models with exposure predicted by year using monitoring data from
various air quality monitoring networks. This study used 787 adjudicated cases of first occurrence of
cutaneous melanoma and 5419 self‐reported cases of first occurrence of NMSC. Multiple adjusted Cox
proportional hazards models were conducted to evaluate the relationships between particulate matter
and skin cancers. In all models, the risk of melanoma did not differ across levels of PM2.5 (P = 0.27) or
PM10 (P = 0.24). Additionally in all models, the risk of NMSC did not differ across levels of PM10 (P = 0.82).
However, higher levels of PM2.5 exposure was associated with a higher risk of NMSC (hazard ratio of
1.02, P = 0.002). Contributing to budding research in the field of air pollution and skin toxicity, the
results of this study indicate that women who were exposed to higher PM2.5 levels had higher risk of
non‐melanoma skin cancer.
ABSTRACT NUMBER: 3486
Poster Board Number: P301
TITLE: Impact of In Utero Exposure to Per‐ and Polyfluoroalkyl Substances (PFAS) on Gestational
Diabetes in the Child Health and Development Studies
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. Y. Krigbaum, P. M. Cirillo, and B. A. Cohn.
Public Health Institute, Berkeley, CA. Sponsor: B. Cohn, Endocrine Society
KEYWORDS: Perfluoronated Agents; Developmental Toxicity; Prenatal; Reproductive and
Developmental Toxicology
ABSTRACT: Per‐ and polyfluoroalkyl substances (PFAS) have been linked to metabolic disruption during
pregnancy in humans. Association between PFAS exposure in‐utero and subsequent gestational diabetes
were examined in 291 daughters born into the Child Health and Development Studies from 1959‐1967.
At median age 50 years, daughters participated in an adult follow‐up study and reported their
reproductive outcomes and physician‐diagnosed medical conditions during a computer‐assisted
telephone interview. Only daughters who had ever been pregnant and were at risk of gestational
diabetes were included in analyses. PFASs were measured in the archived pregnancy serum of their
mothers, collected in the early post‐partum within 3 days of daughters’ birth. Levels of PFASs were
measured using the SPE‐HPLC‐MS/MS method in the Environmental Chemistry Laboratory, California
Department of Toxic Substances Control. PFOA was dichotomized as <90th percentile (0.86 ng/mL)
versus >90th percentile and other PFASs were log base 2 transformed. Logistic regression was used to
examine high perfluorooctanoic acid (PFOA) exposure’s associations to gestational diabetes with
adjustment for correlated PFASs (perfluorooctanesulfonic acid [PFOS] and 2‐(N‐Ethyl‐perfluorooctane
sulfonamido) acetic acid [Et‐PFOSA‐AcOH]), race and body mass index (kg/m2) at age 30 years .
Daughters who had in‐utero exposure to perfluorooctanoic acid (PFOA) in the highest decile had a
nearly 4‐fold increased risk of gestational diabetes compared to women with lower in‐utero exposure
(Odds Ratio=3.79; 95% Confidence Interval =1.10‐13.07). This finding is the first to support the idea that
PFAS exposures in‐utero may influence glucose tolerance in the offspring pregnancy, 30 years later.
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ABSTRACT NUMBER: 3487
Poster Board Number: P302
TITLE: Impact of In Utero Exposure to Per‐ and Polyfluoroalkyl Substances (PFASs) on Timing of
Menarche in the Child Health and Development Studies
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. M. Cirillo, N. Y. Krigbaum, and B. A. Cohn.
Public Health Institute, Berkeley, CA. Sponsor: B. Cohn, Endocrine Society
KEYWORDS: Perfluoronated Agents; Developmental Toxicity; Prenatal; Endocrine Disruptors
ABSTRACT: Per and polyfluoroalkyl substances (PFASs) are known to bio‐accumulate in the environment
and have demonstrated reproductive and developmental toxicity in both animal and human studies. We
examined the association between PFAS exposure in utero and subsequent age at menarche in 261
daughters born into the Child Health and Development Studies from 1959‐1967. At median age 50,
daughters participated in an adult follow‐up study and reported their timing of menarche during a
computer‐assisted telephone interview. PFASs were measured in the archived pregnancy serum of their
mothers, collected in the early post‐partum within 3 days of daughters’ birth and were log2 transformed
to fit general linearized and logistic regression models for estimating associations with menarche onset
in daughters. Levels of PFASs were measured using the SPE‐HPLC‐MS/MS method in the Environmental
Chemistry Laboratory, California Department of Toxic Substances Control. Perfluorooctanesulfonic acid
(PFOS) was associated with delayed menarche onset while perfluorooctanoic acid (PFOA) was related to
earlier age at menarche. Risk of menarche after age 14 years increased nearly 2‐fold per doubling of in
utero PFOS exposure (Odds Ratio (OR) = 1.6; 95% Confidence Interval (CI) = 1.02, 2.53). Risk of early
menarche, before age 12 years, increased 40% per doubling of in utero PFOA exposure (OR = 1.40; 95%
Confidence Interval (CI) = 0.97, 2.02). These associations were not influenced by adjustment for 2‐(N‐
Ethyl‐perfluorooctane sulfonamido) acetic acid (Et‐PFOSA‐AcOH), race, mother’s pregnancy body mass
index, in utero cigarette smoke exposure, daughter’s birthweight or mother’s timing of menarche.
Findings are supported by several advantages including direct measurement of maternal perinatal
serum levels of PFASs and co‐variables, and by simultaneous estimation of effects for several PFASs. In
this human, observational study, we cannot exclude confounding by other environmental exposures.
Results suggest that fetal exposure to these PFASs may have contributed to perturbations in menarche
timing, as endocrine disruptors. Whether the impact of these exposures contribute to earlier or delayed
menarche onset, there are likely secondary consequences for reproductive and metabolic dysfunction,
for obesity, cardiovascular disease and breast cancer.
ABSTRACT NUMBER: 3488
Poster Board Number: P303
TITLE: Clinical Biomarker of Compliance for Use in Potentially Reduced Risk Product‐Switching Studies
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: G. Hardie. British American Tobacco,
Southampton, United Kingdom. Sponsor: M. Gaca
ABSTRACT: Preclinical assessments and clinical studies have shown significant reductions in toxicants in
tobacco heating product (THP) aerosols compared to smoke from conventional cigarettes. Further
studies to assess if these toxicant reductions translate to reductions in smoking‐related health risks are
being carried out. As these designs tend to be ambulatory in nature with the subjects visiting the clinic
at specific timepoints, the potential for non‐compliance, where subjects in the THP arm continue to
smoke conventional cigarettes is high. To address this, a year‐long study examining health effect
indicators when a smoker switches to using the glo THP in the UK (ISRCTN81075760) has incorporated a
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biomarker of compliance, the haemoglobin adduct of acrylonitrile, N‐(2‐cyanoethyl)valine (CEVal). Here,
we present the results of a planned interim analysis of CEVal after 90 days. This study was approved by a
local Research Ethics Committee and run in accordance with ICH‐GCP guidelines. Subjects were of either
gender (aged 23‐55 years) and comprised of regular smokers who intended to quit and were provided
with assistance with quitting (NRT/varenicline/counselling) or were participants who have never
smoked. At the 90‐day stage of this study, subjects had attended a total of 4 non‐residential clinic visits,
plus a screening visit. Blood samples were collected at baseline, and Days 30, 60 and 90 for the cessation
arm, whereas never smokers’ samples were taken at baseline and Day 90. The haemoglobin adduct
CEVal was measured in all blood samples and showed reductions in levels in the cessation arm between
baseline and Day 90. Whereas there was no change in CEVal levels in the never smokers. This data
shows that CEVal has the potential to be a long‐term biomarker of compliance in Potentially Reduced
Risk Product switching studies.
ABSTRACT NUMBER: 3489
Poster Board Number: P304
TITLE: Non‐Invasive Methods to Identify Biological Markers of Exposures from Firing Lead‐Free Frangible
Ammunition
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Schwanekamp Kerr1, B. Edwards1, and C.
Duran2. 1UES Inc., Dayton, OH; and 2711th HPW, Wright‐Patterson AFB, Dayton, OH. Sponsor: P.
McLendon
KEYWORDS: Biomonitoring; Exposure Assessment; Particulates
ABSTRACT: The Air Force (AF) began transitioning to lead‐free frangible (LFF) ammunition for small arms
training in 2000. Studies investigating emissions from LFF ammunition documented adverse health
effects in instructors including respiratory irritation, headache, metallic taste, and nausea. One study
suggested that inadequate range ventilation could explain the adverse health symptoms.
Characterization of air emissions from firing LFF ammunition in several AF ranges revealed that metals
(copper and zinc) and gases (primarily carbon monoxide) are detectable in the breathing zone of
instructors, but at levels lower than the respective occupational exposure limits (OELs). Therefore, an
updated OEL specific for the complex emissions from small arms firing of LFF ammunition is needed.
Biological specimens (urine and exhaled breath condensate (EBC)) were collected from range instructors
and controls prior to and immediately following range training classes. EBC from range instructors and
control groups was used to assess oxidative stress by measuring the ratio of glutathione to oxidized
glutathione (GSH:GSSG) by high performance liquid chromatography. To assess respiratory function,
lung inflammation and function were measured using the NIOX VERO and Spirodoc, a spirometer,
respectively. Additionally, 8‐hydroxy‐2‐deoxyguanosine (8OHdG) was measured in the urine of
participants as a measure of oxidative stress induced due to exposure by enzyme‐linked immunosorbent
assay (ELISA). The individual fraction of exhaled nitric oxide levels measured by the NIOX VERO showed
no differences between pre and post range training. Interestingly, instructors that were on the firing line
had an increase in 8OHdG normalized to creatinine levels in their urine samples (n=9). Overall,
instructors that were in the tower (n=5) and control participants (n=4) showed a decrease in 8OHdG
levels in their urine samples. We have demonstrated the feasibility of our methodology and will utilize
this method in an in‐depth study with the goal of identifying biomarkers associated with symptoms
reported by range instructors resulting from exposure to emissions from small arms firing of LFF
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ammunition. The data generated here will be used to provide updated exposure recommendations to
protect the health of AF range instructors.
ABSTRACT NUMBER: 3490
Poster Board Number: P305
TITLE: Arachidonic Acid Metabolites Are Biomarkers of Potential Harm for Product Switching from
Cigarettes to Electronic Nicotine Delivery Systems (ENDS)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Makena, G. Liu, P. Chen, and G. Prasad.
RAI Services Company, Winston‐Salem, NC.
KEYWORDS: Biomarkers; Inhalants
ABSTRACT: Biomarkers of Potential Harm (BoPH) are useful tools for the regulatory evaluation of
modified risk tobacco products, particularly in the absence of epidemiological evidence. Several long‐
term BoPH exist; however, a time frame of at least six months to a year is required to detect a significant
change in the BoPH after smoking cessation. We have qualified arachidonic acid (AA) metabolites,
leukotriene E4 (LTE4) and 2,3‐d‐thromboxane B2 (2,3‐d‐TXB2) as BoPH in our previous studies. To identify
additional short‐term BoPH, we evaluated AA metabolites in cigarette smokers who switched to Vuse
ENDS products (Vibe, Solo and Ciro) or abstinence for 5 days and 7 days. 24‐hour urine samples from
baseline and post‐switching samples were analyzed using LC‐MS/MS for changes in select AA
metabolites including prostaglandins, isoprostanes, thromboxanes, and leukotrienes. The levels of
several AA metabolites decreased upon smoking cessation or switching to the Vuse products.
Specifically, LTE4 levels significantly decreased from baseline to Day 5 and Day 7 post‐switching in all
cohorts. 2,3 d‐TXB2 levels significantly declined from baseline compared to Day 5 in Ciro, Day 7 in Solo,
and on Day 5 and Day 7 in the abstinence cohort. In addition, 11 d‐thromboxane B2 (11 d‐TXB2) levels
were also significantly decreased at Day 5 and Day 7 from baseline in Solo and Vibe. Changes in the
levels of other AA metabolites were detected from baseline to post‐switching conditions, although they
were not statistically significant. Thus, more time may be required to observe additional statistically
significant differences in AA metabolism following smoking abstinence or switching to the exclusive use
of ENDS products. In summary, urinary 2,3‐d‐TXB2, 11 d‐TXB2, and LTE4 can discriminate between
smokers and smokers who switched to either ENDS products or abstinence. These biomarkers of platelet
activation and inflammation are key mechanistic events in cardiovascular and lung disease. Thus, these
AA metabolites serve as BoPH for tobacco product evaluation.
ABSTRACT NUMBER: 3491
Poster Board Number: P306
TITLE: Detection of Aristolochic Acid Exposure Using Ultra‐Sensitive Duplex Sequencing in Non‐Invasively
Collected Samples
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: F. Lo1, C. Valentine1, E. Schmidt1, L.
Williams1, A. Boot2, S. Rozen2, and J. Salk1. 1TwinStrand Biosciences, Seattle, WA; and 2Duke‐NUS,
Singapore, Singapore. Sponsor: J. Salk, American Association for Cancer Research
KEYWORDS: Carcinogenesis; Exposure, Environmental; Genomics
ABSTRACT: Somatic mutation accumulation is driven by endogenous and environmental processes
which tell the story of life‐integrated genotoxic exposure. Advances in DNA sequencing have enabled
the characterization of mutation signatures and their association with environmental mutagens and
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carcinogens. The COSMIC mutation signatures are curated from the genomes of thousands of human
tumors and their etiologies have been studied intensely. One important mutation signature is that of
Aristolochic Acid (AA), a potent environmental carcinogen and nephrotoxin; however, non‐invasive
detection of AA exposure in humans without clonal amplification, such as from tumor growth, has
remained a major challenge. AA are a group of chemicals that are formed in the plants of genera
Aristolochia and Asarum. Intentional or inadvertent exposure to AA occurs through the consumption of
traditional herbal remedies or as contaminants to crop harvests. These exposures are linked to kidney
failure, upper urinary tract cancer, and liver cancer. Exome sequencing of hepatocellular carcinomas
(HCC) in Taiwan revealed that 78% of HCCs have a distinct AA mutation signature. Detection of life‐
integrated AA exposure in normal tissues is challenging because AA‐mediated mutations are rare in non‐
tumor samples and are accumulated slowly. Duplex Sequencing (DS) is a tag‐based DNA sequencing
error‐correction method that enables detection of rare mutations at the basal mutation frequency of
normal tissues (~10e‐8). DS can be applied to the DNA of any tissue, of any organism, at any time,
without the need for tumor formation or ex vivo cloning. In this study, we present a DS‐based
genotoxicity assay to measure mutations of samples collected from 12 upper‐tract urothelial cancers
patients; half were exposed to AA and half were not. Remarkably, we show that AA signatures can be
successfully detected in normal tissues of 5 AA‐exposed patients and also in all available blood and urine
samples from the same patients. This is the first time an AA signature has been detected in both blood
and urine. These findings demonstrate that DS is a promising approach for detecting mutation
signatures caused by environmental mutagens and carcinogens through non‐invasively sampled body
fluids.
ABSTRACT NUMBER: 3492
Poster Board Number: P307
TITLE: Mechanism of Oxidative Stress‐Mediated Lung Fibrosis: An Adverse Outcome Pathway
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Makena1, K. Tatiana2, F. Lowe3, M.
Sharma4, A. Clippinger4, and G. Prasad1. 1RAI Services Company, Winston‐Salem, NC; 2Clarivate Analytic,
Philadelphia, Philadelphia, PA; 3British American Tobacco, Southampton, United Kingdom; and 4PETA
International Science Consortium Ltd., London, United Kingdom.
KEYWORDS: Oxidative Injury; Lung; Pulmonary or Respiratory System; Inhalants
ABSTRACT: Increased oxidative stress is a risk factor for developing inflammatory lung disease, including
fibrosis, which may predispose individuals to cancer. However, the molecular and cellular events
through which oxidative stress promotes lung fibrosis are not fully elucidated. Here, we present an
adverse outcome pathway (AOP) for lung fibrosis and demonstrate a mechanistic relationship between
oxidative stress‐mediated inflammation and the development of lung fibrosis. AOPs are a means to
organize existing information related to a particular pathology and can be used to inform the design of
testing strategies based on biological mechanism. AOPs begin with a molecular initiating event (MIE)
that leads to an adverse outcome through specific key events (KEs). The Organisation for Economic Co‐
operation and Development (OECD) guidelines were employed for the development of this AOP. The
essentiality of KEs and biological plausibility, as well as empirical support for key event relationships
(KERs), were used in the overall assessment of the weight of evidence supporting the AOP. Based on the
weight of evidence, oxidative stress is proposed as a MIE which leads to increased secretion of
proinflammatory and profibrotic mediators (KE1). At the cellular level, proinflammatory responses
induce recruitment of inflammatory cells (KE2), which in turn, increase fibroblast proliferation and
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myofibroblast differentiation (KE3). At the tissue level, an increase in extracellular matrix deposition
(KE4) subsequently culminates in lung fibrosis, the adverse outcome. The weight of evidence for the MIE
and all the KEs is high, assessed based on the OECD guidance for developing AOPs. Several biological
endpoints were identified for each KE that can be collectively used to link injury to fibrosis. This AOP
provides a mechanistic platform to understand how oxidative stress caused by various stressors could
lead to lung fibrosis.
ABSTRACT NUMBER: 3493
Poster Board Number: P308
TITLE: Metabolic Balance and Fate of Orally Administered [14C]‐TMBPF (Tetramethyl Bisphenol F) in Male
and Female Sprague‐Dawley Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Hillenweck, E. Person, S. Bruel, F. Blas‐Y‐
Estrada, E. Jamin, C. Canlet, K. Ramondou, N. J. Cabaton, and D. Zalko. INRAE, Toulouse, France.
KEYWORDS: Biotransformation; Metabolism; Bioavailability
ABSTRACT: TMBPF [4,4'‐methylenebis(2,6‐dimethylphenol), CAS #5384‐21‐4)] is developed by the
Sherwin‐Williams company as an alternative solution for the manufacture of BPA‐free epoxy resins.
Studies are conducted to assess the fate, potential toxicity and endocrine activity of this molecule. The
Metabolism and Xenobiotics (MeX) team of INRAE’s TOXALIM Research center in food toxicology has
completed the metabolic balance study of [14C]‐TMBPF following a single oral dosage at 500 µg/kg bw in
male and female rats. Radioactivity administered to animals was completely recovered over the 48hr
study in metabolic cages. [14C] excretion mainly occurred by fecal route both in female and male rats
(73.0±6.4% and 94.8±11.9%, respectively). 48hr urinary excretion was higher in females than in males
(19.3±6.0% and 7.0±3.1% respectively, p=0.011), resulting in a higher fecal/urinary excretion ratio in
males. Urinary excretion mainly took place during the first 24hr, indicating a rapid metabolism. Fecal
excretion mainly occurred during the first 24hr, but a significant part of the radioactivity was also
excreted between 24 and 48 hr. About 3% of the administered dose were still present in the digestive
tract at 48hr. Total amount of radioactivity present in tissues at 48hr was 1.5±0.25% in males and
0.78±0.11% in females. Liver is the main target tissue with a significant difference between males and
females (1.10±0.13% and 0.50±0.09% of the dose respectively, p=0.006). TBMPF and/or its metabolites
are broadly distributed, including to the reproductive tract and gonads. A marginal passage through the
blood‐brain barrier is observed. Residual levels in liver are ca. 50 ppb in females and twice as much in
males. For other tissues, residue levels are below 10 ppb, except for the lung and thyroid. Four major
urinary metabolites were detected by radio‐HPLC profiling and were identified by MS and NMR. Other
minor TMBPF metabolites were detected in urine and feces. TMBPF is conjugated at the level of its free
hydroxyl functions with the formation of sulfates (single or double) and of a doubly conjugated
glucuronide/sulfate metabolite. The structure of one metabolite suggests TMBPF oxidation can also
occur in vivo. In conclusion, TMBPF is metabolized in rat, with some gender related differences. As for
other bisphenols, concentrations of residues in tissues are relatively low, although the molecule is
broadly distributed.
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ABSTRACT NUMBER: 3494
Poster Board Number: P309
TITLE: Altered Expression and Activity of Phase I Biotransformation Enzymes in Human and Fish Liver
Cells by Perfluorooctanoate (PFOA) and Perfluorooctane Sulfonate (PFOS)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. E. Franco, G. E. Sutherland, M. E. Solan,
M. T. Fernandez‐Luna, and R. Lavado. Baylor University, Waco, TX.
KEYWORDS: Cytochrome P450; Biotransformation; In Vitro and Alternatives
ABSTRACT: Exposure assessments for perfluorooctanoate (PFOA) and perfluorooctane sulfonate (PFOS)
have been mostly limited to their quantification in different environmental matrices, but only a few
studies have addressed toxicological aspects associated with them. It has been suggested that both
PFOA and PFOS are highly stable chemicals that are not metabolized, yet previous reports have
described abnormal activity of important biotransformation pathways. Therefore, the goal of the
present study was to investigate the effects of PFOA and PFOS on phase I biotransformation enzymes at
the gene expression and activity levels using well‐established cell‐based models. Human liver cells
(HepaRG) were exposed to a wide range of PFOA and PFOS concentrations for 24 or 48 hours, prior to
cytotoxicity measurements, and quantification of expression and activity of three phase I
biotransformation enzymes: CYP1A2, CYP2C19 and CYP3A4. Expression of all CYP enzymes was
significantly reduced from exposure to both PFOA and PFOS after 48 h and from concentrations as low
as 40‐50 ng/L, with CYP3A4 also presenting the lowest activity. Furthermore, in rainbow trout liver cells
(RTL‐W1) co‐exposed to benzo[a]pyrene and either PFOA or PFOS, EROD activity, used as proxy for
CYP1A activity, was significantly lower in PFOA/PFOS‐exposed cells. The results from this study suggest
that the interference of PFOA and PFOS with phase I biotransformation enzymes could potentially lead
to adverse outcomes resulting from the inability of biotransformation pathways to function as needed.
ABSTRACT NUMBER: 3495
Poster Board Number: P310
TITLE: Physiologically‐Based Pharmacokinetic (PBPK) Modeling of Nicotine Intravenous Administration in
Humans
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Mehta1, X. Yang2, Y. Deng‐Bryant2, S.
Chemerynski2, and J. Fisher1. 1US FDA/NCTR, Jefferson, AR; and 2US FDA/CTP, Beltsville, MD.
KEYWORDS: Physiologically‐Based Pharmacokinetics; Disposition; Computational Toxicology
ABSTRACT: Tobacco use remains the leading cause of preventable disease and death in the United
States. Nicotine, as a harmful and potentially harmful constituent (HPHC), is not the direct cause for
most tobacco related diseases but is responsible for addiction to tobacco products. We developed a
physiologically‐based pharmacokinetic (PBPK) model for intravenous (IV) administration of nicotine in
adults using published pharmacokinetic data for estimating the internal dose metrics of nicotine.
Knowledge of the internal dose in tissues such as liver, brain, and kidney will provide additional, robust
science to inform regulatory activities, along with external measures of exposure. The extensive amount
of information available on the pharmacology of nicotine makes it possible to calibrate model
parameters associated with nicotine and its metabolites, cotinine and 3‐OH cotinine. Several PBPK
models for nicotine have been reported in the literature, but with limitations for our intended purpose.
We developed a six‐compartment PBPK model consisting of heart, liver, kidney, brain, slowly perfused,
and richly perfused compartments for modeling nicotine pharmacokinetics in adult humans. A
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preliminary estimate for clearance of nicotine by metabolism is 65.4 L/h and through urinary excretion is
10.2 L/h. This calibrated adult IV administration human PBPK model for nicotine will serve as a
foundation for extending it to include sub‐compartments that describe cotinine and 3‐OH cotinine
metabolites, as well as describing more complex exposure scenarios to nicotine from combusted
tobacco smoke or e‐cigarette use (inhalation) and smokeless tobacco products (buccal systemic uptake).
The model performance will then be evaluated against biomarkers of tobacco exposure collected in
biomonitoring studies, such as the PATH (Population Assessment of Tobacco and Health) study, where
Markov Chain Monte Carlo methods will be deployed for simulating the impact of interindividual
variability in model parameters, genetic factors, and tobacco use behaviors on nicotine internal
dosimetry.
ABSTRACT NUMBER: 3496
Poster Board Number: P311
TITLE: Evaluation of the Clearance of an Oxidative Metabolite in Liver and Lung of Mice, Rats, and
Humans: How Does it Compare to the Expected Allometric Relationship?
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. M. Schlosser, and H. El‐Masri. US EPA,
Research Triangle Park, NC.
ABSTRACT: A standard assumption used in physiologically‐based pharmacokinetic (PBPK) modeling is
that total metabolic capacity scales allometrically across species, commonly as body weight (BW) raised
to 3/4. When converted to a first‐order clearance rate, e.g., the volume of blood or tissue effectively
cleared of a compound per time per BW, the expected scaling is then as BW to ‐1/4. Since clearance
from the body as a whole is often determined by the rate of hepatic blood flow, which scales ~ as
BW^3/4, this assumption is expected to hold for total clearance. But when the compound being
evaluated is a metabolite formed in the liver or another tissue, clearance from the tissue in which it is
formed is not blood‐flow limited. To ascertain the extent to which (1) data for a specific chemical
metabolite match this assumption and (2) clearance from liver and lung might occur via metabolism or
blood perfusion, in vitro metabolic data for the chloroprene metabolite (1‐chloroethenyl)oxirane (1‐
CEO) (Himmelstein et al., 2004, http://dx.doi.org/10.1093/toxsci/kfh092) for mouse, rat, and human
liver and lung were extrapolated to corresponding in vivo rates. Clearance by perfusion was based on
blood:tissue partition coefficients estimated using Simulations Plus ADMET Predictor. In liver the fastest
clearance was due to hydrolysis, for which the clearance rate in rats is much less than the rate in
humans, and the rate in mice is less than in rats (mice < rats << humans); the corresponding allometric
scaling coefficient is +1/4, not ‐1/4. With hydrolysis being the primary component, total hepatic
clearance is also estimated to increase with species BW, though only as BW^0.1. Blood perfusion is
predicted to be less than 3% of 1‐CEO liver clearance in humans, 10‐11% in rats, but 22% in mice.
Because enzymatic activity is much lower for lung than liver and blood perfusion much higher for lung
than liver, perfusion drives predicted clearance of 1‐CEO in the lung with an estimated scaling factor of ‐
0.3, which is close to the theoretical value (‐0.25). Other chemicals may have different clearance
patterns and relationships, but these results show a significant departure from the standard assumption
for liver clearance of 1‐CEO. Also, that the fraction of 1‐CEO distributed out of the liver by blood
perfusion differs significantly across species indicates that total metabolic production may not be a good
general measure of dose to extra‐hepatic tissues.
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ABSTRACT NUMBER: 3497
Poster Board Number: P312
TITLE: Pharmacokinetics Study of NNK following Nose‐Only Inhalation Exposure, Intraperitoneal
Injection, or Oral Gavage in Male Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Tang1, S. Hu1, M. S. Bryant1, G. Lagaud2, H.
Kang1, S. M. Lewis1, E. Sepehr1, K. J. Davis1, H. Rosenfeldt2, R. P. Yeager2, and P. C. Howard1. 1US
FDA/NCTR, Jefferson, AR; and 2US FDA/CTP, Silver Spring, MD.
KEYWORDS: Pharmacokinetics; Inhalation Toxicology; Safety Evaluation
ABSTRACT: A tobacco‐specific nitrosamine, 4‐(methylnitrosamino)‐1‐(3‐pyridyl)‐1‐butanone (NNK),
occurs naturally in tobacco smoke or smokeless tobacco products. NNK is a potent genotoxin and
human lung carcinogen. However, there are limited inhalation data for pharmacokinetics (PK) analysis of
NNK. To fill this gap, a single dose each of 5x10‐5, 5x10‐3, 0.1, 50 mg/kg bw NNK, 75% propylene glycol in
water (vehicle control), or air (sham control) was administered to male Sprague‐Dawley (SD) rats (9‐10
weeks age) via nose‐only inhalation (INH) exposure for 1 hour, respectively. The same doses of NNK
were administered to male SD rats via intraperitoneal (IP) injection and oral gavage (PO) for comparison.
Plasma, urine, and tissue specimens were collected at designed timepoints and were analyzed for levels
of NNK and its major metabolite 4‐(methylnitrosamino)‐1‐(3‐pyridyl)‐1‐butanol (NNAL) via LC/MS/MS.
Data analysis was performed using a non‐linear regression program (WinNonlin 8.0). The results showed
that rats exposed to NNK via the INH, PO, and IP routes had detectable NNK and NNAL levels in systemic
circulation at 0.1 and 50 mg/kg bw doses in a dose‐dependent manner. For INH at 50 mg/kg bw, NNK
and NNAL’s PK parameters were determined as: maximum plasma concentrations (Cmax): 6.5 and 8.6
µmol/mL, elimination half‐lives (T1/2): 2.7 and 5.0 h, area under curve (AUC): 8.2 and 44 h∙µmol/mL,
volume of distribution (Vss): 24.8 and 9.26 L/kg, and total clearance (CL): 6.4 and 1.25 L/h/kg,
respectively. The tissue distributions of NNK and NNAL at 24 h post INH showed that only kidney had
detectable NNK (20 ng/g tissue), while NNAL levels (ng/g tissue) from highest to lowest were: bladder
(2017) > lung (1034) > kidney (810) > liver (544) > pancreas (125). The excretion analysis showed that the
recovery percent of NNK (0.14%) was less than that of NNAL (10.5%) in 0‐48 h urine post INH. A
complete comparison of PK data between the three routes was made. Overall, data suggested that NNK
was rapidly absorbed and metabolized extensively to NNAL with organ specificity after INH exposure.
Though the IP route had the greatest systemic exposure to NNK, its metabolism to NNAL appeared to be
more efficient via INH than IP or PO. The results provided new insights relevant to assessing human
metabolism of NNK.
ABSTRACT NUMBER: 3498
Poster Board Number: P313
TITLE: Relative Contributions of Human Hepatic UDP‐Glucuronosyltransferases in the Conjugation of p‐
Cresol
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Rong, and T. K. L. Kiang. University of
Alberta, Edmonton, AB, Canada. Sponsor: T. Kiang, International Society for the Study of Xenobiotics
KEYWORDS: Glucuronidation; Toxicokinetics
ABSTRACT: p‐Cresol is a uremic toxin accumulated to high plasma concentrations in kidney disease. It is
metabolized in the liver to form p‐cresol glucuronide (PCG), which has been associated with organ
toxicities. The objective of this study was to determine the contributions of human hepatic UDP‐
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glucuronosyltransferase (UGT) enzymes in the formation of PCG. Under linear enzymatic conditions, the
catalytic activities of individual human recombinant UGTs ([rUGT]1A1, 1A3, 1A4, 1A6, 1A9, 2B4, 2B7,
2B10, 2B15, and 2B17) in the production of PCG were determined, using a physiological p‐cresol
concentration documented in the human liver (23.9 µM). Kinetic constants (i.e. Vmax [maximal activity]
and Km [concentration of substrate at half of Vmax]) for PCG formation were further characterized in
active rUGTs and pooled human liver microsomes (HLM,150 adult donors). The contributions of specific
enzymes in PCG formation were determined using enzyme selective chemical inhibitors in pooled and
individual HLMs from adult subjects (n=12). PCG concentrations were quantified using liquid‐
chromatography tandem‐mass spectrometry. It was determined that only rUGT1A6 and rUGT1A9
catalyzed the formation of PCG. The Vmax and Km values for rUGT1A6 were 17.4±0.7nmol/mg/min
(mean±SD) and 58.4±0.6µM (best fitted with the Hill equation); and 23.3±3.0nmol/mg/min and
50.3±3.0µM for rUGT1A9 (substrate inhibition), respectively. The Vmax and Km in pooled HLMs were
8.5±0.7nmol/mg/min and 67.3±17.3µM (Hill equation). Acetaminophen (1mM) was selective and
inhibitory (~70% reduction) toward PCG formation by rUGT1A6; whereas niflumic acid (10µM) was
selective and highly inhibitory toward rUGT1A9. In pooled HLMs, 1mM acetaminophen decreased PCG
formation by 49.2±9.1%, whereas 10 µM niflumic acid resulted in 2.8±4.5% reduction. Similar findings
were observed in individual HLMs (41.7±14.7% inhibition by acetaminophen vs. 5.7±4.1% by niflumic
acid, n=12). Correlation analysis indicated that the percentage inhibition by niflumic acid toward PCG
formation was positively associated with UGT1A9 activity (measured by propofol or mycophenolate
glucuronidation) in individual HLMs (R>0.69, p<0.05). Based on these novel findings, UGT1A6 is the
primary enzyme responsible for PCG formation, whereas UGT1A9 contributes to a minor role, in human
liver microsomes. These data provide important mechanistic insights into the toxicokinetics of PCG.
ABSTRACT NUMBER: 3499
Poster Board Number: P314
TITLE: Investigation of the Effects on Metabolism and Systemic Inflammation Resulting from Chronic
Placement of Intestinal Ports in Dogs
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. E. Nikoulina, E. Xie, R. Rajoria, A.
