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Thursday, March 23: Poster Session by Location

SESSION TITLE ABSTRACT #s POSTER BOARD #s

Late-Breaking 1: Air Pollution; Respiratory Toxicology; PFAS; 
Carcinogenesis 5000–5023 P101–P124

Late-Breaking 2: Animal Models; Alternatives; Risk/Exposure/
Safety Assessment; Immunotoxicity 5024–5062 P125–P163

Late-Breaking 3: Neurotox; Metals; Mixtures; Pesticides 5063–5099 P164–P200

Late-Breaking 4: Computational Toxicology; Modeling; Liver; 
Kidney; Systems and Stem Cell Biology 5100–5130 P201–P231

Late-Breaking 5: Cardiovascular Toxicology; Epigenetics; 
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Late-Breaking 6: Chemical Threats; Ecotoxicology; Endocrine 
Toxicology; Reproductive and Developmental Toxicology 5160–5192 P261–P293
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Air Pollution Toxicology 5000–5005 P101–P106 Late-Breaking 1

Alternatives to Mammalian Models 5024–5036 P125–P137 Late-Breaking 2

Animal Models 5037–5039 P138–P140 Late-Breaking 2

Biological Modeling 5100–5102 P201–P203 Late-Breaking 4

Biomarkers 5119–5122 P220–P223 Late-Breaking 4

Biotransformation/Cytochrome P450 5123–5124 P224–P225 Late-Breaking 4

Carcinogenesis 5020–5022 P121–P123 Late-Breaking 1

Cardiovascular Toxicology/Hemodynamics 5131–5135 P232–P236 Late-Breaking 5

Cell Death/Apoptosis 5023 P124 Late-Breaking 2

Chemical Threats and Bioterrorism 5160–5164 P261–P265 Late-Breaking 6

Computational Toxicology and Data Integration 5103–5111 P204–P212 Late-Breaking 4

Developmental Toxicology 5180–5185 P281–P286 Late-Breaking 6
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Disposition/Pharmacokinetics 5144–5146 P245–P247 Late-Breaking 5

Drugs of Abuse 5148 P249 Late-Breaking 5

Ecotoxicology 5170–5175 P271–P276 Late-Breaking 6

Education, Ethical, Legal, and Social Issues 5155 P256 Late-Breaking 5

Emerging Technologies 5158 P259 Late-Breaking 5

Endocrine Toxicology 5176–5179 P277–P280 Late-Breaking 6

Epidemiology and Public Health 5149–5151 P250–P252 Late-Breaking 5

Epigenetics 5136–5140 P237–P241 Late-Breaking 5

Exposure Assessment/Biomonitoring 5048 P149 Late-Breaking 2

Food Safety/Nutrition 5156–5157 P257–P258 Late-Breaking 5

Genotoxicity/DNA Repair 5166–5167 P267–P268 Late-Breaking 6

Immunotoxicity 5059–5062 P160–P163 Late-Breaking 2

Kidney 5118 P219 Late-Breaking 4



The Toxicologist: Late-Breaking Supplement 2023� v

TOPIC ABSTRACT #s BOARD #s SESSION TITLE

Liver 5112–5117 P213–P218 Late-Breaking 4

Medical Devices 5159 P260 Late-Breaking 5

Metals 5092–5096 P193–P197 Late-Breaking 3

Mixtures 5097–5099 P198–P200 Late-Breaking 3

Nanotoxicology 5141–5142 P242–P243 Late-Breaking 5

Natural Products 5143 P244 Late-Breaking 5

Neurodegenerative Disease 5063–5069 P164–P170 Late-Breaking 3

Neurotoxicity 5070–5088 P171–P189 Late-Breaking 3

Oxidative Injury and Redox Biology 5165 P266 Late-Breaking 6

Perfluorinated Alkyl Substances (PFAS) 5006–5011 P107–P112 Late-Breaking 1

Persistent Organic Pollutants (POPs) 5012–5013 P113–P114 Late-Breaking 1

Pesticides 5089–5091 P190–P192 Late-Breaking 3

Receptors 5168–5169 P269–P270 Late-Breaking 6
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Regulation/Policy 5152–5154 P253–P255 Late-Breaking 5

Reproductive Toxicology 5186–5192 P287–P293 Late-Breaking 6

Respiratory Toxicology 5014–5019 P115–P120 Late-Breaking 1

Risk Assessment 5040–5047 P141–P148 Late-Breaking 2

Safety Assessment: Non-pharmaceutical 5049–5051 P150–P152 Late-Breaking 2

Safety Assessment: Pharmaceutical 5052–5058 P153–P159 Late-Breaking 2

Skin 5147 P248 Late-Breaking 5

Stem Cell Biology and Toxicology 5128–5130 P229–P231 Late-Breaking 4

Systems Biology and Toxicology 5125–5127 P226–P228 Late-Breaking 4



ABSTRACT NUMBER: 5000 Poster Board Number: P101 
TITLE: Health Risks of Diesel Engine Particulate Emissions: A Success Story Joining Scientific Knowledge, 
Technological Developments, Policy, and Air Quality Standards 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. O. McClellan. Independent Advisor, Toxicology and 
Risk Analysis, Albuquerque, NM. 
 
KEYWORDS: Hazard Identification/Reduction; Environmental Toxicology; Diesel Particulate; Particulate Matter 

ABSTRACT: The intent of this poster is to inform attendees at the 62nd SOT meeting (March 19-23, 2023) of 
changing scientific knowledge, technological developments, policy and air quality standards related to health 
effects of diesel engines emissions over the last half century. The motivation for presenting this information is a 
notice signed by EPA Administrator Michael S. Regan on January 5, 2023 entitled “Reconsideration of the National 
Ambient Air Quality Standard (NAAQS) for Particulate Matter (PM)”. The poster is based on the author’s 
knowledge of the literature and his conduct and management of research, provision of advice to government 
agencies and private organizations and testimony to the Congress on the health effects of diesel engine exhaust. 
His activities have been funded by the federal government, private organizations and his private funds. A detailed 
Declaration of interest is available. Spark ignition and compression ignition engines, the latter commonly referred 
to as Diesel engines were invented in the 1880’s and quickly became a cornerstone of the industrial revolution. 
Both are fueled by hydrocarbon (HC) fuels. The compression process yields energy and a mixture of combustion 
products (CO, CO2, NOx, HC and carbonaceous particles). Concern soon developed for the emissions. In 1971 the 
EPA established the first NAAQS for PM using Total Suspended Particulates (TSP) as an indicator. In 1977, it was 
shown that Diesel Exhaust Particles contained a complex array of HCs that were mutagenic. In the 1980s it was 
shown that protracted exposure to high concentrations of Diesel particles caused lung cancer in rats. Early 
epidemiological studies yielded equivocal results for cancer induction from exposure to diesel PM. In 1988, The 
International Agency for Research on Cancer (IARC) classified gasoline engines exhaust as “possibly carcinogenic to 
humans” and diesel exhaust as “probably carcinogenic to humans”. In 1987, The EPA re-evaluated the NAAQS - PM 
and shifted from a TSP indicator to PM10 (PM less than 10 μm) and PM2.5 (PM less than 2.5 μm). In 2012, IARC 
elevated its classification for exposure to Diesel exhaust to “carcinogenic to humans”. By the early 2000s stringent 
regulatory policies and engine emission standards had fostered technological advances that had markedly reduced 
HC emissions and eliminated the carcinogenic potential of diesel exhaust. The current concern is for CO2 emissions 
and their role in “climate change”. Exhaust emissions from New Technology Diesel Engines should not be of 
concern for Policy Makers reconsidering the NAAQS - PM. This Case Study emphasizes how scientific knowledge 
and technological advances can provide a basis for minimizing, indeed eliminating, health hazards. Well-designed 
toxicological research and risk analysis can help guide changes in technological development that have a critical 
role in providing positive benefits to Society. The preparation of this poster was funded by the author. 

 
ABSTRACT NUMBER: 5001 Poster Board Number: P102 
TITLE: The Activation of SIRT1 Ameliorates BPDE-Induced Inflammatory Damage in BEAS-2B Cells via 
HMGB1/TLR4/NF-κB Pathway 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: P. Shang1, X. Li1, Y. Lei2, Q. Zhang2, F. Feng2, C. Hua1,  
J. Guo1, J. Zhao1, G. Zhao1, S. Wang1, F. Xie1, and H. Liu1. 1Zhengzhou Tobacco Research Institute, Zhengzhou, China; 
and 2Zhengzhou University School of Public Health, Zhengzhou, China. Sponsor: R. Meng 

ABSTRACT: Benzo(a)pyrene-7,8-dihydrodiol-9,10-epoxide (BPDE), the metabolite of benzo(a)pyrene (B(a)P) from 
cigarette smoke and environmental pollutant, could induce pulmonary toxicity and inflammation. SIRT1, an NAD+ -
dependent histone deacetylase, is known to regulate inflammation in the occurrence and development of various 
diseases, but its effect on BPDE-induced acute lung injury is still unknown. The present study aimed to explore the 
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role of SIRT1 in BPDE-induced acute lung injury. Here, human bronchial epithelial cells (BEAS-2B) were stimulated 
with BPDE at different concentrations (0.50, 0.75, 1.00μmol/L) for 24 hrs, and we found that the levels of cytokines 
released from the cells were increased and the expression of SIRT1 in cells was down-regulated with dose-
dependence. In addition, BPDE stimulation up-regulated the protein expression of HMGB1, TLR4, and p-NF-κB p65 
in BEAS-2B cells. Then the activator and inhibitor of SIRT1 were used before BPDE exposure, and the results 
showed that the activation of SIRT1 significantly attenuated the levels of inflammatory cytokines and HMGB1, and 
reduced the expression of HMGB1, ac-HMGB1, TLR4, and p-NF-κB p65 protein, which were reversed partly by the 
inhibition of SIRT1. This study indicates that the SIRT1 activation may protect against BPDE-induced inflammatory 
damage in BEAS-2B cells by regulating the HMGB1/TLR4/NF-κB pathway. 

 
ABSTRACT NUMBER: 5002 Poster Board Number: P103 
TITLE: Airway Epithelial and Immune Cell Disturbances in Mice Acutely Exposed to Ozone 
 
AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Paudel, S. Patial, and Y. Saini. Louisiana State 
University, Baton Rouge, LA. 
 
ABSTRACT: Ozone is an allotrope of oxygen naturally confined to the stratosphere as an ozone layer. But the 
volatile organic compounds obtained from extensive industrial and automobile emissions also generate ozone in 
the troposphere, which, unlike the vital stratospheric ozone, causes serious health problems. Acute ozone 
exposure is known to disrupt the airway epithelial integrity, which compromises pulmonary function and 
aggravates ongoing lung diseases. However, the kinetics of pulmonary responses to acute ozone exposure is not 
clearly defined. In order to delineate the kinetics of pulmonary response to acute ozone exposure in mice, 9-week-
old C57 female mice were exposed to 1500ppb of ozone or filtered air for 4 hours. Sample collection was done 
after various time points: 12 hours, 36 hours, 60 hours, 108 hours, and 204 hours. The mice were euthanized at 
these time points followed by the collection of bronchoalveolar lavage fluid (BALF) from the right lung, which was 
used for the observation of immune cell infiltration, total protein estimation, and western blot. The left lung was 
formalin-fixed and paraffin-embedded for histopathological and immunohistochemical analyses. Severe epithelial 
denuding was observed within 12 hours after the ozone exposure, which upon immunohistochemical analysis, was 
contributed mainly by the loss of club and ciliated cells. The epithelial denuding was followed by marked 
immunostaining staining of KI-67, a marker of epithelial cell proliferation, and KRT5, a marker of basal cells, 
suggesting an increased proliferation of basal cells, at 36h and 60h, post ozone exposure. Restoration of ciliated 
cells was observed from 60 hours and normal epithelial composition was restored at 204h timepoint. BALF cells 
cytospins analyses and immunohistochemical analyses (Ly6B-2, a neutrophil marker) of the lungs revealed a 
dramatic increase in neutrophil staining at 12 hours, which was gradually reduced in the later time points reaching 
the baseline levels at 108 hours. Increased BALF protein concentration was observed at 12 hours, which further 
increased at 36 hours with gradual reduction at the later timepoints reaching the baseline level at 204 hours. 
Western blot in the BALF supernatants revealed the release of High mobility group box 1 (HMGB1), a 
representative damage-associated molecular pattern (DAMP), at 12 hours, which was further exaggerated at 36- 
and 60-hour timepoints. Previous literature highlights the role of HMBG1 in post-acute injury epithelial repair via 
Toll-like receptor 4 (TLR4) and receptor for advanced glycated end products (RAGE) signaling. Interestingly, we 
identified found in inflammatory zone protein (FIZZ1) expression in the inflamed airways whose expression was 
strongly associated with the progression (high) and resolution (low) of the lung pathology. In conclusion, our study 
elucidates critical events involved in the progression and resolution of pathological outcomes in ozone-exposed 
mice. Further study will be done to identify the time-point-dependent alterations in inflammatory mediators and 
immune cell composition in regulating the pulmonary response to acute lung injury. 
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ABSTRACT NUMBER: 5003 Poster Board Number: P104 
TITLE: Presence of SARS-CoV-2 in Ambient Air of a Community Setting 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Castellanos1,2, S. Taghvaee3, J. Shen3, S. Raby2,  
M. Curtin2, N. Khan1, L. Sathe1, V. A. Arboleda1, S. E. Paulson3, B. L. Cole2, and J. A. Araujo1,2. 1David Geffen School of 
Medicine at UCLA, Los Angeles, CA; 2Fielding School of Public Health UCLA, Los Angeles, CA; and 3University of 
California Los Angeles, Los Angeles, CA. 
 
KEYWORDS: Exposure, Environmental; RT-PCR; Particulates 

ABSTRACT: Coronavirus disease-19 (COVID-19) has heightened awareness of the potential for airborne 
transmission in public places, especially in enclosed spaces where SARS-CoV-2 could be transmitted by aerosols 
between people without direct contact. Levels of Particulate matter with an aerodynamic diameter <2.5 µm 
(PM2.5) have been strongly correlated with the prevalence of COVID-19 cases and deaths. However, little is known 
about the ambient levels of SARS-CoV-2 in community settings where its detection has relied exclusively on the use 
of the transcription-quantitative polymerase chain reaction (RT-qPCR) method. We aimed to evaluate the presence 
of SARS-CoV-2 in the air by collecting air filters in and around the Nickerson Gardens Housing Projects, using RT-
qPCR and next-generation sequencing, SwabSeq. Polytetrafluoroethylene (PTFE) membrane filters were used to 
collect ambient PM from residential volunteers recruited to wear backpacks with portable personal air monitors 
(mobile sampling) or in fixed settings (stationary sampling) for a sampling time of 7-8 hours per collection day. 
PM2.5 filters were used for mobile sampling, while total suspended particle (TSP) filters were used for fixed 
samples. Additionally, three PM2.5 filters collecting samples from stationary locations were composited together 
per collection day and included in the study. We obtained a total of 49 mobile, 15 fixed, and 16 composite samples 
over 20 days of collection between August and September. After each sampling day, filters were weighed, cut, and 
submerged in recovery media to extract RNA derived from viral particles captured on the filters. Recovered 
material was concentrated using Amicon Ultra-15 centrifugal filter units and processed for RNA isolation using the 
TRIzol-chloroform method. Extracted RNA was tested for SARS CoV-2 via RT-qPCR targeting the RNA-dependent 
RNA polymerase (RdRp) gene with each sample run in duplicate and RT-qPCR conditions set to 50 amplification 
cycles. SARS CoV-2 detection was also tested through SwabSeq, targeting the spike (S) gene and included internal 
well controls (synthetic SARS CoV-2 S protein standard (S2) and human RPP30 gene). Samples with more than 500 
viral S gene reads and an S/S2 ratio <0.003 were considered positive. RT-qpCR revealed that 7/49 mobile, 4/15 
fixed, and 10/16 composite samples were positive for SARS-CoV-2. In comparison, 20/49 mobile, 5/15 fixed, and 
10/16 composite samples were detected as positive from SwabSeq testing. From the pool of positive samples, 
100% of the composite and 60% of the fixed samples, but only 30% of mobile samples were positive by both qPCR 
and SwabSeq. SARS-CoV-2 was present in samples of ambient air of a community setting from August to 
September 2021 and likely associated with the particulate matter. 

 
ABSTRACT NUMBER: 5004 Poster Board Number: P105 
TITLE: Evaluation of Survival Rates of Pathogenic Bacteria in Various Porous Structures of Particulate Matter 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Han1,2, H. Myung1, and Y. Joung1. 1Sookmyung 
Women's University, Seoul, Korea, Republic of; and 2Purdue University, West Lafayette, IN. Sponsor: J. Park 
 
KEYWORDS: Particulates; Infection 

ABSTRACT: Hazardous bacteria can often be contained in the pores in Particulate Matter (PM). Once inhaled, 
pathogenic bacteria in PM can cause adverse health outcomes including infectious diseases and inflammations. 
Specifically, bacteria in the PM can synthesize toxins, manipulate host cell function, and disable the immune 
system. Bacterial toxins are classified into exotoxins and endotoxins. Unlike endotoxins, exotoxins are produced 
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while bacteria are alive. Therefore, identifying the survival rate of bacteria in PM is required to evaluate their risk 
of inhalation exposure better and understand the transmission of diseases. Since bacteria cannot survive when 
dried in the air, drying time is a crucial factor for survival rate and can be affected by the structure of PM. So far, 
many studies have reported the effects of environmental factors (temperature and humidity) on the survival rate 
of hazardous airborne bacteria, while the impact of PM properties (porosity and composition) has rarely been 
elucidated. This study evaluated the survival rates of bacteria in various PM structures. The central hypothesis is 
that relationship between the porosity of PM and the bacteria concentration in the PM determines the survival 
rate of bacteria. To verify this hypothesis, droplets containing bacteria (Escherichia coli, KCTC 1682) and styrene 
sphere particles were dried for various periods to generate agglomerates that mimicked PM-containing bacteria. 
After drying, 64 agglomerates from each case were transferred to the Luria-Bertani agar plate. After incubating, 
the colony number was counted. The experiments were conducted with four different bacterial concentrations 
(2,875,000, 4,875,000, 10,500,000, 13,625,000, and 416 2,875,000 cells/ml) and three different particle sizes (0.1, 
1, and 10 µm). In the results, when the relative size of bacteria to the particles is ten times small, the high-
concentration bacterial group showed a survival rate about six times higher than the low-concentration bacterial 
group because bacteria can not fill the pore made by particles with low bacterial concentration. However, when 
the size of bacteria was ten times greater than particles, the survival rates of all concentrations showed a similar 
trend to the case containing only bacteria. Remarkably, we found that bacterial viability was independent of 
bacterial concentration when bacteria and particle sizes were similar, resulting in relatively higher survival rates 
than the other cases. This study provides a reference for developing a better model to estimate the PM effect on 
human health due to bacterial toxins. The results can also be used to study the transmission of infectious diseases 
via PM. This work was supported by a National Research Foundation of Korea grant funded by the Korean Ministry 
of Science and ICT (Grant Number: NRF-2018R1C1B6004585), the Korea Institute of Planning and Evaluation for 
Technology in Food, Agriculture and Forestry, and the Korea Smart Farm R&D Foundation through the Smart Farm 
Innovation Technology Development Program funded by the Ministry of Agriculture, Food and Rural Affairs, 
Ministry of Science and ICT , Rural Development Administration (421039-03). 

 
ABSTRACT NUMBER: 5005 Poster Board Number: P106 
TITLE: Short-Term Exposure of 16HBE Cells to High Levels of Diesel Particulate Matter and Impact on Oxidative 
Stress and Inflammation 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: O. C. G. Lampe, E. C. Vitucci, and N. M. Johnson. Texas 
A&M, College Station, TX. 
 
KEYWORDS: Inflammation; Particulates; Cell Culture 

ABSTRACT: All combustion-derived particulate matter is understood to promote oxidative stress and inflammation 
to some extent in the lungs. There is also an established relationship between long-term exposure of ambient (PM) 
and an increase in mortality and morbidity. However, less is known about the inflammatory response at the low 
and high ends of the exposure range for PM. Therefore, it is crucial to understand how heme oxygenase 1 (Hmox1) 
and pro-inflammatory cytokines, such as Il-8, respond in the early stages of a high-level exposure to PM. Human 
bronchial epithelial (16HBE) cells were exposed to a 0 μM, 100 μM and 150 μM suspension of SRM 2975 diesel 
particulate matter (DPM) for two and six hours. The mRNA was then collected to be analyzed via qRT-PCR to assess 
Hmox1 and Il-8 expression in the cells. Overall, expression was significantly higher at the 6-hour time point than 
the 2-hour time point with Il-8 having a greater relative increase than Hmox1. It was also found that DPM 
concentration had no observed effect on Il-8 nor Hmox1expression at the 2-hour time point. This could suggest a 
latency period between DPM exposure and enhanced Il-8 and Hmox1 expression. Therefore, this delay could act as 
the ideal time to administer preventative treatment before inflammation is established. RNA was also collected 
from these samples that will be used to analyze the expression of CYP1A1 and CYP1B1 in a future experiment 
utilizing the same q-PCR method. This first stage of experiments serves as a control for conducting in situ research 

The Toxicologist: Late-Breaking Supplement 2023� 4



exposure of ambient air pollution PM mixtures in environmental justice communities in the Greater Houston Area 
in Texas. 

 
ABSTRACT NUMBER: 5006 Poster Board Number: P107 
TITLE: Assessing the Respiratory Effects of PFAS Exposure in Human Bronchial Epithelial (16HBE) Cells 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Dinh, E. Vitucci, and N. Johnson. Texas A&M 
University, College Station, TX. 

ABSTRACT: Per- and polyfluoroalkyl substances (PFAS) comprise a diverse family of synthetic fluorinated chemicals 
that are found in various types of industrial and consumer products. Because of the widespread use of these 
compounds and their opposition to biodegradation, PFASs are ubiquitous in the environment and the general 
population. While effects on the immune system have emerged, several gaps in knowledge, in particular on 
respiratory disease exist. To address this, we conducted an in vitro study to examine the individual influence of 
perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid (PFOS) exposure on respiratory outcomes that 
underly asthma, the most common chronic disease in children. Human bronchial epithelial cells (16HBE) were 
grown on collagen-coated transwells and treated with 0.13 µM, 10 µM, and 60 µM of PFOS for 24 hours and the 
same conditions were applied for PFOA. The impact of PFOS and PFOA on the epithelial barrier integrity and 
function of each transwell was evaluated by transepithelial electrical resistance (TEER) and cell viability and 
cytotoxicity levels were examined by monitoring the release of lactate dehydrogenase (LDH) in both the apical and 
basolateral media. Using statistical analysis software GraphPad (Prism), data was analyzed using one-way analysis 
of variance (ANOVA) to determine differences between test groups. Results indicate that PFOS and PFOA 
treatment did not cause a significant change regarding barrier integrity and function at these levels, and there was 
also no significant changed observed for cell viability. Studies ongoing include assessing inflammatory response 
through a Bio-Plex Pro Human Cytokine 17-plex assay (Bio-Rad) and developing a respiratory model to evaluate 
selected PFAS toxicity using submerge culture and an air-liquid interface (ALI) culture model. Thus, we will study 
primary pediatric bronchial epithelial cells differentiated at ALI in future work. 

 
ABSTRACT NUMBER: 5007 Poster Board Number: P108 
TITLE: Comparative Analysis of In Vitro Hepatosteatosis Effects of Per- and Polyfluoroalkyl Substances 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Luo, R. Ying, X. Chen, and C. Chan. National Taiwan 
University, Taipei City, Taiwan. Sponsor: W. Chou 
 
KEYWORDS: Perfluoronated Agents; Liver; Lipids; PFAS 

ABSTRACT: Per-and polyfluoroalkyl substance (PFAS) contains over 12,000 chemicals that are widely used in food 
packaging and consumer products. PFAS exposure can disturb lipid metabolism, which associates with the 
initiation and pathology of nonalcoholic fatty liver diseases and nonalcoholic steatohepatitis. Decreased serum 
triglycerides and hepatosteatosis appear to be the common phenotypes induced by PFAS exposures in mammals. 
However, the hepatosteatosis potential of most PFAS chemicals remains largely unknown. This study aims to 
investigate the early molecular events of PFAS-induced hepatosteatosis using a human hepatoma cell line HepG2. 
We selected 19 PFAS compounds from the representative PFAS families, including perfluoroalkyl carboxylates 
(PFCAs), perfluoroalkyl sulfonates (PFSAs), fluorotelomer sulfonates (FTSs), fluorotelomer alcohols (FTOHs), short-
chain emerging PFAS (GenX), perfluoroalkyl sulfonamide (PFOSA), Fluorotelomer unsaturated carboxylic acids 
(PFUcAs) and perfluoroalkyl sulfonamidoethanols (N-MeFOSE-M and N-EtFOSE-M). The HepG2 cells were seeded 
into a 96-well plate, incubated at 37 ℃ and 5% CO2 for 24 hours, and then treated with test compounds at 0.01, 
0.1, 1, 10, or 100 μM for 48 hours. Next, the cells were stained with fluorescent dyes, targeting at cell nucleus, 
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mitochondria, neutral lipids, and reactive oxygen species. The high-content imaging (HCI) phenotypes were 
collected, and the concentration-response data was fitted with the Hill model to derive the point of departure 
(POD) concentrations. Finally, we compared the in vitro POD values of lipid accumulation with the in vivo POD 
values of serum triglyceride levels acquired from 28-day gavage studies using male Sprague Dawley rats (NTP 
revised technical reports TOX-96 and TOX-97). Among the test compounds, PFOSA showed the highest bioactivity. 
In contrast, FTOHs, FTS, PFUcA, and short-chain emerging PFAS compounds reported low bioactivities. Overall, the 
hepatosteatosis potential of PFAS compound positively correlated with the number of fluorinated carbon. PFAS 
compounds with functional groups sulfonic acid, amine, or saturated carboxylic acid manifested in vitro 
hepatosteatosis effects in HepG2 cells. We observed a strong correlation between the in vitro and in vivo PODs for 
PFAS-induced lipid accumulation (r=0.97; ρ= 0.66, n=5). Herein, we demonstrated that in vitro PODs generated 
from HepG2 cells could project in vivo hepatosteatosis potentials of PFAS substances. This finding can help derive 
relative potency factors of PFAS compounds that lack in vivo toxicity data, facilitating the mixture health 
assessment for PFAS substances. 

 
ABSTRACT NUMBER: 5008 Poster Board Number: P109 
TITLE: Assessing Developmental Toxicity and Transcriptomic Responses to Two Per- and Polyfluoroalkyl Sulfonic 
Acid (PFSA) Exposures in the Mummichog 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Rericha1, T. Burke1, H. Schrader1, M. Francoeur1,  
C. Heyder1, K. Wells1, N. McNabb2, L. Mills1, and B. Clark1. 1US EPA/ORD, Narragansett, RI; and 2University of 
California Davis, Davis, CA. 
 
KEYWORDS: Systems and Integrative Toxicology; Ecotoxicology; Gene Expression/Regulation; PFAS 

ABSTRACT: Per- and polyfluoroalkyl substances (PFAS) are a ubiquitously detected chemical class that poses 
significant environmental health concerns. Perfluorohexane sulfonic acid (PFHxS) and perfluorooctane sulfonic acid 
(PFOS) are persistent in the environment and associated with adverse health effects. The hazards and modes of 
action by which individual PFAS cause adverse outcomes for fish populations are yet to be fully characterized. 
Therefore, we conducted embryo larval assays and transcriptomics using mummichogs (Fundulus heteroclitus, 
Atlantic killifish). Mummichogs are an important ecological model, amenable to early morphological and 
behavioral phenotyping and have a well-annotated genome. Embryos were aqueously exposed to PFHxS or PFOS 
(0, 1, 10, and 100 µM) for 6 days, beginning one day post fertilization (dpf). RNA sequencing (Novogene; Novaseq 
platform) was conducted at 3 or 4 dpf and at 10 dpf. Following exposures, embryos were assessed for morphology, 
heart rate, hatching, growth, swim bladder development, and behavior (10-30 dpf). Initial analysis revealed that 
exposure to 10 and 100 µM PFHxS induced robust gene expression changes at 3 dpf, while only 1 µM did so at 10 
dpf. PFOS exposures elicited few transcriptional changes at 4 dpf but numerous differentially expressed genes at 
10 dpf. Biological processes related to metabolic processes, ion transport, and DNA replication were among the 
most significantly enriched following PFOS exposures, while lipid transport and localization were enriched by 
PFHxS. At 10 dpf and subsequent timepoints, PFHxS and PFOS exposures induced limited developmental effects; 
mortality, heart rate, growth, and swim bladder development were not significantly affected. PFHxS exposures 
caused an increase in incidence of abnormal heart phenotypes (9%, 24%, and 26% compared to 3% in controls), 
including offset heart chambers and elongated sinus venosus. While morphological effects were limited, there 
were subtle behavior effects. PFOS (10 and 100 µM) exposures induced abnormal acceleration behavior during the 
dark period of a light/dark assay, and PFHxS exposures altered behavior during light/dark transition periods. 
Incidence of heart-specific phenotypes and abnormal behavior following PFAS exposures concur with previous 
studies in the literature, with mostly freshwater fish species. However, our lack of gross morphological effects at 
these concentrations is dissimilar to many studies, suggesting that investigation of sensitivity differences in 
mummichogs is warranted. Our findings and ongoing multi-omic studies will contribute to understanding of PFAS 
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hazards, elucidate modes of action, connect molecular events to organismal outcomes, and inform efforts to 
predict population effects. 

 
ABSTRACT NUMBER: 5009 Poster Board Number: P110 
TITLE: Investigating the Effects of PFOS on Human-Induced Pluripotent Stem Cell Pluripotency and Cardiac 
Differentiation 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. L. Siglin1, C. W. Clark1, A. Monteiro Da Rocha2,  
T. Herron2, and L. K. Svoboda1,2. 1University of Michigan School of Public Health, Ann Arbor, MI; and 2University of 
Michigan Medical School, Ann Arbor, MI. 
 
KEYWORDS: Perfluoronated Agents; Induced Pluripotent Stem Cells; Epigenetics; Perfluorooctane sulfonic acid 

ABSTRACT: Approximately 1 in 5 deaths in the US can be linked to cardiovascular disease (CVD). Prenatal exposure 
to certain toxicants is associated with an increased risk of CVDs later in life. Per and polyfluoroalkyl substances 
(PFAS) are a family of over 9,000 synthetic persistent organic pollutants. PFAS exposure has been linked to CVD in 
several studies, but the underlying mechanisms are unclear. A potential mechanism linking early chemical 
exposures to CVDs is reprogramming of the epigenome, including DNA methylation. We hypothesize that 
perfluorooctane sulfonic acid (PFOS), a legacy PFAS compound, alters DNA methylation and modulates the 
expression of transcriptional programs regulating cardiac differentiation, proliferation, and pluripotency. To test 
this hypothesis, human induced pluripotent stem cell (hiPSC) lines (one male- and one female-derived) were 
exposed to 0.5, 5, and 50 µM PFOS for 72 hours. Cell expansion was measured using Incucyte live cell imaging, and 
expression of key pluripotency genes (OCT4, SOX2, NANOG) was quantified using qRT-PCR. To investigate how 
PFOS exposure impacts cardiac differentiation, hiPSCs were directed to differentiate into ventricular 
cardiomyocytes using an established small molecule protocol. Throughout differentiation, cells were exposed to 
0.5, 5, 50, and 100 µM PFOS. Following differentiation, cardiac troponin T- a protein expressed only in cardiac 
muscle- was analyzed via flow cytometry to assess the percentage of cardiomyocytes. Lastly, RNA was extracted 
from hiPSCs and cardiomyocytes to analyze expression of transcript levels of DNMT and TET enzymes, which 
regulate DNA methylation. Results showed that PFOS interfered with the differentiation of hiPSCs into 
cardiomyocytes, as evidenced by reduced numbers of cardiac troponin T-positive cells. PFOS also affected rate of 
cell expansion in hiPSCs exposed for 72 hours. Through qRT-PCR analysis in hiPSC, we found that exposure to PFOS 
at 5, 50, and 100 µM concentrations led to a decrease in transcription of the pluripotency genes, SOX2 and NANOG 
as PFOS concentration increased (n=2, pooled samples). In the male cell line, OCT4 expression increased as PFOS 
concentration increased. DNMT and TET expression also decreased when exposed to PFOS as low as 5 µM in both 
cell lines.These results suggest that PFOS may interfere with cardiac differentiation by altering genes regulating 
pluripotency and DNA methylation. Future studies will investigate the effects of acute and developmental PFOS 
exposure on cardiac electrophysiology, as well as determine whether there are sex-specific effects of PFOS and 
other PFAS on stem cell pluripotency and cardiac differentiation. 

 
ABSTRACT NUMBER: 5010 Poster Board Number: P111 
TITLE: A Novel High-Throughput Gap Junction Bioassay Screening System to Assess the Effects of PFAS 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. J. Torres1, J. E. Liebold2, L. Lockwood2, J. Lee3,  
A. K. Bauer4, E. Lisabeth2, R. R. Neubig2, and B. L. Upham2. 1Universidad de Puerto Rico, Mayagüez, Puerto Rico; 
2Michigan State University, East Lansing, MI; 3Yonsei University, Incheon, Korea, Republic of; and 4University of 
Colorado Denver, Aurora, CO. Sponsor: J. Luyendyk 
 
KEYWORDS: Perfluoronated Agents; Polycyclic Aromatic Hydrocarbons; Gap junctions 
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ABSTRACT: The selection of gap junctional intercellular communication (GJIC) as an endpoint is a significant step in 
developing a systems-based in vitro model to assess the toxic potential of environmental contaminants, as this 
biological phenomenon is crucial for integrating signaling mechanisms within cells with that of neighboring cells in 
a tissue and is an important early-stage event in abnormal cell proliferation within tissues. Thus, we are 
determining the effects of per- and polyfluorinated substances (PFAS) and phenanthrene on GJIC, which are major 
environmental contaminants and also known as “forever chemicals”. The well-established “scalpel load - dye 
transfer” (SL-DT) assay was first used to assess GJIC as a function of dose and time. These results were then 
compared to the dose response results with the lab’s newly established high throughput screening (HTS) assay. 
Both assays used the F344 WB cell line, which is an excellent in vitro cell model of liver oval cells, a bipotent 
stem/progenitor cell that give rise to hepatocytes and hepatic biliary duct cells and self-renew. The new HTS is 
quite unique that depends on a subset of donor and subset of receptor cells where the donor cells are stably 
transfected with the iodide transporter gene and the acceptor cells with the yellow fluorescent protein (YFP) gene. 
The addition of iodide initiates the bioassay by entering the donor cells via the iodide transporter, and then 
transfers through gap junctions to the receptor cells, in which iodide quenches the YFP-fluorescence. Closed or 
partially closed gap junction channels prevents or partially prevents quenching in the receptor cells from iodide. 
Results with phenanthrene indicated a high concordance between the SL-DT and high throughput assays. Also, a 
significant difference was observed between carboxylic vs. the sulfonic PFAS. The perflourinated 7-10 carbon 
carboxylic acids inhibited GJIC and 2-6 carbon PFAS did not, while the perflourinated sulfonic acids where 6-10 
carbon PFAS inhibited GJIC, and 2-5 carbons did not. These results indicate a significant difference on the cut off 
point of active vs. inactive of the carboxylic vs. sulfonic acid PFAS. Research supported by the National Institute of 
Environmental Health Sciences (NIEHS) of the National Institutes of Health (NIH) under Award Number 
R21ES031345. The content is solely the responsibility of the authors and does not necessarily represent the official 
views of the NIH-NIEHS. 

 
ABSTRACT NUMBER: 5011 Poster Board Number: P112 
TITLE: Characterization of the Organic Anion Transporting Polypeptide 1B1 (OATP1B1) and the Na+/Taurocholate 
Cotransporting Polypeptide (NTCP) with Exposure to PFOA and PFOS Up to 72 Hours 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. E. Villanueva1, J. Y. Idowu1, S. Chang2, and  
B. Hagenbuch1. 1University of Kansas Medical Center, Kansas City, KS; and 23M Company, Saint Paul, MN. 

ABSTRACT: Perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA) are subsets of the per- and 
polyfluoroalkyl substances (PFAS). These two substances are stable synthetic compounds with the potential to 
bioaccumulate in the environment and in humans. Previously our lab demonstrated that certain perfluoroalkyl 
sulfonates and carboxylates are substrates for the organic anion transporting polypeptide 1B1 (OATP1B1) and the 
Na+/taurocholate cotransporting polypeptide (NTCP). However, little is known about the effects on hepatic 
transporters. Therefore, the aim of this study was to determine the function and surface expression of OATP1B1 
and NTCP following exposure to PFOS and PFOA for up to 72 hours. We used HEK293 cells transiently transfected 
with OATP1B1 and HEK293 cells stably expressing NTCP. OATP1B1- and NTCP-mediated uptake of model 
substrates (estradiol-17β-glucuronide and taurocholate, respectively) were measured in the presence of increasing 
concentrations of PFSAs (up to 50 μM) at three different time points (24, 48, and 72 hours). Transporter expression 
at the plasma membrane was determined using a surface biotinylation assay. In a 50:50 mixture of PFOA and 
PFOS, OATP1B1 and NTCP transport function decreased in a dose- and time-dependent manner. Similarly, 
exposure to PFOS alone resulted in a time- and dose-dependent decrease in transport, while PFOA alone did not 
affect OATP1B1- or NTCP-mediated transport. Exposure to the mixture of PFOA and PFOS, as well as PFOS alone, 
decreased the expression of OATP1B1 and NTCP at the plasma membrane. These results suggest that high 
concentrations of PFOS and PFOA over a 72-hour period can affect the disposition of antibiotics, statins, and bile 
acids, substrates of drug uptake transporters in hepatocytes. 
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ABSTRACT NUMBER: 5012 Poster Board Number: P113 
TITLE: Effects of an Environmentally Relevant Mixture of Organochlorine Pesticide Metabolites on Adipogenesis 
and Adipocyte Function in Immortalized Human Adipocytes 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: G. Howell, D. Young, and K. Seo. Mississippi State 
University, Mississippi State, MS. 
 
KEYWORDS: Persistent Organic Chemicals; Pesticides; Adipocyte 

ABSTRACT: Obesity is increasing at an alarming rate both within the United States and worldwide. This is highly 
significant given obesity is a major risk factor for the development of metabolic syndrome, type 2 diabetes, and 
cardiovascular disease. Recent studies have implicated organochlorine pesticides and their bioaccumulative 
metabolites as obesogens and diabetogens. However, the mechanisms governing these effects of environmental 
exposures remain an area of active investigation. Thus, the present study was designed to determine if exposure to 
an environmentally relevant mixture or organochlorine pesticide metabolites altered cellular function in an 
immortalized human subcutaneous preadipocyte/adipocyte model. Briefly, to assess potential alterations in 
adipogenesis, human preadipocytes were differentiated into mature adipocytes over the course of 10 days while 
being exposed to a mixture of dichlorodiphenyldichloroethylene (DDE), trans-nonachlor, and oxychlordane in a 
10:1:0.5 ratio (referred to as DTO), respectively. To assess effects on other indices of adipocyte function such as 
fatty acid uptake, lipolysis, glucose uptake, and adipokine/cytokine expression, mature adipocytes were exposed 
to DTO for up to 24 hours prior to measurement of these endpoints. Exposure to DTO did not significantly alter 
adipogenesis or free fatty acid uptake at any of the concentrations utilized. However, DTO (2 and 20 uM) did 
significantly decrease glucose uptake in mature adipocytes. Basal lipolysis was unaffected by exposure to DTO, but 
isoproterenol stimulated lipolysis was significantly decreased following exposure to the highest concentration of 
DTO. To examine potential alterations in basal and stimulated pro-inflammatory cytokine and adipokine 
expression, mature adipocytes were exposed to DTO with or without exposure to Staphylococcus aureus to 
examine alterations in adipocyte reactivity to a prevalent human pathogen. Exposure to DTO significantly 
increased S. aureus-induced expression of IL-6, IL-1β, and Mcp-1 while decreasing S. aureus-induced expression of 
Tnfα. Regarding adipokines, DTO significantly increased basal levels of both resistin and leptin and increased S. 
aureus-induced resistin expression. Taken together, our data demonstrate exposure to an environmentally 
relevant mixture of organochlorine pesticide metabolites can directly alter adipocyte physiology as indicated by 
decreased glucose uptake and decreased isoproterenol-induced lipolysis. Additionally, exposure to this mixture 
significantly alters the adipocyte response to infection with S. aureus, the primary pathogen in diabetic foot ulcers. 

 
ABSTRACT NUMBER: 5013 Poster Board Number: P114 
TITLE: Developmental Exposure to Polychlorinated Biphenyls in Combination with High-Fat Diet Alters Voiding 
Function in Adult Mice Potentially via Inflammatory Mechanisms 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. L. Kennedy, M. Ridlon, A. Spiegelhoff, K. Wang, and 
K. P. Keil Stietz. University of Wisconsin–Madison, Madison, WI. 
 
KEYWORDS: Polychlorinated Biphenyls; Environmental Toxicology; Macrophage; Polychlorinated Biphenyls 

ABSTRACT: Voiding dysfunction is burdensome and affects millions worldwide, factors such as obesity and 
inflammation are thought to contribute but other factors contributing to this complex etiology are not well 
understood. Polychlorinated biphenyls (PCBs) are environmental contaminants with known impacts on several 
organs and recent evidence in mouse models suggests they may also influence voiding function. Whether PCBs 
alone or in combination with obesity converge upon inflammatory pathways to alter voiding function are 
unknown. Therefore, we are testing the hypothesis that developmental PCB exposure contributes to voiding 
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dysfunction resultant from inflammation, and is exacerbated by obesity triggered by a high fat diet. For this study 
mice with either a fluorescent label on infiltrating CCR2 positive inflammatory cells (heterozygous mice) or mice 
with two copies of the label which lack the ability to recruit CCR2 positive immune cells to the bladder 
(homozygous mice) were generated. Female wild type or CCR2 homozygous mice were dosed daily for two weeks 
prior to mating, through gestation and lactation with a PCB mixture (0, 0.1, or 1 mg/kg) mimicking proportions 
found in pregnant women. Female mice were paired with a CCR2 homozygous male to generate CCR2 
heterozygous or homozygous offspring. Offspring were weaned at 3 weeks of age and at 6 weeks of age 
underwent baseline testing of voiding function using the void spot assay (VSA) and uroflowmetry. Mice were then 
placed on either a control or high fat (60% fat) diet and VSA and uroflometry testing repeated monthly for 4 
months. Preliminary VSA data at baseline indicate a significant effect of genotype with CCR2 homozygous female 
mice producing greater urine area than CCR2 heterozygous female mice regardless of PCB dose group (n=2-9, Two-
Way ANOVA). A similar trend was seen for male mice (n=1-11). Preliminary data following CCR2 heterozygous 
female mice 2 months post diet indicate that compared to the 0mg/kg PCB control diet, 0 mg/kg PCB high fat diet, 
0.1 mg/kg PCB control diet, and 0.1 mg/kg PCB high fat diet groups had lower urine areas (n=1-6). Analysis in male 
mice and homozygous mice is ongoing. In conclusion, the CCR2 homozygous genotype influences baseline total 
urine area, generally increasing area compared to CCR2 heterozygous mice suggesting that mice which lack the 
ability to recruit inflammatory cells to the bladder have increased ability to void. In relation to diet effects over 
time, to date preliminary data indicate that either developmental PCB exposure, adulthood high fat diet or both 
lead to lower urine area production in female mice. Together these preliminary studies suggest that CCR2 immune 
cell recruitment can influence voiding function and that PCB exposure, high fat diet or both can result in alterations 
in voiding parameters in mice. Continued work will further examine these interactions and determine whether the 
recruitment of immune cells is necessary for PCB and/or diet effects on voiding function. Funding: NIH ES029537, 
ES033304, ES007015, DK104310. 

 
ABSTRACT NUMBER: 5014 Poster Board Number: P115 
TITLE: Nicotine-Free E-cigarette Exposure Facilitates Neutrophils-Platelets Complexes in Murine Microvasculature 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Alkhadrawi, H. Snoderly, D. Panchal, T. Nurkiewicz, 
and M. Bennewitz. West Virginia University, Morgantown, WV. 
 
KEYWORDS: Inflammation; Cytokines; Immunotoxicology 

ABSTRACT: E-cigarette vapor (ECV) exposure has led to lung damage and a spate of sudden deaths in recent years. 
E-cigarette, or vaping, product use-associated lung injury has been linked to the presence of specific contaminants 
in e-liquid, such as vitamin E acetate. However, we show through intravital imaging that inflammatory cell 
responses occur in the pulmonary vasculature in response to acute exposure to ECV generated from unflavored 
nicotine-free e-liquid. The goal of this study is to define the earliest patterns of subclinical ECV-induced lung 
dysfunction to better predict pathologies emerging from chronic use. Specifically, we assessed the role of blood 
cells including neutrophils and platelets in lung injury induced by ECV exposure. Neutrophils are the most 
abundant type of white blood cells, and when stimulated, release neutrophil extracellular traps (NETs). These webs 
of extruded DNA fibers enable inflammatory positive feedback loops and vasculature damage. Platelets, which are 
known for thrombosis, adhere to neutrophils to facilitate occlusive neutrophil-platelet aggregates (NPAs) that 
promote NETs. Female BALB/c mice underwent 2.5 consecutive hours/day of ECV exposure (1 puff/min at 30 
watts, 50% vegetable glycerin (VG)/ 50% propylene glycol (PG)), for 3 days. Control mice were exposed only to 
room air (RA). Analytes were collected from mice immediately after the final exposure (t=0hrs), one day later 
(t=24hrs), and 2 days later (t=48hrs). Intravital imaging of the pulmonary lung vasculature (n=5 mice per group) 
was performed at each timepoint. Fluorescent labels were retro-orbitally injected to stain vasculature, neutrophils, 
and platelets. Neutrophil and platelet presence was assessed by measuring count and area. Results indicated a 
significant increase of neutrophils (1.8 ±0.1-fold) and NPAs (2.2 ±0.3-fold) in all ECV treated mice. Whole blood and 
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bronchoalveolar lavage fluid (BALF) were collected from a subset of mice (n=5 per group) at each timepoint. Cell 
counts from ProCyte analysis were not significantly altered in BALF or plasma for any ECV-exposed groups 
compared to control; however, a non-significant increase in lymphocyte presence in BALF was noted t=24hrs, 
possibly indicating lung inflammation. Lastly, plasma and BALF were analyzed to assess the presence of cell free 
DNA, myeloperoxidase (MPO), and inflammatory cytokines. Results revealed no difference in DNA concentration in 
all treated mice when compared to RA mice. Plasma concentration of MPO was significantly reduced 2 days after 
exposure ceased (1.5-fold decrease), suggesting suppression of neutrophil antimicrobial activity. Relative cytokine 
expression indicated changes consistent with vascular injury. Soluble intercellular adhesion molecule 1 (sICAM-1) 
was overexpressed (~13-fold) relative to RA mice. Overall, our data indicate a complex immune response occurs 
upon acute exposure to ECV that persists in the pulmonary vasculature for at least 2 days after exposure. This work 
will better inform the public of the risks of e-cigarette use. 