Barcenas, D. McCumber, L. Manza, and S. Womble. Absorption Systems California LLC, San Diego, CA.
KEYWORDS: Metabolism; Pharmacokinetics; Inflammation
ABSTRACT: The intestinal access port dog model has been successfully used for studying gastrointestinal
site‐specific drug absorption; however, with time, the ports become nonpatent or inaccessible. Since
inflammatory and regenerative changes at surgical sites are reported in catheterized rodents, there is a
concern that long term port placement has the potential to cause chronic systemic inflammation
resulting in alterations in drug transporters and metabolizing enzymes affecting drug pharmacokinetics.
This study aims to compare the pharmacokinetics of terfenadine and 7‐hydroxycoumarin as probes for
the Phase I and Phase II metabolism in dogs with long term intestinal ports compared with intact dogs.
Six male beagle dogs ~5 years of age, with intestinal access ports (IAP) that have been in place for ~4
years and similar aged male beagle dogs (n=6) without IAP from the same colony were used in the study.
The inflammatory status of dogs was evaluated by hematology (CBC‐DIFF), the comprehensive
metabolic panel (ALT, AST, ALP, BUN), and levels of pro‐inflammatory cytokine IL‐6. All dogs showed no
signs of acute inflammation according to clinical chemistry parameters and normal range values for WBC
and lymphocyte counts. There was only a very slight elevation in WBC and lymphocyte counts in dogs
with Intestinal ports compared with normal (7.46 vs. 5.94 x 103/µL, 6.1 vs. 4.8, p<=0.02), but both
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groups had clinically acceptable WBC counts. Determination of proinflammatory cytokine IL‐6 levels in
all dogs, showed no evidence of a systemic inflammatory response. Pharmacokinetic characteristics
were evaluated through a crossover experiment with a 1‐week washout period. No significant difference
in plasma levels of both compounds were detected after PO administration. There was a statistically
significant difference in the main metabolite of terfenadine (fexofenadine) levels, evidenced by the
elevated AUC (0‐32hr)=8236 (hr∙kg∙ng /mL/mg) in the IAP group of animals compared to normal animals
AUC (0‐32hr)=5866 (hr∙kg∙ng /mL/mg), p<0.02. The data revealed only a slight elevation in terfenadine
Phase I metabolism, and no significant difference in 7‐hydroxycoumarin Phase II metabolism in the
ported dogs as compared to intact animals. Thus, possible effects on pharmacokinetics should be
considered when using dogs with chronic intestinal ports.
ABSTRACT NUMBER: 3500
Poster Board Number: P315
TITLE: Human Proximal Tubule Kidney‐Chip as a Model to Study Renal Transporters
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Nookala1, K. Jang2, G. Luo1, J. Ronxhi2, S.
Jeanty2, J. Sliz2, S. Jadalannagari2, L. Ewart2, G. A. Hamilton2, and D. Mckenzie2. 1Covance, Madison, WI;
and 2Emulate, Boston, MA.
KEYWORDS: Xenobiotic Transporters; Pharmacokinetics; Kidney
ABSTRACT: The kidney plays an important role in elimination of xenobiotics and endogenous
compounds through its complicated and efficient uptake and efflux transporting systems. A study of
drug renal transporters should help understand drug disposition and toxicity, and more importantly,
predict potential drug‐drug interactions in humans. Currently available cell‐based experimental models,
however, often fail to predict renal transporter activity and are not scalable to a predictive clinical
outcome due to in vitro‐in vivo discrepancy. To overcome the challenges, we successfully developed a
human Proximal Tubule Kidney‐Chip model for assessment of renal transporter‐based drug‐drug
interactions as reported earlier. Previously we showed gene expression of renal transporters including
p‐glycoprotein (P‐gp), multidrug and toxin extrusion (MATE) 1, MATE2‐K, organic anion transporter
(OAT) 1 and 3, and organic cation transporter (OCT2) by real‐time quantitative polymerase chain
reaction. Now we present efflux activities using probe substrates including digoxin mediated by P‐gp,
tetraethylammonium and metformin mediated collaboratively by OCT1/2, MATE1, and MATE2‐K, and
para‐aminohippuric acid mediated by OAT1/3. In the study, the permeability from the vascular (V) to
luminal (L) direction (Papp(V‐L)) and permeability from the luminal to vascular direction (Papp(L‐V)) were
determined and the efflux ratio (Papp(V‐L)/Papp(L‐V)) was calculated. The model demonstrated efflux
activities from Day 8 to Day 14. The efflux ratio of 3H‐digoxin (1 µM) ranged from 4.6 to 6.5 in the
presence of vehicle control and was completely abolished by a P‐gp specific inhibitor Zosuquidar (2 µM).
The efflux ratio of 14C‐tetraethylammonium (5 µM) ranged from 3.7 to 6.9 in the presence of vehicle
control and was greatly reduced by cimetidine (100 µM). The efflux ratio of 14C‐metformin (5 µM)
ranged from 2 to 2.7 in the presence of vehicle control and was completely reduced by cimetidine (100
µM). In addition, the efflux ratio of 3H‐para‐aminohippuric acidranged from 2.4 to 2.7. These results
indicated that the Proximal Tubule Kidney‐Chip can be used as a model to better assess the role of
human renal transporters in drug disposition and drug interactions.
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ABSTRACT NUMBER: 3501
Poster Board Number: P316
TITLE: Evaluation of Phenobarbital‐Induced Perturbation of Thyroid Hormone in Wild Type and CAR
Knockout Mice Using Micro‐Sampling Technique
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Yano, H. Kikumoto, K. Maeda, S.
Fukunaga, H. Asano, and T. Sukata. Sumitomo Chemical Co. Ltd., Osaka, Japan. Sponsor: J. Yano,
Japanese Society of Toxicology
ABSTRACT: A number of chemical compounds have been shown to induce perturbation of thyroid
hormone homeostasis by inducing hepatic microsomal enzymes especially in experimental rodents (e.g.
rat or mouse). However, compensation by feedback mechanism can make it difficult to detect temporal
and slight changes in serum thyroid hormone levels of rodents. To overcome the difficulties, periodic
blood collections from a single animal are considered useful, but sampling at multiple occasions from
each mouse is pragmatically impossible due to their small body size. In this study, we investigated
whether temporal and slight perturbation of thyroid hormones caused by hepatic enzyme inducers
could be detected using periodic micro‐sampling technique.
Phenobarbital (PB), a constitutive androstane receptor (CAR) activator, was administered in the diet to
both C3H (WT) and CAR knockout (CAR KO) mice for 14 days. On Day 0 and 2, 7, 10 and 13, 150 μL of
blood was collected from saphenous vein of each mouse, and thyroid hormone (T3 and T4) in serum was
measured by LC‐MS/MS. In addition, histopathological examinations on the liver and thyroids collected
on Day 2, 7 and 14 were performed, and hepatocyte mRNA expression levels of UDP‐
glucuronosyltransferases (Ugt 1a1, 1a6 and 2b1) and sulfotransferases (Sult 1a1, 1b1 and 2a1) as target
genes for metabolic enzymes of thyroid hormones were measured.
As a result, a time‐dependent reduction of serum T4 level was noted in the PB treated WT mice.
Additionally, increased liver weight and induction of Ugts mRNA were observed in the PB treated WT
mice throughout the dosing period. In this poster, we will also discuss temporal concordance of these
key events (serum hormone changes, hepatic enzyme induction and thyroid histopathology). In
conclusion, temporal and slight perturbation of thyroid hormone by induction of hepatic enzyme in mice
could be detected using periodic micro‐sampling technique. This technique is considered useful in
achieving an accurate evaluation of thyroid hormone alterations and hence can contribute to mode of
action analysis for thyroid toxicity. Furthermore use of this technique can lead to a reduction in the
number of animals used during an experiment.
ABSTRACT NUMBER: 3502
Poster Board Number: P317
TITLE: In Vitro to In Vivo Evaluation of Oxyfluorfen for Effects on Thyroid Hormones: Short‐Term
Weanling and Pubertal Exposure in Sprague‐Dawley Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. S. Murr1, A. Buckalew1, D. DeVane2, J.
Wang2, and T. E. Stoker1. 1US EPA, Research Triangle Park, NC; and 2Oak Ridge Institute for Science and
Education, Oak Ridge, TN.
KEYWORDS: Endocrine Toxicology; Endocrine; Thyroid; Reproductive and Developmental Toxicology
ABSTRACT: Oxyfluorfen is a pre‐ and post‐emergent diphenyl‐ether herbicide used to control weeds in
tree, fruit, and nut crops, as well as residential areas. Recently, oxyfluorfen was identified in our
laboratory as a potential inhibitor of iodide uptake, the first step in the synthesis of thyroid hormones. A
high throughput assay was developed and validated in our laboratory as part of a suite of in vitro thyroid
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target assays by the US EPA (EDSP and ORD). The human sodium iodide symporter (hNIS‐HEK‐EPA) and
secondary (rat FRTL5) cell based radioactive iodide uptake (RAIU) screening of the EPA ToxCast libraries
revealed several potential NIS inhibitors with little or no cytotoxicity. To form in vitro to in vivo
extrapolations (IVIVE), these top ranked chemicals were first evaluated in a 4‐day weanling rat study and
further tested in the EDSP Tier 1 Pubertal Assay to confirm effects on thyroid hormones in vivo. Initially,
oxyfluorfen was administered by daily oral doses of 125, 250 and 500 mg/kg for 4 days (PND 22 to 25) to
weanling rats on an iodide sufficient diet (Purina AIN‐93) and trunk blood collected 2h after the final
dose for serum thyroxine (T4) analysis by radioimmunoassay. Oxyfluorfen significantly suppressed T4 at
all doses. Based on this pilot study, male prepubertal Sprague‐Dawley rats were dosed daily by oral
gavage from PND 23 to PND 54 with the same doses and diet. All doses significantly suppressed total T4
and triiodothyronine compared to the controls. Interestingly, oxyfluorfen also impacted male
reproductive androgen dependent endpoints (included as part of the pubertal protocol) with a
significant delay in preputial separation (2‐day delay at 125 mg/kg and 4‐day delay at the higher doses)
and a corresponding suppression of ventral prostate and seminal vesicle growth. There were no
significant effects on body weight over the dosing period and no significant effects on other tissue
weights at PND 54, including liver, kidney, adrenal and testes. These doses are above those currently
used to set regulatory limits, so further studies using lower doses are planned to establish a NOEL for
endocrine effects observed and provide additional data for IVIVE. This abstract does not necessarily
reflect US EPA policy.
ABSTRACT NUMBER: 3503
Poster Board Number: P318
TITLE: Weight‐of‐Evidence Analysis to Assess the Potential of PFOA to Act as an Endocrine Disruptor via
Eight Distinct Modes‐of‐Action
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. M. Beckett1, S. E. Brown2, D. R.
Cheatham3, H. A. Reamer3, and M. L. Kreider4. 1Cardno ChemRisk, Boston, MA; 2Cardno ChemRisk,
Boulder, CO; 3Cardno ChemRisk, Chicago, IL; and 4Cardno ChemRisk, Pittsburgh, PA.
KEYWORDS: Perfluoronated Agents; Endocrine Disruptors
ABSTRACT: Perfluorooctanoic acid (PFOA) is a synthetic industrial chemical historically used in the
production of fluoropolymers. Despite inconsistent results in the literature, some researchers have
identified PFOA as an endocrine disruptor; however, the U.S. EPA maintains that chemical endocrine
disruption must be evaluated using a weight‐of‐evidence (WoE) approach. Borgert et al. (2011, 2014)
developed a three‐tiered endpoint‐ranking framework to assess chemicals for endocrine disruption
using specific in vivo and in vitro assay methodologies. The framework evaluated a chemical’s activity via
eight modes of action (MoA), including 1) estrogen agonism, 2) estrogen antagonism, 3) androgen
agonism, 4) androgen antagonism, 5) thyroid agonism, 6) thyroid antagonism, 7) induction of
steroidogenesis, and 8) inhibition of steroidogenesis. Within this framework, Rank 1 endpoints
encompass in vivo observations specific and sensitive for a MoA; Rank 2 endpoints are interpretable, but
less specific, for a MoA and may be confounded, while Rank 3 endpoints are relevant to a MoA, but only
when corroborative of Rank 1 and 2 endpoints. A literature review yielded a total 22 studies that
evaluated endpoints relevant to each of the 8 MoAs. Across all MoAs, a total of 4 studies evaluated Rank
1 endpoints, 14 evaluated Rank 2 endpoints, and 16 evaluated Rank 3 endpoints. For all but one MoA
(estrogen agonism), data for Rank 1 endpoints were not available in the peer‐reviewed literature. Thus,
Rank 1 endpoints for these MoAs were considered inconclusive; Rank 1 endpoints for the estrogen
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agonism MoA were inconsistent. Thus, Rank 2 and 3 endpoints were examined to assess consistency.
For each mode of action, available data for Rank 2 and 3 endpoints were also inconsistent, exhibited no
effect or no dose‐response relationship, and were often incompatible with the MoA. Thus, due to a lack
of Rank 1 endpoints available for analysis, combined with inconsistent results observed in Rank 2 and 3
endpoints, the available evidence was limited and, therefore, unsupportive of the hypothesis that PFOA
can act as an endocrine disruptor via any of the MoAs outlined by Borgert et al. (2014).
ABSTRACT NUMBER: 3504
Poster Board Number: P319
TITLE: Endocrine Disrupting Chemical Mixtures, Mini‐Puberty, and Adult Social Behavior
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Sobolewski, K. Conrad, E. Marvin, A.
Merrill, and D. Cory‐Slechta. University of Rochester, Rochester, NY.
KEYWORDS: Polychlorinated Biphenyls; Endocrine Toxicology; Neurotoxicity; Developmental
ABSTRACT: Recent research indicates that developmental exposure to mixtures of endocrine disrupting
chemicals (EDC) can disrupt early testosterone (T) production resulting in enhanced male reproductive
disease, yet, little is known about extension to the central nervous system. Our previous research
revealed that gestational and lactational exposure to a mixture of EDCs (bisphenol‐a, perfluorooctanoic
acid, atrazine and dioxin) significantly increased serum T at birth, during a critical period known as “mini‐
puberty”. Mini‐puberty is characterized by the transient activation of the hypothalamic‐pituitary‐
gonadal axis after birth with an increase in serum sex steroid hormones. In male rodents, T is increased
for approximately 6 hours, but in humans, T is increased for 6 months. Also, in adulthood, this EDC
mixture caused male‐specific behavioral deficits, including reduced social preference. We hypothesized
that other mixtures of EDCs alter mini‐puberty, resulting in a similar behavioral phenotype. Indeed,
developmental Aroclor 1221 exposure, a mixture of polychlorinated biphenyls (PCBs) with known
endocrine disrupting properties, has previously been shown to alter adult social behavior, however,
little is known about its effect on T at birth. To address this possibility, C57/Bl6J mouse dams were
exposed to Aroclor 1221 (1mg/kg) from gestational day 0 until birth. PCB mixture (MIX) exposure
significantly elevated T at birth. Additionally, PCB MIX reduced T in adulthood. Given the importance of
early T on social behavior development, a social novelty preference assay was conducted. PCB MIX
exposed males spent significantly more time with the novel inanimate object than control males. PCB
MIX exposed males had lower social nose‐to‐nose sniffing communication events with a novel mouse,
however, this did not reach statistical significance. These effects were not seen in females. In conclusion,
these data indicate that multiple EDC mixtures alter mini‐puberty by increasing T at birth in male mice.
Mini‐puberty may provide a sensitive endocrine window underlying vulnerability for altered male social
behavior. These data also highlight the importance of timing in the determination of EDC action, as both
early androgenic and later anti‐androgenic changes were found, i.e., the PCB MIX increased T at birth,
while decreasing T in adulthood. Future research is needed to understand mechanisms between
elevated T at birth and altered social behavior. Supported by P30 ES001247.
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ABSTRACT NUMBER: 3505
Poster Board Number: P320
TITLE: Influence of Polychlorinated Biphenyl (PCB‐153) on Cell Proliferation Capacity and Oxidative
Stress in Human Placental Trophoblast Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. D. Ahuchaogu, A. Ishaque, and A.
Elnabawi. University of Maryland Eastern Shore, Princess Anne, MD.
ABSTRACT: The potential human health risk of PCBs is considered a major public health. Despite their
worldwide ban, PCBs can still be detected in the environment and general population due to chemical
stability and lipophilic properties. The most prevalent measured in human tissues are PCB‐28, 52, 101,
138, 153 and 180. A great deal of concern exists that low levels of PCBs transferred to the fetus across
the placenta or to nursing infants via breast milk may induce long‐lasting neurological damage.
Epidemiological and animal studies demonstrated that the developing fetus is vulnerable to PCB
exposure. In utero exposure to PCBs has been linked to increased incidence of fetal resorption and
abortion, reduced birth weight, and fetal growth. Estrogens affect a variety of tissues, including
reproductive tissues, bone, liver cardiovascular system and brain. Several studies have shown that
human placenta bind estradiol, and estrogens influence various aspects of placental function and fetal
development in human and primates. The aim of this study was to examine the toxic potency of PCB‐
153 in human placental trophoblast (BeWo) cell model. BeWo cells were treated for different exposure
times and various concentrations of PCB‐153 in absence and presence of 17β‐estradiol (E2). Cell
proliferation, viability, cellular ROS production and cell death were assessed. Exposure to PCB‐153 at a
concentration range of 0.001 to 10µM increased cell proliferation and viability of BeWo cells. However,
exposure of BeWo cells to more than 10µM of PCB‐153 resulted in a significant reduction in cell
proliferation and viability in a concentration‐dependent manner. Estrogen at low concentration (0.01‐
10nM) significantly induced cell proliferation a in a time‐dependent manner. Low concentrations (0.01‐
10µM) of PCB‐153 reduced estrogen‐induced cell proliferation. The ERα antagonists, ICI 182,780, and
ERβ antagonist, PHTPP, did not block these effects, indicating that this effect is not mediated through ER
receptors involved in the control of proliferation in the placenta. By contrast, these antagonists inhibited
E2‐induced cell proliferation. Low concentrations of PCB‐153 induced ROS production after exposure for
6h. These results demonstrate that the current environmental PCB exposure levels are a risk to
reproductive health. Supported by Title III.
ABSTRACT NUMBER: 3506
Poster Board Number: P321
TITLE: Genomic Analysis of AhR Signaling in Bone Associated with Skeletal Toxicity in Rats Exposed to Co‐
planar PCB 126
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. D. Littleton1, M. J. J. Ronis1, and J. Wyatt2.
1
Louisiana State University Health Sciences Center New Orleans, New Orleans, LA; and 2Tulane
Univerisity, New Orleans, LA.
ABSTRACT: Coplanar polychlorinated biphenyls (PCBs) exhibit similar toxicity profiles to that of dioxin
and have been suggested to act via the dioxin/aryl hydrocarbon receptor (AhR). PCBs bioaccumulate in
diets that are high in fish and skeletal toxicity has been observed epidemiologically in exposed
Scandinavian and Inuit populations. We hypothesized that AhR signaling is responsible for PCB effects on
bone growth given the important role it plays in regulation of bone turnover. Male and female wild type
and AhR knockout rats were treated with coplanar PCB 126. Wild type rats had an overall smaller tibia
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bone size than compared to control groups (P&lt0.05), but there was protection from skeletal toxicity in
AhR knockout rats. However, the AhR‐mediated signaling pathway leading to bone toxicity remained
unclear. To further investigate how PCB‐126 may be affecting bone growth, RNA seq was performed.
We found 462 genes to be significantly regulated by PCB exposure in wild type but not AhR knockout
groups. Interestingly, Indian Hedgehog (IHH) and Connective Tissue Growth Factor (CTGF), genes
regulating bone growth plate function, were drastically upregulated in wild type rats treated with PCB,
but not in AhR knockout rats (P&lt0.05). We verified the upregulation of these genes seen in the RNAseq
data results by real time RT‐PCR. These results suggest that IHH and CTGF are important AhR targets
which mediate the effects of coplanar PCBs in bone growth.
ABSTRACT NUMBER: 3507
Poster Board Number: P322
TITLE: Influence of the Antioxidant Capacity on Micronucleus Induction by Cigarette Smoke in Various
Mammalian Cell Lines
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Yamamoto, K. Shibuya, T. Fukushima, and
T. Hashizume. Japan Tobacco Inc., Kanagawa, Japan.
KEYWORDS: Genetic Toxicology; Cell Lines, Transfected; Oxidative Injury
ABSTRACT: The in vitro micronucleus (MN) assay is widely used to evaluate the clastogenic and/or
aneugenic potential of various chemicals. According to OECD test guideline 487, several cell lines are
recommended for the in vitro MN assay. However, less information is available on cell types suitable for
genotoxic assessment of cigarette smoke. Therefore, we compared three types of cell lines, L5178Y, TK6,
and CHL/IU, for their potential of MN induction by cigarette smoke. Test samples were prepared as a
DMSO suspension with suspended particulate matter of reference cigarette (3R4F) smoke generated by
a smoking machine. Each mammalian cell line was exposed to the test sample for 3 hours with or
without metabolic activation, followed by 24 hours of recovery in fresh culture medium. Regardless of
the absence and presence of metabolic activation, a dose‐dependent MN increase was observed in all
three cell lines. However, the lowest concentrations resulting in a significant MN increase (equal or 2‐
fold higher compared with the control group) and the lowest concentrations causing notable
cytotoxicity (<50% relative population doubling) were different among the cells lines. The most sensitive
cell line to MN induction and cytotoxicity was L5178Y, followed by TK6, and the most resistant cell line
was CHL/IU. Previous studies have shown that 3R4F smoke generates reactive oxygen species.
Therefore, we explored the cause of the different sensitivities to MN induction and cytotoxicity by the
antioxidant capacities in the three cell lines. Measuring the total antioxidant capacity and the total
amount of glutathione, an antioxidant, per cell revealed that those in CHL/IU were significantly higher
than those in L5178Y. In addition, pretreatment with N‐acetyl cysteine (NAC; an antioxidant) before
3R4F smoke treatment resulted in a higher 3R4F smoke concentration needed for significant MN
induction and cytotoxicity in CHL/IU. The same effect exerted by NAC was also seen after treatment with
menadione, a reactive oxygen species‐generating chemical, whereas treatment with mitomycin C, a
direct DNA reactive chemical that does not generate oxidative stress, was not affected by pretreatment
with NAC in terms of MN induction and cytotoxicity. Based on these results, the degrees of genotoxicity
and cytotoxicity induced by cigarette smoke are different among these cell lines, and such differences
were related to the antioxidant capacity of the employed cell line.
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ABSTRACT NUMBER: 3508
Poster Board Number: P323
TITLE: Deconvolution of the Baseline Effects Induced by Non‐Flavored E‐liquids in the In Vitro
Micronucleus Assay
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. J. Smart, F. R. Helbling, D. McHugh, and P.
Vanscheeuwijck. Philip Morris International R&D, Neuchâtel, Switzerland. Sponsor: W. Hayes
KEYWORDS: Genetic Toxicology
ABSTRACT: Electronic nicotine delivery systems (ENDS; e.g., e‐cigarettes) are being developed as
potentially reduced‐risk alternatives to the continued use of conventional tobacco products. They
typically comprise a device that heats an e‐liquid to generate inhalable vapor. E‐liquids and ENDS‐
derived vapor have been the focus of toxicological assessment; in particular, their DNA‐damaging
potential has been investigated with varying outcomes and conclusions. In vitro genetic toxicology
assays have formed a part of these assessments. However, they are susceptible to producing misleading
or false positive results, especially under extreme conditions. In the present study, we evaluated a series
of six neat (non‐vaporized) non‐flavored e‐liquids in a flow cytometry version of the in vitro
micronucleus assay in order to characterize their baseline effects on Chinese hamster ovary cells under
hazard identification conditions. The NFELs induced cytotoxicity universally despite differing in
propylene glycol (PG), vegetable glycerin (VG), and nicotine content. In addition, significant genotoxic
responses were also detected with the PG‐predominant e‐liquids but not with the e‐liquids which
contained higher proportions of VG. All six NFELs induced extreme cell culture conditions (i.e., increases
in pH and osmolality) at the concentrations assessed. They also exhibited non‐biologically relevant
effects on the mechanistic endpoints (i.e., cell cycle and phosphorylated histones H2AX and H3). In
conclusion, although the PG component of the NFELs drove micronucleus formation in the assay, data
on the complementary mechanistic endpoints suggest that this apparent DNA damage is potentially
misleading and of negligible biological relevance as a risk for DNA integrity. In future assessments, any
adverse changes (such as signatures of micronuclei induction, G2M arrest, and increases in γH2AX)
relative to this reference dataset might indicate a possible genotoxic hazard and would prompt further
investigations for exploring the extent of risk.
ABSTRACT NUMBER: 3509
Poster Board Number: P324
TITLE: Mutagenicity of Procarbazine and Propyl‐Nitrosourea in Rat Peripheral Blood, Bone Marrow, and
Spleen T‐Lymphocyte Pig‐a Assays
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. R. Revollo1, R. A. Mittelstaedt1, A. Dad1,
M. G. Pearce1, A. Casildo2, R. G. Lapidus2, T. W. Robison3, and V. N. Dobrovolsky1. 1US FDA/NCTR,
Jefferson, AR; 2University of Maryland School of Medicine, Baltimore, MD; and 3US FDA/CDER, White
Oak, MD.
KEYWORDS: Mutation; Alkylating Agents
ABSTRACT: In order to further explore the link between the in vivo measured phenotype in the flow
cytometry‐based peripheral blood RBC Pig‐a assay and actual mutation in the endogenous Pig‐a gene
we treated F344 and SD rats acutely with well‐known mutagens, procarbazine HCl (PCZ; cumulative 450
mg/kg) and N‐propyl‐N‐nitrosourea (PNU; cumulative 300 mg/kg), respectively (animal use was
reviewed and approved by our institutional animal care and use committees). Several flow cytometric
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assays measuring the frequency of phenotypically mutant cells deficient in GPI‐anchored cell surface
markers were performed at timepoints optimized for detecting response in specific cell types, i.e., 2
weeks after the mutagen exposure for detecting maximum response in bone marrow erythroid cells
(BMEs) and approximately 2 months after the exposure for detecting response in spleenic T‐cells. In all
treated rats the total RBC and reticulocyte Pig‐a mutant frequencies were significantly increased (from
0‐17×10‐6 in vehicle‐control rats to 22‐293×10‐6 in mutagen‐treated rats). At the 2‐week timepoint, the
frequency of mutant reticulocytes was 3‐5× higher than the frequency of mutant total RBCs. At the later
timepoint, the frequency of total mutant RBCs was 1.5‐5× higher than reticulocyte mutant frequency.
The frequency of mutant BMEs was the highest at 2 weeks after treatment. By the 2‐month timepoint it
had decreased to background level. Background frequency of Pig‐a mutant BMEs (in control animals)
was higher than the background frequency of mutant reticulocytes. The kinetics of accumulation of Pig‐
a mutant reticulocytes and BMEs indicates that these mutations might have originated in committed
erythroid precursor cells rather than in hematopoietic stem cells. The frequency of Pig‐a mutant T‐cells
increased up to 12‐fold in rats treated with these mutagens. Using flow sorting, we collected multiple
fractions of mutant BMEs and T‐cells for subsequent analyses of mutations either in the Pig‐a gene or in
the whole genome of sorted cells. The spectra of treatment‐induced mutations are being determined
using next generation sequencing. The preliminary data indicate that sorted cells do have mutations in
the Pig‐a gene.
ABSTRACT NUMBER: 3510
Poster Board Number: P325
TITLE: The Use of ROS Scavengers and the ToxTrackerassay for Mode‐of‐Action Information As a Follow‐
Up for Positive Findings in the TK6 Micronucleus Assay
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Allemang1, G. Hendriks2, and S. Pfuhler1.
1
Procter & Gamble, Mason, OH; and 2Toxys, Leiden, Netherlands.
KEYWORDS: Genotoxicity; Antioxidants; Alternatives to Animal Testing
ABSTRACT: Traditional genotoxicity assays provide little information regarding the underlying Mode of
Action (MoA) of a chemical. Understanding the MoA is necessary to distinguish primary from secondary
genotoxic mechanisms in support of a risk‐based (assuming a threshold) rather than hazard‐based
assessment strategy. In the work presented here, The Toxtracker assay was used decipher MoA of
curcumin, eugenol, hydroquinone (HQ), and tert‐butylhydroquinone (TBHQ), all of which induced
micronuclei (MN) in TK6 cells. ToxTracker is a stem cell‐based assay that combines different reporter
genes for detection of genotoxic effects including DNA damage, p53 activation, oxidative stress and
protein damage. The assay can also be performed with ROS scavengers to investigate whether an
increase in genotoxicity reporter gene(s) was triggered by ROS. Two compounds known to cause positive
responses in in vitro but not in vivo genotoxicity assays, curcumin and eugenol, induced MN in the TK6
MN assay and were classified as genotoxic by the ToxTracker assay. However, upon the addition of a
ROS scavenger (N‐acetylcysteine or glutathione), the response of the genotoxicity markers in the
ToxTracker assay was diminished, thus confirming an indirect genotoxic MoA for these compounds. HQ
and TBHQ both induced MN in TK6 cells, however only HQ was classified as a direct genotoxicant by the
ToxTracker assay. TBHQ primarily activated the oxidative stress reporters, which is unsurprising as it is
an antioxidant known to act as a pro‐oxidant at higher concentrations. When HQ was tested with
scavengers, oxidative stress reporter activation decreased, but according to the evaluation criteria, the
overall response of the genotoxicity reporters would still classify as a positive response. HQ is thought to
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have a mixed MoA involving both clastogenic and aneugenic components which may explain why
buffering oxidative stress alone is insufficient to completely abolish the genotoxic response. Conversely,
when tested in TK6 cells with ROS scavengers, the HQ response was greatly diminished. In summary, the
results presented here demonstrate the usefulness of ROS scavengers to follow‐up in vitro positive
findings via modified ToxTracker or MN assays to support the role of oxidative stress as an indirect
(secondary) cause for genotoxic activity. Ultimately this additional insight could be used to support a
more holistic risk assessment strategy.
ABSTRACT NUMBER: 3511
Poster Board Number: P326
TITLE: Efficiency and Accuracy of a CRISPR‐Based Cytosine‐to‐Thymine Base Editor Targeting the LacZ
Gene in E. coli
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Revollo, P. McDaniel, and V. Dobrovolsky.
US FDA, Jefferson, AR.
ABSTRACT: Gene editing is traditionally performed by CRISPR systems composed of Cas9 and user‐
defined guide RNAs (gRNAs) designed to induce DNA double‐strand breaks (DSBs) at target sites. On‐
target mutations result from inaccurate DNA repair at such sites. To avoid inducing DSBs and increase
the accuracy of gene editing, less disruptive systems called “base editors” have been developed
recently. Base editors are composed of a nuclease‐deficient Cas9 (dCas9) fused to a DNA‐modifying
enzyme, a combination that can potentially achieve specific point mutations at target sites without
additional DNA damage. In this study, we used a temperature‐sensitive cI repressor to control the
expression of a cytidine deaminase‐dCas9 base editor and assessed its ability to create nonsense
mutations at three sites in the native LacZ gene of E. coli. Colonies bearing nonsense C>T on‐target
mutations were quantified by blue/white selection. Induction of base editor expression yielded on‐
target mutations at all three target sites, with mutation efficiencies ranging from ~10% to ~90%,
depending on the target site and induction time. Non‐targeting gRNAs and controls lacking base editors
generated no white colonies (0% mutation efficiency). To determine whether this base editor elicits
mutation elsewhere, we also performed whole genome clone sequencing. Colonies derived from cells
where the base editor was induced, irrespective of their on‐target outcomes, had more C>T mutations
than controls lacking base editors. In addition, these off‐target mutations were predominantly located at
C sites that were immediately preceded by a T, consistent with the TCN preferred sequence motif for
cytidine deaminases. These results indicate that the cytidine deaminase‐dCas9 base editor we used can
induce on‐target mutations but also exhibits substantial off‐target activity.
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ABSTRACT NUMBER: 3512
Poster Board Number: P327
TITLE: DNA Damage in Male Germ Cells and Germ Line Mutations in Wild Type and ogg1‐/‐Big Blue mice
following Exposure to Benzo(a)pyrene
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Olsen, N. Duale, and G. Brunborg.