 
ABSTRACT NUMBER: 5015 Poster Board Number: P116 
TITLE: Cell Morphological Phenotyping Using High-Content Image Analysis to Classify Foamy Macrophage 
Responses for Inhaled Toxicity Assessment 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Hoffman1, A. Martin1, A. Saeed1, J. Bather1, and  
V. Hutter1,2. 1ImmuONE Ltd., Hatfield, United Kingdom; and 2University of Hertfordshire, Hatfield, United Kingdom. 
Sponsor: H. Behrsing 
 
KEYWORDS: In Vitro and Alternatives; Respiratory Toxicology; Inhalation Toxicology 

ABSTRACT: Few new inhaled medicines have reached the market in the last 40 years, in part due to concerns 
regarding safety and the observation of highly vacuolated alveolar macrophages (termed foamy macrophages 
(FM)) in pre-clinical studies in rats. There are multiple pathological and homeostatic responses that could generate 
a FM response and limited understanding if these observations to an inhaled stimulus are adverse or adaptive and 
if the process is transient or irreversible. Preclinically, the extent of cell vacuolation is reported from histology 
cross section lung slices and categorized into two arbitrary groups, (finely or coarsely vacuolated). The aims of this 
study were to (i) develop a quantitative assay using high-content image analysis to more accurately quantify a 
range of cell health and morphological characteristics and (ii) to better categorize cell vacuolation and indicate a 
potential mechanism of vacuolation to support classification of a safe or toxic response. Alveolar-like macrophages 
(ImmuPHAGETM) were exposed to a panel of compounds representing different mechanisms of FM induction: 
phospholipidosis (amiodarone, chlorpromazine, imipramine), apoptosis (staurosporine, etoposide, 
campthothecin), autophagy (cigarette smoke) and, as negative controls, marketed inhaled medicines (fluticasone, 
salbutamol). After 48 h exposure cells were stained with a cocktail of fluorescent dyes (Hoechst, MitoTracker, 
Image-It Dead and Cell Mask). Subsequently, images were captured using the In Cell Analyser 6000 and 
morphological features quantified (In Cell Developer Toolbox v 1.9.2, Level 3). Dead or dying cells were excluded 
and remaining cells were classified into nine phenotypes based on cell size, and vacuolation index (area of 
vacuolation/number of vacuoles) using three level descriptors. The distribution of cell area and vacuolation index 
was highly reproducible for untreated (control) cells providing a robust baseline to benchmark morphological 
changes of known ‘safe’ chemicals (marketed medicines) and known inducers of a foamy macrophage response. 
Marketed inhaled medicines did not produce phenotypes significantly (p > 0.05) different from untreated cells. In 
contrast, compounds established to induce phospholipidosis significantly (p > 0.05) increased the population of 
large cells associated with fine vacuoles (1.9- to 5- fold), and cells classified as small or medium in size which were 
coarsely vacuolated (1.5- to 4.2 - fold). Compounds which induced apoptosis increased the proportion of cells with 
reduced size and both standard vacuolation or coarse vacuolation (1.3- to 6- fold and 2.2- to 18- fold respectively). 
This approach, where multiple endpoints from a single cell are combined, enables assessment of cell sub-
populations supporting mechanistic-driven safety evaluation. Detailed morphological assessment in vitro also has 
the added advantage of directly linking to in vivo tissue pathology, providing more mechanistic insight and a direct 

The Toxicologist: Late-Breaking Supplement 2023� 11



correlation between in vivo and in vitro studies to support better and earlier decision making for safety 
assessment. 

 
ABSTRACT NUMBER: 5016 Poster Board Number: P117 
TITLE: Mouse Lung Injury Analysis Using Semi-automated Segmentation of Micro-CT Images 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Luisi, J. Lin, L. Ochoa, M. Tanner, R. McAuley,  
O. Alfarawati, C. Wright, G. Vargas, M. Motamedi, and B. Ameredes. University of Texas Medical Branch at 
Galveston, Galveston, TX. 

ABSTRACT: Computed Tomography (CT) is a standard clinical tool used to diagnose known tissue pathologies 
based on established grading methods. For preclinical trials and toxicity investigations, more comprehensive 
datasets are typically needed to determine discriminative tissue features. While manual segmentation image 
analysis is the gold standard, it is time consuming and can be inefficient, depending on observer bias and 
experience. In our previous work, the CT segmentation approach was a valuable tool for assessment of the 
progression of lung pathology; however, the manual segmentation and commercial software used was typically a 
major rate limiting step due to a lack of simple automation. To improve the efficiency, the semi-manual 
segmentation method was streamlined, and a semi-automated segmentation process using the open-source 
ImageJ program was developed to produce: 1) Quantifiable segmentations comparable with the manual method; 
2) Deterministic results that reduced variance and were unbiased 3) Efficiency enhancement, and 4) Multi-
platform cost effectiveness. Intratracheal administration of bleomycin was used to reliably induce lung injury and 
tissue changes measurable with CT imaging in C57Bl6/J mice. Total lung tissue volume measurement averaged 
2520±321 mm3 in Naïve mice (n=23) and 2498±45 with intratracheal PBS (n=5; n.s.). Bleomycin exposure (n=9) 
significantly altered the lung tissue size distribution, averaging 1637±212 mm3 (P<0.05 vs. both naïve and PBS 
groups). Deviance of the semi-automated method from the manual method was found to average less than 5% 
across all analysts (n=6). Linear regression comparing data of the semi-automated method with the manual 
method obtained a slope near 1 (0.95), and intercept near 0 (0.01), and Pearson’s r = 0.95. Time on task for each 
analyst was reduced from an average range of 5-20 min per slice with the manual method to less than 5 min per 
whole lung volume (~500 slices) using the semi-automated method. We conclude that the semi-automated 
method can: 1) reliably quantify differences between controls and experimental lung injury models, 2) deliver 
deterministic results using an unbiased and parameter free process with reduced user variance, 3) reduce user 
time-on-task and increase throughput in data analysis, and 4) offer a portable and cross-platform approach based 
on the ImageJ macro. 

 
ABSTRACT NUMBER: 5017 Poster Board Number: P118 
TITLE: A Strategy to Bridge between THP Product Variants Using Exemplar Data 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: F. Miazzi, S. Hadley, D. Thorne, T. Jaunky, M. Gaca,  
D. Breheny, and S. Goodall. British American Tobacco (Investments) Ltd, Southampton, United Kingdom. Sponsor: 
R. Leverette 
 
KEYWORDS: Tobacco Products; Risk Assessment; In Vitro and Alternatives; Bridging 

ABSTRACT: Alternative tobacco and nicotine products, including tobacco heating products (THPs), vaping products 
and nicotine pouches, are undergoing extensive scientific evaluations to demonstrate their reduced risk potential 
compared to combustible cigarettes. At the same time, they also show a high pace of continuous innovation that is 
required to meet consumer demands, to support their efforts in switching to these new alternatives. Bridging 
constitutes a pragmatic approach to ensure that changes to the specifications of a product do not impact its 
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reduced risk potential. According to this concept, after an extensive foundational dataset has been collected on a 
reference version of a product, future iterations of the same product can be benchmarked against this 
foundational dataset to ensure changes do not adversely affect its risk potential. Here we explore a bridging 
concept using THPs as an example product category and how the risk potential of continuous product evolution 
and refinements can be effectively evaluated without re-establishing a foundational dataset. Using three exemplar 
datasets taken from the published literature, covering chemical emissions, whole aerosol in vitro assessment and 
21st century in vitro toxicology approaches, we demonstrate that bridging can be a consumer-centric method to 
assess product risk in an effective manner. 

 
ABSTRACT NUMBER: 5018 Poster Board Number: P119 
TITLE: Phenotyping Human Exposure Response Patterns to Exogenous-Inhaled Exposures 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Nalesnik, M. E. Rebuli, N. Alexis, J. Rager, and  
A. Payton. University of North Carolina at Chapel Hill, Chapel Hill, NC. 
 
KEYWORDS: Respiratory Toxicology; Proteomics; Inflammation 

ABSTRACT: Exposure to air pollution causes adverse health effects and is estimated to be responsible for over 7 
million premature deaths per year. Humans are exposed to a wide variety of air pollutants, three of particular 
interest include: wood smoke particles (WSP), ozone (O3), and endotoxin (LPS). Controlled human exposure 
studies revealed that subjects exposed to O3, WSP, or LPS can be categorized into two groups: Responders and 
Non-Responders (R and NR). The increase, or lack thereof, in sputum percent neutrophils (PMN) between pre- and 
post- exposure evaluations of each subject defines inflammatory R and NR status, respectively. While the observed 
neutrophil inflammatory phenotype is consistent across three known inhaled exposures (WSP, O3, LPS), there is a 
gap in knowledge around other potential biomarkers of R/NR status, as well as the modifiers and mechanisms that 
underlie the R/NR status. In order to study mechanistic pathways underlying the R/NR response, it is critical to 
utilize unbiased analytical approaches to evaluate the pre- and post- exposure respiratory response. To do this, we 
collected induced sputum from 27 human subjects pre- and post- exposure to 500 ug/m3 WSP for two hours. Using 
proteomic analysis to study these sputum samples, we found that 1854 unique proteins were differentially 
expressed between pre- and post- WSP exposure. The top 5 most significant proteins affected by WSP exposure 
were Transglutaminase 2 (TGM2), C-X-C motif chemokine ligand 6 (CXCL6), glutathione S-transferase omega 1 
(GSTO1), Cytoplasmic aconitate hydratase (ACOC), fatty acid-binding protein 4 (FABP4). The 1854 proteins were 
further examined using pathway analyses in the STRING. From biological processes and KEGG pathway analyses, 
we found that UDP-N-acetylglucosamine metabolic process as well as amino sugar and nucleotide sugar 
metabolism were enriched pathways. Two proteins of interest that overlapped both pathways were 
phosphoacetylglucosamine mutase (PGM3) and N-acylglucosamine 2-epimerase (RENBP). Additional STRING 
analysis predicted local network clustering of proteins that play roles as antioxidants and act in glutathione 
metabolism, for example Glutathione peroxidase (GXP1), Glutathione S-transferase P 1 (GSP1), and Peroxiredoxin-
1 (PRDX1). These results suggest that human exposure to WSP induces differential protein expression in the 
central airways that affect pathways of cellular metabolism, suggesting that specific protein biomarkers for R and 
NR response may also exist. In future experiments, we will further characterize the R and NR phenotypes by 
studying proteomics from human sputum samples across O3 and LPS exposures and integrating these datasets. 
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ABSTRACT NUMBER: 5019 Poster Board Number: P120 
TITLE: Developing Methods for Inhaled Cannabis Product In Vitro Toxicological Assessment 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Wilson1, M. Arlen1, R. Lui2, R. Pusiak2, P. Graham3,  
D. Eidelman4, C. Harris2, and C. Baglole1. 1RI-MUHC, Montréal, QC, Canada; 2University of Ottawa, Ottawa, ON, 
Canada; 3SCIREQ, Montréal, QC, Canada; and 4McGill University, Montréal, QC, Canada. 
 
KEYWORDS: Inhalation Toxicology; Respiratory Toxicology; Lung; Pulmonary or Respiratory System 

ABSTRACT: Cannabis is commonly consumed via inhalation of cannabis smoke which contains toxic combustion 
products. Thus, there is an increasing interest in cannabis vaporizers, which heat the cannabis flower without 
burning, causing the release of cannabinoids for inhalation without combustion products. In vitro methods 
produce extracts by bubbling smoke from inhaled products such as cigarettes through media. Cannabinoids are 
hydrophobic and therefore are not captured in media. Cannabis smoke extracts (CaSE) are therefore traditionally 
made with media containing 30% methanol. The established protocol for CaSE preparation is inefficient at 
capturing the major and minor cannabinoids released from cannabis during combustion. Here, we optimize 
methods for cannabis smoke and vapour extracts (CaVE) for submerged cell cultures and whole cannabis 
exposures for air-liquid interface (ALI) cultures. CaSE was produced traditionally, in ethanol, or in methanol. CaVE 
was created using the Davinci MIQRO and SCIREQ® inExposeTM system to bubble cannabis vapor through ethanol. 
Combustion products captured were assessed by optical density measurements at 320nm. Cannabinoids were 
assessed using high-performance liquid chromatography. Cytotoxicity of CaSE and CaVE were assessed in BEAS-2B 
cells and A549 cells by LDH release. ALI cultures were exposed to cannabis vapor using the SCIREQ® expoCubeTM. 
Treatments were standardized to the major cannabinoid d9-THC. Traditional CaSE contained 6.77 (±0.24) ug/ml 
d9-THC; meanwhile, CaSE in ethanol contained 436.7 (±3.6) ug/ml d9-THC and methanol contained 302.8 (±2.6) 
ug/ml d9-THC. CaSE prepared in ethanol and methanol captured 9 and 7 additional minor cannabinoids absent in 
traditional CaSE. Ethanol and methanol captured 5.1x and 3.8x the combustion products of traditional CaSE. CaVE 
produced in ethanol captured 83.8ug/ml of d9-THC and contained 3 minor cannabinoids. CaSE with ethanol caused 
50% cytotoxicity at 200ng/ml d9-THC while CaVE caused 50% cytotoxicity at 1000ng/ml of d9-THC. ALI cultures 
exposed to cannabis vapor delivering 252 (±47.5) ng/ml d9-THC showed 65% cytotoxicity while submerged cells 
exposed to equivalent CaVE showed cytotoxicity <10%. Here we show a reliable method to capture a higher 
quantity and more diverse cannabinoid profile for in vitro experimentation. CaVE contains a lower quantity of 
cannabinoids compared to CaSE as well as a lower cytotoxic potential. We also show the importance of cell culture 
models as cells at ALI cultures are more sensitive than submerged cultures. Overall, this work will set the 
foundation for future in vitro work in inhaled cannabis products. 

 
ABSTRACT NUMBER: 5020 Poster Board Number: P121 
TITLE: A Novel Combination of Listeria-Based Immunotherapy and Repurposed Drug Combats Colorectal Cancer 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Gaikwad, H. Nguyen, S. K. Srivastava, and  
L. M. Wood. Texas Tech University Health Sciences Center, Abilene, TX. 
 
KEYWORDS: Carcinogenesis; T Cell; Antigen-Presenting; Immunotherapy; Pimavanserin tartrate 

ABSTRACT: Colorectal cancer (CRC) has been a difficult-to-treat cancer with a significant proportion of 
microsatellite stable (MSS-CRC) patients who do not respond to immunotherapy. Currently, various strategies are 
being investigated to sensitize MSS-CRC tumors by converting them to immunologically “hot” tumors and improve 
responsiveness to immunotherapy. In this study, we demonstrate a novel strategy of combining a repurposed FDA-
approved compound, Pimavanserin tartrate (PVT), with a Listeria monocytogenes (Lm)-based vaccine targeting 
Interferon-Stimulated Gene 15(ISG15), Lm-LLO-ISG15, against MSS-CRC tumors. Our findings demonstrate that 
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both agents synergize to produce CD8+ T cell-dependent therapeutic efficacy in immunotherapy-resistant MSS-CRC 
tumors. The direct killing effect of PVT in vitro was confirmed by cytotoxic SRB assay. BALB/c mice bearing CT26, a 
murine model of MSS-CRC, were randomly assigned to receive either PBS, PVT, Lm-LLO-ISG15, or PVT+Lm-LLO-
ISG15. Mice were monitored for tumor growth kinetics to study the anti-cancer effect of each monotherapy and 
combination therapy. Changes in immune-related gene and protein expression were analyzed by qPCR and 
Western blot, respectively. Various immune cell subsets in the tumors and spleens were evaluated by multi-color 
flow cytometry and immunohistochemistry. In addition, organs such as the liver, kidney, heart, lungs, spleen, 
brain, and pancreas were collected for safety analysis. PVT efficiently induced apoptosis and directly killed both 
human and mouse MSS-CRC cell lines in vitro. Further, PVT treatment enhanced T-cell activation and induced 
ISG15 expression, thus, sensitizing the tumor cells to targeting by the CTL-mediated immunotherapy, Lm-LLO-
ISG15. While each monotherapy failed to demonstrate anti-tumor efficacy, treatment with the combination 
therapy (PVT + Lm-LLO-ISG15) significantly controlled tumor burden and extended the median survival. The 
therapeutic efficacy of the combination approach was associated with a higher infiltration of CD8+ T cells in the 
TME and an increased population of effector memory T cells (CD4+CD44hiCD62Llo) in the spleen. The anti-tumor 
efficacy of combination therapy on subcutaneous CT26 tumor growth was completely abrogated after the 
depletion of CD8+ T cells. Moreover, the safety profile of dual therapy was comparable to that of each 
monotherapy and PBS. No behavioral or physical toxicity was observed. MSS-CRCs are considered 
“immunologically cold” tumors that represent great challenges for any standalone therapies. In this study, we 
evaluated, for the first time, the therapeutic efficacy of a novel combination of PVT and Lm-LLO-ISG15 in an 
aggressive MSS-CRC mouse model. Combination therapy demonstrated a synergistic effect that led to a significant 
reduction of tumor burden and an extension of median survival. While the underlying mechanism for synergism 
requires further examination, our findings strongly suggest that combining PVT and Lm-LLO-ISG15 could be a 
promising approach for MSS-CRC patients. Considering the high toxicity associated with currently available 
chemotherapies and immunotherapies, our study provides a novel strategy for colorectal cancer patients who do 
not have any treatment options available. 

 
ABSTRACT NUMBER: 5021 Poster Board Number: P122 
TITLE: 1,4-Dioxane Cancer Mode of Action Is Dependent on Proliferative Processes 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Lafranconi1, J. Anderson2, R. Budinsky3, L. Corey4, 
N. Forsberg5, J. Klapacz6, and M. LeBaron6. 1Environmental Resources Management, Cincinnati, OH; 2GSI 
Environmental, Austin, TX; 3Dow Chemical Company (Retired), Midland, MI; 4Intertox Inc., Seattle, WA; 5Arcadis US, 
Clifton Park, NY; and 6Dow Chemical Company, Midland, MI. 
 
KEYWORDS: Mode-of-Action; Genotoxicity; Oxidative Injury; 1,4-Dioxane 

ABSTRACT: 1,4-Dioxane (1,4-DX) causes cancers in rodents after prolonged high-dose exposures that typically 
exceed the metabolic threshold for clearing absorbed 1,4-DX. A variety of cancer modes of action (MOA) have 
been hypothesized and can be organized into either genotoxic or proliferative processes. We conducted a 
comprehensive literature review for new information relevant to the cancer MOA for 1,4-DX published since the 
systematic review conducted by the US EPA for the 1,4-DX TSCA risk assessment. Our goal was to integrate the 
new information from our review to update the existing cancer MOA. For this update we combined the most 
recent information generated by our review with legacy information on tumor data from the nine available cancer 
bioassays in rats and mice as well as findings from chronic and sub-chronic rodent studies and information from 
genotoxicity studies. We identified and evaluated 23 additional published studies in our review. The information 
we assembled provides strong evidence that 1,4-DX does not act through a direct-acting DNA mutation MOA as 
some have proposed. Positive genotoxicity findings were associated with metabolically saturating levels of 1,4-DX, 
oxidative stress, and cytotoxicity. Evidence for oxidative stress includes upregulation of Cyp2E1 and modulation of 
glutathione and other oxidative stress related proteins. We found that the most recent mechanistic information 
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fits best with a secondary, indirect event, oxidative stress, as the cause of the reported genotoxicity. This finding, 
combined with substantial evidence that exposure of rodents to metabolically saturating levels of 1,4-DX causes 
proliferative responses at apical and molecular levels (increased genomic mitotic signaling, increased DNA 
synthesis and hepatic hyperplasia) serves as the basis for the updated cancer MOA for 1,4-DX. There is no evidence 
of hepatic biomarkers typically associated with activation of proliferative nuclear receptors (e.g., CAR/PXR, PPARα, 
or AhR). While the role that oxidative stress plays in the proliferative response to 1,4-DX is still evolving, the 
available data do not support mutagenicity or other direct DNA-reactive effects as early key events in the cancer 
MOA of 1,4DX. Based on our analysis, the key elements in the revised cancer MOA includes metabolic saturation, 
development of oxidative stress, cytotoxicity, genotoxicity hyperplasia and eventual development of tumors in 
susceptible organs supporting threshold approach for cancer risk assessment. 

 
ABSTRACT NUMBER: 5022 Poster Board Number: P123 
TITLE: Comparative Analysis of Historical Control Data in CD (SD) and WI (Han) Rats from Preclinical Two-Year 
Carcinogenicity Studies 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. A. Stanley. Labcorp Early Development Laboratories 
Inc., Greenfield, IN. Sponsor: V. Marshall 
 
KEYWORDS: Carcinogenesis 

ABSTRACT: Regulatory guidelines necessitate that new potential therapeutic drugs intended to be administered to 
humans longer than 6 months need a 2-year rodent carcinogenicity study (ICH-S1A/B; OECD-451). A suitable rat 
strain for this testing should be selected based on the survival data, mass incidence and other selected factors. The 
purpose of the current study was to determine the prevalence of survival and clinical observations in male and 
female control animals in GLP-compliant 2-year carcinogenicity studies in Han® Wistar and Sprague Dawley® rats. 
We reviewed the survival data, neoplastic mass incidence, body weight, food consumption, bedding type and 
histopathology observations in control animals from carcinogenicity studies which were conducted between 2008 
and 2020 from multiple Labcorp Safety Assessment facilities. All control animals across these studies were 
administered an appropriate vehicle through oral gavage consistent with the drug formulation vehicle. The 
analyses of terminal survival against study duration indicated that the survival rate of both strains has declined 
over time. However, a positive trend towards higher values in males in WI (Han) rats was noted while there was no 
major difference between the sexes for CD (SD) rats. Similar comparisons of neoplastic mass incidence and 
histopathology observations across the CD (SD) and WI (Han) rats were also performed. The most common 
necropsy findings are also discussed. The comparative analyses presented here of survival data, neoplastic mass 
incidence, body weight, food consumption, bedding type and histopathology observations between different rat 
strains could allow for a better interpretation of the strain differences in survival and neoplastic incidence for 2-
year carcinogenicity studies. 

 
ABSTRACT NUMBER: 5023 Poster Board Number: P124 
TITLE: The Presence of Post-translational Modifications and Their Impact on Chemoresistance in Triple-Negative 
Breast Cancer 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: L. A. Chadwick, and C. J. Rorie. North Carolina 
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ABSTRACT: Triple-negative breast cancer (TNBC) is an aggressive form of breast cancer that comprises 10-15% of 
all breast cancers and is seen disproportionately in young African American women with a BRCA1 mutation. 
Doxorubicin (DOX) is a common chemotherapy treatment that works by causing double-stranded DNA breaks and 
initiating apoptosis. TNBC has a strong ability to form resistive characteristics to chemotherapy treatments. 
Therefore, we want to determine whether post-translational modifications play a role in chemoresistance. To 
study this, the TNBC cells underwent 3-hour and 24-hour treatments with DOX. The negative control was TNBC 
cells with no treatment, nor dimethyl sulfoxide (DMSO; the liquid vehicle allowing Doxorubicin to be entered 
intravenously). The positive control was TNBC cells with DMSO. The experimental groups were cells treated with 
0.5, 1.5, and 2.0 uM of DOX. Cell viability assays were performed to provide information on the growth patterns of 
TNBC with and without treatment with Doxorubicin. Western Blot will be used to find evidence of post-
translational modifications causing resistance to chemotherapy treatments. Based on the cell viability assays, we 
identified a pattern showing signs of chemoresistance at the 1.5 uM concentration of DOX. 

 
ABSTRACT NUMBER: 5024 Poster Board Number: P125 
TITLE: Leveraging a Cell-Based, Whole-Pathway Sonic Hedgehog Inhibition Assay to Screen for Environmental Risk 
Factors in Birth Defect Etiology 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. G. Beames, and R. J. Lipinski. University of 
Wisconsin–Madison, Madison, WI. 
 
KEYWORDS: Developmental Toxicity; Prenatal; Alternatives to Animal Testing; Sonic hedgehog 

ABSTRACT: Craniofacial malformations are among the most common human birth defects. Often etiologically 
complex--arising from interactions among environmental and genetic factors--these disorders pose a challenge 
when designing prevention strategies. Therefore, it is imperative to develop methods for efficiently identifying and 
characterizing environmental risk factors, both in isolation and in combination. The Sonic hedgehog (Shh) pathway 
is crucial for craniofacial morphogenesis, and its disruption during critical periods of development causes 
malformations including orofacial clefting and holoprosencephaly. The complexity of the Shh signaling cascade 
makes it susceptible to small-molecule modulation at multiple points. To characterize a wide array of Shh pathway 
inhibitors, a novel cell-based screening assay was developed. This new approach combines a sensitive, Shh-
responsive luminescent readout with endogenous overexpression of SHH ligand to enable the detection of 
inhibitors acting anywhere in pathway, as opposed to previous high-throughput screens that only detect 
downstream antagonists. The utility of this system was demonstrated by exposing co-cultures of Shh-LIGHT2 cells 
and SHH-overexpressing Constitutively Active Shh-LIGHT2 (CAL2) cells to Shh inhibitors targeting palmitoylation 
(RU-SKI 43) and cholesterol modification (AY-9944 and U18666a) of the immature SHH peptide, signal transduction 
through Smoothened (cyclopamine, vismodegib, and piperonyl butoxide), and activation of the transcription factor 
GLI1 (GANT61). Each inhibitor reduced Shh signaling activity relative to vehicle-treated cells, measured via 
luminescence intensity, while the negative control benzo[a]pyrene had no impact. Next, 48 environmental 
compounds, prioritized from the literature and prior large-scale screens in cells and zebrafish, were tested. 
Seventeen compounds (35%) were active in this novel co-culture system, and all appear likely to act at the level of 
Smoothened or further downstream. In the future, this whole-pathway cell culture model will be leveraged to 
assess the impacts of co-exposures targeting distinct steps within the Shh signaling cascade to identify especially 
risky exposure scenarios. 
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ABSTRACT NUMBER: 5025 Poster Board Number: P126 
TITLE: Evaluation of 3D Human Intestinal Organoids as a Platform for EV-A71 Antiviral Drug Discovery 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: F. Masmoudi1, N. Santos-Ferreira2, P. I. Racz1,  
D. Pajkrt3, K. C. Wolthers3, J. DeGroot1, M. L.H. Vlaming1, J. Rocha-Pereira4, and L. Buti1. 1Charles River Leiden B.V., 
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Leuven, Netherlands. Sponsor: M. Templin 
 
KEYWORDS: In Vitro and Alternatives; Cytotoxicity; Organoids 

ABSTRACT: Enteroviruses are a leading cause of upper respiratory tract, gastrointestinal and neurological 
infections. Management of enterovirus-related diseases has been hindered by the lack of specific antiviral 
treatment. The pre-clinical and clinical development of such antivirals has been challenging, calling for novel model 
systems and strategies to identify suitable pre-clinical candidates. Organoids represent a new and outstanding 
opportunity to test antiviral agents in a more physiologically relevant system. However, dedicated studies 
addressing the validation and direct comparison of organoids versus commonly used cell lines are lacking. This 
study described the use of human small intestinal organoids (HIOs) as a model to study antiviral treatment against 
human enterovirus 71 (EV-A71) infection and compare this model to EV-A71-infected RD cells. Reference antiviral 
compounds were used such as enviroxime, rupintrivir and 2’-C-methylcytidine (2’CMC) to assess their effects on 
cell viability, virus-induced cytopathic effect (CPE), and viral RNA yield in EV-A71-infected HIOs and cell line. 
Analysis was done using ATP-based colorimetric assay for viability, RT-qPCR for virus RNA yield, and imaging. The 
derived HIOs consisted of intestinal epithelial cell lineages and supported EV-A71 replicated efficiently in HIOs, 
even higher than that was detected in RD cells. All compounds showed almost similar toxicity between HIOs and 
RD cells, except for 2’CMC showed toxicity in HIOs (CC50 = 48 ± 1 µM) but not in RD cells. Enviroxime showed 
antiviral activity in HIOs, with an EC50 of 0.4 ± 0.2 μM and 1.4 ± 0.3 μM, determined by CPE inhibition and RNA yield 
reduction, respectively. By contrast, the determined EC50 in the RD cells was 10-fold lower (EC50 = 0.06 ± 0.001 µM 
and 0.2 ± 0.04 μM), respectively. Rupintrivir showed a strong antiviral activity in both HIOs and RD cells, resulting 
in full protection from EV-A71-induced CPE at the lowest concentration tested of 0.15 μM and 0.035 μM, 
respectively. Still, by looking at virus yield data, there was a concentration dependent reduction in virus RNA level 
in HIOs (EC50 = 1.7 ± 0.4 μM), while in RD cells RNA levels were lowered to 10 ± 3 % at all tested concentrations 
(EC50 <0.035 μM). 2’CMC reduced HIOs from virus-induced CPE of up to 66 ± 17 % (EC50 = 1.0 ± 0.3), while there 
was a complete protection from virus-induced CPE in RD cells (EC50 = 1.3 ± 0.04 μM). Furthermore, 2’CMC 
treatment showed a concentration-response reduction of the detected viral RNA in HIOs and RD cells. While the 
calculated EC50 values of 2’CMC in HIOs and RD cells were comparable, the antiviral showed poorer selectivity in 
the HIO model. These results indicate a difference in the activity of the tested compounds between the two 
models, with HIOs being more sensitive to the infection and drug treatment. In conclusion, the outcome reveals 
the value added by using organoid model in virus and antiviral studies. 

 
ABSTRACT NUMBER: 5026 Poster Board Number: P127 
TITLE: Drosophila melanogaster as Bioindicator of Microbiome Dysfunction 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Garcia-Rodriguez, J. Martín-Pérez, R. Marcos, and  
A. Hernández. Universitat Autònoma de Barcelona, Cerdanyola del Vallès, Spain. 
 
KEYWORDS: Microbiome; Environmental Toxicology; Exposure Assessment 

ABSTRACT: The gastrointestinal (GI) microbiota is tightly linked to intestinal homeostasis and crucial for the overall 
host health. Several factors such as mode of bird, genetics, diet, stress, and pollution have been reported to highly 
shape microbial communities. When the microbiota is impaired or altered, common inflammatory (e.g., 
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inflammatory bowel disease, Crohn´s disease and ulcerative colitis) and metabolic disorders (e.g., obesity and type 
2 diabetes) as well as oncologic (colon cancer) and neurologic diseases (e.g., depression and Alzheimer´s disease) 
are more likely to be developed. In general, gastrointestinal disorders in the human population have exponentially 
increased during the last decade. Therefore, there is an urgent need to develop new approaches methodologies to 
rapidly study the impact of anthropogenic pollution and emergent contaminants on the gastrointestinal 
microbiota. Because of their multiple and unique properties (e.g., time and cost-effective handling, large offspring, 
and genetic manipulation is fast and inexpensive) we propose the use of the fruit fly, Drosophila melanogaster, to 
study microbial dysbiosis. In this study, we aimed to develop and optimize an innovative protocol describing (1) the 
best bacterial isolation method from the host (gut dissection Vs non-dissection and lysate filter Vs non-filter), (2) 
the finest bacterial DNA isolation kit (QIAamp® DNA Microbiome Kit, QIAamp® PowerFecal Pro DNA Kit, and 
ZymoBIOMICSTM DNA Miniprep Kit), and (3) the optimal concentration of bacterial DNA needed for sequencing. 
Following, the microbial diversity and richness will be assessed by the bacterial 16s sequencing using the MINIon 
(Oxford Nanopore Technologies). The preliminary results indicate that separating the gut from the larvae body 
ameliorates the bacterial DNA (~ 2.5 ng/ul DNA) discrimination from the host DNA (~ 40 ng/ul DNA). Using the 
larvae phase instead of adult flies makes possible the gut separation from the rest of the body. On the other hand, 
we have seen that a lot of bacterial sample is lost when filtering the lysates with a 10 um-mesh filter to isolate 
bacteria from undigested tissues. The kit that yielded more DNA per sample was QIAamp PowerFecal Pro DNA Kit. 
We finally found that in 50 larvae guts there were an average of 2 ng/ul of bacterial DNA. However, at least 4 ng/ul 
are needed to proceed with the 16s rRNA gene amplification PCR > barcoding PCR > End-prep > and MINIon 
sequencing. Thus, further experiments are planned to work with (i) 100 larvae guts or more and with (ii) adult flies 
to study the overall adult microbiome. 

 
ABSTRACT NUMBER: 5027 Poster Board Number: P128 
TITLE: Comparative Analysis of Ames Test Outcomes across Five OECD-Recommended Strain Groups and Their 
Various Subsets 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: V. Gombar1, A. Sedykh1, A. Green1, R. Shah1, K. Witt2, 
and W. Casey2. 1Sciome LLC, Research Triangle Park, NC; and 2NIEHS, Research Triangle Park, NC. 

ABSTRACT: Bacterial mutagenicity is one of the crucial endpoints used for the assessment of genotoxic potential of 
chemicals. The standard in vitro Ames test, which measures bacterial reverse mutation rate, is conducted in five 
bacterial strains (S. typhimurium: TA98, TA100, TA1535, TA1537, and E. coli WP2) in the presence and in the 
absence of an exogenous metabolic activation system (OECD 471 guideline). However, there is an ongoing effort to 
maximize testing efficiency by using fewer strains. Here we report analyses of various multi-strain testing 
strategies using a large body of publicly available mutagenicity data (PubChem Assay ID 1259407). Available data 
with 80,778 records containing Ames test outcomes, both in the presence and in the absence of metabolic 
activation by mammalian liver microsomal S9 fraction, in individual strains were cleaned, curated, and harmonized 
resulting in 6,286 unique substances with structures. QSAR models were then developed and validated for each of 
the five strain groups with and without S9. These strain specific QSAR models were finally used to fill data gaps by 
predicting outcome for compounds not tested in all five strains. There were 31,744 data gaps for 5,611 
compounds, including 11,005 gaps for 2,438 partially tested negative compounds. This gap-filling produced a data 
set with complete mutagenicity profiles for every chemical, which in turn became the basis of comparing various 
scenarios of detecting mutagens utilizing test outcomes in combinations of 1 to 4 strains. When outcome in any 
single strain is used to label a compound Positive, at most around 60% of the Positives are detected (TA100 - 64%, 
TA98 - 59%, TA1537 - 45%, E. coli - 35%, TA1535 - 23%). In the two-strain combinations, TA98 + TA100 retrieve 83% 
of Positives and these are the basis for the “mini-Ames” test. Testing in TA1537 + TA100 yields similar results, 
retrieving 81% of Positives. The best three-strain combinations, detecting 92% of all Positives, are TA100 + E. coli 
combined with either TA98 or TA1537. Clearly, adding the E. coli strain to the mini-Ames protocol improves 
sensitivity by almost 11%. The best four-strain combination excludes TA1535 and retrieves 97% of Positives, and 
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has a negative predictive value of 95%, i.e., only 5% negatives in the TA98, TA100, TA1537, E. coli battery would be 
positive in TA1535. We conclude that the existing redundancy among strains may be taken advantage of by 
conducting a test using a reduced set of strains that give acceptable trade-offs in test accuracy vs efficiency. Details 
of structural trends in the Positives missed in the best two and three strain combinations will be discussed in the 
poster. 
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TITLE: Heavy Metals and Metal Mixtures Elicit Differential Impacts on Neurodevelopment in Human Brain Spheroid 
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ABSTRACT: In utero exposure to heavy metals negatively impacts neurodevelopmental domains, with deficits 
resulting from disruption to fundamental processes such as cellular proliferation, differentiation, and network 
formation. While exposure to heavy metals is regulated on an individual compound basis, exposure doesn’t occur 
in isolation. To better characterize the toxicity of heavy metal mixture exposure on specific cell populations, we 
treated an iPSC-derived human brain spheroid model with Pb, Cr, As, and Cd alone and in combination during early 
(0-4 week) and late (8-12 week) differentiation during three independent experiments. For the first time in a 
BrainSphere model, we’re also confirming intracellular bulk metal uptake with ICP-MS. In BrainSpheres exposed 0-
4 weeks, transcripts specific to neuroprogenitor cells (NPCs) and immature or mature neurons, astrocytes, and 
oligodendrocytes showed mild upregulation of NES, SYN1, and PLP1 following As exposure. No other individual 
metals nor the mixture elicited significant transcriptional changes. Neurite outgrowth analysis indicated a mild 
reduction in neurite length and density among all early exposure conditions, including the mixture. In contrast, 
BrainSpheres exposed 8-12 weeks displayed a robust downregulation of mature neuronal genes MAP2, SYN1, and 
SYP, and upregulation of NeuN was observed among BrainSpheres exposed to individual metals. Neurite length 
and density remained unchanged following mixture exposure despite mild increases in As, Cd, and Cr-exposed 
BrainSpheres. Mature astrocyte markers GFAP and S100B were upregulated following individual metal exposure. 
However, these results didn’t extend to the all-metal mixture, suggesting an adaptive response or antagonistic 
effects of metal mixtures. We then investigated the distribution of these lineages via flow cytometry. Early-
exposure BrainSpheres displayed heightened sensitivity during early differentiation, with individual metals 
producing a greater proportion of immature neurons and converting astrocytes compared to control, and mixture 
exposure inducing a slight increase in the proportion of both immature and mature neuronal populations and 
converting astrocytes, and fewer NPCs. Together, these results may indicate that NPCs are more rapidly 
differentiating to neurons when exposed to a mixture of heavy metals, but that global transcript production is 
impaired. In contrast, heavy metal exposure did not induce shifts in lineage distributions for BrainSpheres exposed 
8-12 weeks, except for a slight increase in neuronal populations in the Cd group. Reductions in mature neuron 
transcription is likely real, rather than a result of the presence of fewer neurons. These results demonstrate the 
potential for heavy metal induction of neurodevelopmental perturbations at concentrations currently believed to 
be benign, and differential outcomes following mixture exposure. For exposure occurring early in differentiation, 
mixtures generally exacerbated the effects of single metal exposures, while BrainSpheres exposed later in 
development were less sensitive to mixture exposure than individual exposure. Additional investigations will be 
necessary to elucidate the mechanistic basis for these effects. 
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ABSTRACT NUMBER: 5029 Poster Board Number: P130 
TITLE: A New Approach Methodology (NAM) to Identify Liver Tumorigens. 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: V. Ledbetter1,2, S. Auerbach3, L. Everett1, B. Vallanat1, 
A. Lowit4, G. Akerman4, M. Devito1, and J. Corton1. 1US EPA, Research Triangle Park, NC; 2Oak Ridge Associated 
Universities, Oak Ridge, TN; 3NIEHS, Research Triangle Park, NC; and 4US EPA, Washington, DC. 
 
KEYWORDS: Alternatives to Animal Testing; Carcinogenesis; Computational Toxicology 

ABSTRACT: Current methods for cancer risk assessment are resource-intensive and not feasible for the vast 
majority of the thousands of untested chemicals. Earlier studies developed a new approach methodology (NAM) to 
identify liver tumorigens using gene expression biomarkers and associated tumorigenic activation levels (TALs) 
after short-term exposures in rats. These biomarkers are used to predict the six most common rodent liver cancer 
molecular initiating events (MIE). The present study aims to confirm that this approach could be used to identify 
liver tumorigens under a variety of dosing conditions and if the approach could be applied to (targeted) RNA-Seq 
analyses. Male rats were exposed by daily gavage for 4d to 15 chemicals at doses with known chronic outcomes; 
liver transcript profiles were generated using Affymetrix arrays. This approach had 75% or 85% predictive accuracy 
using TALs derived from the TG-GATES or DrugMatrix studies, respectively. In a dataset generated from the livers 
of male rats exposed to 16 chemicals at up to 10 doses, this NAM coupled with targeted RNA-Seq (TempO-Seq) 
could be used to identify tumorigenic chemicals with predictive accuracies of up to 91%. Overall, these results 
demonstrate that this NAM can be applied to both microarray and (targeted) RNA-Seq data generated from short-
term rat exposures to identify chemicals and their doses that would induce liver tumors, one of the most common 
endpoints in rodent bioassays. This abstract does not represent EPA policy. 

 
ABSTRACT NUMBER: 5030 Poster Board Number: P131 
TITLE: Application of a Novel In Vitro Skin Irritation Test Using the Phenion FT Human Skin Model to Identify EPA 
Class IV Skin Irritant Antimicrobial Cleaning Products 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. E. Page1, K. Sullivan2, J. Ponder2, J. Gijsbrechts3,  
W. Westerink3, C. S. Roper4, and T. A. McDonald1. 1The Clorox Company, Pleasanton, CA; 2Physicians Committee for 
Responsible Medicine, Washington, DC; 3Charles River Laboratories, Den Bosch, Netherlands; and 4Roper Toxicology 
Consulting Limited, Edinburgh, United Kingdom. 
 
KEYWORDS: Alternatives to Animal Testing; Pesticides; Regulatory Science/Regulatory Toxicology 

ABSTRACT: Recent analyses indicate the conventional rabbit skin irritation test shows substantial variability, 
especially for EPA Class II and III compounds. There are also important structural differences between rabbit and 
human skin which may explain why the rabbit can over-predict the human skin irritation response. Therefore, 
evaluation of models used to assess skin irritation must account for these limitations. Three-dimensional human 
tissue models are preferable as they mimic the structure and function of human skin. In a proof-of-concept test 
with EpiDerm™ and 10 antimicrobial cleaning products (ACP) formulations, the sensitivity, specificity, and accuracy 
were 100, 33 and 60%, respectively. The specificity was considered too low for further evaluation. Other 
reconstructed human epidermis models approved for use in OECD TG 439 were expected to perform similarly. 
Therefore, a new approach was investigated. The full thickness reconstructed skin model, Phenion™ FT (PFT), was 
chosen as the test system to assess the skin irritation hazard potential of 23 ACP formulations from different EPA 
skin irritation categories. No new animal tests were performed; historically generated in vivo data was used. The 
PFT model was supplied by Phenion, Düsseldorf, Germany. It consists of a fully differentiated epidermis and the 
underlying dermis which resembles native human skin. Positive and negative control or ACP formulations were 
applied to the PFT units, rinsed at 15 min, and allowed to recover for 42 h in an incubator, under standard 
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conditions. Cytotoxicity was expressed as the reduction of mitochondrial dehydrogenase activity measured by 
formazan production from MTT at the end of the treatment. The tissue was cut open to ensure absorption of MTT 
into the tissue and extraction of the reduced metabolite. All other conditions of test article application and viability 
measurement were conducted as described in OECD TG 439. Concordance between in vivo and in vitro irritation 
data was assessed and 70% cell viability was selected as the most suitable cut off for discriminating non-irritants 
(Class IV) from mild and moderate irritants (EPA Class III and II). The calculated sensitivity, specificity, and accuracy, 
compared against the in vivo categorizations were 76, 83 and 78%, respectively. These results were considered 
suitable, and the model was presented to the US EPA where a case for using this model to categorize EPA Class IV 
(non-irritant) ACP formulations was proposed. For most new, ready to use, ACP formulations, the authors think 
that this approach could provide the opportunity to replace, or drastically reduce, the use of animals in skin 
irritation testing. Further work could be performed to increase the variety of formulation types to be tested and 
identify robustness by repeat testing of the same formulations. 

 
ABSTRACT NUMBER: 5031 Poster Board Number: P132 
TITLE: Testing Plant Protection Products In Vitro Using Lung Surfactant Function Inhibition for Comparison to the 
Potential for Inducing Acute Airway Effects 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. B. Sørli, and K. S. Hougaard. The National Research 
Centre for the Working Environment, Copenhagen, Denmark. Sponsor: A. Gutleb 
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ABSTRACT: Acute inhalation toxicity is currently tested in experimental animal studies to meet regulatory 
requirements for pesticide active ingredients and formulated plant protection products (PPPs). This endpoint can 
be tested using OECD (Organisation for Economic Co-operation and Development) test guidelines. The results are 
used for classifying the test substance in Globally Harmonized System of Classification and Labelling of Chemicals 
(GHS) classes for acute inhalation toxicity based on lethality or evident signs of toxicity. However, work is ongoing 
to identify in vitro methods to replace these animal experiments. To this end, we tested 11 PPPs, sold in the EU, for 
their ability to inhibit LS function in vitro. LS is vital for normal lung function as it regulates surface tension at the 
air-liquid interface in the alveoli during respiration. As the surface area of the alveoli becomes smaller during 
exhalation, the lung surfactant lowers surface tension to prevent alveolar collapse. If the function of LS is 
disrupted, this can lead to high surface tension at the end of exhalation and alveolar collapse. In vitro, in the 
constrained drop surfactometer, a drop of lung surfactant was made smaller and larger to the same extent and 
frequency as the lungs to simulate breathing. The drop was exposed to an aerosol of the test substances, and the 
surface tension was monitored continuously. The PPPs were tested at the same infusion rate for 5 minutes, with at 
least five repeats. The dose that inhibited LS function was calculated for each repeat using a quartz crystal balance 
placed inside the exposure chamber. Inhibition of LS function was defined as a minimum surface tension above 5 
mN/m, i.e. at the minimum surface area during breathing. After in vitro assessment, the PPPs were tested in vivo 
by exposing mice in whole body plethysmographs so that breathing could be monitored during exposure. Changes 
in breathing pattern can be used to determine how the exposure effects the lungs. The lowest concentration that 
caused changes in respiration, defined as a 30% change compared to baseline measurement, was determined by 
filter sampling of the exposure air. Six of eleven PPPs inhibited LS function, and eight changed breathing patterns 
in mice. Most changes in breathing pattern were indicative of sensory irritation, in addition, three PPPs caused 
changes indicating pulmonary irritation and two reduced tidal volume. In vitro inhibition of LS function predicted 
respiratory changes in exposed mice with a sensitivity of 65%, a specificity of 66% and an overall accuracy of 64%. 
It is unknown how studies in mice recapitulate effects on humans. LS function inhibition in vitro has been shown to 
predict changes in breathing patterns previously (in experimental animals as well as humans) for a range of inhaled 
substances, e.g. impregnation products, pharmaceuticals and single chemicals. Overall, the accuracy of these in 
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vitro tests for predicting in vivo lung effects was 86, 100 and 81% respectively. Testing of the effect of chemicals 
and products on LS function is important in the replacement of animal experiments needed for regulation of 
chemicals but should be complemented with other in vitro methods in an integrated approach. 