Norwegian Institute of Public Health, Oslo, Norway. Sponsor: A. Olsen, EUROTOX
KEYWORDS: Mutagenesis; Reproductive and Developmental Toxicology; Genotoxicity
ABSTRACT: The paternal genome is important for fertility and offspring health. Male germ cells are
targets for DNA‐lesions, such as oxidative DNA‐lesions strongly associated with poor semen quality and
impaired embryo development. We previously demonstrated distinct DNA‐repair differences in human
and rodent male germ cells, with poor repair of bulky DNA‐adducts in both species and poor rep ofair
oxidised DNA‐lesions in humans, not rodents. This raises important questions: Do unrepaired DNA‐
lesions persist in male germ cells to the stage of mature spermatozoa and do they give rise to germline
mutations in spermatozoa? To address these questions mouse lines carrying a mutation transgene (cII,
Big Blue®) and with disrupted repair of oxidised purines (Ogg1‐/‐) were used. Ogg1‐/‐‐mice act as model to
mimic human male germ cells with respect to capacity to repair oxidised lesions. Mice were exposed to
Benzo(a)pyrene (B(a)P), known to induce bulky DNA adducts and oxidised lesions. Mice were culled at
specific times after exposure, to investigate the susceptibility of germ cells in different stages of
spermatogenesis. We confirm that DNA adducts are not eliminated from the paternal genome when
introduced into spermatocytes or later stages of spermatogenesis, i.e. the spermatozoa which these
cells give rise to contain significant levels of DNA adducts. Exposure to B(a)P lead to germline mutations
in spermatozoa originating from exposed spermatogonia, with different mutation frequencies in Ogg1‐/‐
compared to WT‐mice. The induced mutation patterns involving B(a)P/oxidised DNA‐signature
mutations (G‐T) in WT confirm the increased mutation frequencies observed. In Ogg1‐/‐ no change in
mutation pattern was detected. Our results suggest that DNA‐lesions are induced ‐ and not repaired ‐ in
male germ cells in later stages of spermatogenesis, and may be transferred to the zygote. Exposure of
spermatogonia lead to germline mutations in spermatozoa, with distinct differences in types of
mutation in Ogg1‐/‐ and WT.
ABSTRACT NUMBER: 3513
Poster Board Number: P328
TITLE: Quantitative Analysis of Ethylene Oxide (EO) Genotoxicity Data to Inform Risk Assessment
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. Gollapudi1, S. Su1, A. Li1, R. Reiss1, G.
Johnson2, and R. Albertini3. 1Exponent, Alexandria, VA; 2Swansea University Medical School, Swansea,
United Kingdom; and 3University of Vermont, Burlington, VT.
ABSTRACT: Genotoxicity data have been traditionally used in a qualitative manner for the binary
classification of a substance as mutagenic or not mutagenic. In recent years, however, there has been a
growing interest in the quantitative analysis of genotoxicity data as a toxicologically relevant endpoint to
inform human risk assessment. The purpose of the present investigation is to analyze the in vivo
genotoxicity dose‐response data evaluating ethylene oxide (EO) and the applicability of the derived
point of departure (PoD) values when estimating permitted daily exposure (PDE) values. A total of 37
data sets were identified from the literature and benchmark dose (BMD) analyses were conducted using
PROAST software to identify a PoD (BMD and BMDL50). Of the studies, those employing inhalation route
of exposure and assessing gene or chromosomal mutations in various tissues were considered the most
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relevant for EO’s risk assessment purpose since they are expected to have adverse health consequences
in exposed individuals. Doses in experimental animals were converted to human equivalent (HE) doses
by using the approaches recommend by the US EPA. The PoD estimates were screened for precision
using the BMDU: BMDL ratio. For the calculation of PDE, the PoD values were divided by data derived
adjustment factors. For gene mutations, the lowest HEBMDL50 value was 0.09 ppm based on the
induction of lacI mutations in the testes of mice following 48 weeks of exposure to EO. The
corresponding value for chromosomal mutations was 0.52 ppm for heritable translocations in mice. The
lowest HEBMDL50 was 0.075 ppm for chromosomal aberrations in mouse peripheral blood lymphocytes
following 48 weeks of inhalation exposure. The average PDE estimated using the above HEBMDL50
values was approximately 230 ppm. The diverse dose‐response data for EO‐induced genotoxicity
available from the literature enabled the derivation of PoDs for various endpoints, tissues and species in
this retrospective analysis.
ABSTRACT NUMBER: 3514
Poster Board Number: P329
TITLE: Identification of Urinary Early Markers of Fluoride‐Induced Nephrotoxicity
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. A. Quadri, S. Sarwar, and A. Shariff. All
India Institute of Medical Sciences, New Delhi, India.
KEYWORDS: Environmental Toxicology; Ecotoxicology; Clinical Toxicology
ABSTRACT: Animals exposed to fluoride, develop vascular, glomerular & tubular degeneration. The
available markers of nephropathies (serum creatinine, Blood Urea nitrogen, Proteinuria) are late onset
markers. To find direct evidence of fluoride associated early kidney injury before increase in serum
creatinine & BUN, kidney biopsy is required to see the minimal changes in different parts of kidney.
Renal biopsy is an invasive procedure and cannot be advised for fluoride exposed subjects. Therefore,
identification of non‐invasive urinary early markers will be helpful in early diagnosis of fluoride induced
kidney injury. Exosomes ‐ a small vesicular structures present in urine are released by all cell types along
kidneys structures to present with distinct surface assembly. Exosomes carry cell specific proteins and
nucleic acids which reflects the physiological state of their respective cells of origin. Therefore, it is
planned to identify the urinary exosome‐based markers of fluoride associated renal insult at very early
stage of nephrotoxicity. Ethical approval was obtained for this study from Institutional Ethics
Committee, AIIMS, Delhi, India. After obtaining the written consent, subjects were included in the study.
Fluorosis patients with mild symptoms of renal impairments were recruited and screened for the
fluoride concentration in urine. Equal number of age and sex matched healthy individuals were
recruited as control. The subjects having urine fluoride concentration above 1.5 ppm were considered as
test group and called as group‐1 (n=19) and the subjects up to 1.5 ppm of fluoride were taken as control
and called as group‐2 (n=20). Urinary exosomes were isolated and Wilm’s tumor‐1 (WT‐1), a marker of
glomerular injury was estimated. The WT‐1 protein expression in exosomes derived from the podocytes
appears to increase with the decline of the renal function. In the present study it was observed that the
number of exosomes per/ml of urine in fluorosis patients (having urinary fluoride concentration 3.6±
0.8) were significantly (p≤0.05) higher than the control group (having urinary fluoride concentration 0.9±
0.2). Further analysis showed that the amount of WT‐1, a marker of glomerular injury was also
remarkably higher in fluorosis patients compared to the normal control. Conclusion: Urinary exosomes
based markers may be a useful early identifier of fluoride induced nephrotoxicity.
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ABSTRACT NUMBER: 3515
Poster Board Number: P330
TITLE: Impact of Chronic Fluoride Toxicity Varies with Socioeconomic and Nutritional Status
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Shariff1, S. Sarwar2, J. A. Quadri2, and M.
Shariff3. 1Clinical Ecotoxicology (Diagnostic & Research) Facility, New Delhi, India; 2Clinical Ecotoxicology
(Diagnostic & Research) Facility, All India Institute of Medical Sciences, New Delhi,, India; and 3V.P. Chest
Institute, Delhi University, Delhi, India.
ABSTRACT: At least 21 states in India have high fluoride content in ground water, where chronic fluoride
toxicity is endemic. Association of fluoride toxicity with skeletal deformities, endocrine dysfunctions,
disorders of gastrointestinal and reproductive systems has been previously reported. Fluoride induced
growth retardation has also been reported. Micronutrients play a significant role in various physiological
activities including normal growth. Long‐term micro nutrient and multi‐mineral deficiencies may lead to
abnormalities. Therefore a field study was planned to evaluate the differential effects of fluoride toxicity
in patients belonging to different economic groups of the society. This study was conducted after
obtaining ethical permission from the Institutional Ethics Committee (IEC), AIIMS, New Delhi, and was
funded by the Department of Science and Technology (DST), Government of India. The subjects were
divided in to two groups. Group‐1 with a urinary fluoride concentration of more than or equal to 1 ppm
and group‐2, age and sex matched subjects with urinary fluoride concentration of less than 1ppm
(control group not exposed to fluoride). The group‐1 was further divided in to two sub‐groups: Group‐1A
belonging to lower socioeconomic strata and Group‐1B belonging to upper socioeconomic strata based
on their family incomes. The severity of fluorosis was assessed using a clinical questionnaire designed by
us. The severity of fluoride toxicity was higher in the group of patients belonging to economically weaker
sections of the society (Group‐1A), exposed to the same level of fluoride and for the same duration of
time, compared to Group‐1B, belonging to the upper socioeconomic strata. It was also observed that
the plasma level of oxidative stress markers was significantly higher in group‐IA compared to the Group‐
1B, whereas, the level of oxidative stress markers in the control group (Group‐2) was significantly lower
than Groups 1A and 1B. Conclusion: The adverse effects of fluoride toxicity are more pronounced in
people with lower living standards, poor nutritional status and lower levels of hygiene.
ABSTRACT NUMBER: 3516
Poster Board Number: P331
TITLE: Dose Effect of Maternal Electronic Cigarette Aerosol Exposure on Aortic Endothelial Function in
Offspring
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. A. Aboaziza1,2, E. Burrage1, S. Reppert1, J.
O'Reilly1, L. Hare1, P. D. Chantler1, and I. M. Olfert1,2. 1West Virginia University, Morgantown, WV; and
2
Center for Inhalation Toxicology, Morgantown, WV.
KEYWORDS: Developmental Toxicity; Prenatal; Inhalation Toxicology
ABSTRACT: There is growing evidence of cardiovascular risks of vaping, however the threat to women of
child‐bearing age and risks to progeny of vaping mothers is still largely unknown. Here, we test two
different exposure paradigms (20 vs 60 puffs) of daily Ecig exposure in a rodent model. We hypothesize
that a higher dose of Ecig exposure during pregnancy would result in a greater impairment in aortic
endothelial function in the offspring. Pregnant Sprague‐Dawley rats were exposed to either nicotine‐
free (Ecig0) or nicotine‐containing Ecig aerosol (18 mg/ml, Ecig18) or ambient air (control). Ecig exposed
dams received either 20 puffs or 60 puffs/day, over a 1‐hour period, 5 days/week using Joyetech eGrip
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OLED (with 5‐sec puffs @17.5 W). Dam exposure began on gestational day 2 and continued until pups
were weaned (postnatal day 21). Pups were never directly exposed. 2mm segments of thoracic aorta
were obtained from 3‐month old pups (n=8 for 60 puffs; n=4‐6 in 20 puffs dose) and mounted on a wire
myograph system (DMT, AD Instruments) containing warm aerated Krebs‐Henseleit buffer solution.
Preconstricted vessels (using U46619 10‐8M) were exposed to methacholine (Mch;10‐9M to 10‐4M) for
endothelial‐dependent relaxation in the presence and absence of Tempol (a superoxide dismutase
mimetic). At both 20 and 60 puffs exposure, significant impairment in aortic relaxation to Mch was
observed in Ecig0 and Ecig18 groups (20 puff: 78±10% and 73±15%; 60‐puff: 72±9% and 69±16%,
respectively) vs controls (95±9%, p<0.05). Incubation with tempol reversed the dysfunction seen in both
Ecig groups at 60 puffs, suggesting the superoxide pathway is involved. Both nicotine‐free and nicotine‐
containing Ecig vapor exposure to a pregnant dam elicited an impairment in aortic reactivity of
adolescent offspring. This aortic dysfunction was significant in both 20 and 60 puff doses, suggesting
that vaping mothers who wish to reduce risk by cutting back without actually quitting electronic
cigarette use during pregnancy would still be putting their child in danger of cardiovascular harm.
ABSTRACT NUMBER: 3517
Poster Board Number: P332
TITLE: Novel Mechanism of Estrogen‐Mediated Protection against Paclitaxel‐Induced Normal Tissue
Toxicity in Female Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. N. Chmielewski1, B. Petit2, X. Lin1, M.
Vozenin2, and C. L. Limoli1. 1University of California Irvine, Irvine, CA; and 2Lausanne University,
Lausanne, Switzerland. Sponsor: U. Luderer
KEYWORDS: Toxicity; Chronic; Pharmaceuticals; Endocrine; Estrogens
ABSTRACT: Growing evidence suggests that cancer treatments cause long‐term changes in behavioral
and molecular phenotypes in both human cancer patients and in rodent models. These changes often
result in permanent dysfunction in a variety of cognitive domains, severely impacting cancer survivors’
daily quality of life. In order to address this issue, this study investigated the sex‐based mechanisms of
chemotoxicity from paclitaxel (PTX) exposure, one of the most commonly used adjuvant therapies used
to treat cancers in men and women. Despite its clinical ubiquity and the extensive research done
characterizing PTX microtubule stabilizing mechanisms, cytotoxic mechanism and the impact of PTX on
normal or non‐dividing tissue is poorly understood. Furthermore, no basic research studies exist
comparing sex as a biological variable in PTX toxicity. In order to investigate the effects of PTX on normal
tissue and sex, we exposed male and female tumor‐free WT mice to clinically‐calculated doses of PTX
and observed the long‐term (2+ months) behavioral, neurobiological, and cardiovascular endpoints of
the chemotherapeutic. To our surprise, our initial dose administration of 50 mg/kg PTX x 6 weeks
resulted in male‐specific lethality in WT animals. Due to the well documented protective effects of
estrogen in female cardiac and immune function, we hypothesized that estrogen protects WT females of
reproductive age from paclitaxel‐induced cytotoxicity. To test our hypothesis, we modeled multiple
doses of PTX as well as an adjuvant radiation+PTX exposure and tested cardiac and neurobiological
endpoints on WT and RhoB deficient male and female mice. RhoB deficient mice were used to inhibit
estrogen protection through the ER‐alpha‐mediated RhoB GTPase pathway of cellular protection and
anti‐apoptosis. Together, our results are the first data that demonstrate a major role of estrogen in
protecting against PTX poisoning. Moreover, our results provide compelling evidence of PTX cytotoxicity
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in non‐dividing cells and further insight into the underlying mechanisms of PTX toxicity that likely effects
cancerous and non‐cancerous tissue.
ABSTRACT NUMBER: 3518
Poster Board Number: P333
TITLE: An Improved Version of the Optisafe Test with High Specificity
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Chavez, and S. Lebrun. Lebrun Labs LLC,
Anaheim, CA. Sponsor: D. Allen
KEYWORDS: Ocular Toxicity; Alternatives to Animal Testing
ABSTRACT: Most chemical and product safety testing for eye irritation and toxicity has historically used
the Draize live rabbit eye test, in which the eyes of unanesthetized New Zealand White rabbits are
exposed to the chemical or product, and the ocular responses are recorded over 21 days. There is a
public movement against live animal testing, which has led to legislation limiting the use of animals for
product testing in many countries, including the U.S., and proposals to ban the use of live animals for a
wide range of testing applications. Current high‐sensitivity alternatives to live animal testing for ocular
irritation have high false‐positive rates and modest accuracy. Thus, the classification of products using
these alternatives may desensitize consumers and manufacturers to the risks of handling hazardous
materials because the high false‐positive rate would result in many materials being classified as
irritating. In addition, product manufacturers may resist adopting animal alternatives if too many
products are falsely classified as irritants. To address the need for better and more predictive nonanimal
ocular irritation tests, we have been developing and improving a chemical based, in vitro ocular irritation
test, OptiSafe. This test can discriminate nonirritants from irritants/corrosives in fewer than 24 hours,
with only an hour of hands‐on time. Recently, results from a validation study showed that OptiSafe has a
very high sensitivity for nonirritant detection and provides a rapid, high‐throughput screening method
for nonirritants; however, the false‐positive rate was about 40%, which is similar to other currently
available nonanimal eye safety tests. The major goal of the current project was to further optimize the
OptiSafe method and reduce the false‐positive rate. The updated version is now called OSII. We have
successfully made targeted improvements and tested them in house by retesting prior validation study
chemicals (accuracy still requires confirmation by a blind validation study). Based on the in‐house retest
of the validation chemicals with the new formulation, protocol, and prediction model, the specificity of
the GHS Cat. NC (chemicals not classified by regulatory agencies) prediction improved from 58.3% to
80.6%. The sensitivity remained the same at 100%, and the overall accuracy improved from 78.9% to
90.0%. These new improvements position OSII to be a useful tool for the identification of nonirritant
chemicals without using animals.
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ABSTRACT NUMBER: 3519
Poster Board Number: P334
TITLE: In Vitro Toxicity of Engineered Graphene Oxide Nanomaterials in Corneal Fibroblast and Epithelial
Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. M. Cosert1, A. Fukuto1,2, J. Kang1, L. Van
Winkle1, K. E. Pinkerton1, B. C. Leonard1, C. J. Murphy1, and S. M. Thomasy1. 1University of California
Davis, Davis, CA; and 2Hiroshima University, Hiroshima, Japan.
KEYWORDS: Nanoparticles; Ocular Toxicity
ABSTRACT: Engineered nanomaterials (ENM) have seen a rapid increase in applications, and reductions
of graphene oxide are used commercially in antiviral materials, biosensing, and solar cells. Ocular
exposure can lead to damage, but the impact of graphene oxide nanoparticles on corneal wound healing
is not well understood. This study aims to assess the in vitro toxicity of fully, partially, and non‐reduced
graphene oxide (RGO, pRGO, GO) nanoparticles on corneal epithelial and fibroblast cells. Cell viability
was investigated in rabbit corneal fibroblasts (RCFs, passage 3‐7) and immortalized human corneal
epithelial cells (hTCEpi, passage 36‐50) using a Calcein‐AM assay. Cell migration, a critical property of
corneal cells, was investigated in hTCEpi cells with the OrisTM cell migration assay. Quantitative PCR was
performed to determine the mRNA production of α‐smooth muscle actin, a marker of the myofibroblast
phenotype. Statistical analysis was performed by one‐way analysis of variance (ANOVA) followed by
Dunnett’s test, or two‐way ANOVA followed by Tukey’s test. All the nanomaterials tested showed
toxicity to RCFs at higher concentrations and increased fibrosis. GO displayed mild toxicity to RCFs at ≥50
µg/mL, with the smallest 250 nm particle size exhibiting toxicity at concentrations ≥5 µg/mL. pRGO
showed toxicity and increased fibrosis at concentrations ≥25 µg/mL. RGO (400nm) showed the most
statistically significant toxicity at concentrations ≥12.5 µg/mL for RCFs and ≥2.5 µg/mL for hTCEpi cells.
Migration of hTCEpi cells were inhibited at ≥5 µg/mL, and the concentrations 5 and 12.5 µg/mL were
selected for qPCR analysis, showing 5.0‐ and 6.7‐fold increase of αSMA mRNA in the presence of TGF‐β1.
In aggregate, these data suggest more reduced graphene oxide has a greater impact on cellular viability
and migration in a concentration dependent manner. The in vitro toxicity results presented here indicate
that GO nanoparticles have a strong impact on corneal epithelial health that merits further investigation
in vivo.
ABSTRACT NUMBER: 3520
Poster Board Number: P335
TITLE: Epigenetic Factors, DNMT3, and LncRNA MEG3, Contribute to Environmental Nickel Toxicity
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Huang. New York University School of
Medicine, New York, NY. Sponsor: S. Cuddapah
KEYWORDS: Metals; Tumor Suppressor Gene; Exposure, Environmental
ABSTRACT: Downregulation of maternally expressed gene 3 (MEG3), a long noncoding RNA, has been
reported in some cancers. However, nothing is known about the alteration and role of MEG3 in
environmental carcinogen‐induced lung tumorigenesis. Our studies provided our most recently results
defining a novel effect of nickel on lncRNAs MEG3 downregulation and the upstream epigenetic
regulator DNMT3b leading to this downregulation, as well as the mechanisms underlying MEG3
interaction with downstream effector c‐Jun, consequently resulting in attenuation of PHLPP1
expression, Akt/p70S60K/S6 activation, HIF‐1α protein translation as well as malignant transformation
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of human bronchial epithelial cells. These findings demonstrate the association and function of DNMT3b
and MEG3 in nickel‐caused lung tumorigenesis and provide novel insights into understanding of the
nature of nickel lung carcinogenic effect in human.
ABSTRACT NUMBER: 3521
Poster Board Number: P336
TITLE: Cadmium Exposure Induces Prostate Cancer Progression through MicroRNA Regulation
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. M. Mohamed, A. Elnabawi, and B. Wang.
University of Maryland Eastern Shore, Princess Anne, MD.
KEYWORDS: Metals; Epigenetics; Gene Expression/Regulation
ABSTRACT: Cadmium (Cd) is a heavy metal naturally found in the environment and is considered a toxic
environmental pollutant. Cadmium is toxic at very low exposure levels and has acute and chronic effects
on health and environment. Epidemiological and animal studies have demonstrated that Cd is
implicated in prostate cancer (PCa). Exposure to Cd can induce epigenetic changes including increasing
DNA replication and cell division, alteration of the DNA methylation, inactivation of tumor suppressor
genes, and inhibition of cell apoptosis. Most recently, several studies have shown a strong correlation of
the alteration of microRNAs (miRNAs) expression with exposure to Cd. MicroRNAs are a class of small
noncoding RNAs (∼22‐25‐nucleotides) that regulates gene expression at post‐transcriptional level. It has
been reported that miRNAs are involved in regulating many important biological processes, such as cell
proliferation, apoptosis, differentiation and metabolism. Further studies demonstrated that miRNAs are
involved in cancer initiation and metastasis and dysregulated miRNAs may act as either oncogenes or
tumor suppressor in cancer. In this study, we aimed to evaluate the functional impacts of candidate
miRNAs (miR‐34a, miR‐125b and miR‐96) in PCa aggressiveness and to investigate whether Cd has any
function impact on promoting PCa progression and aggression. By using cell lines derived from prostate
cancer patients (PC‐3, LNCaP), the RT‐qPCR assays were performed to examine the miRNA expression
profile in response to Cd exposure. Furthermore, the MTS and BrdU‐based assays were used to assess
the effect of Cd on cell viability and cell proliferation mediated through miRNAs. Our results have
showed that miRNA expression profile was altered after exposure to Cd for 48 hours. Specifically, miR‐
34a and miR‐125b were down‐regulated while miR‐96 was up‐regulated upon exposure to Cd. In
addition, Cd exposure induced/promoted cell proliferation. Further, transfection of cells with miRNA
mimics / inhibitor, in the presence of Cd, drastically suppressed the cell proliferation in a dose‐
dependent manner in the PCa cell models. These results suggest that Cd may promote PCa
aggression/proliferation by suppressing expression of tumor suppressive miRNA (such miR‐34a and miR‐
125b) and enhancing the expression of oncogenic miRNAs expression (such as miR‐96). Also, these
results enhance our understanding of the cadmium‐induced modifications in the prostate that promote
the pathogenesis of prostate cancer.
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ABSTRACT NUMBER: 3522
Poster Board Number: P337
TITLE: Adipose Tissue Increases the Vulnerability of Epithelial Cells to the Carcinogenic Effects of
Benzo(a)pyrene by Inducing the Aryl Hydrocarbon Receptor
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. E. Bryson, B. Bullard, P. Pardo, and J. J.
Bernard. Michigan State University, East Lansing, MI.
KEYWORDS: Carcinogenesis; Polycyclic Aromatic Hydrocarbons; Metabolic Activation
ABSTRACT: The rising incidence in frequency of both obesity and cancer highlights the need to better
understand pathophysiology and how these two diseases are linked. We previously published that high‐
fat diets and visceral adiposity promote ultraviolet B radiation‐induced skin tumor formation in mice.
Follow‐up mechanistic studies demonstrated that fibroblast growth factor‐2 (FGF2) from visceral
adipose tissue stimulates malignant transformation by activating its primary receptor, FGFR1, in both
skin and mammary epithelial cells. Collectively, these data suggest that excess adiposity promotes
tumorigenesis however the effect of excess adipose tissue on modulating tumor initiation by
environmental carcinogens was unknown. Our recent findings suggest that adipose tissue releases
factors that sensitize skin and mammary epithelial cells to the malignant effects of benzo[a]pyrene
(B[a]P) by inducing the aryl hydrocarbon receptor (AhR). We hypothesized that factors secreted from
human visceral adipose tissue, such as FGF2, synergize with AhR inducing chemical carcinogens to cause
DNA damage and accelerated transformation of epithelial cells. We measured malignant transformation
of JB6 P+ (non‐tumorigenic, murine skin epithelial) and MCF‐10A (non‐tumorigenic, human mammary
epithelial) cells by counting colonies in soft agar following treatment with secreted factors from visceral
adipose tissue and/or B[a]P. Interestingly, only the combination of secretions from visceral adipose
tissue and B[a]P stimulated growth in soft agar (malignant transformation) and DNA damage, as
measured by γ‐H2AX staining. VAT treatment induced the AhR and the phase I metabolizing enzyme,
epoxide hydrolase, which metabolizes B[a]P into the carcinogenic benzo[a]pyrene‐7,8‐diol‐9,10‐epoxide
(BPDE). Phase II detoxifying enzymes remained unchanged or reduced. We also demonstrated that high‐
fat diet feeding (4 weeks) induced both AhR and FGF2 expression in the mammary gland. These findings
implicated adipose tissue as a novel way to induce AhR and increase the sensitivity of epithelial cells to
carcinogens.
ABSTRACT NUMBER: 3523
Poster Board Number: P338
TITLE: Reserpine Appeared to Induce Apoptosis in Hras 128 Rats and Inhibit Tumor Cell Growth
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Ohnishi1,2, M. Magaki2, and H. Tsuda3.
1
Nishiwaki Municipal Hospital, Nishiwaki, Hyogo, Japan; 2Hyogo University, Kakogawa, Hyogo, Japan;
and 3Nagoya City University, Nagoya, Aichi, Japan.
KEYWORDS: Transgenic Models; Cell Culture; Pharmaceuticals
ABSTRACT: 3,4,5‐Trimethoxybenzoyl methyl reserpate (reserpine), an alkaloid isolated from the Indian
snakeroot (Rauvolfia serpentina) in 1952, is used as an antihypertensive, as well as an antipsychotic drug
for the treatment of schizophrenia. According to previous studies, the use of reserpine is associated with
an increased risk of breast cancer. Although several studies have examined the association between
reserpine use and breast cancer, some of these have dismissed a causal relationship. A large‐scale
epidemiological study found that reserpine usage was not associated with breast cancer. The present
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study involved in vivo and in vitro experiments. In experiment I (Ext. I), we examined the association
between reserpine usage and breast cancer by orally administering reserpine to genetically‐modified
rats (Hras 128 rats) implanted with human c‐Ha‐ras proto‐oncogene, known to be highly associated with
breast cancer. Seven‐weeks‐old male Hras 128 rats and wild‐type littermate rats were first administered
with 7,12‐dimethylbenz[a]anthracene (DMBA) at a dose of 10 mg/kg. One week later, the rats were
freely provided with water containing reserpine (0, 5, or 10 ppm). In experiment II (Ext II), cultured cells
isolated from breast cancer in Hras 128 rats (C1, C2, C3, C11, and C15) were used to examine the
inhibitory effects of reserpine on cell growth. Reserpine was added to each set of cultured cells to
achieve concentrations of 0, 2, 6, or 10 µg/ml. After the cells were cultured for four days at 37 °C in the
presence of 5% CO2, those were counted with a hemocytometer and were examined morphologically.
Next, all the cultured cells were cultured for 24 hours in a medium with (10 µg/ml) or without reserpine.
After culture, the cells were collected, and a DNA ladder assay was performed to examine the
occurrence of apoptosis. In Ext. I, while all the Hras 128 rats provided with water without containing
reserpine developed tumors, the rate of tumorigenesis was significantly reduced among the rats
provided with water containing reserpine. The wild‐type littermate rats did not demonstrate any breast
tumor. In Ext. II, all the cultured cells demonstrated significant growth inhibition following the addition
of reserpine, as well as a DNA ladder pattern. Reserpine appeared to induce apoptosis in Hras 128 rats
and inhibit tumor cell growth.
ABSTRACT NUMBER: 3524
Poster Board Number: P339
TITLE: Differential Mechanistic Insights of Cadmium‐Induced Carcinogenesis at Zones of the Prostate
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Damodaran, A. Tyagi, B. Chandrasekaran,
V. Kolluru, U. Saran, and B. V. Baby. University of Louisville, Louisville, KY.
KEYWORDS: Carcinogenesis; Metals; Signal Transduction
ABSTRACT: Cadmium (Cd) is a known carcinogen and a risk factor for prostate carcinogenesis. Several
signaling pathways have been implicated in prostate carcinogenesis. Prostate zones are divided based
on their function; the transitional zone (TZ) is responsible for the development of benign prostate
hyperplasia (BPH), the peripheral zone (PZ) is responsible for the development of prostate cancer and
low prevalence of the involvement of cancer in central zone (CZ). The goal of this study was to
determine the effects of chronic Cd exposure on the TZ and PZ, specifically with regard to the molecular
signaling mechanisms involved in malignant transformation. Both human PZ and TZ epithelial cells were
exposed to Cd for one year, during which, transformation and molecular signaling pathways were
investigated. Cd‐exposed TZ cells were found to form tumors in xenotransplantation mice more rapidly
than Cd‐exposed PZ cells. We performed global RNA‐seq analysis and Cd‐induced expression of zinc‐
finger of the cerebellum 2 (ZIC2) was identified in TZ cells, but not in PZ‐cells. ZIC2+ cells formed
spheroids and increased expression of stem cell drivers, which are an indicator of cancer stem cell
renewal. Silencing ZIC2 expression in transformed cells inhibited spheroid formation and stem cell
drivers, and also inhibited tumor growth in nude mice. ZIC2 interacts with a downstream target of sonic
hedgehog (SHh) signaling, the glioma‐associated oncogene family (GLI) zinc finger 1 (GLI1), which
activates pro‐survival factors and signals Cd‐exposed TZ cells. However, Cd was found to induce the NOX
complex that in turn activated reactive oxygen species (ROS) and endoplasmic reticulum (ER) stress,
which triggered the phosphorylation of stress transducers that include PERK and eIF2‐α in PZ cells.
Phosphorylation of eIF2‐α resulted in the activation of ATF4 and induced autophagy, which protects Cd‐
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damaged cells. Although autophagy marker levels were increased in Cd‐treated cells, the autophagy
process was incomplete due to failed autophagosome and autolysosome fusion, which allowed the
damaged cells to proliferate for transformation. A massive accumulation of p62 was observed in Cd‐
treated PZ‐cells, which further indicates the defective autophagy. This study suggests a different
mechanism by which Cd causes malignant transformation in the prostate.
ABSTRACT NUMBER: 3525
Poster Board Number: P340
TITLE: Species Differences in Phenobarbital‐Mediated UGT Gene Induction in Rat and Human Liver 3D
Microtissues
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Plummer1, B. Beaumont1, S. Wallace1, R.
Currie2, and D. Cowie2. 1MicroMatrices, Dundee, United Kingdom; and 2Syngenta, Bracknell, United
Kingdom.
KEYWORDS: Carcinogenesis; Phase II Metabolism; Endocrine; Thyroid
ABSTRACT: Species differences in hepatic metabolism of thyroxine (T4) by uridine diphosphate
glucuronosyl transferase (UGT) and susceptibility to thyroid hormone imbalance could underlie
differences in thyroid carcinogenesis caused by hepatic enzyme inducers in rats and humans. To
investigate this hypothesis we examined profiles of hepatic UGT induction by the prototypical CAR
activator phenobarbital (PB) in rat and human liver 3D microtissues (LiMTs). Rat and human LiMTs were
exposed to PB over a range of concentrations (500 uM ‐ 2000 uM) and times (24‐96hr). Microarray and
proteomics analysis was performed on parallel samples to generate integrated differentially expressed
gene (DEG) datasets. Bioinformatics analysis of DEG data including CAR response element (CRE)
sequence analysis of UGT promoters was used to assess species differences in UGT induction relative to
CAR‐mediated transactivation potential. A higher proportion of human UGT promoters were found to
contain consensus CREs compared to the rat homologs. However rat UGTs (e.g. Ugt1a8, Ugt1a9 and
Ugt1a10) showed higher levels of induction (RNA) compared to the human homologs. UGT2B10 was
down‐regulated and UGT1A8 and 1A9 were not significantly altered (relative to control) in human LiMTs
compared to rat where they were induced. Ugts 2a1 and 2b17 were upregulated in rat but unaltered in
human LiMTs. There was general concordance between UGT RNA and protein induction. As UGT1A and
2B isoforms metabolise T4 and T3 these results indicate that qualitative differences in thyroid hormone
metabolism could in part explain differences in thyroid carcinogenesis between rat and human at this
level.
ABSTRACT NUMBER: 3526
Poster Board Number: P341
TITLE: The Expression of Sox9 in Vanishing GST‐P Positive Foci after Cessation of Carcinogen Treatments
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Takasu1, S. Nakane1,2, Y. Ishii1, A. Kijima1,
K. Ogawa1, and T. Umemura1,2. 1National Institute of Health Sciences, Kanagawa‐ken, Japan; and
2
Yamazaki University of Animal Health Technology, Tokyo, Japan.