 
ABSTRACT NUMBER: 5032 Poster Board Number: P133 
TITLE: Toxicity of 4-Hydroxyphenylpyruvate Dioxygenase (HPPD) Inhibitors: Converging Evidence from In Vivo and a 
New Approach Method In Vitro That Mouse Is the Most Relevant Test Species 
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KEYWORDS: Alternatives to Animal Testing; Mode-of-Action; Pesticides 

ABSTRACT: The mode of action (MoA) of HPPD inhibiting herbicides (HPPDis) in mammals is well described and 
mediated through a build-up of excess systemic tyrosine which is associated with the range of adverse effects 
reported in laboratory animals. When HPPD is inhibited, the alternative route for tyrosine catabolism is via 
tyrosine aminotransferase (TAT). The basis for the marked difference in the effects observed across experimental 
species and humans are differences in TAT activity between species, and is the prime factor driving the severity of 
HPPDi-induced tyrosinaemia. Previously reported activities of TAT in different species showed large variation, was 
inconsistent, and had methodological uncertainties. In particular the comparatively high TAT activity in dogs did 
not match the sporadic observation of corneal opacity in toxicology studies, which posed a reasonable challenge to 
the scientific basis for the species differences in TAT activity. To provide clarity, a new and robust in vitro method 
was developed for the simultaneous and systematic measurement of TAT activity in a range of mammalian species 
including human. The results obtained after full inhibition of HPPD by nitisinone, a pharmacological inhibitor, 
showed a very convincing correlation when using a primary hepatocyte model. These data fully support the role of 
TAT in explaining the species differences in tyrosinaemia-associated toxicity, including the dog. Moreover, this 
information should give greater confidence in selecting the most relevant animal model (the mouse) for human 
health risk assessment and decision-making. 

 
ABSTRACT NUMBER: 5033 Poster Board Number: P134 
TITLE: Use of Physiologically Based Kinetic Modeling to Predict Deoxynivalenol Metabolism and Its Role in 
Intestinal Inflammation and Bile Acid Kinetics in Humans 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Wang, V. de Bruijn, I. M. C. M. Rietjens, N. I. Kramer, 
and H. Bouwmeester. Wageningen University and Research, Wageningen, Netherlands. 
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ABSTRACT: The trichothecene toxin deoxynivalenol (DON) is a fungal secondary metabolite that can contaminate 
cereal-based food. DON is associated with intestinal inflammation based on animal studies. In addition, DON 
induces bile acid malabsorption in vitro. We performed a hazard characterisation of DON and derived a health 
based guidance value for these adverse outcomes using a so called New Approach Methodology (NAM). A 
quantitative in vitro-in vivo extrapolation (QIVIVE) strategy using physiologically based kinetic (PBK) modelling was 
applied to predict toxicokinetic profiles of DON and associated levels of intestinal pro-inflammatory cytokine 
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secretion and bile acid malabsorption in humans. Results showed that DON stimulated IL-1β secretion in human 
THP-1 macrophages and inhibited glycochenodeoxycholic acid (GCDCA) transport across human intestinal Caco-2 
cells in a concentration-dependent manner. These in vitro concentration-response curves were extrapolated to in 
vivo dose-response curves by reverse dosimetry using a newly developed PBK model for DON in humans. Based on 
that, the predicted BMDL10 of DON affecting IL-1β secretion and the predicted BMDL10 related to intestinal GCDCA 
malabsorption are 3 and 1 µg/kg bw/day respectively. Dietary DON exposure levels in China, Brazil and Belgium 
were higher than the BMDL10 for GCDCA malabsorption. Reduced GCDCA reabsorption in the ileum results in 
elevated GCDCA concentrations reaching the colon, stimulating colonic electrolyte and water secretion, which 
leads to diarrhoea in humans. A human in vivo study showed that the threshold concentration of bile acids in the 
human ascending colon to avoid diarrhoea is 3000 µM. Next, we predicted the GCDCA concentrations in human 
ascending colon following DON exposure using a combined PBK model of DON and GCDCA. To reach the 3000 µM 
threshold of GCDCA in human ascending colon, DON exposure level was predicted to be 15.2 µg/kg bw/day. 
Considering possible inter-individual differences in the sensitivity to DON and applying an uncertainty factor of 10, 
the predicted TDI of DON was 1.52 µg/kg bw/day, which is close to the current TDI of 1 µg/kg bw/day. The present 
study provides a proof-of-principle for using a QIVIVE strategy to predict in vivo kinetics of DON and characterise 
its role in intestinal inflammation and bile acid malabsorption in humans. This study shows that health-based 
guidance values can be derived without using laboratory animals for risk assessment. 

 
ABSTRACT NUMBER: 5034 Poster Board Number: P135 
TITLE: Evaluation of a Large Skin Sensitization Data Set Using New Approach Methods (NAMs) for Skin Sensitization 
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ABSTRACT: OECD (2012) has developed an adverse outcome pathway (AOP) for skin sensitization and currently 
there are in vitro assays covering a molecular initiating event and cellular response. These assays are usually 
developed and validated with a small set of known and non-skin sensitizers. These assays have been developed 
into profilers and included in the current version of OECD toolbox 4.5. We began our project with verified Chemical 
Hazard Assessments (CHAs) from the SciveraLens database. We started with 4,594 verified CHAs which included a 
wide range of chemistries, including cosmetics and textiles. However, several types of chemistries are not covered 
within the domain of the profilers. Therefore, we removed 1,031 CHAs that were polymers or did not include a 
SMILES notation, 907 that were inorganics, and 948 CHAs that were scored as a data-gap for skin sensitization 
leaving 1,708 for analysis. The three profilers include Keratinocyte gene expression with 21 structural alerts based 
on 300 chemicals tested with the KeratinoSens assay, Protein Binding Potency h-CLAT with 30 structural alerts 
based on 223 chemicals tested with the h-CLAT assay and the Direct Peptide Reactivity Assay (DPRA) with Protein 
binding potency Lys (DPRA 13%) with 73 structural alerts based on 228 chemicals and Protein binding potency Cys 
(DPRA 13%) with 77 structural alerts based on 229 chemicals. All 1,708 chemicals were checked for structural 
alerts using these three profilers, if 2 out of 3 were positive the chemical was scored positive if only one profiler 
was positive the chemical was scored negative. The modeling also incorporated simulation of auto-oxidation and 
skin metabolism to determine if the chemical is predicted to be a sensitizer. We conclude that using structural 
alerts based on in vitro assays for skin sensitization can achieve an accuracy similar or comparable with small data 
sets. For example, in a paper by Urbisch (2015), using the 2 out of 3 approach with non-animal methods and 
sample size of 51 and in a paper by Natsch (2015) using KeratinoSens and Kinetic Peptide Binding with a sample 
size of 244, the accuracy is comparable to our larger data size of n = 1,709, all are in the 70% range. With larger 
more variable datasets we may be able to identify factors that affect the accuracy, specificity and sensitivity of this 
modeling approach to predict skin sensitization. The method of employing the 2 out of 3 approach was better at 
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identifying non-sensitizers than sensitizers. This analysis is also helpful in evaluating the confidence of predicting 
skin sensitization using structural alerts in chemical hazard assessments. 
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TITLE: Evaluation of C. elegans Growth and Juvenile Population Locomotor Activity as a Potential Screening Tool for 
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Cyclophosphamide, 5-Fluorouracil, Hydroxyurea, Rib 

ABSTRACT: The worm Development and Activity Test (wDAT) measures C. elegans developmental milestone 
acquisition and stage-specific spontaneous locomotor activity (SLA). Previously, the wDAT identified 
developmental delays (DevDel) and SLA level changes in C. elegans with mammalian developmental neurotoxins 
arsenic, lead, and mercury. Cyclophosphamide (Cp), 5-Fluorouracil (5-FU), hydroxyurea (HU), and ribavirin (Rn) are 
teratogens that also induce growth retardation in developing mammals. In at least some studies on each of these 
chemicals, fetal weight reductions were seen at exposures below those that had teratogenic effects, suggesting 
that screening for DevDel in a small alternative whole-animal model could act as a general endpoint to flag 
chemicals for further testing for more specific adverse developmental outcomes. As detected with the wDAT, the 
lowest concentrations of 5-FU, Rn, and HU that induced developmental delays in C. elegans were 2.0, 2.5, and 
40µg/mL, respectively. Population SLA changes were detected at 2.0, 5.0, and 80µg/mL respectively for 5-FU, Rn, 
and HU. Cp is a prodrug that requires bioactivation by cytochrome P450s for both beneficial and toxic effects. Cp 
tests as a false negative in several in vitro assays, and it was also a false negative with the wDAT. D-mannitol also 
had no effect at up to 1mg/mL, making it a wDAT true negative. Further testing will determine the utility of this C. 
elegans assay within toxicity test batteries or weight of evidence approaches to identify chemicals as potential 
hazards to human health. 
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ABSTRACT: Oxidative stress and inflammation induced by cigarette smoking is associated with the pathological 
process of various chronic respiratory diseases, including asthma, emphysema, chronic obstructive pulmonary 
disease and lung cancer. Compared to conventional cell culture techniques, microfluidic chips can provide a 
continuous supply of nutrients and mimic the in vivo physiological microenvironment of the cells, allowing for an 
integrated and flexible analysis of cell status and functions. Here, we designed and fabricated a bionic-lung chip, 
and the chip was comprised of an upper gas layer that could generate four gas concentration gradients within the 
channels, a lower liquid layer containing four separate liquid channels, and a microporous membrane for 
supporting cell growth. This chip was employed to perform cigarette smoke exposure at gas-liquid interface 
Human lung epithelial cells, BEAS-2B, were cultured on microporous membrane and exposed to cigarette smoke 
passed through the upper layer of the chip and nourished by the medium in the lower layer of the chip with or 
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without N-Acetylcysteine. The results showed that the viability of BEAS-2B cells cultured at the gas-liquid interface 
of the chip decreased with increasing concentrations of cigarette smoke after smoke exposure. The level of 
intracellular ROS in the cells increased with increasing cigarette smoke concentrations, and the levels of IL-6, IL-8 
and TNF-α in the effluent from the lower layer of the chip increased with increasing doses of cigarette smoke, all of 
which were reversed by the ROS scavenger of N-Acetylcysteine. These results suggest that this self-designed 
bionic-lung chip provide a novel approach to evaluating the biological effects of cigarette smoke exposure. 

 
ABSTRACT NUMBER: 5037 Poster Board Number: P138 
TITLE: Potential Link of High-Fat Diet on the Expression of Alzheimer’s Disease–Related Genes in the Ileal Mucosa 
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ABSTRACT: Alzheimer's disease (AD) is the most common form of dementia that impacts about 45 million people 
worldwide and is ranked the 6th top cause of death among all adults. A high-fat diet (HFD) is shown to have a 
profound effect on the gut and brain, and its consumption is linked to cognitive decline and dementia accelerating 
AD pathology. The aim of this study is to assess if HFD has any impact on the expression of AD related genes in the 
ileal mucosa of the gastrointestinal tract (GIT) and its potential links to the development of AD, using the RT-qPCR 
gene expression (mRNA) method in both wild-type (WT) and APP/PS1 overexpressed AD rat model. Our findings 
show that HFD significantly increased the mRNA expression of AD related key genes in the ileal tissue. Out of a 
total of 84 AD related genes, the metabolic consequences of HFD contributed to 52.4% of altered gene expression 
both WT and AD rats. Among them, WT rats had a higher number of genes expressed (88.6%) than in AD rats 
(36.4%). The male rats showed significantly lower (9.09%) expression of those genes in the AD model than in WT 
(70.5%). Likewise, female rats also showed a similar pattern of lower gene expression in the AD model (32%) than 
in WT (52.3%). In female WT rats, expression of apoptotic genes such App (amyloid beta precursor protein) and 
EP300 (E1A binding protein p300) was markedly increased due to HFD. Additionally, in the HFD fed AD rats there 
was overexpression of genes like Bdnf (Brain derived neurotrophic factor) in females and Chat (choline 
acetyltransferase) in males, which are crucial for synaptic transmission. Earlier it was shown that the mucosal 
BDNF is in close proximity to the sensory nerve terminals; similarly, Chat is present in the cholinergic neurons in 
central as well as peripheral nervous system. The higher percent of AD related genes expressed in WT on a HFD 
suggests that long-term consumption of HFD may have an impact on the expression of key neurotransmitters that 
are known to be involved in the pathogenesis of AD. The findings also show that the females are relatively more 
vulnerable to developing AD while consuming HFD. Studies are ongoing to correlate these gene expression 
patterns with the localization in the intestinal mucosa and abundance of microbiota in the GIT. This study will aid 
in the development of novel therapeutics for the prevention of AD. 
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ABSTRACT: Skeletal muscle atrophy is a common and debilitating condition associated with chronic diseases such 
as diabetes, chronic heart, and renal failure, cancer, and also due to prolonged bed rest, or inactivity. Mechanical 
unloading of muscles leads to disuse atrophy, which results in decreased muscle mass. To treat hypertension and 
cardiovascular disease, atenolol and other beta-adrenoceptor antagonists are commonly used. Therefore, in the 
present work, we used the cast immobilization model of muscle wasting to investigate the potential of atenolol, a 
cardio-selective beta blocker, in the amelioration of skeletal muscle wasting in Wistar rats. Male albino Wistar rats 
were randomly divided into three groups (n = 6). Group 1 served as the control group with free access to water 
and food; group II served as the immobilized (IM) group, For immobilization-induced muscle wasting, one hind 
limb was immobilized in plantar flexion using a Delta-Cast® ElitePlaster. Under mild anesthesia, a cast was applied 
from the trunk to the middle of the left hind leg, and the other leg served as the contralateral leg. Group III served 
as the atenolol and immobilization (IM + ATN) group, and atenolol was administered to the IM group. The dose of 
atenolol (10 mg/kg) was selected based on previous literature and was administered for 14 days through the oral 
route. After the last dose of atenolol, rats were tested for muscle functions (forced swimming and muscle 
coordination activity). After that, animals were sacrificed, serum and gastrocnemius (GN) muscles were collected 
for further endpoints. Creatine level, oxidative stress (Thiobarbituric Acid Reactive Substances) and antioxidant 
(superoxide dismutase, catalase, glutathione) levels were assessed. Next, muscle cellular toxicity was assessed by 
H&E, and serum metabolites profiling was performed using 1H NMR. Results showed that atenolol treatment 
significantly improved muscle strength and function and restored the levels of creatine, oxidative stress, and 
antioxidant levels in the immobilized group. Further, histological results showed that atenolol treatment 
significantly increased the cross-sectional area and Feret's diameter in the GN muscle architecture of IM rats. 
Further, the serum metabolomics profiling showed that the immobilization group significantly increased the levels 
of the phenylalanine-to-tyrosine ratio (PTR), glutamine-to-glucose ratio (QGR), pyruvate, succinate, valine, citrate, 
leucine, isoleucine, phenylalanine, acetone, serine, and 3-hydroxybutyrate (3HB), and decreased the levels of 
alanine and proline. This clearly showed that the above-mentioned amino acids were involved in muscle protein 
synthesis and might affect muscle quality and composition. Furthermore, higher serum PTR and QGR levels in 
immobilized rats indicate oxidative stress that might be responsible for the degradation of GN muscles. Atenolol 
significantly decreased serum PTR and QGR levels, which indicates a reduction in reactive oxygen species and may 
have antioxidant properties. In conclusion, atenolol ameliorates the skeletal muscle atrophy induced by cast 
immobilization in the Wistar rat model and may have a potential future as an anti-atrophy drug. 
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ABSTRACT: Phosgene (CG) is a toxic industrial chemical used for the manufacturing of plastics and exposure can 
cause life-threatening and latent, noncardiogenic pulmonary edema. Industrial accidents, natural disasters, or acts 
of terrorism could result in a significant CG exposure event to unprotected populations. There is no effective 
medical countermeasure for CG exposure. The aims of this study were to develop a conscious large swine model of 
CG-induced acute respiratory distress syndrome (ARDS) and to evaluate sildenafil as a potential countermeasure 
for CG toxicity. Yorkshire-Landrace cross pigs were placed in a sling and exposed to CG for 20 min at varying 
concentrations to characterize the concentration-lethality relationship. The concentration-lethality relationship 
curve was produced utilizing a stage-wise adaptive dose design. Post-exposure endpoints for both model 
development and the evaluation of sildenafil included histopathology, biochemical, clinical, and physiological 
analysis. The 24-hr LCt50 was determined to be 767 ppm x min. CG exposure increased the lung wet weight to lung 
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dry weight ratios which is an indicator of edema in the lung. CG exposure resulted in pathology consistent with 
that of ARDS. Additional animals were used to evaluate sildenafil in the newly developed swine model. Swine were 
exposed to room air or CG at a Ct of 0 or 789 ± 31.5 ppm x min, respectively. At 20-min, 4- and 8-hour post-
exposure swine were administered sildenafil, 20 mg/kg PO. Post-exposure treatment with sildenafil, at the dose 
evaluated, increased the time to death by 4 hours in comparison to non-treated CG exposed animals. However, no 
other therapeutic benefit was observed. 
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Reproduction (CMR) Chemicals in Medical Devices 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: X. Dai, D. Chretin, S. Gottshalk, J. Yu, S. Citrowske, and 
R. Shulfer. Abbott, Saint Paul, MN. 
 
KEYWORDS: Risk Assessment; Medical Device; Chemical of Concern; CMR chemicals; ISO 10993 

ABSTRACT: Parts/materials in medical devices need to meet Materials Compliance requirements as defined in 
European Union (EU) Medical Device Regulation (MDR) 2017/745 on the evaluation to determine if devices contain 
any carcinogenic, mutagenic, or toxic to reproduction (CMR) 1A/1B substances or endocrine-disrupting chemicals 
greater than 0.1% w/w. The evaluation of the CMR toxicity endpoints relevant to the biological safety of medical 
devices is generally governed by the ISO 10993-1:2018 standard and achieved by the toxicological risk assessment 
in the material compliance during the overall risk management process. Case studies of four CMR chemicals 
commonly used in medical device materials include (1) formaldehyde to process heart tissue valves; (2) cobalt 
contained in stainless steels; (3) N-Methyl-2-pyrrolidone (NMP), a solvent used in the manufacturing of polyimide; 
(4) Dioctyltin Dilaurate (DOTL), a catalyst and stabilizer for various plastic applications. These CMR chemicals are 
quantified by the chemical characterization on the final finished device, including (1) exhaustive extraction with 
solvents of varying polarity from polar to nonpolar for multiple sequential days with the kinetic release profile and 
analysis by multiple analytical instruments, such as LCMS, GCMS, and ICP; (2) targeted leaching extraction study for 
multiple sequential days by ICP or GCMS; or (3) hypothetical worst-case chemical release based on total exposure 
to the medical device’s chemical constituents per ISO 10993-18:2020. The subsequent toxicological risk 
assessment is a systematic scientific evaluation of the potential adverse health effects resulting from human 
exposure to CMR chemicals from medical devices. Based on the clinical use condition of devices, exposure doses, 
and the duration to patients, detailed steps on the establishment of the point of departure (POD) of these CMR 
chemicals specific to the device route of exposure via the route-to-route extrapolation from traditional toxicity 
study routes by leveraging the pharmacokinetic data based on published data and literature. Two chemicals, 
formaldehyde and cobalt, defined as CMR based on inhalation toxicity data, a route irrelevant to cardiovascular 
medical devices use conditions, are further researched and supported by the state-of-the-art justification in the 
toxicological risk characterization. Worst-case assumptions are made throughout this toxicological risk assessment 
process, a very conservative approach from the biological safety perspective. Toxicity endpoints, including 
systemic toxicity, mutagenicity, carcinogenicity, chronic toxicity, and reproductive and developmental toxicity, are 
sufficiently evaluated in the toxicological risk assessment. The final determination of Allowable Limit safety values 
for patient exposure based on the critical effect of each chemical is recommended in ISO 10993-17:2002. Based on 
the calculated safety limits and appropriate justification of clinical use condition, it can be concluded with 
considerable certainty from the toxicological risk assessment that these CMR chemicals are unlikely to cause 
toxicology-related risk in patients and the need to further conduct CMR toxicity studies is negligible. 
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ABSTRACT NUMBER: 5041 Poster Board Number: P142 
TITLE: Benchmark Dose Modeling for Epidemiological Dose-Response Assessment Using Case-Control Studies 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: F. De Pretis1,2, and K. Shao1. 1Indiana University 
Bloomington, Bloomington, IN; and 2University of Modena and Reggio Emilia, Reggio Emilia, Italy. 

ABSTRACT: Benchmark dose (BMD) methodology has been employed as a default dose-response modeling 
approach to determine the toxicity value of chemicals to support regulatory chemical risk assessment. Especially, a 
relatively standardized BMD analysis framework has been established for modeling toxicological data regarding 
input data, dose-response models, definitions of benchmark response, and model uncertainty consideration. 
However, the BMD approach has not been well developed for epidemiological data mainly because of the diverse 
designs of epidemiological studies and various formats of data reported in the literature. Although most of the 
epidemiological BMD analyses were developed to solve a particular question, the methods proposed in two recent 
studies are able to handle cohort and case-control studies using summary data with consideration of adjustments 
for confounders. Therefore, the purpose of the present study is to investigate and compare the "effective count" 
based BMD modeling approach (Allen et al. 2020) and adjusted OR-based BMD analysis approach (Shao et al. 
2021) to identify an appropriate BMD modeling framework that can be generalized for analyzing published data of 
case-control studies for BMD analysis. As in a previous work centered on prospective cohort studies, the two 
methods were applied to the same set of studies that investigated the association between bladder and lung 
cancer and inorganic arsenic exposure for BMD estimation. The results suggest that estimated BMDs and BMDLs 
are relatively consistent, however, with the consideration of established common practice in BMD analysis, 
modeling adjusted OR values as continuous data for BMD estimation is a more generalizable approach harmonized 
with the BMD approach using toxicological data. 

 
ABSTRACT NUMBER: 5042 Poster Board Number: P143 
TITLE: Construction of a Biomimetic Smoking-Breathing Robot for External Inhalation Exposure 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Hua, J. Zhao, P. Shang, X. Li, G. Zhao, and F. Xie. 
Zhengzhou Tobacco Research Institute of CNTC, Zhengzhou, China. 
 
KEYWORDS: In Vitro and Alternatives; Lung; Pulmonary or Respiratory System; Tobacco Products; Smoking 
machine 

ABSTRACT: Growing attention to non-animal-based models has led to the development of ‘whole smoke’ exposure 
systems for inhalation exposure. The exposure system uses the smoking machine to produce fresh and whole 
smoke to directly expose cells. Compared with submerged exposure systems, this system provides a closer 
modeling of human lung toxicity, and has become a practical and effective scientific research tool for inhalation 
testing. However, the system has some limitations, such as the lack of simulation of breathing behavior and 
smoking-breathing behavior. Here, the purpose of this study is to construct a biomimetic smoking-breathing robot, 
which can provide a fresh smoke under the breathing airflow to the human lung airway. This study describes in 
detail the development of the robot with two needle cylinder, synchronous and asynchronous operation modes, in 
order to achieve personalized simulation of smoking-breathing behavior, such as puff time, inter-puff interval, puff 
number, breathing time, breathing frequency, tidal volume, smoking-inhalation-exhalation time interval, etc. 
Detailed design scheme, assembly instructions, control software and calculation method of smoke dose are 
provided. CReSS topography devices and pneumotachographs were used to verify the smoking topography and 
respiration parameter of the robot. The results show that the operating data of the robot are stable and reliable. 
This study also demonstrates how to use the robot to expose different types of exposure chambers to the 
generated smoking. This study is supported by grants from Dean's Science and Technology Development Fund 
Project (322017CA0140) of Zhengzhou Tobacco Research Institute of CNTC. 
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ABSTRACT NUMBER: 5043 Poster Board Number: P144 
TITLE: Deriving Surface Water Quality Criteria for the Protection of Human Health Using a Probabilistic Risk 
Assessment Approach 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. Barnhart1, G. Johnson2, and C. Flinders3. 1National 
Council for Air and Stream Improvement, Middleton, WI; 2National Council for Air and Stream Improvement, 
Sarasota, FL; and 3National Council for Air and Stream Improvement, Anacortes, WA. 
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ABSTRACT: Current national recommendations for human health ambient water quality criteria (AWQC), which set 
limits on allowable concentrations for substances in water bodies of the United States, are derived by the US 
Environmental Protection Agency (EPA) using a deterministic approach that combines estimates for exposure, 
toxicity, and acceptable risk. Probabilistic risk assessment (PRA) has been promoted as a more transparent and 
robust method for deriving AWQC. To date, no study has quantitatively compared deterministic and PRA 
approaches and resulting AWQC using inputs consistent with EPA guidance. Using different risk management 
scenarios, we compare AWQC derived using deterministic and probabilistic approaches for 94 substances in EPA’s 
updated 2015 AWQC recommendations. For carcinogenic effects, when the same acceptable excess lifetime 
cancer risk (ELCR) was applied to successively higher percentiles of the population, PRA-based criteria decreased. 
PRA-based criteria also decreased when more stringent ELCRs were applied to the same subpopulation (e.g., 
changing the acceptable ELCR from 1x10-5 to 1x10-6 for the 90th percentile). Using guidance from the State of 
Oregon, criteria derived using an ELCR of 1x10-6 applied to the 90th percentile were lower than criteria derived by 
applying an acceptable ELCR of 1x10-5 to the 95th percentile for all compounds. All final PRA-based AWQC were 
equal to the criteria derived assuming a 1x10-6 ELCR applied to the 90th percentile. Following guidance from the 
State of Florida, the final PRA criteria were equal to the criteria derived assuming a 1x10-6 ELCR applied to the 
general population (the 50th percentile). Overall, final AWQC differences between PRA-derived criteria were close 
to ±10% following guidance from the State of Oregon, but ranged from 10% lower to 4.5-fold higher than 
deterministic AWQC following guidance from the State of Florida. Although PRA methods are often assumed to 
result in less stringent criteria, the criteria-derivation approach used does not solely influence the stringency of 
resulting criteria values. The stringency of criteria is dependent on the underlying inputs and assumptions for 
exposure, toxicity, and, especially, target risk and the percentile of the population to which it applies. 

 
ABSTRACT NUMBER: 5044 Poster Board Number: P145 
TITLE: Analytical Method Development and Dermal Absorption of Gallic Acid, a Hair Dye Ingredient 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Jin Kim, H. Kim, J. Lee, and K. Kim. Dankook 
University, Cheonan, Korea, Republic of. 
 
KEYWORDS: Regulatory Science/Regulatory Toxicology; Risk Assessment; In Vitro and Alternatives; Dermal 
absorption; Gallic acid 

ABSTRACT: Gallic acid (GA) is a phenolic compound known as 3,4,5-trihydroxybenzoic acid. GA is used as a hair dye 
ingredient. It is limited to be below 4.0% in Korea. Dermal absorption rate of GA has not been reported yet. In this 
study, an analytical method for GA was developed and validated using high-performance liquid chromatography 
(HPLC) in various matrices of swab, stratum corneum (SC), skin (dermis + epidermis), and receptor fluid (RF). HPLC 
analysis showed acceptable linearity (r2 = 0.999 - 0.9998), accuracy (90.3 - 112.8%), and precision (0.7 - 13.6%) in 
accordance with validation guidelines by Korea Ministry of Food and Drug Safety (MFDS). The dermal absorption 
rate of GA was determined using Franz diffuse cells. GA (4.0%) was applied to mini pig skin of 10 μl/cm2. After 30 
min application, the GA was wiped out and receptor fluid sampling was continued until 24 hr. After 24 hr, skin was 
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wiped off with swab and SC was collected using tape stripping. All samples were extracted with ethanol and 
analyzed using the validated method. The total dermal absorption rate of GA was determined to be 2.6 ± 1.3%  
(24 hr). 

 
ABSTRACT NUMBER: 5045 Poster Board Number: P146 
TITLE: Tempo-Seq Gene Expression Evaluation of Compound Metabolism and Safety for Subjects with Variant 
Enzyme Activity 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: G. Rondeau, S. Camiolo, J. Yeakley, and B. Seligmann. 
BioSpyder Technologies, Carlsbad, CA. 
 
KEYWORDS: Gene Expression/Regulation; Dose-Response; Risk Assessment; metabolism variants; rifampicin 

ABSTRACT: Genomic variants of enzymes that bind/metabolize/transport compounds (compds) can result in 
increased or decreased activity vs that of the majority of people, causing different rates of metabolism or exposure 
in those subjects impacting efficacy and/or safety of compds. Genomic analysis can identify variants, which may be 
exhibited by as many as 20% of the population, but to understand how their response/risk differs it’s necessary to 
measure the actual impact on each specific compd. A panel of enzyme assays can identify functional variants 
expressed by primary human hepatocytes (PHH) and to select variants against which to test compds. From 
profiling the enzymatic activity across a large number of donor hepatocytes it is clear that the definition of “normal 
PHH” is difficult. Many donors have multiple variants affecting enzyme activities. Furthermore, compds may be 
metabolized or transported by more than one enzyme. Many labs have published that compds typically induce the 
genes of the enzymes by which they are metabolized, and in addition, that the TempO-Seq® whole transcriptome 
and surrogate S1500 assays not only can be used to identify compd-specific signatures that reflect pathways of 
metabolism, efficacy and safety, but to provide dose response data from which the benchmark dose effect (BMD) 
of that compd on each gene can be determined. Therefore, we evaluated the utility of using TempO-Seq whole 
transcriptome dose response data to quantify the impact of variants on reference compds using a panel of 4 
variant-expressing PHH lots from BioIVT with differences in Vmax of various combinations of Cyp 1A2, 2A6, 2B6, 
2C19, 2D6, 2E1, 3A4/5 and UGT1A1 activities. The data for several reference compds will be reported, but (e.g.) 
using Rifampicin (reported to induce Cyp 3A4/5/7, 2A6, 2C8/9, UGT1A, 2B6) treated 96-well Hepatopac 3-D 
cultures, we observed different gene signatures between the variants. Specifically, the Hill analysis BMD for Cyp 
3A4 was 0.014 uM for one variant vs an avg of 0.004 for the other donors, >10-fold less sensitive, while induction 
max was unaffected. This variant had 2-3-fold lower 3A4/5 Vmax using testosterone and midazolam as substrates. 
Thus, while 3A4 is upregulated to the same max, we hypothesize it takes more compd to induce gene expression 
due to the lower activity of the variant. These data demonstrate the utility of dose response gene expression data 
to identify the impact of population variants on test compd activity. 

 
ABSTRACT NUMBER: 5046 Poster Board Number: P147 
TITLE: New Genotoxicity Studies of Glyphosate and a Weight-of-Evidence Assessment Support the Last 50 Years of 
Regulatory Toxicology Reviews 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Saltmiras1, J. Bus2, and J. Klaunig3. 1Bayer 
CropScience, Chesterfield, MO; 2Exponent, Wendell, NC; and 3Indiana University, Zionsville, IN. 
 
KEYWORDS: Genotoxicity; Pesticides; Risk Assessment; weight of evidence; glyphosate 

ABSTRACT: As glyphosate (GLY) approaches 50 years of use and registration as a safe and effective herbicide, it has 
been the subject of recent regulatory and other scientific reviews focused on its potential carcinogenic risk. 
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Extensive science-based regulatory reviews have concluded that approved uses of GLY are not a risk to human 
health, including no concerns for carcinogenicity, genotoxicity, or oxidative stress. To the contrary, in 2015 the 
International Agency for Research on Cancer (IARC), a non-regulatory body, using a subset of the extensive 
database on GLY, assigned IARC Group 2a “probable human carcinogen” to GLY. Based primarily on IARC 
classifications, Smith et al. (2016) proposed “Ten Key Characteristics of Carcinogens” intending to simplify 
carcinogenicity assessments. In light of IARC’s assessment of GLY and assumption of key characteristics of 
carcinogens being mechanistic evidence of carcinogenic potential, new genotoxicity studies were recently 
conducted, and their results demonstrate a lack of mutagenic, clastogenic, and aneugenic potential. An HPRT 
forward gene mutation assay (OECD 476) was conducted in Chinese hamster (V79) cells treated with GLY at six 
dose levels, in duplicate, together with solvent and positive controls in the presence and absence of an S9 
metabolic activation system. An in vitro micronucleus assay (OECD 487), utilized duplicate cultures of human 
lymphocytes treated with GLY at four dose levels, together with vehicle and positive controls. Three exposure 
conditions in a single experiment were used for the study using a 4-hour exposure in the presence and absence of 
an S9 metabolic activation system and a 24-hour exposure in the absence of metabolic activation. At the end of the 
exposure period, the cell cultures were washed and then incubated for a further 24 hours in the presence of 
Cytochalasin B. These recent genotoxicity study results align with those of the US National Toxicology Program 
(NTP) which, assessed GLY and GLY-based formulations specifically for genotoxicity and oxidative stress, and their 
results presented at SOT (2018/2019) affirm that GLY is neither genotoxic nor an inducer of oxidative stress. Our 
WOE assessment relied on over a dozen chronic/carcinogenicity rodent studies which did not demonstrate any 
measure of consistency for specific cancer endpoints, recent genotoxicity studies, and a very large historical peer 
reviewed literature data base. The outcome is consistent with the current regulator reviews and GLY-based 
herbicide classification and labeling requirements in all major agricultural world regions where regulators conduct 
thorough WOE assessments. 

 
ABSTRACT NUMBER: 5047 Poster Board Number: P148 
TITLE: Comparison of Cytotoxicity and Transcript Profiling between Electronic Cigarette and Cigarette Smoke In 
Vitro Cultured BEAS-2B Cells 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Zhao, Y. Xu, X. Li, C. Hua, P. Shang, and F. Xie. 
Zhengzhou Tobacco Research Institute of CNTC, Zhengzhou, China. Sponsor: R. Meng 
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ABSTRACT: The use of electronic cigarettes can be considered as an alternative to conventional cigarettes. 
However, due to the limited scientific evidence on the toxicological effects, the safety of electronic cigarette is 
insufficient. The purpose of this study was to investigate the cytotoxicity and transcript profiling of normal human 
bronchial epithelial BEAS-2B cells exposed to e-cigarette and cigarette smoke. Cell Counting Kit-8 (CCK-8) was used 
to detect the cytotoxicity. RNA-sequencing analysis was used to compare the transcriptomes perturbations of 
human bronchial epithelial (BEAS-2B) cells exposed to electronic cigarette and 3R4F tobacco reference cigarettes. 
Our results indicated that 3R4F reference cigarette could induce BEAS-2B cells damage, the cytotoxicity was 
enhanced with the concentration increased, but the electronic cigarette showed slight cytotoxicity at the 
corresponding concentrations. Transcript profiling data indicated that many genes were dysregulated in response 
to 3R4F reference cigarettes, especially genes involved a lot of important biological process, including in oxidative 
stress, inflammation cytokine signaling, and apoptosis, while electronic cigarette induced discrete modulation. In 
conclusion, these results suggest a lower toxicity of electronic cigarettes compared to cigarettes smoke in the 
BEAS-2B cells. 
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ABSTRACT NUMBER: 5048 Poster Board Number: P149 
TITLE: A Quantification Method for Microplastics Extracted from Multiple Human Tissues Using Nile Red Staining 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. C. Johnson, and T. Gordon. New York University, 
New York, NY. 
 
KEYWORDS: Microplastics 

ABSTRACT: Microplastics (MP) are ubiquitous pollutants that humans are constantly exposed to from multiple 
sources. They have been established as an ecological hazard, but their toxicity to humans has yet to be fully 
characterized. Part of the toxicological assessment of MP includes insight into exposure and accumulation in the 
body. While the primary pathway to accumulation has not yet been determined, MP have been recovered from 
multiple human tissues. The relative abundance of each organ tissue type has yet to be evaluated, and it could 
provide data on the resulting accumulation from exposure. In this study, a method of quantification using ImageJ 
analysis of images of Nile Red fluorescent particles was utilized to quantify the abundance of MP extracted from 
tissue samples. After a digestion protocol using 10% KOH as a digestive agent, MP were extracted and recovered 
from the lung, heart, brain, spleen, kidney, and liver samples from two individuals. The Nile Red dye was added in a 
concentration of 1g / 1mL in acetone for 30 minutes to the extracted samples. Images were taken of particles that 
exhibited fluorescence and processed with ImageJ for particle counts and then density per sample was calculated. 
The results showed that there was a varying abundance of MP stained by Nile Red among tissue types and 
between individuals. While there was not an apparent trend amongst tissue types, Nile Red analysis detected 
potential MP particles in tissue types that have not previously been evaluated for MP accumulation. The exact 
accumulation of MP and their abundance in multiple tissues from a singular individual remains to be elucidated. 
Future studies into the abundance of MP particles in tissue and variation between individuals should be 
performed. 

 
ABSTRACT NUMBER: 5049 Poster Board Number: P150 
TITLE: New Approach Methodologies for the Teratogenic Potential: State-of-the Art and Integrated Tested Strategy 
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ABSTRACT: Many New approach methodologies (NAMs) have been developed as a result of regulatory demands, 
starting with the cosmetic animal testing ban in Europe in 2013, and extending to more countries every year. The 
aim is to use NAMs to retain a high level of knowledge and safety, without the loss of promising new ingredients. 
Research into reproductive toxicity and teratogenicity is a high priority, with the overall objective of developing 
and evaluating NAMs in an Integrated tested Strategy (ITS) for the evaluation of this endpoint for raw materials. 
First, we present here an overview of different AOPs (Adverse Outcome Pathway) on teratogenicity that would be 
combined to build an AOP, therefore, representing a better depiction of biological processes (Spinou et al., 2020; 
Knapen et al. 2018; Villeneuve et al. 2018). The final objective would be to build a teratogenicity AOP that could 
have mechanistic or predictive applications in cosmetics risk assessment. Based on the information from these 
AOPs, we proceeded to a global review of NAMs (developed, under development or in the research phase) that 
could fill the gaps regarding the analysis and the evaluation of teratogenicity. The objective is to have a more 
robust toolbox addressing endpoints in cellular processes and signaling pathways underlying the key stages in 
Teratogenicity. Finally in this work, we present the performance of three NAMs for their ability to assess the 
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teratogenic potential of a panel of chemicals. The NAMs were the in silico DART QSAR model; the “devTOX 
quickPredict” assay and the Zebrafish Embryotoxicity Test (ZET). In a first step, 85 (46 non-teratogenic and 39 
teratogenic) compounds were selected from public databases (e.g., ECHA, LOLI, DART) as a training set and 
screened l using the selected NAMs: The sensitivity and specificity was 97.1% and 78.3%, 84.9% and 33.3% and 
62.5% and 77.3% for the in silico DART, devTox and the ZET, respectively. When all three assays were combined for 
43 chemicals, the sensitivity and specificity was 100% and 71.4%, respectively. The specificity of the devTox assay 
was increased to 71.4% by incorporating the human therapeutic plasma concentration into the assay 
interpretation. When all 85 chemicals were assessed in a decision tree approach, this led to a very good 
predictivity and an assay robustness of 90%. In conclusion, the DART, devTox and ZET assays, in which up to 85 
compounds were tested, exhibited a good sensitivity and specificity, especially when outcomes from all three 
assays were combined (for 43 chemicals) or used in a decision tree approach for all 85 chemicals. The latter 
appears to be an interesting predictive approach for evaluating the teratogenic potential of new chemicals. Future 
investigations will extend the number of chemicals tested, as well as explore the implementation of new methods 
to refine the results and obtain a robust toolbox for evaluating teratogenicity. Case studies using this toolbox might 
help build confidence in this approach. 
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ABSTRACT: The global fragrance industry applies Quantitative risk assessment (QRA) to develop risk management 
practices (IFRA Standards) for ingredients that are identified as potential dermal sensitizers. An important step in 
QRA is determination of a “No Expected Sensitization Induction Level” (NESIL), which has historically been 
determined using human data with the support of animal data (e.g., murine local lymph node assay (LLNA). The 
EC3 value determined in the LLNA is used as the guidance for selection of the dose level in HRIPTs (Human 
Repteated Insult Patch Test) to confirm a NESIL value. The fragrance industry has adopted new approach 
methodologies (NAM) to address skin sensitization. Although several NAMs for identifying skin sensitizers have 
been accepted as Test Guidelines by OECD, these methods have thus far been validated only for hazard 
identification. Since a NESIL value is a key requirement to evaluate sensitizing potency for conducting QRA 
evaluations, development of a NAM-based strategy capable of providing potency data in the form of NESIL remains 
a high priority for the fragrance industry. The in vitro GARDskin assay was recently adopted by the OECD (TG 442E) 
for the hazard identification of skin sensitizers. Continuous potency predictions are derived using a modified 
protocol that incorporates dose-response measurements. Linear regression models have further been developed 
to predict LLNA EC3 and human NESIL values. The aim of the study was to evaluate the precision and 
reproducibility of the continuous potency predictions from the GARDskin Dose-Response assay. A total of 17 test 
materials were evaluated, 11 of which were evaluated in three blinded studies separated in time. Preliminary 
results indicated that the GARDskin Dose-Response model predicted LLNA EC3 values and human NESIL values with 
geometric mean fold-misprediction factors of 3.8 and 2.5, respectively. For comparative reasons, the LLNA EC3 
predicted the human NESIL values with a fold-misprediction factor of 3.7 in the same dataset. Results from the 
repeated assessment of the test materials were reproducible, with an estimated geometric mean range of fold-
changes between replicates of 2.9. Using isocyclocitral (CAS 1335-66-6) as an example, a QRA was conducted to 
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determine its safe use levels in different consumer product types. The results demonstrate that the LLNA EC3 
values and the human NESIL values predicted from the GARDskin Dose-Response assay are reproducible between 
experiments and show good concordance with the published NESIL and EC3 values. Together with the reported 
performance data, this represents a major step towards the establishment of the assay as a relevant source of 
information to derive NESIL values for conducting QRA evaluations for fragrance materials to ensure product safety 
while avoiding the generation of new animal data. 
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ABSTRACT: Alternatives Assessment is a tool to support the informed substitution of identified chemical hazards in 
consumer products and industries, with the intent of avoiding regrettable substitution. The field of Alternatives 
Assessment has grown steadily over the last few decades, particularly after the publication of the 2013 Royal 
Society of Chemistry’s “Chemical Alternatives Assessments” book and the 2014 U.S. National Research Council’s “A 
Framework to Guide Selection of Chemical Alternatives”. In 2018, Tickner et al. published the article “Advancing 
Alternatives Assessment for Safer Chemical Substitution: A Research and Practice Agenda” 
(https://doi.org/10.1002/ieam.4094), in which 14 research and practice needs were outlined for the field in 5 
critical areas: hazard assessment, comparative exposure assessment, lifecycle considerations, decision-making, and 
professional practice. Here, we used these research and practice needs as a guide to assess how well the 
Alternatives Assessment field has grown since 2013. In a literature search, 186 sources were categorized by critical 
area and examined and assessed for how they addressed the research and practice needs for that critical area. For 
instance, 3 of the 14 research and practice needs identified by the 2018 Tickner et al. article were focused on 
hazard assessment. However, of the 28 sources identified that discussed hazard assessment, the majority (25 
sources) only addressed one research and practice need - “Advance the applicability of predictive toxicology tools” 
- while only 3 sources addressed “Develop hazard assessment methods for chemical mixtures” and no source 
addressed “Strengthen ecological hazard assessment methods”. These results make sense given that so many tools 
have emerged over the last decade to assess chemical hazards, including many predictive, read-across, and in silico 
methods. These results also show that more work needs to be done to strengthen ecological hazard assessment 
tools, perhaps by adapting the tools developed for human hazard assessment, as well as to better integrate 
ecological hazard assessment results into alternative assessment frameworks. Similar and more in-depth 
evaluations were conducted for the other 4 critical areas. This review demonstrates that Alternatives Assessment 
is a growing subfield of chemicals management, with major advancements in areas such as predictive toxicology. 
However, this review also shows that many research and practice needs have not yet been addressed by the 
scientific community. Going forward, the field may benefit from a reassessment of whether the same research and 
practice needs identified in 2018 remain important or whether those needs should be revised. 
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ABSTRACT: The use of rodents as a small animal in vivo model for nonclinical drug safety testing is essential as part 
of IND and NDA applications to the FDA. More animals are often required for small animal studies compared to 
large animal studies due to various factors including blood volume limitations and sample size needed for 
significant analysis. Animals are assigned to various subgroups based on the amount and type of sample needed, 
and spare animals are ordered to be available to replace animals that don’t meet criteria to be placed on study. 
We performed an analysis of animal ordering practices for nonclinical toxicology studies performed in rodents at 
Labcorp Drug Development in Somerset, NJ, from 2017-2022 to identify whether the recommended number of 
animals ordered could be reduced. A total of 116 studies in rats and 13 studies in mice were analyzed, and the 
ratio of the number of spares utilized vs the number of spares ordered was calculated. Analysis demonstrated that 
the average number of spare animals ordered per study was 4% of the number of animals on study, but the 
number of spare animals utilized was 2%. In addition, review of rationale for animal elimination in each study 
highlighted that in 47% of the studies, use of spare animals could have been avoided by reassigning animals to 
different subgroups for which they met criteria for use. These data can be used as justification to reduce the 
number of animals ordered for each study, which decreases overall study cost and positively contributes to the 
practice of 3Rs (Replacement, Reduction, Refinement) in animal research. 
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ABSTRACT: Adeno-associated viral (AAV) vector delivery system has emerged as the dominant vehicle to deliver 
genes to patients affected with genetic disorders to permanently treat these disorders with a single treatment. To 
date, five AAV-based gene therapy drugs have been approved by the US Food and Drug Administration or the 
European Medicines Agency. Although AAV in general has a favorable safety profile, it has been reported recently 
that AAV, especially in high dose, can induce immune cell infiltration and neuron degeneration in dorsal root 
ganglion (DRG). The DRG belongs to the peripheral sensory ganglia, and the DRG neurons are the primary afferent 
neurons of trunk and limb pain, which have the functions of transmitting and regulating body sensation, receiving, 
and conducting nociception. During the development of AAV9/AP4M1 gene therapy to treat spastic paraplegia 50 
(SPG50), we evaluated the DRG toxicity following gene transfer in (wild type) WT animals, including a 12-month 
long-term non-GLP study in C57Bl/6J mice, a 3-month short-term GLP study in Sprague Dawley rats, and a 3-month 
short-term GLP study in non-human primates (NHPs). In the mouse study, we treated the mice by lumbar 
intrathecal (IT) administration at 6-8 weeks of age with AAV9/AP4M1 (1.25E11 or 5E11 vg/mouse) and did not 
note any DRG toxicity at 1-, 5- and 12-months post administration. In the rat study, we treated the rats IT at 7-8 
weeks of age with AAV9/AP4M1 vector (0.36E12, 1.1E12, or 3.3E12 vg/rat) and noted minimal to mild neuronal 
and axonal degeneration in both male and female rats in the lumbar DRG at ≥ 1.1E12 vg/rat. The degeneration in 
the rat study was apparent at day 8, was worse at day 29, and was less severe at day 91 post administration. In the 
NHP study, we treated the monkeys IT at 2-4 years of age with AAV9/AP4M1 vector (0.84E14, or 1.68E14 
vg/monkey) and noted minimal neuronal degeneration at 1.68E14 vg/monkey in both male and female monkeys in 
the lumbar DRG at days 94 post administration. The degeneration correlated with a decrease in NCV and response 
amplitude of the sural nerve (sensory) at the high dose, but not peroneal nerve (motor), noted on days 45 and 77. 
Taken together, mild neuronal degeneration was noticed in the lumbar DRG in both male and female at the 
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highest dose in WT rats and NHPs, but not in mice. These results, along with an absence of adverse clinical signs or 
mortality during the entire period of the three studies, suggest that the AAV9/AP4M1 at the dose of 1E15 
vg/patient (which equals to 2.5E11 vg/mouse, 1.1E12 vg/rat, or 0.84E14 vg/monkey) had an acceptable safety 
profile for SPG50 patients. There are ongoing clinical trials in the US and Canada testing AAV9/AP4M1 at the dose 
of 1E15 vg/patient. 
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ABSTRACT: A potent T-cell engaging CD3 bispecific antibody was developed targeting tumors expressing Guanylyl 
Cyclase C (GUCY2c), which is widely expressed across colorectal cancer and other gastrointestinal (GI) 
malignancies, as well as in normal GI tissues. GI toxicities were observed with this bispecific molecule during 
nonclinical safety evaluation in cynomolgus monkeys, including emesis, reduced appetite, dehydration, body 
weight loss, and soft or liquid feces. However, histopathologic evaluations of the intestinal tract showed only 
minimal to mild infiltrates and crypt hyperplasia with no erosions, ulcerations, or overt necrosis in GI epithelium. 
To investigative the mechanism of toxicity, an in vitro GI model was established using Caco-2 cells and human 
peripheral mononuclear cells (PBMCs) in a transwell coculture setting with optimization of coculture conditions. 
GUCY2c expression was detected in Caco-2 cells confirming it as a relevant cell type. Significant decreases in 
transepithelial endothelial electrical resistance (TEER) were observed when the Caco-2 cells were dosed with TNFα 
or when cocultured with activated PBMCs, establishing TEER reading as a relevant and sensitive endpoint to 
measure immune-mediated disruption of GI epithelial integrity. Rapid and dose-dependent decreases in TEER were 
observed when the coculture model was dosed with the GUCY2c bispecific Ab, but not with a negative control 
bispecific Ab (includes the same GUCY2c binding arm but does not engage CD3 on T cells). No change in TEER was 
observed when Caco-2 cells were dosed with the GUCY2c bispecific Ab without PBMCs. The significant decreases in 
TEER did not correlate with significant decreases in cell viability as measured using either ATP content or MTT 
metabolic activity. Elevation in T-cell activation marker CD69 was observed in PBMCs that were cocultured with 
Caco-2 cells and treated with the GUCY2c bispecific Ab and cytokines were detected in the coculture media. The 
results from the in vitro model recapitulated the in vivo findings in monkeys that represented a profile of immune-
mediated decrease in GI barrier integrity without significant loss of GI epithelium. In conclusion, we have 
established an in vitro co-culture model of Caco-2 cells and PBMCs that can be manipulated to mimic the intestine 
in either homeostatic or inflamed states. This model can be further utilized to study the mechanism of immune-
mediated GI toxicity. 
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ABSTRACT: During drug development the majority of therapeutics fail due to safety. It is mandatory by the 
regulatory agencies to assess the risk a drug may have. Drug-induced liver injury (DILI), a common cause of liver 
failure, uses biomarkers such as alanine aminotransferase (ALT) and aspartate aminotransferase (AST) to assess 
safety during drug discovery and development, however they lack specificity and sensitivity. Circulating microRNAs 
are promising biomarker candidates for toxicological studies compared to existing enzyme-based biomarkers. 
microRNA-122-5p (miR-122) is a hepatocyte-specific circulating biomarker that has emerged as a novel early 
biomarker for liver injury detection compared to existing ALT and AST. miR-122 is also being used to evaluate drug 
safety profiles early in drug development, which helps minimize financial losses due to late-stage drug failure. The 
development of an extraction-free and amplification-free method enabled the first ultrasensitive detection and 
quantification of microRNA directly in biological samples using Single Molecule Counting (SMC®) technology. This 
assay simplifies the use of circulating microRNA, in particular miR-122, as a novel biomarker to evaluate drug 
safety profiles early in drug development and for the early detection of liver damage. This detection method 
integrates Dynamic Chemical Labelling (DCL) chemistry developed by DESTINA Genomics (UK and Spain) with the 
Single Molecule Counting (SMC®) technology (by the life science business of Merck KGaA, Darmstadt, Germany) on 
the ultrasensitive SMCxPRO® platform. The assay includes the following steps: A) Circulating miR-122 from 
biological fluids are captured by a specific miR-122 DESTINA probe conjugated to SMC® beads by hybridization. This 
probe contains a unique blank position instead of a nucleotide at a specific position in the sequence. B) After the 
miR-122 is captured, a specific SMART-Base with a Biotin tag containing a reactive chemical group complementary 
to the base in the miR-122 sequence is covalently bound to the DESTINA probe conjugated to the SMC® beads. The 
mixture is then incubated with the fluorescent reporter molecule to complete the reaction. C) The final 
heterocomplex is then disassociated from the SMC® beads, and the eluate containing the fluorescent probe is 
analyzed using the SMCxPRO® instrument. A Lower Limit of Quantification (LLoQ) of 41.67 pg/mL is reported for 
the SMC® miR-122 liver toxicity assay, with an intra- and inter-assay precision of 9% and 6%, respectively, and a 
parallelism range of 96 - 100%. The ultrasensitive SMC® miR-122 liver toxicity assay has successfully quantified miR-
122 up to concentrations of 331.75 pg/mL in drug induced liver injury (DILI) human serum samples, liver disease 
canine serum samples, and organoid media and lysates treated with liver toxic drugs. For the first time, the novel 
application of SMC® immunoassay technology to detect and quantify genomic biomarkers is reported. 
Ultrasensitive detection of microRNA directly in circulating blood with easy sample handling and a simple workflow 
provides an important tool for assessing early drug toxicity during drug development. 
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ABSTRACT: Charity N. Nya, Sudhanva S. Kashyap, Shivani Choudhary, Mark McHugh, Alan P. Robertson, Richard J. 
MartinDepartment of Biomedical Sciences, College of Veterinary Medicine, Iowa Onchocerciasis, a neglected 
tropical disease caused by Onchocerca volvulus, is a major public health concern in Sub-Saharan Africa, Yemen, and 
some foci in Latin America. About 99% of affected individuals live in 31 countries of Sub-Saharan Africa. Although 
some therapeutic measures targeting the elimination of this disease have been employed in recent years, they 
have not been fully effective due to the absence of an effective adulticide and the development of resistance to 
currently used microfilaricides. Emodepside is a semisynthetic anthelmintic and adulticide proven to be effective 
against nematode infections in cats and dogs. Its proposed mode of action is via the selective activation of the 
nematode Big Potassium (BK) channel, SLO-1. Activation of SLO-1 causes hyperpolarization leading to flaccid 
paralysis of the worm. We hypothesized that exposure of SLO-1A, a splice variant of Onchocerca volvolus to 
emodepside results in activation of the channel. To test this hypothesis, Ovo slo-1a was expressed in Xenopus 