KEYWORDS: Carcinogenesis; Liver
ABSTRACT: Glutathione‐S‐transferase placental form (GST‐P) positive foci have been accepted as
preneoplastic hepatocytes foci in rat. We previously reported the existence of two types of GST‐P
positive foci in terms of their kinetics after cessation of carcinogen treatment. GST‐P positive foci
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induced by diethylnitrosamine (DEN), a well‐known genotoxic hepatocarcinogen, were increased after
cessation of the treatment, but the considerably large sized foci by furan, an unclassified carcinogen
targeting hepatocytes and biliary epithelial cells, were decreased. In addition, comprehensive gene
expression analysis showed the existence of specific genes expressed only in furan‐induced GST‐P
positive foci. In the present study, as a possible indicative gene of different cell kinetics of GST‐P positive
foci, Sox9 was selected from the genes up‐regulated specifically in furan‐induced GST‐P positive foci,
because Sox9 was associated with differentiation/dedifferentiation of hepatocytes or biliary epithelial
cells. 6‐week old male F344 rats were given 8 mg/kg/day (5 days/week) furan by gavage or 10 ppm DEN
in the drinking water for 13 weeks. Immunohistochemical analysis for GST‐P or Sox9 was performed just
after the treatment and 7 weeks later. In the furan‐treated group, Sox9 expression was detected in part
of GST‐P positive foci just after the treatment. The size of GST‐P foci with Sox9‐positive cells was larger
than that without Sox9‐positive cells. However, Sox9 positive cells disappeared after the 7‐week
cessation and there were no Sox9 positive cells in DEN‐induced GST‐P positive foci through the
experimental period. The results imply that Sox9 might be the indicative gene of the vanishment of GST‐
P positive foci induced by furan. In view of the fact that the expression of Sox9 is observed at biliary
epithelial cells, GST‐P and Sox9 double positive cell foci might be the status of dedifferentiation of
hepatocytes but not preneoplastic status.
ABSTRACT NUMBER: 3527
Poster Board Number: P342
TITLE: Urinary Crystal Formation and Urothelial Effects of Pyroxasulfone Administered to Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Kyoya1, L. L. Arnold2, K. L. Pennington2, S.
Kakiuchi‐Kiyota2, M. Terada1, K. Abe1, and S. M. Cohen2. 1Kumiai Chemical Industry Co. Ltd., Shizuoka &
Tokyo, Japan; and 2University of Nebraska Medical Center, Omaha, NE.
KEYWORDS: Pesticides; Cytotoxicity; Non‐Genotoxic
ABSTRACT: Pyroxasulfone is a herbicide that acts as an inhibitor of very long chain fatty acid
biosynthesis and is approved for use with various crops by the U.S. Environmental Protection Agency,
Health Canada, and other agencies. Chronic dietary administration of pyroxasulfone in a two‐year
bioassay produced a low incidence of urinary bladder urothelial papillomas in male rats but not in
female rats and not in male or female mice. Based on these results, the proposed mode of action (MOA)
for the pyroxasulfone‐induced papillomas is urothelial cytotoxicity and regenerative proliferation due to
formation of urinary crystals. To test this hypothesis, we performed three short‐term studies using male
rats. In the first study, we reported that pyroxasulfone induces urothelial cytotoxicity of the bladder
urothelium. We now report the results of two additional studies conducted to obtain a Weight of
Evidence (WoE) that clarifies the extrapolation of the pyroxasulfone MOA to assessment of human risk.
First, male rats were treated with dietary 50, 1000 or 2000 ppm pyroxasulfone for 1, 3 or 7 days. The
urothelium was examined by light and scanning electron microscopy (LM, SEM) and bromodeoxyuridine
labeling index (BrdU LI). Second, male rats were treated with dietary 20,000 ppm pyroxasulfone for a
week. Urine collected at various timepoints was examined by SEM and energy dispersive spectroscopy
(EDS) to evaluate crystals. Cytotoxicity was detected by SEM as urothelial abnormalities (e.g. cellular
swelling, craters, and exfoliation of urothelium). Increased cell proliferation was detected by LM
(hyperplasia), SEM (piling up of round cells or hyperplasia), and by increased BrdU LI. Urinary crystals
were present at various timepoints and a large amount of microcrystals were also observed on the
bladder surface. EDS showed that calcium was present in some of the urinary crystals. From these
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findings, we established WoE to determine MOA that the tumorigenicity of pyroxasulfone is due to
cytotoxicity by urinary crystals. This is a high dose phenomenon and the risk of cancer in humans should
be negligible.
ABSTRACT NUMBER: 3528
Poster Board Number: P343
TITLE: Integrated In Silico and In Vitro Profiling of Chemicals Found in Higher Concentrations in African
American Women to Identify Drivers of Breast Cancer Disparities
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. M. Polemi, J. Heidt, V. Nguyen, A. Kahana,
A. Tapaswi, T. Thong, O. Jolliet, and J. A. Colacino. University of Michigan School of Public Health, Ann
Arbor, MI.
KEYWORDS: Carcinogenesis; Computational Toxicology; Cell Culture
ABSTRACT: Breast cancer mortality rates for non‐Hispanic Black (NHB) women are 40% higher than non‐
Hispanic white (NHW) women in the US. Additionally, the incidence of triple negative breast cancer is
approximately three times higher in NHB women compared to NHW women. The mechanisms driving
these differences are poorly understood. Here, we aimed to identify chemical exposures which play a
role in breast cancer disparities. We integrated chemical biomonitoring data from the National Health
and Nutrition Examination Survey (NHANES), biological activity data from the EPA’s Toxcast program,
and in vitro dose‐response assessments of cellular perturbations using the “Cell Painting” assay in
MCF10A breast cells. Cell Painting is a high content imaging based morphometric assay which uses 6
fluorescent stains to quantify cellular components including: DNA, RNA, endoplasmic reticulum,
mitochondria, f‐actin, plasma membrane, and golgi apparatus, yielding approximately 3000
morphological measurements at the single cell level. Resulting data were analyzed with BMDExpress
software. In NHANES, a total of 55 chemicals had significantly higher biomarker concentrations in NHB
women. Investigation of these chemicals in Toxcast using the modl_ga (logAC50) and modl_tp (scaled
top value of dose response curve) resulted in a total of 7,734 assays for analysis. BPA, PFOS, and Thiram
were the most tested chemicals, and had 20.4%, 20.9% and 39.4% of assays tested reported as active,
respectively. Benchmark dose analyses of Cell Painting data from MCF10A cells dosed with 7 nM ‐ 50 uM
BPA identified morphological changes at human exposure relevant doses, as low as 3 nM BPA, including
alterations in actin, RNA and Golgi staining intensity and granularity. Future analyses will assess 2,5‐
dichlorophenol, 1,4‐dichlorobenzene, and methyl and propyl parabens, which have significantly elevated
concentrations in NHB women and moderate activity in Toxcast. Our long‐term goal is to categorize
chemical effects into functional pathways, using biological signatures to identify the chemical factors
driving breast cancer disparities.

The Toxicologist: Late-Breaking Supplement 2020

167

ABSTRACT NUMBER: 3529
Poster Board Number: P344
TITLE: Chronic Exposure to Agricultural Dust Induces Lung Tumorigenic Effects in Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Dominguez, A. Ulu, J. Velazquez, A. Burr,
and T. M. Nordgren. University of California Riverside, Riverside, CA. Sponsor: T. Nordgren, American
Physiological Society
KEYWORDS: Environmental Toxicology; Inflammation; Lung; Pulmonary or Respiratory System
ABSTRACT: Agricultural dust exposures promote chronic inflammation, a hallmark of increased
carcinogenesis risk. Past studies have examined the chronic inflammatory effects that dust extracts (DE)
from swine confinement facilities have on the lung, but none have studied its potential carcinogenicity.
To address this gap of knowledge, we investigated whether chronic DE exposure impacts lung
tumorigenesis in a mouse model of lung carcinogenesis. A/J mice were intranasally challenged with
saline or DE 3 times a week for 24 weeks. At week 4, mice were given a single intraperitoneal (IP)
injection of nicotine‐derived nitrosamine ketone (NNK), a tobacco carcinogen that induces lung
tumorigenesis. At 21 weeks after NNK treatment, mice were euthanized, and bronchoalveolar lavage
(BAL) and lung tissues were collected for RNA, protein, and histological analyses. Left lung lobes were
homogenized and assessed for transcript‐level gene expression changes using the NanoString mouse
Pan‐Cancer Immunology panel, while the right lungs were formalin‐fixed for histological review.
Through these analyses, we identified that DE‐exposed mice exhibited increased BAL neutrophils (p =
0.001) and reduced macrophages (p = 0.02) versus saline‐instilled mice, while also exhibiting dramatic
lung inflammatory pathology with peribronchiolar/vascular inflammation, goblet cell hyperplasia, and
fibrotic changes evidenced by Masson’s Trichrome staining. Sixty percent of NNK+DE‐exposed mice had
visible tumors, the most of all exposure groups. Two‐way ANOVA identified a significant (p = 0.022) main
effect of NNK on tumor formation. We also found a trend in tumor formation amongst DE vs NNK+DE
and saline vs NNK+DE exposure (p = 0.07). When comparing saline‐ vs DE‐instilled mice using
NanoString, we identified 278 differentially regulated transcripts (p ≤ 0.05). Of the NNK+DE‐treated
animals, 41 transcripts were differentially regulated (p ≤ 0.05) versus mice treated with DE alone (no
NNK), including significant up‐regulation of JAK1, CD40, CCL17, and IL‐10rα. There were also increased
changes in cancer proliferation (p = 0.0005) and inflammation‐related pathways (p=0.0004) within DE‐
exposed mice compared to saline‐exposed. NNK, in concurrence with DE, had no significant impact on
cancer proliferation or inflammation‐related pathways, emphasizing the impact that chronic agricultural
dust exposure can have on exposed individuals.
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ABSTRACT NUMBER: 3530
Poster Board Number: P345
TITLE: Thymic Lymphomas in a Six‐Month CByB6F1/Tg rasH2 Carcinogenicity Study with a RORãt Inverse
Agonist, BMS‐986251
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. G. Haggerty1, J. Sathish1, C. Gleason2, M.
Al‐Haddawi1, T. Brodie1, K. Bonnette3, and M. Graziano1. 1Bristol‐Myers Squibb Company, New
Brunswick, NJ; 2Bristol‐Myers Squibb Company, Lawrenceville, NJ; and 3Charles River, Spencerville, OH.
KEYWORDS: Safety Evaluation; Pharmaceuticals; Carcinogenesis
ABSTRACT: BMS‐986251 is a RORγt inverse agonist being developed for the treatment of autoimmune
diseases. RORγt is a transcription factor that drives the differentiation and function of Th17 cells, but
also operates within the thymus where it governs survival of double positive thymocytes enabling
appropriate positive selection of mature single positive thymocytes. RORγt‐deficient (constitutive or
conditional) mice develop thymic lymphomas with greater than 50% mortality at 4 months, while
heterozygous mice are normal. A six‐month carcinogenicity study with BMS‐986251 in CByB6F1/Tg
rasH2 hemizygous mice was conducted to assess the potential carcinogenicity of BMS‐986251. BMS‐
986251 was administered once daily by oral gavage at doses of 0 (water control), 0 (vehicle control), 5,
25, or 75 mg/kg/day to groups of 27 mice/sex. The positive control, N‐Nitrosomethylurea, was
administered once on Day 1 at 75 mg/kg by intraperitoneal injection to 15 mice/sex. Terminal sacrifice
occurred on or after Day 183, following 6 months of dosing. Malignant lymphoma affecting the thymus
with or without other tissue involvement was noted in 1 male (3.7%) at the mid dose and 3 (11.11%) and
6 (22.22%) females at the mid and high dose, respectively. Malignant lymphoma presented
macroscopically with thymus mass or enlargement with or without enlargement of other tissues such as
spleen, kidney, and/or lymph nodes, and was responsible for the early death of 1 male and 1 female at
the mid dose and 3 females at the high dose. No lymphomas were observed in the negative controls and
an incidence of 47‐60% was observed in the positive control group. The incidences of thymic lymphoma
in BMS‐986251‐treated mice are well above historical negative controls (0.14 to 1.12%) for the testing
facility. Furthermore, minimal to mild increased thymic lymphoid cellularity was observed at the mid
dose in males and all doses in females, and may represent a prerequisite for tumorigenesis. Thus, a clear
signal for thymic lymphomas was identified in this study, which highlights the sensitivity of the thymus
to RORγt inhibition, and underscores the challenge in targeting RORγt for drug development.
ABSTRACT NUMBER: 3531
Poster Board Number: P346
TITLE: Unique microRNA Alterations Differentiate Spontaneous and Chemical‐Induced Hepatocellular
Carcinomas in B6C3F1/N Mouse
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Xu1, A. Pandiri1, A. Brooks2, J. Li2, R.
Kovi1,3, and R. Sills1. 1NIEHS/NTP, Research Triangle Park, NC; 2NIEHS, Research Triangle Park, NC; and
3
Experimental Pathology Laboratories Inc, Research Triangle Park, NC.
KEYWORDS: Carcinogenesis; Liver; Toxicogenomics
ABSTRACT: The underlying molecular events in histologically indistinguishable hepatocellular
carcinomas (HCC) in mice that arise either spontaneously or due to chronic chemical exposures are not
completely understood. To identify etiology‐specific microRNAs that modulate chemical‐induced
hepatocarcinogenesis, miRNA sequencing (5‐10M reads per sample) was performed on B6C3F1/N
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mouse HCCs that arose either spontaneously (n = 11 males and 10 females) or due to 2‐year repeat‐dose
exposures to 4 genotoxic chemicals and 6 non‐genotoxic chemicals (n= 50, 5/chemical), and on age‐
matched non‐tumor livers from vehicle control mice (n=12, 6/sex). The differentially expressed
microRNAs were identified using DESeq2. The differentially expressed miRNAs in each HCC group ranged
from 35‐181, at 2‐fold change (FDR<0.05). The differentially expressed miRNAs identified in genotoxic
chemical‐exposed HCCs (134.8 ± 33.33) were relatively higher compared to the non‐genotoxic chemical‐
induced HCCs (86.5 ± 45.05). Five miRNAs (mmu‐miR‐182‐5p, ‐183‐5p, ‐27a‐5p, ‐5126 and ‐675‐3p) were
upregulated and one miRNA (mmu‐miR‐455‐3p and‐455‐5p) was downregulated in all HCC groups
regardless of exposure. Among the differentially expressed miRNAs, 37 miRNAs were uniquely
upregulated and 19 miRNAs were uniquely downregulated in different chemical‐induced HCCs. Two
miRNAs (mmu‐miR‐6392‐5p and ‐682) were uniquely upregulated and two miRNAs (mmu‐miR‐3090‐3p
and ‐802‐5p) were uniquely downregulated in spontaneous male HCCs. Seven miRNAs (mmu‐miR‐147‐
3p, ‐124‐3p, ‐181a‐2‐3p, ‐34a‐3p, ‐7070‐3p, ‐93‐3p and ‐let‐7c‐1‐3p) were uniquely upregulated and one
miRNA (mmu‐miR‐6911‐3p) was uniquely downregulated in spontaneous female HCCs. These etiology‐
specific unique miRNA alterations in mouse HCCs may serve as potential biomarkers in short‐term
animal studies to predict the apical endpoints in chronic studies. In addition, evaluation of the mRNA
targets of these miRNAs will help us understand the epigenetic regulation of chemical‐induced
hepatocellular carcinogenesis.
ABSTRACT NUMBER: 3532
Poster Board Number: P347
TITLE: Evaluation of Spontaneous and Chemical‐Induced Hepatocellular Carcinomas in B6C3F1/N Mouse
Using RNA‐Seq
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Xu1, L. Zhou2, J. Li2, R. Kovi1,3, R. Sills1,
and A. Pandiri1. 1NIEHS/NTP, Research Triangle Park, NC; 2NIEHS, Research Triangle Park, NC; and
3
Experimental Pathology Laboratories Inc., Research Triangle Park, NC.
KEYWORDS: Carcinogenesis; Gene Expression/Regulation; Liver
ABSTRACT: Hepatocellular carcinomas (HCC) arising either spontaneously or due to chronic chemical
exposures are histologically indistinguishable and the underlying molecular alterations are not
completely understood. We hypothesized that spontaneous and chemical‐induced HCCs in mice
demonstrate unique gene expression profiles. RNA sequencing (~80M reads per sample) was performed
on B6C3F1/N mouse HCCs that arose either spontaneously (n = 11 males and 10 females) or due to 2‐
year repeat‐dose exposures to bromodichloroacetic acid (BDCA) and Ginkgo biloba extract (GBE) (n= 10,
5/chemical), and on age‐matched non‐tumor livers from vehicle control mice (n=12, 6/sex). The
differentially expressed transcripts and isoforms were identified by R package and were analyzed using
Ingenuity Pathway Analysis (IPA). The differentially expressed transcripts in each HCC group ranged from
1,600‐4,600, at 2‐fold change (FDR<0.05). 461 transcripts were common to all HCC groups regardless of
exposure. The differentially expressed protein‐coding transcripts uniquely altered in BDCA‐induced HCCs
(937 transcripts) were higher compared to the other groups (99 transcripts in GBE‐induced HCCs, 352
transcripts in spontaneous male HCCs and 275 transcripts in spontaneous female HCCs). About 15% of
the annotated genes in each of the HCC groups transcribed two or more differently expressed isoforms.
The number of protein coding genes with >2 isoforms in BDCA, GBE, spontaneous male and female HCC
were 279, 57, 273, and 127, respectively. The number of unique LncRNAs altered in BDCA, GBE, and
spontaneous male and female HCCs were 69, 6, 21, and 20, respectively. EIF2 signaling, mTOR signaling
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and RhoA signaling were uniquely altered in BDCA‐induced HCCs. Angiopoietin signaling and proline
biosynthesis were uniquely altered in GBE‐induced HCCs. ErbB signaling and Gαq signaling are uniquely
altered in spontaneous HCCs. Gene Set Enrichment Analysis will be used to further confirm these
enriched pathways. These approaches provide an insight into hepatocellular carcinogenesis due to
various etiologies.
ABSTRACT NUMBER: 3533
Poster Board Number: P348
TITLE: Concurrently Exposure to Inorganic Arsenic and Fluoride Disrupts Gut Microbiota Equilibrium and
Induces Adverse Cardiovascular Effects in Offspring Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: X. Chen1, X. Yan2, X. Tian2,3, Y. Qiu2, J.
Wang4, M. Nalesnik1, B. Xiao1, and X. Ren1. 1State University of New York at Buffalo, Buffalo, NY; 2Shanxi
Medical University, Taiyuan, China; 3Shanxi Agricultural University, Taigu, China; and 4Roswell Park
Comprehensive Cancer Center, Buffalo, NY.
KEYWORDS: Cardiovascular System; Exposure, Environmental; Metals
ABSTRACT: Inorganic arsenic (iAs) and fluoride (F‐) are two most common environmental contaminants
in drinking water worldwide. Both iAs and F‐ have been identified as cardiotoxic substances that lead to
adverse cardiovascular effects (CVEs) in human and experimental animals. However, few studies have
examined the adverse CVEs induced by concurrent exposure of iAs and F‐, which could potentially pose a
greater risk than iAs or F‐ exposure alone. Further, perturbation of gut bacterial microbiota, which plays
an indispensable role in CVEs, resulting from iAs and F‐ exposure has been reported in numerous studies.
There is little information regarding the relationship among concurrent iAs and F‐ exposure, gut
microbiota perturbation, and adverse CVEs. To fill these gaps, we conducted an animal study with rats
exposed to iAs (50 mg/L NaAsO2) and F‐ (100 mg/L NaF), alone or in combination, in utero and during
early postnatal periods. We systematically assessed in vivo cardiac morphology and functions and
generated gut microbiota profiles using 16S rRNA gene sequencing. We showed that concurrent
exposure to iAs and F‐ resulted in a more prominent adverse CVEs evaluated by comprehensive
parameters (blood pressure, echocardiogram, and electrocardiogram). Furthermore, Principal
Coordinates Analysis of gut microbiota data separated concurrent exposure rats from other groups, and
nine bacterial genera, which differed significantly in relative abundance between control and concurrent
iAs and F‐ exposure group, were strongly correlated with the higher risk of CVEs (correlation coefficient =
0.70‐0.88). Together, these results suggest that concurrent iAs and F‐ exposure led to more prominent
effects on adverse CVEs and gut microbiota composition profiles in rats, and the strong correlations
between them indicates an high potential for an causal association and for the development of novel
microbiome‐based biomarkers of iAs and/or F‐ associated CVEs. This work was supported by NIEHS grant
R01ES022629 to X.R., National Natural Science Foundation of China grant 81773405 to Y.Q. and
Postdoctoral Science Foundation of China grant 2016M600199 to X.Y.
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ABSTRACT NUMBER: 3534
Poster Board Number: P349
TITLE: Amylin Deposition in Myocardium of Heart Failure Contributes to Cardiac Dysfunction through
Activation of HIF1α/PFKFB3 Signaling in NHPs
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Liu, N. Li, C. Qu, L. Wu, and L. Hu. Amgen
Inc., Shanghai, China. Sponsor: L. Hu, Society of Toxicologic Pathology
ABSTRACT: Hypersecretion of the pancreatic hormone amylin is common in humans with obesity and
insulin resistance, induces amylin aggregation and proteotoxicity in pancreas, and contributes to the
development of type 2 diabetes. Recent studies have shown that amylin deposition in the failing hearts
of obesity and type 2 diabetes negatively affect cardiomyocytes by inducing sarcolemmal injury,
generating reactive aldehydes, and increasing the synthesis of pro‐inflammatory cytokines, which
accelerates the development of heart dysfunction. The metabolism alteration and mitochondrial
network changes including increased glycolysis flux with the diversion of pyruvate to lactate and
fragmentation of the mitochondrial network in cardiomyocytes is common in heart disease. All these
changes contribute to cardiomyocytes dysfunction. Here, we establish that the deposition of human
amylin in the failing hearts of Non‐human primates (NHPs) activates HIF1α/PFKFB3 signaling, increases
glycolysis and mitochondrial fragmentation in cardiomyocytes. These results are consistent with the
pathological role of amylin deposition in the pancreas, uncover a novel contributing mechanism to
cardiac myocyte injury in heart failure, and suggest a potentially treatable link of type 2 diabetes with
heart disease.
ABSTRACT NUMBER: 3535
Poster Board Number: P350
TITLE: Sunitinib‐Induced Cardiotoxicity in B6C3F1 Mouse Model
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Han, C. Moland, K. Krishnavenisivakumar,
V. Vijay, B. Phanavanh, V. Desai, W. Mattes, and J. Fuscoe. US FDA/NCTR, Jefferson, AR.
ABSTRACT: Sunitinib is a tyrosine kinase inhibitor approved for treatment of cancers such as renal cell
carcinoma, imatinib‐resistant gastrointestinal stromal tumor, and pancreatic neuroendocrine tumors.
Recent clinical studies have shown that patients treated with sunitinib are at increased risk of
developing cardiac dysfunction. The most common adverse effects of sunitinib are decrease of left
ventricular ejection fraction (LVEF), hypertension and QT interval prolongation in patients. However, the
multi‐target nature of sunitinib at therapeutically relevant concentrations makes it difficult to identify
the precise mechanism of cardiotoxicity. Many aspects of sunitinib‐induced cardiotoxicity such as on/off
target toxicities and the interactions of related pathways are still not fully understood. There is also a
lack of information related to sex‐based differential cardiotoxicity induced by sunitinib. Currently, there
are no clinical biomarkers to predict sunitinib‐induced cardiotoxicity during cancer therapy. To address
this knowledge gap, both male and female B6C3F1 mice were treated with sunitinib at 0, 25, 40, 80, and
120 mg/kg/day through oral gavage daily for 21 days. The cardiac function was measured using
Vevo1100 ultrasound imaging system 24 hours after dosing at days 0, 3, 6, 9, 12, and 21. Blood samples
were collected 24 hours after dosing at days 0, 6, 12, and 21 for measurement of cardiac troponin I (a
cardiac injury marker) concentration. The results from plasma samples showed no change in cardiac
troponin I concentration in both male and female mice treated with sunitinib at any given dosages.
However, both LVEF and fractional shortenings (FS) decreased significantly at doses of 80 and 120 mg/kg
in male mice during the treatment while LVEF and FS decreased only at 120 mg/kg in female mice
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(p<0.05). This demonstrated there might be a sex‐related difference in cardiac susceptibility to sunitinib
treatment between male and female mice. Results from planned omics assays from heart tissue and
plasma may provide further evidence. This mouse model will not only help fill the knowledge gap
concerning the mechanisms of sex‐based differences in sunitinib‐induced cardiotoxicity, but also will
help to identify early cardiac toxicity biomarkers that might be valuable for future clinical use.
ABSTRACT NUMBER: 3536
Poster Board Number: P351
TITLE: Functional Improvement of Contractile Force Properties of Human iPS Cell‐Derived Cardiac Cell
Sheets by Continuous Stimulation for Several Days
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Taniguchi. Eisai Co., Ltd, Tsukuba‐shi,
Ibaraki, Japan. Sponsor: M. Shiotani
KEYWORDS: Cardiovascular System; Safety Pharmacology
ABSTRACT: Drug‐induced cardiotoxicity is a major cause of attrition of drug candidates in preclinical and
clinical development. During drug development, assessments of cardiotoxicity risk like cardiac
contractility, are mostly conducted during the late phase of preclinical development using in vivo animal
models. Although it would be preferable to use a human cell‐based assay to predict clinical effects on
cardiac contractility earlier in development, unfortunately to date, translatability of drug induced
responses of human induced pluripotent stem cell‐derived cardiomyocytes (hiPSC‐CMs) to clinical
outcomes has been limited by their immaturity. A typical indicator of immaturity is force‐frequency
relationship (FFR) of cardiac tissue; hiPSC‐CM usually show a negative FFR, while human cardiac muscle
shows a positive FFR. Because stimulation with electrical pacing is known to promote maturation of
hiPSC‐CM, we evaluated the contractile function of hiPSC‐CM with and without electrical stimulation.
We utilized the system for direct measurement of the cardiac contractile force with a cardiac cell‐tissue
sheet model using hiPSC‐CM. FFR was measured before and after continuous stimulation at 2 Hz for 48‐
72h. In addition, the action of positive inotropic drugs (dobutamine, milrinone, isoproterenol, and
digoxin) with and without electrical stimulation was examined under spontaneous beating. The sheet
before electrical stimulation showed negative FFR, but changed to positive FFR after pacing for 48‐72h.
Positive inotropic drug did not elicited a positive inotropic response in the sheet without the electrical
stimulation, but did in the sheet with electrical stimulation. Thus, we developed a biologically similar
model to human cardiac contractile function that showed drug responses similar to human cardiac
muscle. This model can be a useful tool for early cardiotoxicity evaluation.
ABSTRACT NUMBER: 3538
Poster Board Number: P353
TITLE: Combined Effects of Bisphenol‐A and di‐2‐ethylhexylphthalate in Kidney and Testis of Rats
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. A. Akinwumi1, O. Eleyowo2,1, O. Osifeso3,
T. Fojude1, B. Adewusi1, G. Oshitelu1, and A. Jolaoso3. 1Bells University of Technology, Ota, Nigeria;
2
Lagos State Polytechnic, Lagos, Nigeria; and 3Moshood Abiola Polytechnic, Abeokuta, Nigeria.
KEYWORDS: Phthalates; Endocrine Disruptors; Testis
ABSTRACT: Bisphenol A (BPA) and di‐2‐ethylhexyl phthalate (DEHP) are ubiquitous environmental
toxicants with high exposure potential to man. Exposure to both compounds commonly occurs through
leaching from plastics used in packaging water and foods. Independent exposure to BPA or DEHP is

The Toxicologist: Late-Breaking Supplement 2020

173

associated with risk of several diseases including cancers, renal and reproductive damage. However,
there is paucity of information on the effect of co‐exposure to both substances in the testis and kidney.
Therefore, the present study examines the toxicity of BPA and DEHP on the testis and kidney in male
Sprague Dawley rats. Animals were exposed daily for six weeks to olive oil, BPA, DEHP, BPA+DEHP.
Kidney health, sperm quality and oxidative parameters including; creatinine, urea, total protein,
albumin, sperm aberration, sperm count, sperm motility, sperm viability, testosterone, estradiol,
superoxide dismustase (SOD), catalase (CAT), glutathione‐S‐transferase (GST) and malondialdehyde
(MDA) were determined after the animals were sacrificed. Histopathology of both tissues was also
evaluated in test and control groups. Exposure to BPA and DEHP either alone or in combination
significantly (p<0.05) increased creatinine, urea, sperm aberration, total protein, and MDA. However
SOD, CAT, GST, sperm motility, sperm count, and sperm volume were reduced. Alteration of the
parameters was most prominent in the co‐treated rats. Renal and testicular lesions were also enhanced
in the co‐exposed group. Taken together, the study suggests a greater risk to humans who are
simultaneously exposed to Bisphenol A and di‐2‐ethylhexyl phthalate
ABSTRACT NUMBER: 3539
Poster Board Number: P354
TITLE: Genomics Model to Predict Drug‐Induced Liver Injury with Deep Learning: DeepDILI+
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Li1,2, R. Roberts3,4, Z. Liu1, W. Tong1, and S.
Thakkar1. 1US FDA/NCTR, Jefferson, AR; 2University of Arkansas at Little Rock and University of Arkansas
for Medical Sciences, Little Rock, AR; 3ApconiX Ltd., Alderley Park, United Kingdom; and 4University of
Birmingham, Birmingham, United Kingdom.
KEYWORDS: Liver; Predictive Toxicology; Genomics
ABSTRACT: Drug‐induced liver injury (DILI) is one of the leading causes of drug failure in clinical trials
and drug withdrawal from the market. An alternative approach that can accurately predict DILI at the
early stage has the potential to reduce the drug attrition, and it's in great need by regulators as well as
developers. In the 21st century, toxicology experienced the paradigm shift, and now it relies heavily on
high throughput technologies such as genomics and could be used as a source to predict DILI related
signatures. With the advent of AI‐based approaches, the deep learning‐based algorithms have
demonstrated the capability of learning import features from a large number of inputs with hidden
signals. In this study, we propose a deep neural network (DNN) model to predict DILI signatures based
on gene expression data that was captured using human immortalized cell lines. An in‐depth analysis
was conducted to interpret the DNN based predictions. Also, it was compared with the other state‐of‐
the‐art methods, i.e., K‐nearest neighbors (KNN), Support Vector Machine (SVM) and Random Forest
(RF) to have a comparative understanding of advantage/disadvantage of deep learning‐based
predictions. The DNN model was trained on 3840 samples and predicted an internal validation set of
1200 samples with an accuracy of 74.3%, the sensitivity of 83.9%, the specificity of 60.3%, and area
under the curve (AUC) of 0.798. The optimized DNN model was the most balanced compared with KNN,
SVM, and RF in the internal validation set and external validation set. We also observed that the
optimized DNN model had a higher accuracy of 87.2% for drugs in the pharmacological group of
antineoplastic and immunomodulating agents. We demonstrated the utility of the DNN based predictive
models for predicting underlying DILI signatures using cancer cell lines. Deep learning‐based models
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produced a balanced prediction compared to the conventional predictive models for drug safety‐related
evaluations.
ABSTRACT NUMBER: 3540
Poster Board Number: P355
TITLE: Assessment of the Differences in Gene Expression and Functional Activity of the Asiaglycoprotein
Receptor in Juvenile and Adult Hepatocytes
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: O. I. Ofoma, C. Merkel, L. Kang, W. Jian, and
C. Amuzie. Janssen Research & Development, Spring House, PA.
KEYWORDS: Hepatocytes; SiRNA; In Vitro and Alternatives
ABSTRACT: The development of siRNA therapeutics has increased the potential for interventions in
diseases previously considered untreatable. But, intracellular delivery of siRNAs is limited because of
their large molecular size and hydrophilicity. Conjugation of siRNAs to targeting ligands such as the N‐
acetylgalactosamine (GalNAc) enhances cellular uptake. GalNAc is taken up by asialogylcoprotein
receptors (ASGPR) which are highly expressed in hepatocytes, enabling targeted delivery to the liver. As
GalNAc‐conjugated siRNAs are increasing in number in the clinic, its use is expanding into diverse
populations including pediatric populations. As such, there is a need to ensure accuracy in the
extrapolation of dosimetry estimates to children. The objective of this study was to determine the
differences in gene expression and functional activity of ASGPR in juvenile and adult hepatocyte donors
in a micropatterned hepatocyte co‐culture system. ASGPR comprises two protein subunits, ASGR1 and
ASGR2. Hepatocyte co‐cultures (cryopreserved hepatocytes and 3T3 murine fibroblasts) were analyzed
for ASGPR mRNA levels (ASGR1 and ASGR2) using RT‐PCR, with 18s rRNA and GAPDH used as
housekeeping genes (n=3). The cultures were incubated with alpha‐GalNac‐PEG3‐Alkyne (Sigma cat #
SMB00413) at two concentrations, 1uM and 10uM for 72hours. Intracellular concentrations of the
GalNAc conjugate was determined using LC‐MS/MS analysis. Results showed that ASGR1 and ASGR2
mRNA levels were higher in adult than in juvenile hepatocyte donors 1.29‐fold and 2.5‐fold respectively.