The Toxicologist: Late-Breaking Supplement 2023� 38



laevis oocytes and studied using two-electrode voltage-clamp electrophysiology. Oocytes were injected with 50µl 
(15ng) of Ovo slo-1a cRNA, and an equal volume of water was injected into oocytes as controls. Oocytes were then 
incubated for five to six days. Emodepside (10µM) was tested on controls, and cumulative concentration-
responses were measured on the Ovo slo-1a injected oocytes using five different concentrations (0.1, 0.3, 1, 3 and 
10 µM) of emodepside. The duration of exposure of each drug concentration was five minutes. Data was analyzed 
using GraphPad Prism v5.01 (San Diego, Ca). Although emodepside induced small outward currents in water 
injected oocytes, these currents were negligible compared to the large currents seen in oocytes expressing Ovo 
slo-1a: 244.1±31.0 nA in control oocytes (n=29) and 8421.0±649.7 nA (n=19) in Ovo slo-1a injected oocytes. We 
observed concentration dependent outward currents in the cumulative concentration-response experiments on 
oocytes injected with Ovo slo-1a. Data were fitted using the Hill equation, EC50 = 0.5µM (pEC50= 0.31±0.11), 
Hillslope=1.122±0.11 and Rmax= 8726 ± 0.11 nA, (n=19). Our results suggest the effectiveness of emodepside as an 
adulticide and that it could be a possible potential therapeutic agent for the treatment of onchocerciasis. 
Acknowledgment: NIH: R01AI047194 & R01155413 and E.A. Benbrook Foundation. 
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ABSTRACT: Lung toxicity associated with antibody-drug conjugates (ADCs) has been reported for topoisomerase 1 
inhibitor (TOP1i)-based ADCs in the clinic, and specifically this safety liability is included in a black box warning for 
approved HER2-targeted TOP1i ADC (Enhertu™). This toxicity is characterized as interstitial lung disease and 
pneumonitis in patients and is believed to be analogous to alveolar edema/inflammation reported in non-clinical 
studies involving cynomolgus monkeys. We observed similar lung toxicity in monkeys with a proprietary TOPIi 
based ADC containing a non-binding antibody (non-targeted ADC). However, this toxicity was not reproduced in 
rodent models, with a comparable or higher level of systemic exposure than achieved in monkeys. Mechanistic 
understanding of this clinically relevant toxicity is still lacking. We hypothesized that non-specific uptake of TOP1i-
ADC in lung endothelial and/or epithelial cells results in structural and/or functional impairment of the alveolar 
septal barrier leading to alveolar edema and secondary inflammation. To interrogate this hypothesis, we 
conducted multiple investigative experiments using non-targeted ADCs with different linker-drugs (with and 
without associated in vivo lung toxicity in monkey) in 2D, 3D, and advanced complex in vitro models. In 2D (using 
primary human lung alveolar epithelial and endothelial cells) and 3D model experiments, no changes suggestive of 
ADC-induced impairment of alveolar barrier were detected. We also evaluated a human lung alveolus 
microphysiological system (MPS) with in vivo relevant co-culture (alveolar epithelial cells and endothelial cells) and 
stretch conditions (mimicking breathing). In this model, we tested ADCs for a total of 7 days and evaluated impact 
on morphology, viability, and barrier integrity (labelled dextran and albumin leakage) at multiple time points (Day 
1, 3, 5 and 7). We observed time- and dose-dependent disruption of the endothelial-epithelial barrier at non-
cytotoxic concentrations for an ADC with in vivo lung toxicity, but not with an ADC with no in vivo toxicity. This 
change also correlated with loss of tight junction proteins assessed by immunofluorescence staining at the end of 
the experiment (Day 7). Results of our MPS experiments suggested that TOP1i-ADC induced lung toxicity is 
potentially mediated by disruption of alveolar epithelial and endothelial cell tight junctions. Even though the MPS 
model used is low-throughput and not cost-effective for screening several compounds, the results of our proof-of-
concept study suggested that more complex lung models with physiologically relevant cell-cell interaction and 
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stretch conditions may serve as a useful screening tool to identify or rank compounds with potential lung toxicity 
mediated by disruption of barrier integrity. 
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ABSTRACT: The continuing spread of drug-resistant tuberculosis is one of the most urgent and difficult challenges 
facing global TB control. Patients who are infected with strains resistant to isoniazid and rifampicin, called 
multidrug-resistant (MDR) TB, are practically incurable by standard first-line treatment. That’s why there is an 
urgency to develop new drugs and strategies to fight against tuberculosis or a tragedy may occur. A novel series of 
triazolpyridazine and its analogs was synthesized and characterized spectroscopically. All the compounds were 
characterized and screened for in vitro anti-tuberculosis activity against Mycobacterium tuberculosis H37Rv strains 
by using resazurin assay utilizing microtiterplate method. These compounds also showed good antitubercular. 
Thus, the high level of activity shown by the carbohydrazides suggests that these compounds could serve as leads 
for development of novel synthetic compounds with enhanced anti-TB activity. A toxicological safety assessment 
was conducted on 5,6-dihydropyridazine-1(4H)-carbohydrazides, to predict safety with oral consumption by rats. 
Two genotoxicity studies were conducted and no evidence of mutagenicity or genotoxicity was observed in the 
presence or absence of a rat liver S9 metabolic activation system at concentrations up to 5000 µg of 
compound/plate in a chromosomal aberration assay. Studies conducted in Wistar rats included a 14-day acute oral 
toxicity study, and a 90-day repeated oral toxicity study. A 6-month repeated oral toxicity study was conducted in 
rats. In the 14-day study, the NOAEL was determined to be 5 g/kg bw. While a few statistically significant (p<0.05) 
findings were observed in the 90-day Wistar rat study, it was considered to be a sound basis for conducting a 6-
month study. In the 6-month study, the no observed effect level was concluded as 1,000 mg/kg bw/d, the highest 
dose group tested. Finally, in a developmental toxicity study in rats no fetal abnormalities related to administration 
of the test article were observed. 
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ABSTRACT: Environmental exposure to crystalline silica (CS) has been shown to cause adverse immune effects and 
is considered a possible risk factor for several lung diseases and systemic autoimmune diseases. Occupational high-
level exposure to respirable silica dust in miners has been shown to cause chronic inflammation, fibrosis in the 
lungs and increased rates of autoimmune diseases. However, the understanding of the cellular mechanisms linking 
CS toxicity to autoimmune diseases remains elusive. The overall objective of this study is to characterize and 
quantify multiple and combined environmental exposures during a person’s lifetime with high-dimensional 
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immunophenotyping and to provide mechanistic information to develop immune fingerprints for occupational and 
autoimmune disease cohorts as studied in the EXIMIOUS project (Mapping exposure-induced immune effects: 
connecting the exposome and the immunome). The main aim of this sub-study is to characterize the early in vitro 
effects of CS exposure on the phenotype and function of innate and adaptive immune cells in human whole blood. 
Changes in immune cell profile were measured following direct and indirect CS exposure of whole blood from 
healthy donors. In the indirect exposure model, whole blood was exposed to conditioned media from CS treated 
THP-1 macrophages followed by analysis of immune cell responses by CyTOF. The CyTOF antibody panel consisting 
of 42 markers has been optimised for identifying innate and adaptive immune-cell subsets as well as their 
functional states. The indirect exposure model was also treated with a stimulation cocktail mix consisting of TLR 
stimulants and PMA/Ionomycin to study the potential effects of CS on immune stimulated cells. Unsupervised 
algorithms and statistical analyses were used for the data analyses. In the direct exposure model, whole blood was 
exposed to CS directly followed by cytokine profile assessment. Multiplex analysis of blood plasma after direct and 
indirect exposure revealed induction of specific patterns of secreted cytokines and chemokines. IL-1β, IL-18, IL-4, 
IL-23, TNFα, CCL2, CXCL8, CXCL10 were induced with indirect exposure of CS while IL-1β, IL-18, TNFα, CCL3, CCL4, 
CXCL2, CXCL8 were induced with direct exposure. Preliminary single cell CyTOF analysis suggest changes in 
phenotype and cytokine expression in specific immune cell subpopulations. These findings will be used to 
construct immune fingerprints associated with CS exposure and disease in epidemiological studies. Funded 
European Union’s Horizon 2020 research and innovation programme under grant agreement No 874707. 
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ABSTRACT: Green Tea Extract (GTE), derived from the Camellia sinensis plant, is a common constituent of multi-
ingredient herbal and dietary supplements (HDS). Throughout the last decade there have been numerous reports 
of HDS-induced liver injury, accounting for 15-20% of the total drug induced liver injury (DILI) cases in the US. 
Epigallocatechin-3-O-gallate (EGCG) is an abundant polyphenol found in GTE and has been implicated in the 
immune-mediated reactions seen. EGCG is among several herbal derived flavonoid compounds that have a strong 
association with the expression of HLA-B*35:01 and hepatocellular or cholestatic liver injury. The aim of this study 
was to investigate the immunogenicity of EGCG using in vitro techniques, utilising peripheral blood mononuclear 
cells (PBMC) from GTE-DILI patients and healthy donors expressing the HLA-B*35:01 risk allele. A lymphocyte 
transformation test was conducted with blood from HLA-B*35:01 positive GTE-DILI patients (n=2), where PBMC 
was incubated with various concentrations of EGCG and GTE for seven-days analysed for proliferation, assessing 
the extent of any memory response. PBMC and T-cell priming assays using cells from HLA-B*35:01 positive and 
negative healthy donors (n=4) were undertaken to assess EGCG’s ability to prime naïve individuals, with and 
without immune checkpoint blockade. EGCG-responsive T-cell clones (TCC) were generated via repetitive mitogen 
stimulation examined for specificity, phenotype, cytokine secretion and pathways of T-cell activation. Proliferative 
responses to EGCG and GTE were seen in both GTE-DILI patients at 50μM and 100μg/mL respectively. Significant 
proliferative responses were identified in PBMC from 2/4 allele positive and 2/4 negative healthy donors. EGCG-
specific priming of T-cells was observed in the presence of PD-1 and PD-L1 blockade. Several EGCG-specific TCCs 
were identified from healthy donors expressing HLA-B*35:01. TCCs proliferated in a dose-dependent manner and 
secreted IFNγ, IL-5, IL-13 and Granzyme B. TCC had a CD4+ phenotype, with activation restricted to MHC Class II. 
These findings strongly implicate EGCG in GTE-DILI and suggest EGCG has an intrinsic ability to be immunogenic. 
EGCG can effectively prime naïve T-cells from HLA-B*35:01 positive and negative donors. Blockade of co-inhibitory 
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signalling pathways potentiates the priming seen. EGCG is able to activate CD4+ TCC, stimulating the release of 
pro-inflammatory and cytolytic cytokines, driven through MHC Class II interactions. 
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ABSTRACT: A systematic mapping study recently published on cannabidiol (CBD) safety-related literature identified 
immunomodulatory effects of CBD as an area warranting further investigation. Additionally, immune effects have 
been identified by recent literature and regulatory reviews as a data gap or potential endpoint of concern for CBD 
consumer use. The current scoping review was conducted as an extension of the previous systematic mapping, to 
provide a starting point for evaluating the available literature on this topic. Of the literature published through 
June 2021, 108 publications were identified based on potential immunological effects following CBD 
administration. Titles and abstracts were screened and tagged for different attributes relating to the immune 
system (i.e., type of immune cells, cytokines, immunological process). The three most frequently tagged attributes 
were related to TNF-α (21 studies), T cells (14 studies), and experimental autoimmune encephalomyelitis (EAE) a 
model for multiple sclerosis (10 studies). For full text review, the effects of CBD on T cells and EAE, at a cellular and 
biochemical level, was further investigated. Exclusion criteria for full text review included transcriptomic or 
pathway-focused studies, review papers, studies using CBD/THC mixtures, or conference abstracts. This resulted in 
nine studies for full-text review. Within these nine studies, two different subsets were identified. In the first 
subset, the effects of CBD in vivo (0-5 mg/kg/day) or in vitro (0-20 µM) with or without cellular activation were 
investigated. Results from these studies showed differences in immunomodulation of CBD depending on 
experimental conditions. An increase or decrease in IL-2, T cells, and Tregs were observed based on different 
exposure and model parameters. Immunomodulatory effects of CBD were observed through apoptosis of T cells or 
through suppression of specific immune response. In the second subset, the effects of CBD on in vivo (0-75 
mg/kg/day) or in vitro (0-10 µM, 0-20 µg/mL) EAE models were investigated. Results from these studies were 
generally consistent showing reductions in neuroinflammation from CBD exposure. CBD was shown to ameliorate 
the autoimmune induced effects through suppression of T cell proliferation, reduced infiltration of T cells into the 
CNS, and lower expression of inflammatory cytokines. Results from this subset suggests that CBD has anti-
inflammatory and anti-autoimmune effects, which are primarily mediated through suppression of T cell 
proliferation. Overall, this scoping review identified important aspects regarding immunomodulatory effects of 
CBD. Particularly, differences in observed effects may be dependent on model and exposure parameters. Given 
that recent regulatory attention has been focused on the potential adverse effects of CBD on the immune system, 
the beneficial effects also observed as part of this scoping review underscore the need for further evaluation of 
this endpoint. Generation of additional studies, as well as systematic evaluation including study quality and 
reliability of available data are needed to better understand how CBD interacts with the immune system and 
improve the evidence base for use in hazard-based decisions. 
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ABSTRACT: The aryl hydrocarbon receptor (AHR) is a nuclear receptor involved in a broad variety of physio-and 
pathological processes. AHR is related to autoimmune and neoplastic diseases, indicating that it is an important 
modulator for immune responses. Here we aimed to assess the immunomodulation effects of AHR in AHR 
constitutive knockout rats and wild-type controls by evaluating the changes in immune cells in the peripheral 
blood, liver and spleen, and performing the functional assessment with a typical in vivo immune functional assay 
for the T-dependent antibody responses (TDAR). Keyhole limpet haemocyanin (KLH) as a highly immunogenic T-cell 
dependent antigen was used in this study. For TDAR assay, both the AHR knockout rats and wild-type controls 
were immunized by subcutaneous injection of KLH twice at Day 1 and Day 7 during a 28-day course of study. Sera 
for analyses of antigen-specific IgG titers were collected on Day 7 right before the second injection and on Days 14, 
21 and 28. Bioanalysis data showed that antibody titers at all the time points were significantly decreased in the 
AHR knockout rats compared to the wild type controls. For immune cells in the peripheral blood, neutrophils were 
markedly increased in week 6, became increased to a lesser extent in week 8 and were only slightly increased in 
week 10 in the AHR knockout rats, while other cells remained unchanged as compared to controls. For immune 
cells in the liver, the percentages of CD45+CD3+ activated T cells and CD45+CD11b+CD172a+ macrophages were 
significantly increased in the AHR knockout rats, whereas the percentage of CD45+ B cells was markedly decreased 
when compared to controls. For immune cells in the spleen, the percentages of CD45+CD3+ activated T cells and 
CD45+CD3- NK cells were significantly elevated in AHR knockout rats as compared to controls. Taken together, 
these results indicated that AHR deficiency altered immunophenotyping profiles in rats, especially for T cells and 
macrophages, as well as reduced integrated immune responses to T cell dependent antigens. 
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ABSTRACT: Human immunodeficiency virus (HIV)/acquired immune deficiency syndrome (AIDS) affects an 
estimated 37 million people worldwide. Antiretroviral (ART) therapy is successful in suppressing viral replication 
and restoring CD4+ T cell levels, turning HIV infection into a manageable condition. However, serious health 
complications continue to affect people living with HIV/AIDS (PLWHA), including HIV-associated neurocognitive 
disorder (HAND). HAND is due to HIV entry into the brain, as many antiretroviral drugs have poor penetrance 
through the blood-brain barrier, thereby making brain a privileged site for HIV replication and survival. There is a 
growing body of evidence that in PLWHA monocytes are the key contributors to neuroinflammation due to their 
transport of HIV into the CNS and secretion of pro-inflammatory factors. The pro-inflammatory factors released by 
monocytes, particularly IL-1β, can significantly influence the function of resident brain cells, including astrocytes. 
Astrocytes are the most abundant glial cells in the brain. Their primary function is to maintain glutamate balance in 
the CNS. Perturbations in glutamate regulation can have severe consequences on neuronal cell health and their 
function, which is thought to contribute to neurocognitive decline in PLWHA. To mimic CNS inflammatory 
conditions in PLWHA, IL-1β was used as a surrogate for activated monocytes in this study. We hypothesized that 
cannabidiol (CBD) pre-treatment attenuates induction of glutamate uptake by astrocytes in response to IL-1β 
treatment. First, human U251 glioblastoma cells were treated with increasing concentrations of [3H]-glutamate 
(3.9 - 500 nM) for 10 minutes, which resulted in a concentration-dependent uptake of glutamate. Time-course 
experiments were then performed where U251 cells were treated with 500 nM [3H]-glutamate for 15, 30, 45, 60, 
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75, 90, 105 and 120 minutes. The results showed that 60 minutes was the peak time for glutamate uptake by U251 
cells. Next, the U251 cells were pre-treated with increasing concentration of IL-1β (0.5, 1, 5, 10, 20, 50 and 100 
pg/ml) for 24 hours and then treated with 500 nM of [3H]-glutamate for 60 minutes. Results showed that there 
was increased glutamate uptake in response to increasing concentrations of IL-1β. Last, to determine the effect of 
CBD pre-treatment on the increased glutamate uptake in response to IL-1β, U251 cells were pre-treated with 
increasing concentrations of CBD (0.5, 1, 5, 10 uM) for 30 minutes followed by IL-1β (100 pg/ml) treatment for 24 
hours and then pulsed with 500 nM of [3H]-glutamate for 1 hour. Our preliminary findings showed that glutamate 
uptake was significantly reduced in the groups treated with lower CBD concentrations (0.5 and 1 μM) when 
compared to the control group (cells treated with IL-1β for 24 hours and no CBD pre-treatment). By contrast, no 
significant differences were found between the groups treated with higher CBD concentrations (5 and 10 μM) and 
the control group. These results suggest that CBD can attenuate glutamate uptake by astrocytes in response to IL-
1β. Future studies are needed to further elucidate the mechanism by which CBD attenuates IL-1β-mediated 
increased glutamate uptake by astrocytes. Supported by NIH R01 DA053047. 
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ABSTRACT: Gulf War illness (GWI) is a chronic disease that affects the multi-organ system. Veterans with GWI have 
experienced memory loss, anxiety, and other neurological impairment as a result of toxicant exposure. 
Epidemiological data indicate that GWI is closely related to other neurodegenerative diseases (NDD) such as 
Parkinson's disease (PD) and Alzheimer's disease (AD), but the underlying genetic mechanism is still unknown. High 
and unpredictable level of acute and chronic exposure to toxicant chemicals resulting in damage to the central 
nervous system (CNS) makes it harder to find specific gene expression patterns. Public domain data from 