Furthermore, intracellular concentrations of the GalNAC‐conjugate were an average of 3.5‐fold higher in
adult than in juvenile hepatocytes (3.3‐fold at 10uM, 3.8‐fold at 1uM). Taken together, these results
suggest that both ASGPR mRNA levels and functional activity are higher in adults than in children.
ABSTRACT NUMBER: 3541
Poster Board Number: P356
TITLE: Assessing the Prevalence and Predictivity of FXR Antagonism in Drug‐Induced Liver Injury
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. M. Norona, J. Maher, and W. R. Proctor.
Genentech, South San Francisco, CA.
KEYWORDS: Liver; In Vitro and Alternatives; Mechanisms
ABSTRACT: Given the importance of farnesoid X receptor (FXR) in bile acid (BA) homeostasis, drug‐
related FXR antagonism may be an important mechanism of drug‐induced liver injury (DILI). However,
comprehensive assessment of this broadly across drugs associated with DILI and predictivity to identify
hepatotoxicants retrospectively is lacking. To this end, we used an orthogonal approach comprised of a
FXR target gene assay using primary human hepatocytes (PHHs) and a commercially available FXR
reporter assay to evaluate the potential antagonist effects of 159 compounds on FXR. A test set
comprising 74 DILI positive and 85 DILI negative drugs were tested at 10 and 100 µM in PHHs and 1‐100
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µM in FXR reporter cells. Briefly, cells were incubated with compound and then stimulated with
GW4064, a potent FXR agonist. After 24 hrs, expression of FXR target genes (SHP, ABCB11, MDR3, OSTα,
OSTβ) or reporter activity was evaluated. Treatments resulting in a >25% drop in ATP were excluded
from further analysis to mitigate false positive antagonist determinations. Here we report for the first
time that FXR antagonism is not highly prevalent across a diverse set of clinically relevant
hepatotoxicants and control compounds. In particular, the prevalence was 25 or 10% of the test set
employed based on one or both assay signals, respectively. While the prevalence was not high,
compounds identified in each or both assays were highly specific (89 and 94%). However, the sensitivity
was relatively low, with values of 25‐30% for individual assays and 16% for flags in both. Accordingly,
there was minimal to moderate predictivity to identify DILI retrospectively when using FXR antagonist
classification alone. While both assays were comparable in sensitivity and specificity, the positive
likelihood ratio (PLR) for the reporter assay was increased to 4.03, supporting a moderate positive
predictive value. Given the multifactorial nature of DILI, we examined the value of FXR antagonism to
predict DILI risk while enriching for other factors such as high exposure and bile salt export pump (BSEP)
inhibition as additive metrics. Based on these data, FXR antagonism was not a meaningful predictor of
clinical DILI and did not add significant predictive value when in combination with other risk factors
explored here (high clinical exposure, BSEP inhibition, margin of safety). As FXR is a master regulator of
BA homeostasis, it may still be an important putative mechanism of injury, particularly for drugs
associated with intrahepatic cholestatic DILI.
ABSTRACT NUMBER: 3542
Poster Board Number: P357
TITLE: Metabolomic‐Based Assessment Reveals Dysregulation of Lipid Profiles in Human Liver Cells
Exposed to Environmental Obesogens
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. E. Franco, G. E. Sutherland, M. T.
Fernandez‐Luna, and R. Lavado. Baylor University, Waco, TX.
KEYWORDS: Perfluoronated Agents; Metabolomics; Alternatives to Animal Testing
ABSTRACT: Significant attention has been given to the potential of environmental chemicals to disrupt
lipid homeostasis at the cellular level. These chemicals, classified as obesogens, are abundantly used in a
wide variety of consumer products. However, there is a significant lack of information regarding the
mechanisms by which environmental exposure can contribute to the onset of obesity and non‐alcoholic
fatty liver disease (NAFLD). Several studies have described the interaction of potential obesogens with
lipid‐related peroxisome proliferator‐activated receptors (PPAR) or have directly measured weight gain
in obesogens‐exposed individuals. However, no studies have quantified the degree of modification to
lipidomic profiles in relevant human models, making it difficult to directly link PPAR agonists to the
onset of lipid‐related diseases. The study was designed to investigate the hypothesis that exposure to
environmental obesogens would modify the lipidomic profile of liver cells by increasing total lipid
accumulation, more specifically the lipids related to obesity and hepatic steatosis. A quantitative
metabolomic approach was used to examine dysregulation of lipid metabolism in human liver cells upon
exposure to potential obesogenic compounds. The chemicals rosiglitazone, perfluorooctanoic acid, di‐2‐
ethylexylphthalate, and tributyltin significantly increased total lipids in liver cells, being diglycerides,
triglycerides and phosphatidylcholines the most prominent. Contrarily, perfluorooctane sulfonic acid
and the pharmaceutical fenofibrate appeared to lower total lipid concentrations, especially those
belonging to the acylcarnitine, ceramide, triglyceride, and phosphatidylcholine groups. Fluorescence

The Toxicologist: Late-Breaking Supplement 2020

176

microscopy analysis for cellular neutral lipids revealed significant lipid bioaccumulation upon exposure
to PFOA, DEHP, and TBT at environmentally relevant concentrations. This integrated omics analysis
provides unique mechanistic insight into the potential of these environmental pollutants to promote
diseases like obesity and NAFLD. Furthermore, this study provides a significant contribution to advance
the understanding of molecular signatures related to obesogenic chemicals and to the development of
alternatives to in vivo experimentation.
ABSTRACT NUMBER: 3543
Poster Board Number: P358
TITLE: Chrysophanol 8‐O‐Glucoside Inhibits Hepatic Stellate Cells Activation via Regulation of the STAT3
Signaling Pathway
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Jeon, and J. Kim. Sung Kyun Kwan
University, Gyeonggi‐do, Korea, Republic of.
KEYWORDS: Liver
ABSTRACT: Hepatic fibrosis occurs by chronic injuries such as ethanol intake, viral infection, drugs and
toxins. However, there are only few drugs for hepatic fibrosis in certain circumstances. Therefore, new
drug discovery is necessary for hepatic fibrosis. In normal liver, Hepatic stellate cells (HSCs) maintain a
non‐proliferative, quiescent phenotype. Following liver injury, HSCs become activated,
transdifferentiating from vitamin‐A storing cells to myofibroblasts, which are proliferative, contractile,
inflammatory and chemotactic and are characterized by enhanced ECM production. Since HSCs
activation leads to hepatic fibrosis, there is a need to study a substance that inhibits activation of HSCs
for hepatic fibrosis therapy. In this study we reveal that chrysophanol 8‐O‐glucoside has anti‐fibrotic
potential via regulation that activation of HSCs. First of all, Transforming Growth Factor‐beta (TGF‐ β)
was used to activate HSCs. After 48h induction with TGF‐β, chrysophanol 8‐O‐glucoside was treated for
48 hours to test the inhibitory effects on HSCs activation. Chrysophanol 8‐O‐glucoside significantly
suppressed expression of collagen and α‐SMA at the RNA and protein level in dose‐dependent manner.
In addition, STAT3 phosphorylation and translocation to nucleus of phosphorylated‐STAT3 were
inhibited by chrysophanol 8‐O‐glucoside. These results suggest that chrysophanol 8‐O‐glucoside
inhibited HSCs activation via MAPK and STAT3 signaling pathway instead SMAD signaling pathway.
Advanced liver fibrosis or cirrhosis represents the major risk factor for developing liver‐related
complications and mortality, but currently there are no approved anti‐fibrotic therapies. In this study,
we found out that chrysophanol 8‐O‐glucoside significantly suppressed HSCs activation through blocking
STAT3 signaling pathway. Since chrysophanol inhibited the activation of HSCs, a major cause of fibrosis,
these findings provide evidence that chrysophanol 8‐O‐glucoside may have the potential to alleviate
hepatic fibrosis by targeting HSCs functions.
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ABSTRACT NUMBER: 3544
Poster Board Number: P359
TITLE: Individual Bioenergetic Variation Plays a Role in Determining Susceptibility to Drug‐Induced Liver
Injury
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. Kamalian1, V. Nassiri2, F. Tekle2, D. Simic2,
J. Snoeys3, and A. E. Chadwick1. 1University of Liverpool, Liverpool, United Kingdom; 2Janssen Research &
Development, Spring House, PA; and 3Janssen Research & Development, Beerse, Belgium.
KEYWORDS: Liver; Metabolism; Safety Pharmacology
ABSTRACT: Drug‐induced mitochondrial dysfunction is a major mechanism in hepatotoxicity. A study of
300 drugs reported that 50‐60 % of those that can elicit idiosyncratic drug‐induced liver injury (DILI),
defined by black box warnings, can cause mitochondrial perturbation, compared with <5 % of non‐DILI
drugs (2). However, there is little understanding of how to determine individual risk of DILI when a
mitochondrial hazard is identified. Individual energy phenotype arises from a complex interaction of
mitochondrial and nuclear genetics against a background of environmental factors. It is hypothesised
that individuals vary in terms of bioenergetic “health” and it is further postulated that patients who start
from a baseline of healthier mitochondria are less susceptible to toxicity. However, few studies have
provided evidence for this hypothesis. Thus the aim of this study was to quantitatively define variation
in bioenergetic function in freshly isolated human hepatocytes (n=18) using real‐time respirometry to
monitor ATP production rates (OXPHOS and glycolytic). The same samples were assessed for their
sensitivity to rotenone, complex I inhibitor, using cytotoxicity assays (LDH release, 24 h). Finally, any
associations between bioenergetic phenotype of the FHH and sensitivity to rotenone were examined.
This study has generated the first quantitative evidence to demonstrate a marked variation in energy
metabolism function in FHH. In the same donors, a wide range of IC50s were recorded in response to
rotenone (IC50 0.1 ‐ 100 μM). Strikingly, it was observed that glycolytic energy metabolism plays an
essential role in adaptive homeostasis. Specifically, hepatocytes are able to acutely utilise glycolysis to
produce ATP when OXHOS is compromised. The ability of hepatocytes to access this as a rescue
mechanism is linked to their sensitivity to rotenone. This is not a pathway well documented in healthy,
primary hepatocytes and its potential importance to drug safety is increased through evidence of
individual differences in this mechanism. Finally, significant association between basal bioenergetic
function parameters and susceptibility to rotenone was observed and a mathematical model was
constructed using those parameters of bioenergetic function with which to predict rotenone IC50 (R2 =
0.782, p = 0.002).
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ABSTRACT NUMBER: 3545
Poster Board Number: P360
TITLE: Hepatoprotective Role of Axl in Acetaminophen Overdose
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. D. Strickland1, L. Jimenez Garcia2, G.
Lemke2, and B. L. Copple1. 1Michigan State University, East Lansing, MI; and 2Salk Institute for Biological
Sciences, La Jolla, CA. Sponsor: C. Rockwell
KEYWORDS: Macrophage; Liver; Inflammation
ABSTRACT: Acute liver failure (ALF) from acetaminophen (APAP) overdose remains a significant health
burden with a high rate of mortality. After APAP‐induced liver injury in mice, monocyte‐derived
macrophages (MDMs) infiltrate the liver and produce proinflammatory cytokines. As tissue injury
resolves, these cells switch phenotype to pro‐reparative macrophages—a process that terminates
proinflammatory cytokine synthesis. The underlying mechanism by which these cells switch phenotype
after APAP overdose remains to be fully characterized. Elucidation of this mechanism is important as
clinical studies have revealed that macrophage dysfunction, leading to cytokine dysregulation, occurs in
ALF patients with the poorest prognosis. In the present studies, we tested the hypothesis that TAM
(Tyro3, Axl, and Mer) receptor signaling is critical for MDM phenotype switching after APAP overdose.
To test this hypothesis, wild type (WT), Axl knockout (KO), and Mer KO mice were treated with a dose of
APAP associated with normal liver repair (300 mg/kg). Remarkably, by 48 hours after treatment,
approximately 30% of Axl KO mice had died. In the remaining mice, liver injury was substantially greater
when compared to WT and Mer KO, and histopathological analysis revealed extensive hepatocellular
necrosis and sinusoidal hemorrhaging in Axl KOs. To by‐pass the early impact on liver injury in Axl KOs,
WT mice were treated with the PAN‐TAM receptor inhibitor, LDC1267, or vehicle beginning at 24 hours
after treatment with 300 mg/kg APAP. Although LDC1267 did not impact liver injury, as measured by
serum alanine aminotransferase activity, the area of necrosis was greater at 72 hours indicating
impairment of MDM‐dependent clearance of dead cells. Further, proinflammatory cytokine levels were
higher in mice treated with LDC1267 and markers of pro‐reparative macrophages were reduced.
Collectively, these studies reveal that Axl protects the liver from injury early after APAP overdose. At
later times, TAM receptors mediate MDM‐dependent clearance of dead cell debris and terminate
proinflammatory cytokine synthesis. Further studies into the role of TAM receptors in liver repair after
APAP overdose could provide critical insight into the underlying cause of cytokine dysregulation in ALF
patients.
ABSTRACT NUMBER: 3546
Poster Board Number: P361
TITLE: Consequences of AhR Activation on Gene Expression in Hepatic Stellate Cell
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Rayavara Veerabhadraiah. Boise State
University, Boise, ID. Sponsor: K. Mitchell
KEYWORDS: Dioxin; Liver
ABSTRACT: Accumulating evidence indicates that activation of the aryl hydrocarbon receptor (AhR)
impacts the development of liver fibrosis, which is characterized by excessive collagen deposition by
activated hepatic stellate cells (HSCs). AhR activation with 2,3,7,8‐tetrachlorodibenzo‐p‐dioxin (TCDD)
increases HSC activation in vitro and in vivo. In contrast, treatment with the endogenous AhR agonist, 2‐
(1'H‐indol‐3'‐carbonyl)thiazole‐4‐carboxylic acid methyl ester (ITE), has been reported to reduce HSC
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activation and liver fibrosis. These findings raise the intriguing possibility that HSC activation could be
therapeutically targeted by AhR ligands to diminish liver fibrosis. However, understanding how AhR
signaling modulates HSC activation in vivo is confounded by concomitant hepatocyte damage and
inflammation, both of which promote HSC activation. The goal of this project was to determine the
direct effects of AhR signaling on HSC gene expression in the absence of hepatocyte damage and
inflammation. To accomplish this, the human HSC line LX‐2 was treated with 10 nM TCDD or vehicle
(DMSO) for 24 hours, and mRNA was isolated for RNA sequencing. We identified and validated six genes
that were markedly increased by TCDD treatment: CYP1A1, CYP1B1, IL1B, STC2, PLEKHG4B, and SHISA2.
Next, we used CRISPR technology to create AhR‐deficient LX‐2 cells by targeting exon 2 of the AhR gene.
We found that TCDD treatment failed to increase expression of these six genes in the absence of a
functional AhR. These results are supported by literature reports that describe CYP1A1 and CYP1B1 as
well‐known AhR target genes. Likewise, STC2 (stanniocalcin‐2) is also reportedly induced upon AhR
activation. Whereas IL1B (interleukin‐1) is known to be an inducer of HSC proliferation, which is
important for hepatic fibrogenesis, the contribution of PLEKHG4B and SHISA2 to HSC activation and
fibrogenesis is unknown. Based on these findings, it is possible that treatment with AhR ligands
modulates HSC activation by directly altering gene expression in these cells. Future studies is to
determine how AhR‐mediated changes in hepatocyte damage and/or inflammation for HSC activation.
ABSTRACT NUMBER: 3547
Poster Board Number: P363
TITLE: Effect of Dydrogesterone on Prevention of Inflammation‐Induced Preterm Birth in Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Honnegowda1, A. Wallace Hayes2, and B.
Mahadevan1. 1Abbott Healthcare Pvt. Ltd, Mumbai, India; and 2A. W. Hayes & Associates Inc., Temple
Terrace, FL.
KEYWORDS: Pharmaceuticals; Reproductive System
ABSTRACT: Dydrogesterone is an oral progestogen with activity comparable to progesterone and a well‐
established safety profile. Dydrogesterone has several advantages compared to the other progestogens.
It can be taken orally, is well‐tolerated, and has a favorable benefit‐risk profile in all approved
indications, including when used during pregnancy. Preterm birth (before 37 weeks of pregnancy) is the
leading cause of neonatal death and handicaps. Its prevention is an important healthcare priority.
Although the regulatory standard of care is not conclusively established for the prevention of preterm
birth (PPTB), current national and local clinical treatment guidelines in the US and other countries
recommend the administration of progestogens in patients with a history of preterm birth. Both in vitro
and in vivo nonclinical studies have suggested the potential for the use of progestogens for the
prevention of preterm birth. Several studies in animal models have demonstrated that progestogens
effectively reduced the inflammation occur during preterm birth. In the current study, we evaluated the
effect of dydrogesterone in vivo in the prevention of inflammation induced preterm birth in mice.
Intrauterine injection of lipopolysaccharide (LPS) was administered on day 15 and then multiple doses of
dydrogesterone were administered orally. Dydrogesterone delayed (~40%) the inflammation induced
preterm birth in treated animals. These results provide further evidence that the dydrogesterone may
offer an effective treatment option for preterm birth in humans.
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ABSTRACT NUMBER: 3548
Poster Board Number: P364
TITLE: Intrauterine Growth Restriction Leads to Neonatal Pancreatic Inflammation
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Golden1, C. Williams1, G. Worthen2, and
R. Simmons1. 1University of Pennsylvania, Philadelphia, PA; and 2Children's Hospital of Philadelphia,
Philadelphia, PA.
KEYWORDS: Endocrine Disruptors; Immunotoxicity; Developmental Toxicity; Prenatal
ABSTRACT: The intrauterine milieu influences fetal development and perturbations can have lifelong
effects on the offspring. Intrauterine growth restriction (IUGR) is a common complication of pregnancy
and increases the risk of type 2 diabetes in the offspring. Many toxicant exposures, including endocrine
disruptors, during fetal gestation have been shown to cause IUGR. Using a rat model of IUGR, bilateral
uterine artery ligation at embryologic day 18 (e18), we identified immune pathways that are causal to
beta cell failure and the eventual development of diabetes. Previously we have shown that Th2
cytokines are transiently elevated at e19 in islet lysates of IUGR fetuses. Neonatal administration of
interleukin 4 (IL4) neutralizing antibody to IUGR pups on days 1‐6 reduced cytokine expression at
postnatal day 14 (PD14) and ameliorated the IUGR phenotype in adult IUGR rats. The aim of this study
was to identify which immune cell populations are responsible for the IUGR phenotype in the pancreas
during the fetal and neonatal periods following IUGR surgery. Immune cell populations were
enumerated by flow cytometry, RNAseq and immunohistochemistry at e19, PD1, PD7 and PD14. At PD7,
but not earlier, the number of immune cells increases in the islets and exocrine portion of the pancreas
in male IUGR pups. Specifically, T cells and a subset of macrophages (HIS48HI) increase in both islets and
exocrine pancreas. By PD14, immune cell numbers return to control levels, however, RNAseq and
immunohistochemistry demonstrate a persistent change in immune cell activation. Administration of IL4
neutralizing antibody on days 1‐6 of life, prevents the increase in T cells and reduces the magnitude of
the increase in HIS48HI macrophages in PD7 islets. Interestingly, IL4 neutralizing antibody does not
prevent changes in the immune cell populations in exocrine pancreas, demonstrating that immune cells
in the islet are responsible for the IUGR ß‐cell phenotype. These results suggest that T cells and HIS48HI
macrophages are causal to T2D in IUGR rats.
ABSTRACT NUMBER: 3549
Poster Board Number: P365
TITLE: Insulin Effects on Granulosa Cells Steroidogenic Functions
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. López‐Bello, A. C. Palafox‐Gómez, L.
Ramírez‐Martínez, and E. López‐Bayghen. Centro de Investigación y de Estudios Avanzados del Instituto
Politécnico Nacional, Mexico City, Mexico. Sponsor: O. Barbier
KEYWORDS: Metabolism; Cell Culture; Ovary
ABSTRACT: Polycystic Ovarian Syndrome (PCOS) is associated with metabolic syndrome (MetS)—a
multifactorial, systemic imbalance in cell‐energy usage that includes hyperinsulinemia and insulin
resistance (IR). Recent evidence demonstrates that carbohydrate intake restriction improved
hyperinsulinemia, and subsequently, ovarian, hormonal‐ and metabolic‐associated abnormalities in
women with PCOS. Granulosa cells (GCs) play an essential role in folliculogenesis and provide physical
and environmental support for oocyte development. However, insulin’s effect on human granulosa cells
(hGCs) has been poorly explored. Using a primary hGC cell culture, differentiated into mural luteinized,
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we analyzed the effects of insulin on the steroidogenic functions of hGCs. Progesterone production was
reduced when treated for 24 h with 50 nM and 100 nM of insulin (25% and 58%, respectively), and a
more pronounced decrease was observed at 48 h (33% and 61%, respectively). When hGCs were treated
with 50 nM insulin for 24 h, using RT‐qPCR, CYP11A1, SF‐1, and HSD3B1 (genes responsible for
steroidogenesis) expression increased by 56%, 32% and 36% respectively. Undifferentiated hGCs, kept
as cumulus cells, were exposed to insulin to evaluate PTGS2, a gene that participates in the
inflammation and follicle rupture. PTGS2 expression decreased by 84% when cumula cell was treated
with 50 nM insulin for 6h. In conclusion, exposure to insulin affects hGCs steroidogenic function, in
differentiated and undifferentiated cells. The mechanism involved in this effect could affect the quality
of the oocytes, which is one of the problems in women with PCOS.
ABSTRACT NUMBER: 3550
Poster Board Number: P366
TITLE: Prostate Proteomic Approach of Rats Submitted to an Environmentally Relevant Phthalate
Mixture: A Transgenerational Study
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: W. Scarano1, J. Flaws2, L. Alonso‐Costa1, A.
Aquino1, L. Justulin1, S. A. Santos1, B. Lemos3, and L. Barbisan1. 1São Paulo State University ‐ UNESP,
Botucatu, Brazil; 2University of Illinois at Urbana‐Champaign, Urbana, IL; and 3Harvard School of Public
Health, Boston, MA.
KEYWORDS: Phthalates; Proteome; Reproductive System
ABSTRACT: More than 18 billion pounds of phthalates are used each year, predominantly as plasticizers
in PVC products. Furthermore, some reports have shown that phthalates modify epigenetic, which can
be transmitted to different generations. In this sense, the goal of this research was to evaluate the
proteomic profile of ventral prostate (VP) from animals (F1 and F2) exposed by the maternal route, to an
environmental dose of a phthalate mixture. Pregnant SD rats were randomly divided into two
experimental groups: C: Control and T: 20µg/kg/day of phthalate mixture; by gavage. The mixture
composition was: 21% DEHP, 35% DEP, 15% DBP, 8% DiBP, 5% BBzP, and 15% DiNP. Pregnant rats (F0)
were treated from gestational day 10 (GD10) to postnatal day 21 (PND21). Both exposed males and
females (PND90‐F1) were mated with nontreated animals to obtain F2. VP was collected on PND22 and
120 at F1 and only in PND22 at F2. Proteome was performed using the nanoACQUITY UPLC system
coupled with the Xevo Q‐TOF G2 mass spectrometer (Waters, Milford, USA). In F1, the proteomic profile
showed that the mixture upregulated 309 proteins and downregulated 218 proteins on PND22
comparing to C; from those proteins, 53 remained upregulated and 120 downregulated on PND120.
Important proteins like Rabs, Calreticulin, Heat Shock (Hsp), Histones and Ribosomal RNA proteins were
up or downregulated at the different ages in T relative to C. In F2, 76 proteins were upregulated and 229
downregulated in T related to C. Comparing T animals on PND22 between F1 and F2, 18 proteins were
upregulated, and 35 were downregulated regardless of whether the parent exposed was male or
female. Analysis of ontology enrichment in the set of 18 and 35 up and downregulated proteins,
respectively, upon treatment revealed processes associated with gene silencing, chromatin silencing,
cell cycle and response to testosterone and estradiol. Among the upregulated proteins, between
generations, several histones showed significant interaction in T. Additionally, some proteins remained
downregulated between the generations in T, such as GTPases and Rabs family. Our results have
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demonstrated that the phthalate mixture, at an environmentally relevant dose, was able to alter the
proteomic profile in the rat prostate in F1 and F2 generations.
ABSTRACT NUMBER: 3551
Poster Board Number: P367
TITLE: The Role of Aryl Hydrocarbon Receptor in Mediating the Effects of Mono(2‐ethylhexyl) Phthalate
in Ovarian Antral Follicles
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. M. Neff, L. Gao, A. Gonsioroski, and J. A.
Flaws. University of Illinois at Urbana‐Champaign, Urbana, IL.
KEYWORDS: Phthalates; Ovary
ABSTRACT: Phthalates, like di(2‐ethylhexyl) phthalate (DEHP), are pervasive environmental toxicants
used in the manufacturing of numerous consumer products, medical supplies, and building materials.
DEHP is metabolized to mono(2‐ethylhexyl) phthalate (MEHP). MEHP is an endocrine disruptor that
adversely affects folliculogenesis and steroidogenesis in the ovary, but its mechanism of action is not
fully understood. We explored the role of aryl hydrocarbon receptor (AHR) in mediating these effects by
culturing mouse antral follicles with MEHP (0‐400µM) and the AHR antagonist CH223191 (1µM). MEHP
treatment reduced follicle growth over a 96 hour period, and this effect was partially rescued by co‐
culture with CH223191. MEHP exposure alone increased expression of known AHR targets, cytochrome
P450 (CYP) enzymes Cyp1a1 and Cyp1b1, and this induction was blocked by CH223191. We also
observed changes in steroid hormone concentrations in the culture media from follicles exposed to
MEHP. Notably, MEHP reduced media concentrations of estrone and estradiol compared to control. This
observation is consistent with elevation of the estrogen metabolizing enzymes Cyp1a1 and Cyp1b1
following MEHP exposure. MEHP‐mediated reduction of estradiol and estrone was mitigated by co‐
culture with CH223191. We also observed differential expression of estrogen regulated target genes like
insulin‐like growth factor 1 (Igf1), insulin‐like growth factor‐binding protein 4 (Igfbp4), and peroxisome
proliferator‐activated receptor gamma (Pparg) following exposure to MEHP compared to control, and
these changes were reduced with inclusion of CH223191. Together, these data suggest that MEHP
mediates its effects in the ovary in part by inducing expression of estrogen metabolizing enzymes
CYP1a1/1b1 through AHR activation, leading to reduced production of estrone and estradiol. Reduced
estrogen production by MEHP, perhaps in combination with negative crosstalk between AHR and
estrogen receptor (ER), leads to altered estrogen signaling. Supported by NIH R01 ES 028661.
ABSTRACT NUMBER: 3552
Poster Board Number: P368
TITLE: Maternal Exposure to Tobacco Products Leads to Skeletal Deformities in Adult Offspring Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. J. Soh, L. M. Walker, and N. R. L. Sparks.
University of California Riverside, Riverside, CA.
KEYWORDS: Bone; Exposure, Environmental; Developmental Toxicity; Prenatal
ABSTRACT: The U.S. Food and Drug Administration reported that cigarette smoking is the leading cause
of preventable death with more than 480,000 deaths per year in the United States. Not only does
smoking have repercussions on the user, the effects extend to offspring as well. Maternal smoking
during pregnancy (MSDP) has resulted in more than half a million infants that are prenatally exposed per
year. Studies have shown that MSDP leads to low birth weight, increased asthma and wheezing, and
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behavioral abnormalities in the offspring. Although the harmful effects of smoking in the major soft
organs of the body have been studied, the ramifications of MSDP on the skeletal development of the
embryo are largely unknown. To characterize the effects of maternal exposure to tobacco products on
the developing embryo for the first time, pregnant mice were injected with smokeless tobacco extract at
E6.5 and E8.5 and skeletal morphology was studied in the offspring. Measurements of rib cage length
showed an 8.43% increase in females and a 5.95% increase in males. Inspecting the rib cage angles
illustrated a 1.31% and 3.94% increase in females and males respectively. Another rib cage deformity
known as barrel chest, which forms as a result of chronic obstructive pulmonary disease, was observed
in the adult mice. The females had an average ratio around 0.62 while males had an average ratio of
about 0.58. Furthermore, bone densitometry of the adult skeleton showed that the treated mice had a
decrease in mineralization. These novel, convincing results suggest that tobacco exposure during
development leads to a hypomineralized phenotype in the bone later in life. However, whether these
effects extend to humans in not known. To give first insights into the detrimental effects of tobacco
exposure to human skeletal development, we next used an in vitro osteogenic differentiation protocol
from human embryonic stem cells (hESCs) developed in our lab. Indeed, exposure to smokeless tobacco
extract during differentiation resulted in the inhibition of normal osteogenesis. Ultimately, these
findings demonstrate that maternal exposure to tobacco leads to an increase in rib cage deformity and a
hypomineralization phenotype in adult offspring mice. In addition, initial in vitro experiments with hESCs
illustrate the inhibition of normal osteogenesis suggesting that the rib cage deformities seen in the mice
could translate to humans as well.
ABSTRACT NUMBER: 3553
Poster Board Number: P369
TITLE: Calculating Estrous Cycle Length versus Number of Estrous Cycles: A Comparison of Results Based
on Nearly Thirty Years of Historical Control Data in the Sprague Dawley Rat
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. B. Carlson, E. M. Lewis, and A. M.
Hoberman. Charles River, Horsham, PA.
KEYWORDS: Reproductive and Developmental Toxicology; Cyclicity; Fertility
ABSTRACT: Evaluation of the rodent estrous cycle is a sensitive indicator of normal reproductive
function. Changes to normal cycling patterns are affected by exposure to xenobiotics and chemicals. The
Testing Facility routinely evaluates estrous cycles in out‐bred rodent strains in a variety of reproductive
toxicity study designs, including ICH‐compliant fertility, perinatal/postnatal development, and juvenile
toxicity studies for pharmaceuticals and OECD‐compliant reproductive screens and multigenerational
and peripubertal studies for chemicals and agrochemicals. In a typical reproductive toxicity assessment
for a pharmaceutical candidate, the number of estrous cycles within a designated observation period
(e.g., prior to initiation of cohabitation with a male rat of the same source and strain) is determined by
counting the number of times estrus (i.e., the period in which cornified epithelial cells are the
predominant cell type in a vaginal lavage sample) is observed for each female, averaged as a mean per
dose group, and compared to a concurrent control group for statistically significant differences. Based
on historical control data sets collected since 1992, the background incidence of the number of estrous
cycles in the SD rat has been 3.2, 3.2, and 3.2 for 1992 through 1999, 2000 through 2007, and 2008 to
2013, respectively. The husbandry conditions of housing, feed, and water have been essentially the
same over this period and allow for a comparison of genetically mediated changes over time. Within the
Endocrine Disruptor Screening Program (EDSP) for chemicals, the mean cycle length is determined by

The Toxicologist: Late-Breaking Supplement 2020

184

counting “the number of days from either one proestrus to the next proestrus, or from one diestrus to
the next diestrus.” The average cycle length is determined on an individual animal basis, averaged for
each dose group, and then compared to a concurrent control group for statistically significant
differences. Each tabulation technique has been applied to the negative control dataset and to positive
control groups to compare the sensitivity of each approach in identifying potential effects on estrous in
SD female rats and to provide information on genetic drift in this out‐bred strain over time.
ABSTRACT NUMBER: 3554
Poster Board Number: P370
TITLE: Tobacco‐Induced Transcriptional Dysregulation Associates with Attenuation of Osteogenesis
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. R. L. Sparks1, L. Walker1,2, D. Williams1,
and N. I. zur Nieden1. 1University of California Riverside, Riverside, CA; and 2Rutgers, The State University
of New Jersey, Piscataway, NJ.
KEYWORDS: Developmental Toxicity; Prenatal; Embryonic Stem Cells; Gene Expression/Regulation
ABSTRACT: Musculoskeletal defects, form the largest group of defects that include head and limb
defects, have been associated with tobacco exposure in utero. Pregnant women who cannot refrain
from smoking are often lured to using harm reduction tobacco products (HRTPs)—which are marketed
as safer alternatives. Since proper development of osteoblasts, the bone forming cells, depends on
regulatory genes that direct skeletal development, we hypothesized that such genes could be
improperly altered when exposed to tobacco products. It is unclear whether transcriptional regulators
of osteogenesis are sensitive to HRTPs and whether exposure can result in a skeletal abnormality. We
provide here the first evidence that HRTPs are toxic to the developing skeleton. Mice exposed to Camel
Blue sidestream (SS) smoke and Camel Snus extracts (STE) in utero exhibited defects in bone
mineralization and morphological abnormalities, showing decreased cranial and sternum mineralization
and maldeveloped ribs. Using human embryonic stem cells (hESCs), Camel Blue and STE decreased
osteoblast differentiation. Mechanistically, HRTPs increased levels of reactive oxygen species,
concomitant with diminishing superoxide dismutase and catalase activity. FOXO transcription factors,
regulators of free‐scavenging enzymes, were decreased both at the mRNA and nuclear protein levels
due to HRTP exposure. FOXO knockdown cultures phenocopied the reduction of osteoblast production.
Globally, RNA‐sequencing analysis revealed a divergent mechanisms of osteogenic inhibition between
HRTP treated cultures. Camel Blue targeted FOXOs and genes associated with growth receptor signaling
(i.e. EGFR and IGF1R) whereas STE misregulated genes associated with paraxial mesoderm development
(T, EOMES, CDX1/2). Combined with ChIP‐seq analysis, Gene Ontology terms suggested that the lack of
FOXO correlated to defects in embryonic development, skeletal development, osteoblast differentiation,
cell fate commitment, and extracellular matrix organization. Overall, our data suggests that HRTPs
disrupt embryonic skeletal development by modulation of HRTP‐sensitive transcription factors that are
regulated early in osteoblast differentiation. Ultimately, this novel data updates the understanding of
how smoking affects fetal development.
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ABSTRACT NUMBER: 3555
Poster Board Number: P371
TITLE: An In Vivo Assessment of the Toxicology of Cannabidiol (CBD) in the Neonatal/Juvenile Rat
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Patel1, D. Perks2, C. Horne1, and B.
Whalley1. 1GW Pharmaceuticals, Histon, Cambridge, United Kingdom; and 2Covance Laboratories
Limited, Harrogate, United Kingdom.
KEYWORDS: Reproductive and Developmental Toxicology
ABSTRACT: Plant‐derived highly purified CBD, (approved as Epidiolex® in the U.S.), has demonstrated
efficacy with an acceptable safety profile in patients with Dravet syndrome or Lennox Gastaut Syndrome
in 4 randomized, controlled trials. As many of these patients are often young children, the purified CBD
was evaluated in a juvenile toxicology study, in accordance with FDA advice. CBD was administered
subcutaneously (s.c.) in an appropriate vehicle at a dose of 15mg/kg from post natal day (PND) 4‐6 in all
dose groups, while controls received vehicle. Thereafter (PND 7 to 77), animals received CBD by oral
gavage in 3 dose groups (100, 150 and 250mg/kg/day). On completion of dosing, selected animals
entered a treatment‐free recovery period of 6 weeks. Clinical signs noted were transient mouth rubbing
and/or salivation in all dose groups including vehicle, likely due to unpalatability. Non adverse increased
bodyweight gains and food consumption were observed in the mid and high dose groups, with the low
dose group remaining comparable to the vehicle controls. No adverse effects on growth, or pup
developmental parameters were observed. Minor decreases on locomotor activity and auditory startle
habituation were noted. No effects on markers of sexual maturation and no effect on mating, fertility or
pregnancy outcomes. No adverse effects on hematology or urinalysis parameters and any elevations in
plasma calcium (males), and cholesterol, total protein and globulin (females) resolved during the
treatment‐free period. Macroscopically, large liver was recorded. On microscopic examination, there
were treatment‐related findings in the liver (hepatocyte hypertrophy and vacuolation) and thyroid gland
(thyroid follicular cell hypertrophy), in the adrenal gland of males only (cortical cell vacuolation), and in
bone mineral density assessments; all of which resolved following the treatment‐free period. Plasma
samples analyzed confirmed dose dependent CBD exposure in the test item treated groups. 2.6 %
animals died of a cause unrelated to treatment mostly before weaning. However, there were 3
inconclusive deaths (2 found dead, 1 euthanized following marked body weight loss) at the high dose
(250mg/kg/day) where the cause of death could not be identified. It can be concluded that CBD dosed
from PND 4‐77 has no negative effects on juvenile rats up to a dose of 150mg/kg/day.
ABSTRACT NUMBER: 3556
Poster Board Number: P372
TITLE: Developmental Effects of Metabolites of Organophosphate Triesters in Zebrafish
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Kubota1, J. Lee1, Y. Morita1, A. Covaci2,
and Y. K. Kawai1. 1Obihiro University of Agriculture and Veterinary Medicine, Obihiro, Japan; and
2
University of Antwerp, Antwerp, Belgium.
ABSTRACT: Organophosphate triesters are used worldwide as additives in flame retardants and
plasticizer as a replacement of polybrominated diphenyl ethers. Increasing evidence on human exposure
to and environmental contamination with organophosphorus flame retardants (OPFRs) requires an
adequate toxicity assessment for this class of chemicals. While developmental toxicity of several OPFRs
has been reported, developmental effects of OPFR metabolites have still to be understood. The present
study aimed at understanding developmental effects of metabolites of OPFRs, with particular attention
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to effects on circulatory and endocrine systems by using zebrafish. We demonstrated that several OPFR
metabolites showed circulatory failure and endocrine disruption with equivalent or even greater
potency than the parent compounds. The circulatory failure appeared to be enhanced with the increase
in the octanol‐water partition coefficients of OPFRs and their metabolites, suggesting that
developmental circulatory failure posed by these chemicals could be estimated by their bioaccumulative
potential. We also identified a decreased expression of growth hormone / insulin‐like growth factor‐1
(gh/igf‐1) as a possible key event of growth inhibition in zebrafish embryos exposed to several parental
OPFRs. However, no OPFR metabolites examined in the present study elicited growth inhibition or
decreased expression of gh or igf‐1. A reagent propranolol known for stimulating growth hormone
secretion rescued the inhibitory effects of these OPFRs on growth, possibly through decrease of
hypothalamic somatostatin secretion and subsequent increase in growth hormone secretion.The
current results established foundation for further understanding similarity and difference in toxic
mechanisms between OPFRs and their metabolites.
ABSTRACT NUMBER: 3557
Poster Board Number: P373
TITLE: Chronic Cannabidiol (CBD) Exposure Modifies Cortical DNA Methylation Patterns in Adult Male
Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: N. M. Wanner, M. Colwell, and C. Faulk.
University of Minnesota Twin Cities, Saint Paul, MN.
KEYWORDS: Gene Expression/Regulation; Epigenetics
ABSTRACT: Cannabidiol (CBD) is the primary non‐psychoactive compound found in cannabis (Cannabis
sativa) and an increasingly popular health supplement with some established and many purported
health benefits. Specifically, recent animal studies have revealed anxiolytic, antipsychotic, and prosocial
effects for CBD that mirror anecdotal reports in humans, however, the underlying mechanisms
facilitating these changes are not well understood. Shifts in the epigenome, particularly DNA
methylation, as a result of exogenous exposures can affect phenotype in a persistent manner both
within and between generations; the genome‐wide epigenetic effects of direct in vivo CBD exposure are
not known. Fourteen 12‐week‐old male C57BL/6 mice were exposed to either 20 mg/kg CBD (Epidiolex,
GW Pharmaceuticals) or honey vehicle daily via ingestion for fourteen days and reduced‐representation
bisulfite sequencing (RRBS) was performed on cortical brain tissue. 5,881 differentially methylated loci
(DMLs) and 64 differentially methylated regions (DMRs) were identified with GO term enrichment
finding significant differences in neuron projection morphogenesis, dendrite development, and synapse
organization between the two groups. Additionally, disease ontology enrichment revealed an
overrepresentation of genes involved in autism spectrum disorder, schizophrenia, and type 2 diabetes.
These findings represent an initial investigation of CBD’s epigenetic effects in the brain and suggest that
the compound may have disease‐relevant effects on the mammalian cortical epigenome.
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ABSTRACT NUMBER: 3558
Poster Board Number: P374
TITLE: Identification of piRNA and PIWIL Machinery in Human Somatic Tissues
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. K. Morgan, B. P. U. Perera, T. R. Jones,
and D. C. Dolinoy. University of Michigan School of Public Health, Ann Arbor, MI.
KEYWORDS: Epigenetics; RT‐PCR
ABSTRACT: PIWI‐interacting RNA (piRNA) are a class of small, non‐coding RNA that associate with PIWI
proteins, a subset of the Argonaut family, to direct the silencing of transposons via DNA methylation.
piRNA are also key components of epigenetic reprogramming, as well as in the regulation of
transcription, translation, and development. Thus, the broad functions of piRNA make them an
important class of RNA to evaluate from a toxicological perspective. While piRNA were long considered
to be exclusively expressed in the germline, our work in mouse tissues identified tissue‐specific
expression of piRNA and PIWI proteins in the soma. Here we aim to characterize human somatic
expression of piRNA and PIWIL machinery in several tissues during development (N=5 female and 5 male
per tissue, ages gestational day 90‐105): brain, heart, lung, liver, and kidney, compared to gonads.
Quantitative PCR analysis revealed tissue‐specific expression of all four human PIWIL mRNAs. First,
PIWIL1 and 2 expression was identified in human soma, albeit at lower levels than the germline, with
brain, kidney, and liver exhibiting the highest relative expression of normalized to the gonads. Second,
PIWIL3 expression was identified in the liver at a higher level than the germline, with 425% relative
expression normalized to the gonads. Finally, PIWIL4 expression was markedly expressed across all
tissues with 93%, 76%, 53%, 56%, and 83% relative expression normalized to the gonads in the brain,
heart, lung, liver, and kidney, respectively. Interestingly, PIWIL4 also demonstrated sex‐specific
expression with female brain showing higher PIWIL4 expression (at 254%) compared to their respective
male counterparts (at 34%). Compared to our previous work in the mouse soma, Perera et al., 2019,
these results suggest species‐specific expression of PIWIL machinery. In addition, high expression of
PIWIL4 in female brain emphasizes the necessity of studying sex‐specific effects of toxicants on
epigenetic mechanisms. Further analysis of small RNAs enriched for piRNAs following sodium periodate
treatment will be carried out via next‐generation sequencing to identify tissue‐ and sex‐specific
expression of piRNA transcripts. An accurate assessment of the baseline expression of piRNA across
tissues is critical for future investigations into the disruption of the piRNA system as a result of
environmental exposures, as well as the use of this class of RNA as an epigenome editing tool.
ABSTRACT NUMBER: 3559
Poster Board Number: P375
TITLE: Epigenetic Dysregulation of the Ido1 Gene Induced by Bisphenol‐A (BPA) and
Tetrabromobisphenol‐A (TBBPA) Exposure is Associated with Fetal Loss in Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Reed, P. Spinelli, and M. Susiarjo.
University of Rochester, Rochester, NY.
KEYWORDS: Epigenetics; Reproductive and Developmental Toxicology; Exposure, Environmental
ABSTRACT: Genomic imprinting is a naturally occurring biological phenomenon that results in unequal
expression of genes from the maternal and paternal chromosomes. Misregulation of imprinted genes
results in aberrant fetal and placental growth and development and has been associated with imprinting
disease in humans. Imprinted genes are regulated by epigenetic mechanisms with DNA methylation as
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the best characterized imprinting mark. At imprinted genes, there are genomic regions that display
differential methylation known as differentially methylated regions (DMRs). Recent studies have shown
that exposure to endocrine disrupting chemicals (EDCs) can disrupt methylation patterns at DMRs. My
research focuses on effects of exposure to EDCs (e.g., Bisphenol A (BPA) and Tetrabromobisphenol A
(TBBPA)) on imprinting regulation of indoleamine‐deoxygenase 1 (Ido1), a novel, maternally expressed
imprinted gene with paternal allele‐specific DNA methylation of a DMR in the gene promoter. IDO1 is a
key enzyme in the tryptophan‐kynurenine catabolic pathway. During normal development, the Ido1
gene is maximally expressed in the placenta at embryonic day (E) 9.5 in mice. Previous studies have
shown that IDO1 is involved in pregnancy maintenance, as reduced IDO1 protein expression is linked to
miscarriages in humans and pharmacological inhibition of IDO1 enzymatic activity in mice results in early
embryonic hemorrhaging and increased rates of fetal loss later in gestation. Interestingly, exposure to
BPA and TBBPA reduces placental Ido1 mRNA in mice. To determine if reduction of Ido1 in placentas
from EDC‐exposed mice is linked to increased DNA methylation, we performed bisulfite‐pyrosequencing
of the Ido1 promoter in controls and EDC‐exposed placentas. We observed a significant increase in the
total DNA methylation of BPA‐exposed male and female placentas as well as TBBPA‐exposed female
placentas (n=6‐11; P<0.05). Because decreased IDO1 has been associated with pregnancy loss, we
further studied whether exposure to these compounds increased rates of fetal loss. Our studies show
that BPA and TBBPA‐exposed embryos have higher rates of early embryonic hemorrhaging at E7.5
(n=21‐32; P<0.01) and that BPA and TBBPA exposure is associated with higher rates of fetal resorption at
E16.5 (N=20‐22; P=0.0318). These findings demonstrate that epigenetic dysregulation of Ido1 in EDC‐
exposed mice is significantly associated with pregnancy loss.
ABSTRACT NUMBER: 3560
Poster Board Number: P376
TITLE: Saliva Cell Type Reference Panel for DNA Methylation Studies in Children
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. Y. M. Middleton1, J. Dou1, J. Fisher1, J. A.
Heiss2, A. C. Just2, J. Faul1, E. B. Ware1, C. Mitchell1, J. A. Colacino1, and K. M. Bakulski1. 1University of
Michigan, Ann Arbor, MI; and 2Icahn School of Medicine at Mount Sinai, New York, NY.
KEYWORDS: Epigenetics
ABSTRACT: Saliva is a heterogeneous mixture of immune and epithelial cells and is widely used in
environmental epidemiology. Exposure or disease differences measured by DNA methylation could be
confounded by cell type proportions. We profiled the DNA methylation of saliva cell types to develop a
tool to estimate cell type proportions and control for cell type composition in epigenetic studies. Saliva
collected from 22 children was sorted into immune and epithelial cells using size exclusion filtration and
magnetic bead sorting. DNA methylation was measured using the Illumina MethylationEPIC BeadChip.
Following quality control, 795,694 DNA methylation sites were analyzed by t‐test and gene ontology
across 38 sorted cell fractions to identify cell type specific DNA methylation sites and biologic pathways.
We used informative sites to estimate cell type proportions in 22 whole saliva samples and compared to
proportions estimated using existing informative sites from cell lines and blood samples. The first
principal component of the DNA methylation data explained 80.8% of the variation and was associated
with cell type (p = 1.7x10‐15). We identified 164,793 (20.7%) sites differentially methylated between
immune and epithelial cell populations (p < 10‐8) with an average magnitude of DNA methylation
difference of 32.4%. Among these sites, 27.8% were hypomethylated in immune cells relative to
epithelial cells and they mapped to genes enriched for immune pathways (p = 1.6x10‐18).
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Hypermethylated sites mapped to genes enriched for cornification (p = 5.2x10‐4), a key process in hard
palate formation. In whole saliva samples, estimated cell proportions explained 25.1% of the variance in
DNA methylation data, compared to 22.2% with the existing method. Saliva immune and epithelial cells
have distinct DNA methylation profiles which influence whole saliva measurements. This is the first
saliva referenced‐based deconvolution algorithm for estimating cell type proportions in saliva. Our
method will improve epigenetic toxicology and environmental epidemiology studies by reducing
confounding by cell type proportions.
ABSTRACT NUMBER: 3561
Poster Board Number: P377
TITLE: Characterization of Breast Milk Extracellular Vesicle miRNAs and Associations with Perfluoroalkyl
Substances in a Population‐Based Mother‐Infant Cohort from the Faroe Islands
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Kupsco1, D. Prada2,1, D. Valvi3, L. Hu1, M.
Skaalum Petersen4,5, B. Coull6, P. Grandjean6,7, P. Weihe5,4, and A. A. Baccarelli1. 1Columbia University
Mailman School of Public Health, New York, NY; 2Universidad Nacional Autonoma de Mexico, Mexico
City, Mexico; 3Icahn School of Medicine at Mount Sinai, New York, NY; 4The Faroese Hospital System,
Tórshavn, Faroe Islands; 5University of The Faroe Islands, Tórshavn, Faroe Islands; 6Harvard T.H. Chan
School of Public Health, Boston, MA; and 7University of Southern Denmark, Odense, Denmark.
KEYWORDS: Perfluoronated Agents; Epigenetics; Developmental Toxicity; Post‐Natal
ABSTRACT: Human breast milk (BM) plays a critical role in infant development and health. BM contains
extracellular vesicles (EVs) that can transport biologically relevant cargo from mother to infant, including
noncoding RNAs, like microRNAs (miRNAs). However, to date, most studies on BM EVs have been
limited in sample size and no study has investigated the associations of these miRNAs with maternal
toxicant exposures. Therefore, we aimed to investigate BMEV‐miRNA profiles in a human population
cohort, characterize BMEV‐miRNAs patterns and clusters, and assess potential pathways and ontology.
We conducted the first study to describe the EV miRNA profile of BM in 364 mothers from a population‐
based mother‐infant cohort in the Faroe Islands using small RNA sequencing. We detected 1,523
miRNAs with at least one read in 70% of samples. Using hierarchical clustering, we determined the three
top expressed BMEV‐miRNA clusters, consisting of 15, 27, and 127 miRNAs. Top‐cluster BMEV‐miRNAs
were involved in pathways enriched for the endocrine system, cellular community, and
neurodevelopment. We then then examined associations of top expressed miRNAs with five
perfluoroalkyl substances (PFAS) measured in maternal pregnancy serum. We found 13 BMEV‐miRNAs
were significantly up‐regulated and 14 down‐regulated in response to PFAS exposure. miRNAs
associated with perfluorooctanoic acid were predicted to be involved in thyroid hormone synthesis. Our
findings overall underscore the utility of BMEV‐miRNAs as promising exposure‐effect biomarkers, and
potential associations with PFAS exposure. Future studies are needed to elucidate the role of BMEV‐
miRNAs in health and disease following pollutant exposure.
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ABSTRACT NUMBER: 3562
Poster Board Number: P378
TITLE: Epigenetic Effects of Gestational Diabetes: A Prospective Study
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Mohazzab‐Hosseinian1, C. Breton1, T.
Bastain1, C. Howe1, T. Chavez1, and M. Gribble2. 1University of Southern California, Los Angeles, CA; and
2
Emory University, Atlanta, GA.
KEYWORDS: Epigenetics; Genetic Toxicology; Hepatocytes
ABSTRACT: Incidence of Gestational diabetes mellitus (GDM) has surged in developed countries. Though
there are established risk factors like diet, physical activity, and age, the pathogenesis of GDM is still
unclear. Given the rapid changes in cellular processes in the mother during gestation, it is likely that
regulation of the epigenome may contribute to increased risk for, or act as a consequence of, GDM.
Identifying GDM methylation sites or regions that change during gestation can inform primary
prevention strategies and reduce the risk of adverse birth outcomes caused by a metabolically toxic
prenatal environment. In this study, whole blood EPIC methylation array data was collected at the first
and third trimester from 83 participants in the Maternal and Developmental Risks from Environmental
and Social Stressors (MADRES) cohort, a pregnancy cohort of low‐income, Hispanic women from Los
Angeles. The longitudinal nature of the study was leveraged to understand the difference in methylation
profile changes of women with GDM and those with normal glucose levels. Our findings reveal that
women with GDM have a number of CpG site profile changes (n=6) compared to women with normal
glucose levels. Genes like SLC25A20 and LRRC8A, associated with FDR significant CpG sites in our
analysis, have been previously implicated in insulin regulation and hepatic function. Gene Ontology
analysis of FDR significant genes associated with these CpG sites revealed disturbances to binding and
regulatory pathways. This is the first study to examine the epigenetic profile associated with GDM across
pregnancy in a cohort of women. Our findings include genes associated with hepatic function that are
consistent with published literature, and illustrate the epigenetic shifts of GDM in this highly exposed,
vulnerable population.
ABSTRACT NUMBER: 3563
Poster Board Number: P379
TITLE: Central Nervous System Toxicity to Sub‐Chronic Exposure of Ambient Fine Particulate Matter in
Alzheimer's Disease Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Chen1, S. Lee1, H. Chen1, H. Chuang2, T.
Chen3, M. Chiu3, B. Tee4, and T. Cheng1. 1National Taiwan University, Taipei, Taiwan; 2Taipei Medical
University, Taipei, Taiwan; 3National Taiwan University Hospital, Taipei, Taiwan; and 4National Taiwan
University Hospital Hsin‐Chu Branch, Hsin‐Chu, Taiwan.
KEYWORDS: Environmental Toxicology; Neurotoxicology; Inhalation Toxicology
ABSTRACT: Numerous epidemiological studies have revealed an association between the ambient fine
particulate matter (PM2.5) exposure and the central nervous system (CNS) dysfunction, including
Alzheimer’s disease (AD). However, the PM2.5‐induced toxicity and mechanisms remain unclear. In the
current study, we assessed the CNS toxicity following sub‐chronic PM2.5 exposure in 6‐month‐old female
triple‐transgenic AD (3xTg‐AD) mice by the Taipei Air Pollution Exposure System. The treated mice were
whole‐bodily and continuously exposed to real‐world and non‐concentrated PM2.5 for 3 months, while
the control mice inhaled filtered air. The neuronal behaviors underlying the PM2.5 exposure were
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assessed by Morris Water Maze and rotarod test. The AD‐related toxicity and oxidative stress were
separately evaluated by the western blot analysis and liquid chromatography‐mass spectrometry. Our
results showed that the malondialdehyde level in the olfactory bulb and hippocampus, as well as the
phosphorylated‐Tau protein level in the olfactory bulb, were significantly increased in the PM2.5
exposure group compared to the control group, while most behavior indicators of the PM2.5 treated
mice were not different from the control mice. These results suggest that sub‐chronic exposure to
environmental level of PM2.5 may exacerbate tau pathology and oxidative stress in the CNS of AD mice,
especially in the olfactory bulb and hippocampus.
ABSTRACT NUMBER: 3564
Poster Board Number: P380
TITLE: Neurotoxic Impact of Developmental Iron‐Sulfur and Air Pollution in the Mouse Nucleus
Accumbens
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Goeke, K. Conrad, E. Marvin, A. Merrill, T.
Anderson, D. Cory‐Slechta, and M. Sobolewski. University of Rochester, Rochester, NY.
KEYWORDS: Apoptosis; Exposure, Environmental; Neurotoxicology
ABSTRACT: Epidemiological studies increasingly associate air pollution with neurodevelopmental
disorders. Our previous studies indicate that developmental exposure to concentrated ambient ultrafine
particles (CAPS) results in male‐biased neurotoxicity, including enlarged lateral ventricles, reduced
corpus callosum myelination, increased cell death, increased impulsive‐like behavior, and decreased
social behavior. Constituents of CAPS leading to this neurotoxicity are unknown, but particulate filter
measurements revealed high levels of multiple trace elements, particularly iron (Fe), and sulfur (S), both
known to produce oxidative stress and to be neurotoxic in excess. To investigate the potential
involvement of Fe and S in the developmental neurotoxicity of CAPS, C57/Bl6J mice were exposed to
FexOy and S (Fe: 1.0 µg/m3, S: 0.66 mg/m3, based on human exposures) from postnatal days (PND) 4‐7
and 10‐13, for 4 hours/day. Cell death in the nucleus accumbens (NAcc) at PND 14, 30 and 60, was
examined using Caspase 3, a marker of apoptotic cell death, and FluoroJade, a non‐specific marker of
cell death, following exposures to FeS, or CAPS (96 µg/m3), due to the critical role of the NAcc in altered
behaviors. NeuN was used to stain neurons. At PND14, both CAPS and FeS exposure resulted in sex‐
dependent cell death profiles, with increased cell death in males, but decreased cell death in females,
with a greater magnitude effect from FeS exposure. Furthermore, FluoroJade and Caspase 3 staining
overlapped, indicating that the cell death wass likely apoptotic. By contrast, at PND30 both females and
males had decreased cell death after FeS exposure. These data support the hypothesis that FeS and
CAPS induced increases in apoptotic cell death in the NAcc in males, and may underlie some of the
behavioral and cognitive alterations seen following developmental air pollution exposure.
Understanding sex dependent toxicity of air pollution constituents is critical, as many children’s
neurobehavioral disorders potentially linked to air pollution show sex biased prevalence rates. In total,
evidence suggests that air pollution, particularly the ultrafine component, may be contributing to
neurodevelopmental disorders seen in humans, and further research is needed to identify the
underlying cellular mechanisms.
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ABSTRACT NUMBER: 3565
Poster Board Number: P381
TITLE: Neonatal Co‐Exposure of Mice to Ultrafine Iron Particles and Sulfur Dioxide Does Not Affect Gross
Locomotion or Novel Object Recognition in Early Adulthood
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Eckard, E. Marvin, K. Conrad, A. Merrill,
G. Oberdörster, M. Sobolewski, and D. A. Cory‐Slechta. University of Rochester School of Medicine and
Dentistry, Rochester, NY.
KEYWORDS: Neurotoxicology; Inhalation Toxicology; Behavioral
ABSTRACT: Air pollution is a growing threat to human health. Concomitant with pulmonary damage and
inflammation, air pollution exposure can adversely affect neurological development and function. Air
pollution is a complex mixture of gases and particulate matter, including trace elements, the
constituents of which may differentially contribute to its neurodevelopmental impacts. Epidemiological
data suggest that iron (Fe) concentrations in air pollution may drive behavioral deficits observed in
children. Similarly, data from our lab indicates that brains of neonate mice exposed to concentrated
ambient ultrafine particulate matter showed significant CNS translocation of Fe and sulfur, which were
two of the most abundant elements detected in the ultrafine aerosol. To determine the impact of these
constituents specifically, male and female neonate mice were either exposed to filtered air or an aerosol
mixture of spark discharge‐generated ultrafine Fe particles and sulfur dioxide (SO2) (n =
12/exposure/sex). Inhalation exposures occurred from postnatal day (PND) 4‐7 and 10‐13 for 4 hr/day.
Across all exposure days, particle diameter averaged 12.43 nanometers and Fe particle concentration
averaged 2.16x105 particles/cm3 (~1 µg/m3) with a SO2 concentration of approximately 498 ppb. Mice
were aged to adulthood prior to behavioral testing. Targets for initial behavioral testing included
locomotor activity and recognition memory as measured by novel object recognition. Locomotor activity
was assessed at PND 65 followed by novel object recognition at PND 85. Overall, there were no
differences in locomotor activity between air‐ and Fe+SO2‐exposed mice in either sex. Similarly, novel
object recognition was consistent across groups suggesting intact recognition memory in both sexes
following neonatal Fe+SO2 exposure. While these results do not preclude detection of other behavioral
deficits, they do suggest that neonatal Fe+SO2 exposure does not impact gross locomotion or short‐term
recognition memory in early adulthood. Ongoing studies will focus on additional, more sensitive
behavioral endpoints including interval timing, response inhibition, and discrimination learning.
Supported by R01‐ES025541.
ABSTRACT NUMBER: 3566
Poster Board Number: P382
TITLE: Effect of Diesel Exhaust Particles on Barrier Property of the Skin
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Wu, D. Xu, K. Frondorf, C. Honnold, and
K. Mumy. Naval Medical Research Unit‐Dayton, Wright‐Patterson AFB, OH.
KEYWORDS: In Vitro and Alternatives; Cutaneous or Skin Toxicity; Particulates
ABSTRACT: Particulate matter (PM) exposure is known to adversely influencing human health. World
Health Organization reports that PM exposure causes 0.8 million premature deaths annually, ranking
PM exposure the 13th leading cause of mortality worldwide. Studies have suggested that PM exposure
exerts adverse effects on several organs, including the lung, cardiovascular system, immune system, and
nervous system. Among PM exposures, diesel exhaust particles (DEP) constitutes the major part of PM
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and is characterized by a carbonic mixture composed of approximately 18,000 different high‐molecular‐
weight organic compounds. Most PM research has focused on PM exposure as a cause of respiratory
and cardiovascular injuries. Evidence indicates that PM exposure elicits oxidative stress and
inflammation on lung tissues, resulting in pulmonary epithelial barrier dysfunction, cytotoxicity, and
even cancer. Similar to the defensive function of respiratory tract, skin is the largest organ and acts as a
protective barrier against direct contact with pollutants. Recently, the effect of PM on the skin has
attracted attention because PM exposure was shown to aggravate symptoms in children with allergic
dermatitis and eczema, and promote inflammatory disorders, aging, androgenetic alopecia, and cancers
of the skin. Alteration of skin barrier function has resulted in the development of various cutaneous
diseases. However, current research that links PM exposure and skin barrier function is limited. In this
study, we investigated the effect of DEP on the barrier property of the skin by employing primary
cultured human keratinocytes as an in vitro model. We exposed keratinocytes to DEP (SRM2975) at
different doses (25, 50, 100, 200, and 400 µg/ml) and for different durations (24, 48, and 72 hours).
After exposure, we observed reduced barrier property. Transepithelial/transendothelial electrical
resistance decreased with increasing doses of DEP. The DEP‐induced barrier dysfunction was attenuated
by pre‐treatment with antioxidant N‐acetyl‐cysterine, confirming that DEP‐induced damage was due to
oxidative stress. These findings contribute to the understanding of the pathophysiological mechanisms
triggered in the skin by PM exposure, among which oxidative stress may play a key role.
ABSTRACT NUMBER: 3567
Poster Board Number: P383
TITLE: Prenatal Traffic‐Related Air Pollution Exposure and Postpartum Depressive Symptoms in the
MADRES Pregnancy Cohort
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. A. Chavez, R. Habre, S. Farzan, C. Toledo‐
Corral, B. Grubbs, S. Eckel, G. Dunton, C. Breton, and T. Bastain. University of Southern California, Los
Angeles, CA. Sponsor: M. Gribble
ABSTRACT: There is mounting evidence that pregnancy is a vulnerable window of exposure for later
maternal health effects as pregnancy is a period of dynamic biological and hormonal fluctuations
designed to support fetal development that may increase maternal susceptibility to toxic exposures.
Adverse effects of prenatal air pollution on child neurodevelopmental outcomes are increasingly
documented, but little is known about the effects of prenatal traffic‐related air pollution on maternal
postpartum depressive symptoms. We investigated this question in the MADRES cohort, a prospective
pregnancy cohort of low‐income, predominantly Hispanic women in urban Los Angeles. Study
participants were over 18 years of age, singleton pregnancy, and less than 30 weeks gestation at study
entry and were recruited from community health clinics providing care to medically‐underserved
populations. Participants were followed throughout their pregnancies and the first postpartum year via
a series of in‐person visits and phone questionnaires that were orally administered in English or Spanish.
We collected information on sociodemographics, psychosocial stressors (including the Postpartum
Distress Measure, a measure of postpartum depressive and anxiety symptoms), prenatal health and
exposure history as well as residential address history. Trimester‐specific exposures and exposure
averaged across pregnancy to traffic‐related freeway, non‐freeway and total NOx concentrations were
estimated using the Caline4 dispersion model assigned to MADRES participant residences during
pregnancy. We found that modeled prenatal traffic‐related pollution exposures in the 1st, 2nd and 3rd
trimesters and averaged across pregnancy were significantly associated with increased postpartum
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distress scores at 6 /12 months postpartum, after adjusting for study recruitment site, maternal age,
season of birth, SES deprivation score, parity, maternal smoking during pregnancy, and race/ethnicity.
For example, for each ppb increase in traffic‐related non‐freeway NOx exposure averaged across
pregnancy, women scored 1.6 points higher on the postpartum distress measure (β=1.60, 95% CI 1.14‐
2.24, p<0.01) at 12 months postpartum, suggesting that these exposures during the critical period of
gestation may have important long‐term implications for women’s postpartum mental health
ABSTRACT NUMBER: 3568
Poster Board Number: P384
TITLE: Peripheral Neuroinflammatory and Oxidative Stress‐Inducing Properties of Developmental
Exposures to Concentrated Ambient Ultrafine Particles (CAPs)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Cory‐Slechta, G. Oberdorster, E. Marvin,
K. Conrad, A. Merrill, and M. Sobolewski. University of Rochester Medical School, Rochester, NY.
ABSTRACT: Accumulating epidemiological evidence relates developmental exposures to air pollution to
increased risk for neurodevelopmental disorder‐related phenotypes. Plausibility for these associations
has been suggested by animal studies, including our developmental exposures of mice to concentrated
ambient ultrafine particles (CAPs) which has resulted in neuropathological effects as well as alterations
in cognitive, attention and social behaviors that are male‐biased. Air pollution is a known inflammatory
stimulus in the periphery and has been shown to increase blood cytokine levels and to reduce blood
glutathione levels in humans. Therefore, to determine whether peripheral inflammation and/or
oxidative stress could mechanistically contribute to the developmental neurotoxicity of CAPs, levels of
oxidized glutathione and of cytokines in serum were measured in C57/Bl6 mice of both sexes that had
been exposed to CAPs from postnatal days (PND) 4‐7 and 10‐13 for 4 hr/day. Exposure concentration
across this period averaged 22 μg/m3. Absolute baseline levels of serum oxidized glutathione, as
measured in PND 14 serum using an ELISA assay, were higher in females than males, but levels were
significantly elevated by 42% in response to CAPs exposures only in males, consistent with sex‐specific
increased oxidative stress. Serum cytokine levels, measured using Luminex assays, were also increased
in a sex‐biased manner, with males exposed to CAPs showing elevations of 63% in IFN‐g, 156% in IL‐12,
35% in IL‐13, 168% in IL‐17, 200% in IL‐9, 500% in MIP‐1a, 62% in MIP‐1b and 291% in TNF‐α; CAPs‐
exposed females did not show differences. Such findings are consistent with an inflammatory
phenotype. Collectively, these findings are consistent with CAPs as a peripheral inflammatory event
during development, with effects that are male‐specific. Future studies will examine whether parallel
effects occur in brain, given that peripheral inflammation can induce central nervous system
inflammation or act in addition to central nervous system inflammation as well as altered blood brain
barrier function. Supported by R01‐ES025541 and P30 ES00247.
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ABSTRACT NUMBER: 3569
Poster Board Number: P385
TITLE: Fate of Transition Metals in PO4‐Based Acellular Assays Used to Determine Particulate Matter
(PM) Reactivity
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. E. Reed, J. Yalamanchili, C. J. Hennigan,
and J. Leach. University of Maryland Baltimore County, Baltimore, MD. Sponsor: M. Campen
KEYWORDS: Environmental Toxicology; Environmental Fate; Particulates
ABSTRACT: Particulate matter (PM) exerts numerous deleterious effects on human health, which
contributes significantly to the global burden of disease. There is strong evidence that PM induces
oxidative stress, and this is hypothesized as a critical link between PM exposure and many adverse
health outcomes. Acellular methods have been widely deployed to approximate the oxidative stress that
may result from PM exposure through measurements of oxidative potential (OP). In order to mimic
conditions within human lungs, most of the assays are conducted at 37 °C and pH = 7.4, often using a
phosphate buffer to keep the pH constant. However, under these conditions, precipitation, co‐
precipitation, complexation with PO4, adsorption and oxidation of metals present in PM are
thermodynamically possible. We hypothesize these phenomena represent a potentially important bias
in OP assays. The behavior of Cr(III), Cr(IV), Cu(I), Cu(II), Fe(II), Fe(III), Mn(II), Mn(III), Ni(II), V(III), V(V),
and Zn(II) were investigated as a function of precipitate type, pH, total phosphate (TOTPO4), total
carbonate (TOTCO3), and partial pressure of O2(g) (PO2, which controls oxidation state) using MINEQL
equilibrium modeling software. To verify thermodynamic modeling results, we conducted
precipitation/oxidation studies under PO4‐based acellular conditions. All metals except Cr(VI) and V(III)
were predicted to form at least one precipitate whose solubility was lower than 5 uM or formed
significant PO4‐metal complexes. Fe(II), Cu(I) Mn(II), and Cr(III) were all predicted to be oxidized to
Fe(III), Cu(II), Mn(III) and Cr(VI) at very low DO levels. Experimentally, precipitation was confirmed either
visually or by laser obscuration. Average decreases due to precipitation were: Fe(II): 96%; Fe(III): 97%
Cu(II): 97% and Mn(II): 78%. Based on these two scenarios, it can be concluded that most metals that
undergo PO4‐based acellular assay testing for ROS generation exist as PO4‐metal complexes or PO4‐
precipitated solids ‐ conditions that may not be representative of PM metals in the human lungs, could
significantly alter the response of PO4‐based acellular assays and is possibly one reason why assay
results often differ between researchers. We believe our results serve as a starting point for additional
experimental work on the effect of metal precipitation/oxidation on PO4‐based acellular assays.
ABSTRACT NUMBER: 3570
Poster Board Number: P386
TITLE: A Novel Approach to Characterize Acute Health Risks to Communities Surrounding Oil and Gas
Operations in Colorado: Utilizing Real‐Time Handheld Air Quality Monitoring and Analytical Sampling
Methods
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. M. Bamber1, M. Lumpkin2, L. Mahoney2,
and T. McMullin1. 1CTEH, Golden, CO; and 2CTEH, Little Rock, AR.
KEYWORDS: Volatile Organic Compounds; Exposure Assessment; Regulatory/Policy
ABSTRACT: Recent legislation has placed public health at center stage in oil and gas (OG) development
in Colorado (CO). Although a growing body of empirical studies have shown that ambient air
concentrations of hydrocarbons related to OG extraction are below levels expected to cause health
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effects to people near OG wellpads, a recent modeling study suggest the potential for exposure
scenarios that could result in intermittent, transient maximum air concentrations for a limited set of
hydrocarbons, such as benzene, to exceed established screening levels for one hour during pre‐
production phases. However, the emission data used for this modeling study do not represent current
operating norms and best management practices (BMPs) used to control emissions. In addition, there is
large uncertainty in the assumptions regarding the duration and variability of emissions that result in the
estimated maximum air concentrations. To ground‐truth these model findings, empirical studies are
necessary that link current BMPs with high‐resolution air data. The objective of our studies was to
partner high‐resolution real‐time monitoring with analytical sampling for OG related volatile organic
compounds (VOCs) near different well pads and the surrounding communities to characterize the public
health risks, if any, during specific operational phases (drilling, hydraulic fracturing, flowback and
production), with a primary focus on characterizing acute exposures. We collected approximately 24,000
real‐time measurements of benzene and total VOCs, in addition to other compounds in the surrounding
communities on 11 wellpads. Concurrent with the real‐time monitoring, we conducted analytical
sampling for 24‐hour intervals at locations surrounding the perimeters of the wellpads and within
communities. Greater than 97% of all real‐time total VOC measurements were non‐detects (less than
1ppb) over all pre‐production and production phases. Out of over 650 analytical samples, BTEX
(benzene, toluene, ethylbenzene, and xylene) were all below relevant acute and sub‐chronic health
screening levels. In conclusion, the findings from our studies suggest that current BMPs are adequately
controlling pre‐production and production VOC emissions to levels that are not expected to cause
adverse health effects to nearby communities.
ABSTRACT NUMBER: 3571
Poster Board Number: P387
TITLE: Collection, Resuspension, and Animal Inhalation Exposure of Los Angeles Ambient Particulate
Matter
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. Bliss, D. Herman, R. Arechavala, and M.
Kleinman. University of California Irvine, Irvine, CA.
ABSTRACT: In order to expose animals to particulate matter (PM) collected on filters from across the Los
Angeles Basin, methods had to be developed for extracting and re‐aerosolizing the PM from those
filters. Ethanol, methanol, and deionized (DI) water were tested as extraction mediums. Multiple
sonication times were tested, as well as whether subsequent agitation was necessary. Various
combinations of these methods were assessed for extraction efficiencies from the filters, the resulting
aerosol particle concentrations after nebulizing the extracted solution, and the rate of solution depleted
over time. Ultimately, DI water was chosen for the extraction liquid as neither alcohol greatly improved
extraction efficiency. A 30‐minute sonication followed by 10‐minute agitation was found to be the most
successful extraction method. Sample collection was done using a PM2.5 high volume air sampler, with
ambient PM collected on 8 x 10‐inch polytetrafluoroethylene (PTFE) filters. Three PTFE filters, collected
in Mira Loma, CA were cut into 24 sections each. These sections were then extracted in 5mL of DI water
to create a particle solution. The solution was combined into 18 vials of 50mL each, with an average
extracted particle concentration of 143 ug/mL. The solution was then diluted 10 times in order to have
sufficient volume to run for 5 months of animal exposure without sacrificing too much concentration. A
Collison nebulizer was then used to re‐aerosolize the particle solution, with 100mL samples ran in 5‐
hour exposures. The aerosol concentration varied from 20 to 240 ug/m3, averaging 85 ug/m3. This sits
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above the usual average levels of PM in Los Angeles, so as to represent a high exposure to evaluate
subsequent long‐term health effects in mice.
ABSTRACT NUMBER: 3572
Poster Board Number: P388
TITLE: Inhalation of Combustion‐Derived Environmentally Persistent Free Radical Leads to Reduced
Vascular Function and Increased Oxidative Stress
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. C. Harmon, L. Khachatryan, M. Jennings,
Y. Chen, Z. Perveen, A. Noël, A. L. Penn, and T. R. Dugas. Louisiana State University, Baton Rouge, LA.
KEYWORDS: Inhalation Toxicology; Cardiovascular System; Lung; Pulmonary or Respiratory System
ABSTRACT: Environmentally persistent free radicals (EPFRs) are formed during the combustion of
organic waste when the organic pollutants are incompletely burned and then chemisorbed to the
surface of particulate matter containing redox‐active transition metals. Initial in vivo studies used simple
EPFRs‐‐which were created in the laboratory through chemisorption of pollutants onto copper coated
silica‐‐to investigate the effects of EPFRs on cardiopulmonary health. Those studies demonstrated that
mice exposed to simple EPFRs exhibited endothelial dysfunction after only 3 days of exposure. Evidence
of increased inflammation in the lungs and in bronchoalveolar lavage fluid of these mice however, was
not detected, and a reduction in pulmonary tidal volume was observed only after a 10‐day exposure. We
hypothesized that inhalation of complex, combustion‐derived EPFRs will lead to vascular endothelial
dysfunction, and vascular and pulmonary oxidative stress in a dose‐dependent manner. To address the
complex nature of EPFRs, we generated combustion‐derived EPFRs that contain an EPR spectral
signature similar to those emitted from the thermal treatment of organic matter. This allowed for
particles with both low (1.5e16) and high radical concentration (1.0e18) to be collected, so that dose‐
dependent studies of free radical content could be carried out. These combustion‐derived particles were
generated in a laboratory setting using iron nitrate and a combustion fuel mixture similar to what is
found in thermal processes. In vivo, 3‐day exposure pilot studies demonstrated a correlation between
EPFR concentrations and a reduction in endothelial function. Both plasma endothelin‐1 and soluble
intracellular adhesion molecule‐1 were increased (p<0.05) as radical concentration increased, and
endocan levels were also elevated (p=0.06). Lung and aorta mRNA levels were assessed for genes
associated with AhR activation (Cyp1a1/1b1) and oxidative stress responses (NQO1). Supporting our
hypothesis, EPFRs induced a dose‐dependent increase in nearly all markers, with AhR and oxidative
stress responses in the lung correlating strongly with those of the aorta. Together, these data suggest
that inhalation of combustion‐derived EPFRs leads to alterations in vascular and lung function that could
ultimately contribute to the development or exacerbation of cardiopulmonary diseases.
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ABSTRACT NUMBER: 3573
Poster Board Number: P389
TITLE: Air Pollution Promotes Glioma Aggression through Upregulated Systemic and Neuroinflammation
in Mice
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. K. Otsuka1, B. Bliss1, R. J. Arechavala1, S. R.
Renusch1, A. Cho2, W. P. Melega2, N. Li3, and M. T. Kleinman1. 1University of California Irvine, Irvine, CA;
2
University of California Los Angeles, Los Angeles, CA; and 3Michigan State University, East Lansing, MI.
KEYWORDS: Environmental Toxicology; Carcinogenesis; Inflammation
ABSTRACT: Particulate matter (PM) found in air pollution is an expanding public health concern relating
to a wide variety of adverse health effects and may play a role in brain cancers. Glioma describes three
types of glial cell tumors: astrocytoma, oligodendroglioma, and glioblastoma. Glioblastoma is highly
malignant and is the most common form of primary brain tumor currently diagnosed in human patients.
Recent reports have shown positive correlation between PM exposure and tumor invasion in respiratory
and cardiovascular cancers. However, previous work has failed to address this in the brain. We
investigate the effects of prolonged, whole‐body PM exposure on the progression of pre‐existing glioma
in the mouse model, identifying upregulated systemic and neuroinflammatory signaling as a mechanism
for increased tumor aggression. Following stereotaxic transplantation of cultured GL261 mouse glioma
cells into the right striatum, mice were exposed to either PM or air (n=15/cohort) for 5 hours on each of
8 days over the course of two weeks. PM was collected, intensively characterized with respect to
chemistry and in vitro biological activity, resuspended and aerosolized for use in these exposures.
Bioluminescence assays were used to assess tumor progression in vivo. Resulting analysis of
bioluminescent images taken 8 days after transplantation surgeries showed average tumor growth to be
47.98% greater in mice exposed to PM compared to control, with tumor size calculated as a measure of
luminescence in total photon flux per second [p/s]. Tumor volume and inflammation were assessed ex
vivo using a combination of ELISA, fluorescence immunohistochemistry, and Western blot analyses.
These data suggest that inflammatory responses are more robust in response to PM compared to
control. Our results identify inflammatory signaling as a novel link between continuous PM exposure and
glioma invasion, which may provide insight into how upregulated inflammation in response to PM
effects other neurological conditions such as degeneration and injury.
ABSTRACT NUMBER: 3574
Poster Board Number: P390
TITLE: In Vitro Toxicity of Artificial Particulate Matter (PM) with Seasonal Characteristics
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Lee, C. Xinyu, D. Kim, and H. Moon. Korea
Institute of Toxicology, Jeongeup, Korea, Republic of.
KEYWORDS: Risk Assessment; In Vitro and Alternatives
ABSTRACT: Environmental hazardous materials by air pollution are a serious problem worldwide due to
their adverse effects on human health. Specifically, the issues of particulate matter (PM) related to
human diseases have been of much concern in Asia including China, Vietnam, and Korea with pollutants
such as heavy metals, pesticides, biological contaminants, toxic waste, industrial and domestic
chemicals. Generally, this PM includes organic carbon (OC), elemental carbon (EC), acids (sulfate,
nitrate, and ammonium), volatile organic compounds (VOCs), and trace metals (vanadium and nickel et
al). OC/EC ratio in Korea reflects a regional and seasonal‐specific parameter. Since PM is a complex
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mixture, the toxicology of each chemical component may vary by time and locations. Therefore, real
PMs collected by high volume sampler are not enough to apply to long‐term toxicity research due to
their complexity and volume limitation. As an alternative, the development of artificial PM similar to real
PM is considered as promising technology for medium and long‐term risk assessment owing to high
productivity, high reproducibility and simple synthesis. In this study, we suggest new generation
technology of artificial PM and assess their toxicity via in vitro study. The generated carbon‐based
artificial PM with different temperatures (room temperature, 200℃, 400℃, 600℃, and 800℃) can
control OC/EC ratio. The OC/EC ratios of artificial PM increased with high temperature‐dependent
manners. After treating human cell (A549), we analyzed their cytotoxicity including reactive oxygen
species (ROS) production and cell viability, and then compared with that of diesel exhaust particulates
(DEP; NIST 2975)‐stimulated alveolar epithelial cells. Therefore, with increasing OC/EC ratio, their ROS
production significantly increased and cell viability decreased. In particular, the artificial PM‐induced
cytotoxicity at 600℃ and 800℃ is significantly higher than that of DEP. These results suggested that
winter season with high OC/EC ratio can be more toxic than other seasons.
ABSTRACT NUMBER: 3575
Poster Board Number: P391
TITLE: Expression of Murine Scavenger Receptor MARCO is Related to Cellular Uptake of Exosomes
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Kanno1, S. Hirano2, A. Furuyama2, H.
Kato1, M. Fukuta1, H. Takase1, and Y. Aoki1. 1Nagoya City University Graduate School of Medical Sciences,
Nagoya, Japan; and 2National Institute for Environmental Studies, Tsukuba, Japan.
KEYWORDS: Nanoparticles; Cell Communication; Macrophage
ABSTRACT: A macrophage receptor with collagenous structure (MARCO) is one of the scavenger
receptor class A proteins expressed on the cell surface of macrophages. MARCO mediates binding and
ingestion of environmental particles such as TiO2, silica, and nanoparticles, and pathogens, such as fungi,
bacteria and viruses. Exosomes are cell‐derived nano‐sized vesicles (40‐150 nm) including lipids, RNA,
DNA and various proteins. Exosomes play an essential role in cell‐to‐cell communications via body fluids
and are related to pathogenesis of many diseases. However, the transfer and selectivity mechanisms of
exosomes have not been fully studied. In this study, we examined whether MARCO mediates the cellular
uptake of exosomes using fluorescent‐tagged serum‐derived exosomes. Exosomes were extracted from
mice serum using an exosome extraction kit, ExoQuick, and ultracentrifugation. To prepare fluorescent‐
tagged exosomes, the purified exosomes were labeled with PKH26, a red fluorescent dye, using a linker
kit. The CHO‐K1 cells were stably transfected with murine MARCO gene engineered into pT‐REx‐DEST30
GatewayTM Vectors. The expression of MARCO was induced by tetracycline (CHO‐MARCO) and the
association of exosomes or 20 nm red‐fluorescent nanoparticles (positive control) in CHO‐MARCO cells
was compared to untreated cells (CHO‐Control (CT)). After 6 h of culture, the cellular association was
examined by fluorescent microscopy and quantitatively analyzed using and In Cell Analyzer. The
associations of both nanoparticles and exosomes were greater in CHO‐MARCO cells than in CHO‐CT
cells. The fluorescent intensities of CHO‐MARCO cells were also higher than those of CHO‐CT cells. To
confirm the localization of exosomes or nanoparticles with MARCO, CHO cells stably transfected green
fluorescent protein (GFP)‐MARCO were treated with fluorescent‐tagged exosomes or nanoparticles. The
fluorescent microscopic studies revealed that exosomes as well as nanoparticles were associated with
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the cells and colocalized with GFP‐MARCO. These results indicate that MARCO plays a role in the uptake
of exosomes.
ABSTRACT NUMBER: 3576
Poster Board Number: P392
TITLE: Modulation of AhR Attenuates Airway Responsiveness after Particulate Matter Exposure in an
Allergic Sensitized Guinea Pig Model
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. Morales‐Rubio1, M. Uribe‐Ramírez1, C. A.
Velázquez‐Martínez2, O. Amador‐Muñoz3, I. Rosas‐Pérez3, Y. Sánchez‐Pérez4, C. García‐Cuéllar4, P.
Segura‐Medina5, Á. Osornio‐Vargas2, and A. De Vizcaya‐Ruiz1. 1Cinvestav, Mexico City, Mexico;
2
University of Alberta, Edmonton, AB, Canada; 3UNAM, Mexico City, Mexico; 4INCan, Mexico City,
Mexico; and 5INER, Mexico City, Mexico.
ABSTRACT: Particulate matter (PM) acts as an adjuvant increasing airway hyperresponsiveness and
inflammation in asthma. We hypothesize that polycyclic aromatic hydrocarbons (PAH), a major
component of fine particulate matter (PM2.5) from incomplete combustion, may be involved in airway
inflammation via the aryl hydrocarbon receptor (AhR) activation, thus participating in the
pathophysiology of asthma. We tested this hypothesis using resveratrol, a natural competitive inhibitor
of AhR, expecting an attenuation of airway responsiveness in a Guinea pig asthma model exposed to
concentrated PM2.5 from Mexico City. Animals (n = 4) were sensitized with ovalbumin (OVA) and AIOH3,
and exposed to filtered air (FA), or concentrated PM2.5 (5h/day) for 15 days using an aerosol
concentrator system, and simultaneously treated orally with resveratrol (10 mg/kg per day) or saline for
21 days. After exposure, the respiratory function was tested at baseline and following non‐cumulative
acetylcholine‐responsiveness curves that were performed using a flexiVent system®. We also analyzed
inflammatory cells and cytokines IL‐6, IL‐17, TNF‐α and IFN‐γ in bronchoalveolar lavage fluid (BALF). Our
results showed that the PM2.5 exposure (mean 433.19 µg/m3) resulted in increased white blood cell
counts and IL‐6 and IFN‐γ levels in BALF. Also, an increased airway resistance, tissue damping and
elastance, either at baseline or as a dose‐response after acetylcholine was observed. Resveratrol
treatment attenuated airway responses to the acetylcholine challenge, and significantly decreased IL‐6
and IFN‐γ levels in BALF in the sensitized animals exposed to PM2.5, demonstrating that resveratrol
attenuates airway responses following PM2.5 exposure in an asthma model. We conclude that AhR
activation, most likely from PAH in PM2.5, plays an essential role in the induction of inflammatory
response and airway hyperresponsiveness leading to asthma in a guinea pig model.
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ABSTRACT NUMBER: 3577
Poster Board Number: P393
TITLE: Differential Levels of 2‐Naphthol, a Urinary Biomarker of Exposure to Air Pollution, in Sewage
Wastewater Effluents from Metro Detroit Communities
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Joiakim1, J. Santos1, P. S. M. Jeon1, D.
Kaplan1, M. Jurban2, K. Friedrich3, and H. Kim1. 1Detroit R&D, Detroit, MI; 2Great Lakes Water Authority,
Detroit, MI; and 3University of Detroit Mercy, Detroit, MI.
KEYWORDS: Exposure, Environmental; Particulates; Biomarkers
ABSTRACT: Burning fossil fuels produce toxic airborne pollutants such as particulate matter (PM) 2.5 or
10 mixed with harmful polycyclic aromatic hydrocarbons (PAHs) which are oxidized and conjugated with
hydrophilic molecules and excreted primarily in urine. Among various PAHs, urinary levels of free and
conjugated 2‐naphthol (metabolite of naphthalene) were found significantly correlated with PM2.5 or
PM10 exposure. Aims of this study are to quantitate levels of free and conjugated (total) 2‐naphthol in
human urine samples and to compare total 2‐naphthol levels in sewage water samples obtained from 3
counties of metro Detroit using 2‐naphthol ELISA (Detroit R&D) which is sensitive (limit of detection, <10
pg/ml) and specific. Urine samples obtained from 3 healthy male subjects contained 532.7 ± 78.8 ng 2‐
naphthol/mg creatinine. Total 2‐naphthol ELISA was carried out with sewage samples collected for 5
days in June 2019 from water plants in 3 counties in Detroit area [JEF (Wayne), OAK (Oakland), NIE
(Macomb)]. The levels (ng/ml) of 2‐naphthol in the sewage samples were 0.042 ± 0.018 (JEF), 0.302 ±
0.138 (OAK) and 0.620 ± 0.313 (NIE). Sewage 2‐naphthol levels were multiplied by 24‐hr flow rates and
normalized by population of each county to obtain 2‐naphtol 24‐hr per capita (ng/ml/capita): 0.025 ±
0.013 for JEF, 0.249 ± 0.128 for OAK and 0.588 ± 0.258 for NIE. Levels of JEF differed significantly
(p=0.009 and p=0.004) from the levels in OAK and NIE, respectively. The 2‐naphthol levels in sewage
water from JEF (Wayne) were lowest among them as previously reported for 8‐isoprostane levels in
sewage water. These results suggest that 2‐naphthol in sewage water can be measured using facile
ELISA and 2‐naphthol sewage epidemiology may serve as a risk assessment tool of PM2.5 or PM10
exposure of a large‐scale population to estimate risk of cardiovascular diseases and lung cancer.
ABSTRACT NUMBER: 3578
Poster Board Number: P394
TITLE: Prenatal Air Pollutant Exposure, Perceived Stress and 12‐Month Infant Growth in the MADRES
Cohort
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Johnson, T. Chavez, B. Grubbs, K.
Berhane, F. Gilliland, R. Habre, T. Bastain, and C. Breton. University of Southern California, Los Angeles,
CA. Sponsor: M. Gribble
KEYWORDS: Children’s Health; Epidemiology
ABSTRACT: Childhood obesity has emerged as a significant public health concern, and its consequences
span well into adulthood affecting quality of life and increasing an individual’s susceptibility to a wide
range of chronic health conditions including stroke, heart disease, and diabetes. Disparities in obesity
prevalence has been documented as early as preschool, suggesting it may originate much earlier in life.
Evidence suggests childhood obesity is multifactorial and complex in its etiology. Mounting evidence
suggests exposure to ambient air pollutants play a significant role in the development of childhood
obesity. We examined whether the association of exposure to ambient particulate matter, O3, NO2, and
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traffic‐related NOx with 12‐month weight change varied by prenatal psychosocial stressors in the
MADRES Cohort—a prospective pregnancy cohort of low‐income, predominantly Hispanic women in Los
Angeles. Participants were over 18 years old, with a singleton pregnancy, and were recruited at less than
30 weeks gestation from local health clinics providing care to underserved populations. We followed
participants through their pregnancy as well as their first year postpartum via a series of visits and
phone questionnaires administered orally, in English or Spanish. Medical record data was also
abstracted. We collected information on sociodemographics, and psychosocial stressors at each
trimester— including the Perceived Stress Scale, a widely‐used and validated instrument measuring self‐
perceived stress. Ambient air‐pollutant concentrations were assigned to prenatal residences from data
acquired from EPA monitoring stations. We found that the effect of 9‐month average ambient air‐
pollutant exposure during gestation on 12‐month infant growth was modified by the level of maternal
prenatal perceived stress. Models were adjusted for education, insurance, race, diabetes, pre‐pregnancy
BMI, age, gender, GA at birth, and infant height. We found that a per unit increase in PM2.5 (µg/m3)
exposure averaged across pregnancy was associated with a 378.4 g increase in weight from birth to 12‐
months among participants whose mothers scored moderately to high (14 or more) on the Perceived
Stress Scale at the first trimester (p<0.05). We also observed that in women with higher mid‐pregnancy
stress, traffic‐related NOx was associated with 385.3 g increase in infant weight (p<0.02). Results were
similar for NO2 and PM10.
ABSTRACT NUMBER: 3579
Poster Board Number: P395
TITLE: Wild Mammalian Toxicity Reference Values for PFOS and PFNA
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. J. Quinn. US Army Public Health Center,
Aberdeen Proving Ground, MD. Sponsor: M. Johnson
KEYWORDS: Perfluoronated Agents; Ecotoxicology; Developmental Toxicity; Prenatal
ABSTRACT: Per‐ and polyfluoroalkyl substances (PFAS) are compounds manufactured for use in paints,
cleaning agents, fire suppressants, non‐stick cookware and food containers, and water‐resistant
products. Concerns about PFAS stem from their ubiquitous presence in the environment, widespread
reports of general toxicity, and the resistance of these compounds to degradation. Initial experiments
sought to determine the rate at which steady state concentrations were reached for six PFAS
[perfluorooctanesulfonate (PFOS), perfluorooctanoate (PFOA), perfluorohexanesulfonate (PFHxS),
perfluorobutanesulfonate (PFBS), 6:2 fluorotelomer sulfonate (6:2 FtS), and perfluorononanoic acid
(PFNA)] in the white‐footed mouse (Peromyscus leucopus) following 28 consecutive days of oral
exposure. Adverse effects observed in these studies included: reduction in thymus weights (6:2 FtS),
increased liver and decreased ovary weights (PFNA), and increased liver, kidney, testes and decreased
uterus and ovary weights (PFOS). No adverse effects were observed from exposure to PFOA, PFHxS, and
PFBS. Subsequent reproductive/developmental toxicity tests were done to derive wildlife Toxicity
Reference Values (TRVs) to assist in the development of appropriate site‐specific risk assessment and
decisions related to mitigation of exposures and/or future cleanup. The TRV from the benchmark dose
level associated with a 10% extra risk of adverse effect (BMDL10) for PFOS and PFNA were calculated as
0.09 mg/kg‐d (pup mortality) and 1.03 mg/kg‐d (immunosuppression), respectively. Reproductive
studies with the remaining PFAS for TRV derivation are ongoing.
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ABSTRACT NUMBER: 3580
Poster Board Number: P396
TITLE: Bottom‐Up Physiologically‐Based Toxicokinetic Modeling of Perfluorooctanoic Acid
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Koh, J. Lin, S. Tan, B. Smith, E. Chan, and
J. Chan. Innovations in Food and Chemical Safety, Singapore, Singapore.
KEYWORDS: Perfluoronated Agents; Physiologically‐Based Pharmacokinetics; Xenobiotic Transporters
ABSTRACT: Perfluorooctanoic acid (PFOA) is a common industrial chemical found in many consumer
products, contaminated food or water, and is detected in the blood of over 98% of the populace. Unlike
most compounds, PFOA has an extremely long half‐life of 2.7 years, bioaccumulating in the body to
cause adverse effects including dyslipidemia and developmental toxicity. Currently, a limited
understanding of PFOA toxicokinetics (TK) hampers an assessment of its safety. Data from animal
studies indicate that the half‐life of PFOA is between 4‐6 days in male rats, which is vastly different from
that in humans. These divergent findings have been attributed to species differences in transporter
expression, and suggest that extrapolation of animal‐derived PFOA TK data may be unreliable. PFOA is
metabolically inert and highly ionized at physiological pH, thus its disposition is likely driven by transport
processes. Bottom‐up physiologically‐based toxicokinetic (PBTK) modelling was used to predict the
transporter‐dependent disposition of PFOA and rationalize the mechanisms underpinning its long half‐
life. We conducted in vitro uptake transporter assays for 8 transporters (OATP1B1, 1B3, 2B1; OAT 1, 3, 4;
URAT1 and NTCP) representing uptake into the liver and kidney. Kinetic parameters obtained (Jmax, Km)
were incorporated into the Simcyp® Simulator. Our simulations accurately reproduced the long half‐life
of PFOA (39 days), and simulated plasma concentrations, area under the curve, volume of distribution
and clearance values were within two‐fold of observed clinical data (taken from Elcombe et al. US
2013/0029928) for both single and multiple exposures. Our mechanistic model suggests the long half‐
life of PFOA is primarily attributed to poor renal clearance rather than biliary excretion. The accurate
prediction of the TK profile of PFOA opens new possibilities for utilization of our model to predict TK
parameters for other per‐ and polyfluoroalkyl substances (PFAS), including tissue concentrations and
extrapolation to other vulnerable populations such as the young, elderly and pregnant. This work was
supported by the Innovations in Food and Chemical Safety Programme [Grant number H18/01/a0/J14]
and NUS Department of Pharmacy [Grant number C‐148‐000‐003‐001].
ABSTRACT NUMBER: 3581
Poster Board Number: P397
TITLE: Efficiency of Removal of Five Per‐ and Polyfluorinated Alkyl Substances from Drinking Water with
Household Granular‐Activated Carbon Filters
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. L. Kreider1, J. V. Miller1, and J. A. Parker2.
1
Cardno ChemRisk, Pittsburgh, PA; and 2Cardno ChemRisk, Aliso Viejo, CA.
KEYWORDS: Perfluoronated Agents; Exposure Assessment
ABSTRACT: Per‐ and polyfluorinated alkyl substances (PFAS) are environmentally and biologically
persistent compounds that are commonly detected in drinking water at parts per billion (ppb) or parts
per trillion (ppt) concentrations. As concern regarding the potential for health effects associated with
these chemicals increases, consumers may have an interest in cost‐effective and efficient methods for
minimizing exposure to these compounds in their drinking water. Granular activated carbon (GAC) filters
are commercially available, inexpensive, and are often used in households to reduce the presence of
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contaminants in drinking water. The purpose of this study was to evaluate the efficiency of removal of
PFAS using a common and commercially available GAC filter. In this study, perfluorooctanoic acid
(PFOA), perfluorooctane sulfonate (PFOS), perfluorobutane sulfonate (PFBS), perfluorohexane sulfonate
(PFHxS), and 2,3,3,3‐tetrafluoro‐2‐(1,1,2,2,3,3,3‐heptafluoropropoxy)‐propanoic acid (GenX) were added
to milli‐Q water at concentrations of 3.5, 35, or 350 ppt (n=3 per concentration); the water was then
passed through the selected GAC filter. The concentration of each compound in the water was
measured both prior to and after filtration to determine the removal efficiency of the filter for each
chemical of interest over the range of concentrations. No clear trend in removal efficiency based on
concentration was observable. Average (range) of removal efficiencies across all concentrations were
61% (31‐100%), 79% (28‐100%), 64% (27‐100%), 62% (30‐94%), and 48% (43‐75%) for PFBS, PFOA, GenX,
PFHxS, and PFOS, respectively. This study indicates that GAC filtration can partially remove PFAS from
drinking water, though incompletely. Because there was high variability in removal efficiency from
sample to sample, the reliability in the use of this technology for reducing PFAS concentration in
drinking water may be limited. More robust testing could clarify the utility of using commercially
available, household GAC filter systems to reduce PFAS contamination in drinking water.
ABSTRACT NUMBER: 3582
Poster Board Number: P398
TITLE: Evaluating Per and Polyfluoroalkyl Substances (PFAS) by In Vitro Toxicokinetic Data Generation
with In Vitro‐In Vivo Extrapolation (IVIVE)
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Smeltz1, D. Crizer2, L. McMillan1, G.
Patlewicz1, M. DeVito1, and B. A. Wetmore1. 1US EPA, Research Triangle Park, NC; and 2NIEHS, Research
Triangle Park, NC.
KEYWORDS: Perfluoronated Agents; Toxicokinetics; Alternatives to Animal Testing
ABSTRACT: New approach methodologies (NAMs) make use of in vitro high‐throughput screening data
and in silico approaches to inform chemical safety assessment through the translation of bioactive in
vitro assay concentrations to administered dose equivalents. Per‐ and polyfluoroalkyl substances (PFAS)
have become chemicals of concern for human health as more is learned about their widespread
presence and persistence in the environment. Given the inclusion of 1,220 PFAS on the Toxic Substances
Control Act (TSCA) inventory, the availability of in vivo toxicologic data and exposure information on
only a subset is inadequate to provide an understanding of the potential exposures, toxicokinetics (TK),
and toxicities across this structurally diverse domain. To address this deficiency, experimental in vitro
measures of human plasma protein binding (PPB) and hepatic clearance (CLh) were generated across a
panel of PFAS, containing carboxylic acid, sulfonate, and ether functionalities, for use in IVIVE models to
predict systemic concentrations. PPB measures by ultracentrifugation showed very high binding rates
[i.e., fraction unbound (Fu) < 0.001 for perfluorooctanoic acid (PFOA)] across more than 50 chemicals
assessed to date. For six compounds, including perfluorobutanoic acid and octafluoroadipic acid, the
bound rate was lower, with Fu values at or above 0.10. Using mixed‐donor pooled cryopreserved
primary human hepatocyte suspensions, half‐lives and CLh rates were derived over 240 min, providing a
range of values for 18 PFAS. Four PFAS exhibited very long half‐lives (>1000 minutes) (e.g. PFOA and
perfluorobutanesulfonic acid), while 3,3‐Bis(trifluoromethyl)‐2‐propenoic acid had a CLh rate of 24.2 L/h.
Fu and CLh measures then were applied to predict steady‐state blood concentrations (Css) by IVIVE,
assuming an external dose of 1 μg/kg/day. Css ranged from around 50 nM to 1000 μM. Future efforts will
pursue incorporating a category‐based approach to identify TK differences based on functional group
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presence will be assessed for its utility in read‐across efforts that may in turn inform a NAM‐anchored,
risk‐based chemical safety assessment. This abstract does not necessarily reflect NIEHS or EPA policy.
ABSTRACT NUMBER: 3583
Poster Board Number: P399
TITLE: Developmental PFOS Exposure Causes Changes in Liver Transcriptome
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Kaye, J. Agudelo, M. Pfohl, E. Marques,
and A. Slitt. University of Rhode Island, Kingston, RI.
ABSTRACT: Perfluoroalkyl Substances (PFAS) are persistent man‐made environmental toxicants that
cause adverse effects. They are found in aqueous film‐forming foams (AFFF), non‐stick, and water‐
resistant products worldwide. In the US there are currently minimal regulations regarding the
production and manufacturing of these compounds. Perfluorooctanesulfonic acid (PFOS) is one of the
most commonly known and studied chemicals in this group of compounds and has a long half‐life of 5.4
years in human serum. It is an amphiphilic compound that consists of a synthetic perfluorinated eight‐
carbon backbone with a sulfonic acid head group. PFOS has the ability to permeate the placental
membrane and has been shown to induce developmental toxicity in animal models. Exposure to PFOS
has been shown to induce hepatotoxicity and alter the adult and pup liver transcriptome. The aim of this
study was to investigate the effects of developmental PFOS exposure at 0.3 mg/kg/day and 3 mg/kg/day
per day, the NOAEL and LOAEL doses in mice, on the liver transcriptome. 10‐week old CD‐1 timed‐
pregnant dams were used, and on gestational day 1 (GD1) the dams were randomly assigned to one of
three blinded doses and fed ad libitum: standard chow diet. On GD17, the dams were euthanized, and
fetal livers were collected. High quality RNA was extracted, libraries were prepared, and next generation
sequencing was performed to assess the effects of developmental PFOS exposure on the fetal liver
transcriptome. The data suggests that there is a significant downregulation of the LXR/RXR activation
pathway and bile acid biosynthesis pathway. Additionally, fatty acid metabolism and beta oxidation of
fatty acids were shown to have decreased activation. Furthermore, hepatic steatosis, liver inflammation
and liver fibrosis were all shown to have increased activation. There were significant gene modulations
that caused upregulation of ACOT2 (4.86 fold), FABP4 (3.91 fold), SLC7A6OS (12.9 fold), SRPX2 (11.15
fold), NPM1 (10.92fold), BCAP29 (10.70 fold), and ANGEL1 (10.55 fold); downregulation of CD36 (2.25
fold). The data presented herein, demonstrates significant modulations to the fetal liver transcriptome
as a result of perinatal PFOS exposure.
ABSTRACT NUMBER: 3584
Poster Board Number: P400
TITLE: Exposure to a Mixture of Legacy and Emerging Per‐ and Polyfluoroalkyl Substances (PFAS)
Modulates Lipid Homeostasis
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Roth1, M. Kraemer2, A. Morris2, and M.
Petriello1. 1Wayne State University, Detroit, MI; and 2University of Kentucky, Lexington, KY.
ABSTRACT: Per‐ and polyfluoroalkyl substances (PFAS) are a class of ubiquitous man‐made chemicals
utilized for their surfactant properties in cookware, clothing, and carpets as well as in aqueous film
forming foams used by civilian and military firefighters. Although there may be upwards of 4000
versions of PFAS found in the environment, a handful of model PFAS have been associated with chronic
diseases including steatosis, cardiometabolic disorders, and cancers in epidemiological studies. Although
long‐chain PFAS such as Perfluorooctanesulfonic acid (PFOS) and Perfluorooctanoic Acid (PFOA) have
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begun to be replaced by PFAS of shorter chain length (e.g., Hexafluoropropylene oxide dimer acid;
GenX), mixtures of these legacy and emerging PFAS are evident in the environment and have been
found circulating in human blood. To begin to study the cardiometabolic toxicity of these pollutants we
developed a mixture of 5 PFAS and exposed male mice and mouse hepatic cell lines (e.g., AML12) to the
mixture or individual PFAS and investigated impacts on lipid homeostasis and signaling. In
hyperlipidemic mice, one week of PFAS exposure via the drinking water resulted in sustained increases
in hepatic triglycerides and related lipids and increases in corresponding gene expression patterns
related to lipid synthesis as determined by qPCR. In follow up in vitro studies we exposed mouse
hepatocytes to single PFAS (up to 1 mM) and observed significantly increased Peroxisome proliferator‐
activated receptor gamma expression and modulation of genes related to cholesterol biosynthesis.
ABSTRACT NUMBER: 3585
Poster Board Number: P401
TITLE: In Vitro and Stability Testing of an Ethanol Collection Method Combining Particulate and Gas‐
Vapor Phase Components from Cigarette Smoke
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. J. Scian, B. Sukka‐Ganesh, S. Bharti, and
I. Gillman. Enthalpy Analytical, Henrico, VA.
KEYWORDS: In Vitro and Alternatives; Respiratory Toxicology; Methods/Mechanism
ABSTRACT: Health Canada (HC) guidelines require the collection and testing of the tobacco smoke as the
particulate phase (PP), the gas‐vapor phase (GVP), and a combination of both (PP+GVP). PP is extracted
in DMSO while GVP is collected in PBS. This method has limitations since smoke is artificially collected as
two separate fractions based on trapped method. A further limitation of the method is the collection of
GVP in PBS which has limited trapping capacity for volatile and non‐water‐soluble compounds as well as
limited stability. These limitations could be overcome with a method that allows collection of the PP and
GVP together in a solvent with enhanced trapping and stability of GVP components. We evaluated the
use of ethanol to collect PP and GVP components together and compared it against the traditional HC
collection using the NRU, Ames, and MN assays all following HC guidelines. Reference 3R4F cigarettes
were used to generate extracts which were evaluated at T0 and at 1‐month. In the NRU assay, PP+GVP‐
ethanol in showed higher toxicity (IC50 58.2 µg/mL) compared to PP‐DMSO (IC50 87.6 µg/mL) or PP‐
DMSO+GVP‐PBS (IC50 110.3 µg/mL) collected under HC guidelines. In the Ames assay, PP+GVP‐ethanol
resulted in increased bacterial lawn cytotoxicity in TA98, TA100, TA1535 and TA1537. With metabolic
activation, PP+GVP‐ethanol induced an 18‐fold and 11‐fold increase in the number of revertants in TA98
and TA1537 respectively while, PP‐DMSO induced a 16‐fold and 8‐fold increase, and PP‐DMSO+GVP‐PBS
induced a 14‐fold and 6‐fold increase in the same strains. Dose dependent increases in MN were
observed in all three types of extracts (PP+GVP‐ethanol, PP‐DMSO or PP‐DMSO+GVP‐PBS). Without
metabolic activation, PP‐DMSO, PP‐DMSO+GVP‐PBS or PP+GVP‐ethanol exposure resulted in a mean
fold MN increase in a dose dependent manner of up to 5‐fold for all extract types. With metabolic
activation, PP‐DMSO and PP‐DMSO+GVP‐PBS exposure resulted in a mean fold MN increase of up to 5‐
fold while PP+GVP‐ethanol resulted in up to 3.7‐fold MN increase. No significant differences were
observed in 1‐month old frozen PP+GVP‐ethanol extracts in the NRU and AMES assays. The method
described here allows for trapping of PP+GVP yielding a single whole‐smoke extract with increased
stability and comparable or higher response than the HC method.
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ABSTRACT NUMBER: 3586
Poster Board Number: P402
TITLE: Cigarette Smoke Preparations, Not Electronic Nicotine Delivery Systems Preparations, Induce
Features of Lung Disease in a 3D Lung Repeat‐Dose Model
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; Respiratory; Biomarkers
ABSTRACT: The health effects of electronic nicotine delivery systems (ENDS), in comparison to
combusted cigarettes, are incompletely understood. This study was aimed at developing in vitro assays
for biomarkers of potential harm for lung diseases and for assessing the relative risk of cigarettes and
ENDS. Several features of smoking‐related lung disease were evaluated including cellular proliferation,
mucin expression, epithelial barrier integrity, ion channel and mucociliary function, cellular injury,
oxidative stress, and inflammatory responses. Well differentiated primary normal human bronchial
epithelial (NHBE) cultures at air‐liquid interface were exposed to cigarette preparations (whole‐smoke
conditioned medium (WS‐CM)), ENDS preparations (aerosol conditioned medium (ACM)) or nicotine.
WS‐CM was prepared from 3R4F cigarettes and ACM was generated from a marketed product. Two
concentrations, 3.6 and 7 µg/mL equi‐nicotine units (Equi Nic), of WS‐CM, ACM and nicotine were
exposed to cultures on the apical side for 1 hour per day over a 10‐day period. Our results indicate that
cellular markers of injury and epithelial barrier integrity were unaltered across the WS‐CM, ACM and
nicotine treatments. WS‐CM significantly increased cellular proliferation and mucin expression, induced
basal cell hyperplasia, inhibited sodium and chloride channels, and altered air surface liquid height at 7
µg/mL Equi Nic when compared to vehicle control. Furthermore, WS‐CM altered gene expression of
oxidative stress and inflammatory cytokine markers. In contrast, ACM or nicotine alone, at comparable
exposures concentrations, did not significantly impact the above markers. In conclusion, cigarette smoke
preparations induced lung disease relevant features in a short‐term repeated exposure model, whereas
the ENDS preparations and nicotine did not under the experimental conditions.
ABSTRACT NUMBER: 3587
Poster Board Number: P403
TITLE: Respiratory Toxicity Evaluation of Formaldehyde in an In Vitro Human Airway Epithelial Tissue
Model
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. Ren, Q. Wu, M. Bryant, Y. Wang, and X.
Cao. US FDA/NCTR, Jefferson, AR.
KEYWORDS: Inhalation Toxicology
ABSTRACT: Formaldehyde (FA) is an irritating, highly reactive aldehyde that is widely regarded as an
inhalation toxicant. It is used as an industrial material and can be found in tobacco and wood smoke, as
well as in automobile exhaust. Exposure to airborne FA is associated with nasal neoplastic lesions in
both animals and humans. It is classified as a Group 2A carcinogen by IARC based on the increased
incidence of nasal cancer observed in animals. To compare the in vitro toxicity of FA with that observed
in animals and humans, we systematically evaluated tissue responses to FA vapors in an in vitro human
air‐liquid‐interface (ALI) airway model. Cultures were exposed at the air interface to 7.5, 15, and 30 ppm
FA vapors generated by the VitroCell® Spiking System for 4 h per day on 4 consecutive days. Two
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exposures to 30 ppm FA elicited significant cytotoxicity and therefore this exposure concentration was
removed from the study. Exposure to FA induced considerable functional changes in ciliated and goblet
cells in a dose‐dependent manner, along with sustained oxidative stress and possible squamous
differentiation at 15 ppm. Furthermore, the secretion of the proinflammatory cytokines, IL‐8, IL‐9, and
IL‐17A, was induced by repeated exposures to FA vapors at 15 ppm. Although DNA‐damage was not
assessed in this study, 15 ppm FA downregulated the DNA repair enzyme MGMT, suggesting its possible
interference in the DNA repair capacity of the airway epithelial cells. Taken together, a general
concordance, at least with regards to oxidative stress, proinflammatory response, and potential
phenotypic changes, was observed between the in vitro airway tissue responses to FA vapor exposures
and FA toxicity in vivo. Our findings provide further evidence supporting the application of the ALI
culture system as a complementary in vitro approach for screening and evaluating the respiratory
toxicity of inhaled substances.
ABSTRACT NUMBER: 3588
Poster Board Number: P404
TITLE: A New Approach Methodology for Assessment of Acute Respiratory Toxicity Using the MucilAir
Airway Model In Vitro
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Li1, J. Wallace2, H. Paulo2, P. Rogerson2, E.
Seddon1, C. Roper2, and L. Sweet1. 1The Lubrizol Corporation, Wickliffe, OH; and 2Charles River,
Edinburgh, United Kingdom.
KEYWORDS: Predictive Toxicology; Inhalation Toxicology
ABSTRACT: Hazard classification of acute inhalation toxicity is based on lethal effects in vivo. Non‐
volatile, viscous or substances of unknown or variable compositions, complex reaction products and
biological materials (UVCBs) create in vivo testing challenges. Replacing in vivo lethality with in vitro
systems should reduce these challenges. A New Approach Methodology (NAM) is proposed to identify
respiratory toxicity hazard potential using MPPD (ARA v3.04) and MucilAir™ (Epithelix) and extrapolate
to in vivo risk assessment and classification and labelling. The study aim was to evaluate MucilAir™
against acute inhalation toxicity data for respiratory hazard identification. Five UVCBs and a polycationic
surfactant with existing acute in vivo respiratory data were applied (4 concentrations) to human pooled
donor MucilAir™. The dose levels were determined using MPPD to cover the inhaled acute toxicity
hazard cut‐offs (UN GHS: 0.05, 0.5 and 10 mg/L air) and known acute (4 h) inhalation LC50 for rat. Doses
were applied directly to the tissue surface in mineral oil or water for a 24 h exposure. Transepithelial
electrical resistance (TEER, integrity), lactate dehydrogenase release (cytotoxicity), resazurin reduction
capacity (viability) and pathology endpoints were assessed and compared to vehicle and positive (SDS
and formaldehyde) acute respiratory irritant controls. Substance OS183390K was not toxic at any
concentration tested. TEER IC50 values were calculated to be 0.19, 0.41, 10.6, 10.9 and 18.8 mg/mL
(applied dose for MucilAir™) for OS17759AN, OS29802BJ, OS608273, OS398007 and OS371700. The LC 50
values were >1.9, >2.3, >5.4, >2.1 and <1.8 mg/mL (gravimetric aerosol concentration), respectively. The
IC50 values adequately predicted LC50 and relative potency for acute inhalation toxicity. LDH release and
resazurin metabolism were less consistent, potentially due to a combination of confounding chemical
interactions, and/or stress responses in the tissues or the toxicity not resulting in cell lysis and release of
contents. TEER data, measuring physical changes, is unaffected by these factors. Based on these results,
TEER data from UVCB treated MucilAir™ tissues is the preferred endpoint for human hazard assessment.
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In conclusion, this NAM proof of concept study using MucilAir™ and MPPD can characterize acute
inhalation toxicity and potency for UVCBs.
ABSTRACT NUMBER: 3589
Poster Board Number: P405
TITLE: Pulmonary Toxicity and Exposure to Ketene Evaluated as Cause for Vaping‐Related Illness
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. P. DeMott1, T. D. Gauthier1, T. R. Knight2,
P. Ward1, M. Bock3, and J. C. Restum4. 1Ramboll, Tampa, FL; 2Ramboll, Little Rock, AR; 3Ramboll,
Portland, ME; and 4Scotts Miracle‐Gro, Marysville, OH.
KEYWORDS: Inhalation Toxicology; Lung; Pulmonary or Respiratory System; Toxicity; Acute
ABSTRACT: US Centers for Disease Control and Prevention (CDC) has reported more than 2400 cases of
a pneumonia‐type condition related to the use of vaping devices. CDC also reported a strong association
with the presence of vitamin E acetate (VEA) in bronchoalveolar lavage fluid of patients. However, VEA is
not reactive and histopathology reports consistently document specific cytotoxicity to the alveolar
epithelium and the corresponding endogenous subtype of lipoid pneumonia, while ruling out the
subtype corresponding to the accumulation of an oily material in alveoli. Ketene has been identified as a
reactive pyrolysis product of VEA and suggested as a candidate toxicant linking VEA to the observed
pulmonary effects. We estimated exposure to ketene potentially generated from VEA on the heating coil
of a vaping device and compared this with available dose‐response information from inhalation toxicity
testing. Ketene produced toxicity specifically at the alveolar level in all species tested and macrophage
recruitment, consistent with the observed conditions in vaping‐related illness patients and endogenous
lipoid pneumonia. Ketene was also highly potent in all species tested and followed a steep dose‐
response curve in species where results yielding multiple endpoints were available. We calculated
Human Equivalent Concentrations from inhalation toxicity testing and margins of exposure comparing
these with the modeled estimate of exposure from vaping. Potential ketene exposure from vaping with
VEA‐containing cartridges was estimated within 4‐fold of a subchronic primate NOAEL and within
approximately 10‐fold of lethal levels in mice. Ketene meets the toxicological causation criteria of
producing biologically plausible effects and having dose‐response characteristics relevant to the effects
reported for vaping‐related illness patients. The mechanism of action, selective alveolar effects and
phagocytic processes consistent with endogenous lipoid pneumonia make ketene a viable candidate
toxicant for vaping‐related illness. The narrow safety margins in conjunction with potential vaping
exposure make further evaluation of the production of ketene and other reactive pyrolysis products
from VEA in vaping devices relevant for assessing the causes of this condition.
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ABSTRACT NUMBER: 3590
Poster Board Number: P406
TITLE: Polyhexamethylenen Guanidine Phosphate‐Induced Apoptosis of Alveolar Epithelial Cells through
Endoplasmic Reticulum Stress
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Jeon. SungKyunKwan University,
Gyeonggi‐do, Korea, Republic of.
KEYWORDS: Lung; Pulmonary or Respiratory System
ABSTRACT: Endoplasmic reticulum (ER) stress has been associated with lung fibrosis through apoptosis
of alveolar epithelial cells. Previous study reported that polyhexamethylene guanidine phosphate
(PHMG‐p), which is a biocide, induced the apoptosis of lung epithelial; however, the contribution of ER
stress to these responses is poorly understood. Therefore, the aim of the study is to elucidate the role
the ER stress in epithelial cell death induced by PHMG‐p. First of all, co‐localization of PHMG‐p and
endoplasmic reticulum (ER) was confirmed through fluorescence microscopy images. After confirming
colocalization, human lung epithelial A549 cells were exposed to PHMG‐p for 1, 3 and 6 hours. In
addition, to confirm the interaction between ER and mitochondria, A549 cells were pretreated with ER
stress inhibitor for 1 hour before exposure to PHMG‐p. Then, western blot analysis was conducted to
detect the expression of ER stress and apoptosis markers. After treating PHMG‐p of 24 and 48 hours,
flow cytometry analysis was conducted to measure of apoptosis level. In in vivo, intratracheal instillation
of PHMG‐p was conducted to evaluate the expression of ER stress markers in mice. Co‐localization of
PHMG‐p and ER was detected after 1 hour with PHMG‐p treatment. Then, increases in BiP, p‐PERK, p‐
eIF2α, ATF4 and ATF6 expression level were observed in PHMG‐p‐treated cells. Moreover, the exposure
of PHMG‐p for 24 and 48 hour resulted in the concentration‐dependent induction of apoptosis.
Interestingly, ER stress and apoptosis markers were decreased in A549 cells which pretreated with ER
stress inhibitor. Furthermore, ER stress and apoptosis markers were elevated in mice lungs instilled with
PHMG‐p. Collectively, these results suggest that PHMG‐p‐induced apoptosis is involved with ER stress
including PERK‐eIF2α and ATF6 pathway. For the further study, we will investigate the therapeutic effect
of inhibiting ER stress on PHMG‐p‐induced pulmonary fibrosis. This work was supported by the National
Research Foundation of Korea Grant funded by the Korean Government (NRF‐2017R1C1B5018375).
ABSTRACT NUMBER: 3591
Poster Board Number: P407
TITLE: The Role of EV miR‐451a Derived from Bronchial Epithelium Injured by Polyhexamethylene
Guanidine Phosphate in Fibrogenesis
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Jeong, and K. Chung. Sungkyunkwan
University, Suwon, Korea, Republic of. Sponsor: S. Yi
ABSTRACT: Pulmonary fibrosis has been investigated for figuring out its markers and mechanisms as it is
a progressive fibrosing disorder accompanying short survival period. Growing evidence indicates that
miRNAs take an enormous role in pulmonary fibrosis, which has attracted considerable interest in the
transport mechanisms and regulating processes of extracellular miRNAs. Inhalation of
polyhexamethylene guanidine phosphate (PHMG‐p), a humidifier disinfectant component, can modify
miRNAs expression in lung epithelial cells and induces pulmonary fibrosis. Extracelluar vesicles (EVs)
secreted from cells, played crucial roles in pathogenesis through cell‐to‐cell communication in the
human airway. Even though cell‐to‐cell communication between cells through EVs is new possible
cellular mechanisms of pulmonary fibrosis, contribution of EV miRNA in pathology of PHMG‐p induced
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pulmonary fibrosis has not yet been investigated. Hence, we aimed to elucidate the fibrogenic role of EV
derived from bronchial epithelial (BEAS‐2B) cells exposed to PHMG‐p and to discover anti‐fibrotic EV
miRNA as a potential therapeutic target. In the microarray of miRNAs in EVs from untreated cells (EV‐
Con) and EVs from PHMG‐p‐treated cells (EV‐PHMG), the targets of differentially expressed miRNAs
showed EMT‐associated gene ontology. Interestingly, miR‐451a among the decreased miRNAs, showed
inhibitory effect of EMT and its target, Odd‐skipped related1 (OSR1) in EV‐PHMG‐exposed BEAS‐2B.
OSR1 was decreased by EV‐Con which silencing alleviated EMT process. In animal experiment,
bronchoalveolar lavage fluid (BALF) EVs from pulmonary fibrosis‐induced mice, showed lower miR‐451a.
OSR1 and fibronectin were increased in PHMG‐p‐exposed tissues, which was alleviated by miR‐451a‐
transfected EVs. In conclusion, the dysregulation of EV miR‐451a by PHMG‐p affected the EMT and
fibrogenesis by increase of OSR1 in in vitro and in vivo. Therefore, we suggests that EV miR‐451a can
provide the new clues to approach the mutual mechanisms in PHMG‐p‐induced lung fibrosis as a
disruptor of balanced miRNA transfer and biogenesis, which could concurrently be applied as a non‐
invasive biomarker of pulmonary fibrosis clinically.
ABSTRACT NUMBER: 3592
Poster Board Number: P408
TITLE: Comparison of Aerosol Constituent Levels Characterization for Nicotine Salt Pod System 5%
Virginia Tobacco and 5% Menthol with Conventional Cigarettes
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. J. Oldham1, B. Hiraki1, A. Ozvald1, D.
Cook1, K. A. Agnew‐Heard2, W. P. Gardner3, and J. Zheng1. 1JUUL Labs Inc., San Francisco, CA; 2Altria
Client Services LLC, Richmond, VA; and 3Altria Client Services LLC, Richmond, VA.
ABSTRACT: Consistent with a recent FDA guidance document for ENDS products, levels of 37
constituents, aerosol mass, aerosol pH, and three nicotine impurities, (Nicotine‐N‐Oxide, cotinine, and
β‐Nicotyrine) were determined in the aerosol from two JUUL Nicotine Salt Pod System (NSPS) products
and compared to aerosol levels reported for reference and marketed conventional cigarettes. The two
NSPS products were the Virginia Tobacco and Menthol flavor products with 5% nicotine by weight.
Levels of each aerosol constituent were determined using two puffing regimens (non‐intense and
intense) by collecting and analyzing 50 puffs from the beginning, middle, and end of the life of the e‐
liquid cartridge. A total of ten replicate measurements were performed from each of three lots of NSPS
products for each puffing regimen. Aerosol collection and analytical analyses were performed by an ISO
17025 certified contract research organization and all analytical methods were validated and on their
scope of accreditation when the testing and analysis was performed. Only 12 of the 42 constituents and
other parameters provided measurements that were above the limit of detection, limit of quantification
(LOQ), or different from blank (metals). For constituents that were detected above the LOQ in any 50‐
puff collection, the measured constituent aerosol level was extrapolated on a mass balance basis to the
total aerosol amount of each constituent for an entire cartridge for both puffing regimens. Except for
the principal formulation constituents (nicotine, glycerin, propylene glycol, and benzoic acid) and
glycidol, aerosol constituent levels from both NSPS products demonstrated more than an 95% reduction
in aerosol constituent level compared to reference and marketed conventional cigarettes. Aerosol mass
varied in each 50‐puff block in both puffing regimens, however aerosol pH was consistent between the
beginning, middle and end of the cartridge life in both puffing regimens. Compared to reference and
marketed conventional cigarettes, the 5% Virginia Tobacco and 5% Menthol NSPS products generate
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fewer and significantly reduced levels of HPHCs, as compared to conventional cigarette smoke, except
for nicotine, which was within the range of nicotine content of currently marketed cigarettes.
ABSTRACT NUMBER: 3593
Poster Board Number: P409
TITLE: Naphthalene Bioactivation and Detoxification in Mouse, Rhesus Macaque, and Human Conducting
Airway Cells
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. S. Kelty1, N. Kovalchuk2, E. Uwimana2, L.
Yin2, X. Ding2, and L. Van Winkle1. 1University of California Davis, Davis, CA; and 2University of Arizona,
Tucson, AZ.
KEYWORDS: Volatile Organic Compound; Respiratory Toxicology; Metabolic Activation
ABSTRACT: Naphthalene is a volatile organic compound, which requires bioactivation to cause lung
toxicity. Previous studies show toxic naphthalene metabolite generation by in vitro cells and ex vivo
airway explant models from mice and rhesus macaques; but only in vitro microsomal naphthalene
metabolism has been documented with human airway tissues. This study tested the role of species, sites
of source tissue, and cell culture approach to influence in vitro naphthalene metabolism. The
preservation of xenobiotic metabolism capacity was evaluated using uniform exposure conditions within
freshly isolated airway epithelial cells, differentiated air‐liquid interface airway epithelial cell cultures,
and microdissected airways. Cellular glutathione content, naphthalene‐glutathione conjugate
generation, and naphthalene‐dihydrodiol metabolite generation after a 1‐hr exposure to 80 µM
naphthalene or reactive naphthoquinone was measured. The species, location of source tissue within
the airways, and model type influenced reactive naphthalene metabolite generation. Rhesus and human
samples demonstrated more variable and less efficient naphthalene metabolism compared to mouse
airway samples. Baseline glutathione content was 10‐fold higher in rhesus macaque and human samples
relative to mouse samples. Cellular response to naphthalene exposure was minimal for human and
rhesus tissues, but a larger antioxidant response was found for two reactive metabolites of naphthalene
(1,2‐ and 1,4‐naphthoquinone). Across the mouse in vitro airway samples, which all were capable of
metabolizing naphthalene, naphthalene glutathione conjugation was better preserved, relative to the
source tissue, than naphthalene oxide hydration. A human cell line often demonstrated unique cellular
responses compared to primary airway tissues and cell cultures. The difference in balance of different
Phase II metabolism pathways observed in vitro compared to source tissue is a potential confounding
factor for studies of the metabolic mechanisms of toxicity of naphthalene and other volatile organic
compounds. Our finding that xenobiotic metabolism is only partially functional in the in vitro and ex vivo
airway models examined will be useful for future investigations of species‐ and site‐differences in
bioactivated toxicant mechanisms of action, where such limitations of preservation based on cell culture
strategy must be considered.
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ABSTRACT NUMBER: 3594
Poster Board Number: P410
TITLE: Characterization of Impacts of the Interactions between Concentrated Ambient Particles and
Ozone on Protein and Toxicity Responses in Rat Lung and Aorta Tissues
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. E. Bruno, A. Farraj, and Y. Ge. US EPA,
Research Triangle Park, NC.
KEYWORDS: Environmental Toxicology; Proteomics; Exposure Assessment
ABSTRACT: Particulate matter (PM) and ozone (O3) are major components of air pollution. There has
been substantial improvement in our understanding of the toxicity pathways and biological mechanisms
involved in PM or O3‐mediated adverse pulmonary and cardiovascular effects. PM and O3 can have
independent and potentially synergistic or antagonistic effects. One postulated mechanism for the
elicitation of cardiovascular responses in response to air pollution inhalation is the triggering of
pulmonary inflammation that then “spills‐over” into the circulation causing vascular inflammation and
injury. However, little is known about the effects of the interactions between PM and O3 in a co‐
exposure context on protein and toxicity responses in pulmonary and cardiovascular tissue. The present
study was undertaken to characterize protein responses in lung and aortic tissues of spontaneously
hypertensive rats exposed to concentrated ambient particulate (CAP) matter and O3, singly or in
combination. Rats were exposed once for 4 hours by whole‐body inhalation to fine CAPs alone (target
concentration: 171 μg/m3), O3 (0.2 ppm) alone, CAPs plus O3, or filtered air during summer 2011 and
winter 2012. Changes in expression and/or phosphorylation levels of protein biomarkers of respiratory
and cardiovascular disease, and key regulators of toxicity pathways involving cell proliferation and
differentiation, apoptosis, oxidative stress, and inflammation were assessed. It was found that PM
increased interlukin‐6 and RAGE protein expression in lung tissue and eotaxin‐1 expression in aortic
tissue, whereas O3 increased expression of CCL11, interleukin‐1 receptor antagonist (IL‐1RA), and IL‐2RA
in lung tissue and intelukin‐10 (IL‐10) in aortic tissue. By contrast, co‐exposure to PM and O3 altered
expression of CCL5, brain‐derived neurotrophic factor (BDNF), and hepatocyte growth factor (HGF).
Multivariate statistical analysis and mathematical modeling of PM and O3‐mediated protein responses
was performed to identify correlations between protein expression/phosphorylation and toxicity
responses to PM, O3, and their combination. Our results demonstrate that the tissue‐dependent
variability in proteomic responses or proteome changes is related to the different components of the
mixture, and the types of pathway initiated. Approval of this abstract does not signify that the contents
reflect the views of the Agency.
ABSTRACT NUMBER: 3595
Poster Board Number: P411
TITLE: From Private Data to Shared Knowledge
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Hanser1, L. Johnston1, J. Marchaland1, J.
Plante1, R. van Deursen2, S. Werner1, and R. Williams1. 1Lhasa Limited, Leeds, United Kingdom; and
2
Firmenich, Geneva, Switzerland.
KEYWORDS: Computational Toxicology; Predictive Toxicology
ABSTRACT: Owing to the convergence of increasing computing power and new powerful machine
learning algorithms, Artificial Intelligence (AI) has become a powerful research catalyst in science. At the
core of modern AI is the ability to automatically extract knowledge from data and build accurate
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predictive models. This revolution has dramatically amplified the potential of applying machine learning
to many important tasks in the process of drug discovery. To maximize this impact, it is critical to have
access to enough good quality data to allow machine learning algorithms to extract relevant knowledge
and produce useful models. One of the main challenges in AI is therefore to compile such pivotal
datasets, which is particularly difficult in drug discovery due to the confidential nature of the primary
information: the chemical structure. Despite the availability of public data, the most valuable knowledge
is embedded in corporate data which can’t be shared without disclosing private information. As a result,
valuable knowledge remains locked in private silos for privacy reasons despite the willingness of
industry to share non‐competitive information. To overcome this obstacle, Lhasa Limited has developed
a methodology to enable the transfer of knowledge from corporate data into sharable models whilst
preserving the privacy of the original data. The method uses Knowledge Distillation based on the
Teacher‐Student approach adapted to the domain of Molecular Informatics. In this methodology, a
private teacher model is trained from the proprietary data and used to label public data. This public data
is subsequently used to train a student model. The private structural information is therefore decoupled
from the final student model and is never disclosed to the end user. This new method enables
knowledge sharing without a privacy leak. In this poster, we show how this methodology can be
successfully applied to transfer knowledge from confidential hERG data from 8 large pharmaceutical
companies into a very accurate hERG model without disclosing any private structural information. We
will demonstrate that the student model is able to outperform any of the individual teacher models by
federating the knowledge from its teachers.
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