GSE180786 was used as a gene profile in GWI, in which chemicals implicated as exposure hazards for Gulf War 
Veterans were used on mice. Gene expression profiles GSE150696 and GSE26927 are also available in the GEO 
database, which have been used to demonstrate several common genes of neuro-inflammation in the CNS, which 
can be utilized to identify the onset process of neurodegenerative disease. Differentially expressed genes (DEGs) in 
AD and PD samples were selected using our selection criteria on the GEO2R online tool, and the overlapping genes 
between NDD and GWI were identified using Venn diagram software. Then, when we examined the acute GWI 
gene profile change in the mouse hippocampus following 3 weeks of toxicant exposure with the differentially 
expressed PD and AD genes, we discovered 23 genes that were present in these diseases, indicating a possible link 
between these three disorders. Furthermore, gene ontology (GO) and Kyoto Encyclopedia of Gene and Genome 
(KEGG) enrichment analysis of the first 23 shared genes reveal that these genes are involved in nerve inflammation 
reaction in CNS, which is in accordance with the early stage of GWI. The visualization of protein-protein interaction 
(PPI) of these DEGs was demonstrated using the Search Tool for the Retrieval of Interacting Genes (STRING), which 
indicates the protein function and correlation. GO enrichment analysis indicated that these genes are part of 
synaptic signaling and axon genesis. Additionally, 3 genes were found significantly enrich in GABAergic synapse via 
DAVID, the visualization was made using the KEGG mapper tool. In conclusion, these findings suggest a potential 
neurological basis for GWI and may provide us with fresh insight into the acute gene changes leading to GWI. 
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ABSTRACT: Alzheimer’s disease (AD) is the leading cause of dementia, and reports implicate a potential role for 
disrupted immune cell trafficking in the disease. However, the role of the peripheral immune system in the 
pathology of AD is poorly understood. Evidence supports that air pollutants play a role in AD etiology, and 
epidemiology reports have linked ozone (O3) exposure to increased AD incidence. How O3 affects the brain or 
interacts with AD risk factors is not well understood. O3 is a reactive oxidant that is confined to the respiratory 
tract after inhalation and is unable to translocate to the bloodstream or the brain, highlighting a potential role for 
the pulmonary immune response in the central nervous system (CNS) effects (The Lung-Brain Axis). Recently, 
genome-wide association studies have identified several loss of function Trem2 (Triggering Receptor Expressed on 
Myeloid Cells 2) mutations, indicating myeloid cell-specific mutations and loss of function can convey AD risk. We 
have previously shown O3 disrupts the chemotactic microglial response to amyloid plaques, elevates plaque load, 
and disturbs the disease-associated microglia phenotype in 5xFAD mice. These are processes regulated by TREM2, 
supporting a role for TREM2 in the CNS effects of O3. However, the role of TREM2 in the lung-brain axis has yet to 
be directly tested, and whether TREM2 regulates the O3-induced peripheral immune mechanisms that could 
impact the brain is unknown. To begin to address this, male Trem2-/- mice and Trem2+/+ control mice were exposed 
to either filtered air or 1 ppm O3 for 4 hours, and bronchoalveolar lavage fluid (BALF), plasma, cervical lymph nodes 
(deep and lateral, CLNs), and brains were collected 24 hours later. While data revealed O3 exposure caused an 
increase in neutrophils in the BALF in Trem2+/+ mice, there were no genotype differences. While Trem2+/+ mice 
showed no change in BALF eosinophils in response to O3 exposure, Trem2-/- mice exhibited a significant reduction 
in BALF eosinophils with O3 exposure when compared to controls, supporting a potential role for TREM2 in 
eosinophil responses. CLNs collect immune cells that are present in the cerebral spinal fluid and meninges. These 
cells are stationed outside the brain parenchyma and are hypothesized to regulate parenchymal neuroimmune 
homeostasis. As such, CLN transcriptional changes were analyzed with the NanoString immunology panel and 
revealed that O3 exposure changed gene expression patterns indicative of modified immune cell trafficking, which 
was dependent upon Trem2 genotype. For example, Trem2-/- mice exposed to O3 showed changes in gene 
expression patterns indicative of an increase in T-cells, which did not occur in Trem2+/+ mice. Trem2-/- mice also 
showed CLN transcriptional changes indicative of modified chemokine or cytokine secretion, such as impaired 
Cxcr3, Cxcl10, Cxcl12, Ccr2 and Xcl1. Collectively, these findings indicate TREM2 regulates O3-induced immune cell 
trafficking in the lung-brain axis at two levels: the lung and CLNs, illustrating TREM2’s impact in the periphery may 
affect the CNS neuroimmune milieu and the glymphatic system to regulate CNS health and disease. 
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ABSTRACT: Alzheimer’s disease (AD) is a devastating form of dementia that includes a dysregulated microglial 
phenotype and maladaptive immune cell trafficking. Yet the identity of environmental exposures that are culpable 
in this disruption, and in peripheral immune responses regulating the brain remain poorly understood. Aspergillus 
versicolor is a common filamentous fungi found in damp indoor environments, where human inhalation exposure 
has been linked to asthma, a respiratory disease. Asthma is also associated with an increased AD risk. Previously, 
we have demonstrated that A. versicolor exposure results in transcriptional neuroimmune and neurochemical 
changes in the brain. According to the lung-brain-axis hypothesis, the pulmonary response to environmental 
exposures dysregulates microglia through changes in peripheral immune cells and circulating factors that regulate 
CNS health and disease. However, the role of sex differences in this process is largely unknown. Consistent with 
reports from female B6C3F1/N mice, male 5xFAD mice exposed to nose-only filtered air or A. versicolor (3 × 105 
spores) two times a week for 13 weeks, resulted in A. versicolor-induced humoral changes indicative of a Th2 
pulmonary response. Unfortunately, the estrogen response element in the promotor of the 5xFAD mouse 
confounds and precludes any analysis of females in this strain. As such, the C57BL/6J control strain was used to 
explore sex differences in the humoral and microglial responses to A. versicolor. Here we found sex differences in 
the changes in cortical microglial morphology, where male mice showed a significant increase in microglia volume 
after 13 weeks of A. versicolor exposure when compared to filtered air; but female mice failed to show a significant 
response. Furthermore, data revealed a significant increase in circulating factors IL-5, IP-10, IL-17, and TNFα in 
male mice exposed to A. versicolor, whereas these effects were absent in the female mice. Interestingly, during 
reproductive years, females often have a more robust immune response than males. However, when reproductive 
females do experience adverse reactions, the severity is often greater than affected males. Taken together, these 
findings support that the humoral and microglial response to A. versicolor is dysregulated in female C57BL/6J, 
highlighting the presence of sex differences in the Th2 Lung-Brain axis. Given the increased female risk in AD, 
further studies are needed to explore how these differences translate to amyloid and tau pathology. 
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ABSTRACT: Rotenone is a broad-spectrum insecticide, pisicide, and pesticide that continues to be used worldwide. 
This toxin is known for its capacity to uncouple mitochondrial complex I, as well as induce regionally distinct a-
synuclein aggregation in C57Bl/6 mouse models causing symptoms that mirror those found in Parkinson’s disease 
(PD). Manganese (Mn) is an essential trace mineral needed for cellular enzymatic function, however, excess 
accumulation in the basal ganglia results in Manganism, a disease characterized by Parkinsonian-like symptoms. 
Genetic mutations or environmental perturbations leading to mitochondrial dysfunction remain a driving factor in 
numerous neurodegenerative diseases, including PD and Manganism. Recent research conducted by our lab and 
others, have implicated glial cell activation and inflammatory involvement in the progression of disease, yet exact 
mitochondrial mechanisms leading to inflammation in glia remains unknown. To address this question, primary 
murine glial cultures were exposed to subacute concentrations of Mn (10µM) and rotenone (100nM) and 
respiratory capacity and extra-mitochondrial hydrogen peroxide generation were investigated using by 
polarography and fluorometry, respectively. In addition, the determination of Mn priming exacerbating the 
inflammatory response caused by secondary rotenone exposure was determined by isolation of primary C57Bl/6 
glial cells from neonatal (P0-P1) mouse pups and grown to confluency in thin-walled glass chamber slides. 
Subacute concentrations of Mn (10uM) were used to prime cells for 24 hours prior to additions of 100nM 
rotenone in respective comparative experimental groupings (Control, 10µM Mn, 100nM rotenone, 10µM Mn+ 
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100nM rotenone). Live-cell imaging of mitochondrial calcium concentrations (Rhod-2), mitochondrial membrane 
potential (TMRE), and intra-mitochondrial reactive oxygen species (ROS, MitoSOX) were fluorescently quantified 
over time, post addition of rotenone. The resulting data from the Oroborus O2K revealed decreases in total 
respiratory capacity and increases in total extra-mitochondrial ROS production of glial cells that were exposed 
dually to Mn and rotenone, compared to individually exposed or control groups. Rhod-2 quantitative data showed 
increased mitochondrial calcium was present in 10µM Mn+ 100nM rotenone treated cells, supporting detrimental 
mitochondrial effects due to calcium overloading. The results obtained from these experiments represent some of 
the first showing that environmental toxin exposure utilizing Mn and rotenone, in concert, in glial cells increases 
mitochondrial stress. 
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ABSTRACT: Parkinson’s disease (PD) is a second most common neurodegenerative disease which is characterized 
by progressive, unintended movements, such as shaking and stiffness. Prevalence of PD is increasing with age, and 
currently more than 1% of the population above 60 years are affected. Sporadic PD represent about 90% of the PD 
cases and risk factors comprise next to heredity, age, and gender also exposure to pesticides and herbicides. 
Moreover, epidemiological and experimental studies have identified exposure to polychlorinated biphenyls (PCBs) 
as a potential risk factor for Parkinson's disease. PCBs are synthetic chemicals primarily used as coolants and 
insulators in electrical equipment. Although banned for several decades, PCBs persist in the environment for long 
periods and therefore humans are still exposed mainly as a consequence of dietary intake. The molecular 
mechanism of the potential involvement of PCB exposure in the etiology of PD are unknown. The objective of this 
work was to determine the PD-related transcriptomic perturbations upon PCB exposure in human induced 
pluripotent stem cell (iPSC)-derived dopaminergic neurons. Human iPSC-derived dopaminergic neurons were 
exposed to multiple physiological relevant concentrations of PCBs (10nM, 500nM and 10.000nM). For each 
concentration biological triplicates were generated. Resulting cells were examined using temporal transcriptomic 
analysis by RNA sequencing at 24h and 72h after exposure. A Wald test was used for the statistical analysis of 
differential expressed genes (DEGs) in the PCB group against the untreated control group. For a gene to be 
considered differentially expressed, the threshold of false discovery rate was set to <0.05. The analysis revealed no 
significant DEGs at 10nM, 99 significant DEGs at 500nM and 182 at 10.000nM PCB exposure. Gene 
overrepresentation analysis for the observed DEGs featured PD relevant pathways such as ‘Potassium Channels’, 
‘Signaling by Receptor Tyrosine Kinases’ and ‘Neurotrophin Signaling’. Moreover, the analysis revealed PCB-
induced transcriptional changes in 48 genes which were directly related to the development of Parkinson’s 
disease. These transcripts included dose-dependent downregulation of well-known PD-genes such as vitamin D 
receptor (VDR), insulin like growth factor 1 (IGF1) and heme oxygenase 1 (HMOX1) at 24h after PCB exposure. To 
our knowledge this data shows, for the first time, the potential involvement of PCB-induced transcriptional 
changes in the etiology of sporadic PD in human iPSC-derived dopaminergic neurons. Moreover, the study 
highlights iPSCs as a promising tool to improve our understanding on gene expression dynamics in the 
development of neurodegenerative diseases. 
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ABSTRACT: Parkinson’s Disease (PD) is the most common motor movement disorder of aging. Although the precise 
etiology of PD remains elusive, recent scientific advances have demonstrated that genetics, aging and 
environmental exposures function in concert to promote disease progression and pathology. Late-stage PD is 
characterized clinically by bradykinesia, short shuffling gate, resting tremor, postural instability, and difficulty 
balancing. Pathologically, PD is characterized by a loss of dopaminergic neurons (DAn) in the substantia nigra pars 
compacta (SNpc), accumulation of misfolded alpha-synuclein (a-syn) in surviving DAn, known as Lewy bodies, and 
neuroinflammatory activation of glia. Microglia contribute to neuronal injury in PD through chronic activation of 
innate immune inflammatory pathways that are linked in part to environmental exposures. However, how multiple 
environmental exposures prime innate immunity in microglia to induce a neurotoxic phenotype is not well 
understood. We postulated that inhibition of NF-kappaB signaling in microglia would impair immunological priming 
and reduce overall inflammatory injury in lesioned animals. To test this hypothesis, we generated mice deficient in 
NF-kappaB activation in microglia (CX3CR1-Cre::IKK2fl/fl). These mice were then exposed to 50mg/kg/day of 
manganese (Mn) in drinking water during juvenile development (PN21-PN51), followed by later exposure to 
rotenone (2.5mg/kg/day for 14 days) as adults (4 months old). Subsequent analysis revealed knockout (KO) mice 
had an accumulation of misfolded a-syn in DAn and microglial cells in animals exposed to either rotenone or Mn 
and rotenone. Although KO animals showed less DAn neurodegeneration after exposure to rotenone, animals 
exposed to Mn and rotenone had comparable DAn loss to wildtype (WT) mice. These data suggest that inhibition 
of primary immune recognition and signaling through canonical NF-kappaB in microglia is protective. However, 
dual exposure modeling, which more closely recapitulates patient lifetime exposures, facilitated resident 
immunological ‘training’ through microglial priming. The resulting pathology is independent of microglial canonical 
NF-kappaB signaling but instead is due to astrocytic, microglial, and neuronal responses to misfolded a-syn 
accumulation, mitochondrial dysfunction, alternate inflammatory pathway activation, and microenvironment 
changes, which are highly exposure dependent. 
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ABSTRACT: Diethylene glycol (DEG), a commonly used industrial and consumer solvent, has been linked with mass 
poisonings due to accidental or intentional ingestion. These poisonings manifest with nephrotoxic, hepatotoxic, 
and delayed, often irreversible, neurotoxic effects. Previous studies have shown that the final metabolite of DEG, 
diglycolic acid (DGA), is responsible for target organ toxicity. To assess DGA-mediated neurotoxicity and the 
capabilities of amino acid or N-acetylcysteine (NAC) co-treatment to prevent it, SH-SY5Y cell were seeded in 24-
well plates and treated with 25 or 50 mM DGA alone, amino acids (10 mM glutamine, 5.0 mM glycine, 0.5 mM 
glutamate, 10 mM cysteine) alone, 1.0, 5.0 or 10 mM NAC alone, or co-treatments of DGA and amino acids or NAC 
at respective concentrations at 48 h. The lactate dehydrogenase (LDH) release assay was used to measure cell 
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death after 48 h exposure. Co-incubation of 50 mM DGA + 10 mM glutamine, 5.0 mM glycine, 0.5 glutamate, 1.0, 
and 5.0 mM NAC indicated no protective effect against DGA-induced cell death. However, co-incubation with 50 
mM DGA + 10 mM cysteine significantly decreased LDH release compared to DGA alone. These results indicate 
that cysteine prevents direct DGA-induced neurotoxicity, and provides preliminary data for antidote development. 

 
ABSTRACT NUMBER: 5071 Poster Board Number: P172 
TITLE: Use of In Vitro Data and Physiologically Based Kinetic (PBK) Modeling Facilitated Quantitative In Vitro to In 
Vivo Extrapolation (QIVIVE) to Predict Acute Neurotoxicity of Saxitoxin in Rats, Mice and Humans 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Chen, A. Noorlander, S. Wesseling, H. Bouwmeester, 
N. I. Kramer, and I. M. C. M. Rietjens. Wageningen University and Research, Wageningen, Netherlands. 
 
KEYWORDS: Toxicity; Acute; Chemical Hazard Assessment; Nonanimal; SAXITOXIN 

ABSTRACT: Current climate trends are likely to expand the geographic distribution of the toxigenic microalgae and 
concomitant algal toxins, making intoxications by such toxins a global phenomenon. Among various phycotoxins, 
saxitoxin (STX) acts as a blocker to voltage-gated sodium channels on excitable membranes, causing neurological 
and muscular symptoms in mammals after exposure to contaminated seafood. To predict neurotoxicity following 
acute STX exposure and derive a tentative point of departure (POD) for risk assessment, a quantitative in vitro to in 
vivo extrapolation (QIVIVE) approach using physiologically based kinetic (PBK) modelling was employed. The PBK 
models for rats, mice and humans were parameterized using quantitative structure-activity relationship (QSAR)-
derived kinetic parameters and clearance estimates from in vitro rat hepatocyte incubations. Then available 
toxicity data obtained using in vitro cell models from these three species were converted to corresponding in vivo 
dose-response curves. With benchmark dose analysis based on these curves, a value resulting in a 10% extra 
response above background level (BMDL10) was defined as a POD and compared to available no-observed-adverse-
effect levels (NOAELs). The limited metabolic rates of STX when incubating with rat hepatocytes did support the 
notion that the clearance of STX depended mainly on renal excretion. The PBK models with only glomerular 
filtration as a clearance process of STX could adequately predict the time profiles of blood and urine STX 
concentration as observed in vivo. Based on the POD predictions obtained, rats and mice showed similar sensitivity 
to acute STX toxicity, while humans were found to be more susceptible than rodents mainly due to interspecies 
differences in toxicokinetics. The predicted human POD was close to the reported human NOAELs derived by EFSA 
and the joint FAO/IOC/WHO ad hoc Expert Consultation. To conclude, the described approach resulted in 
adequate predictions for acute neurotoxicity following oral STX exposure, indicating that new approach 
methodologies (NAMs), when appropriately integrated, are promising as alternative strategies to animal testing in 
hazard and risk assessment of chemicals. 
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ABSTRACT: Cannabidiol (CBD) is used for a variety of purposes by different groups of people, including to reduce 
nausea in pregnancy. In recent years, demand for CBD or CBD containing products has increased at an alarming 
rate. When consumed during pregnancy, CBD can pass through the placenta and enter the fetal blood stream. 
There are concerns about the effects of CBD and its major metabolites (7-OH-CBD and 7-COOH-CBD) on fetal 
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development. In the present study, human neural stem cells (NSCs) were treated with CBD and its metabolites at 
different concentrations and durations to understand how the drug may affect fetal brain development. Drug 
effects on NSC viability and proliferation rate were assessed using MTT reduction, LDH release and EdU 
incorporation assays. Cell cycle analysis was performed using flow cytometry after cellular DNA was stained with 
propidium iodide. CBD, 7-OH-CBD and 7-COOH-CBD dose-dependently reduced NSC viability. At clinically relevant 
concentrations (i.e. human plasma concentrations), CBD, 7-OH-CBD and 7-COOH-CBD caused more obvious cell 
death when exposure duration increased. CBD and 7-OH-CBD reduced NSC numbers in the G1 phase after 24h 
exposure. However, 24h exposure did not cause significant change in NSC proliferation. This study demonstrates 
that clinically relevant concentrations of CBD, 7-OH-CBD and 7-COOH-CBD affect basic physiological features of 
human NSCs, suggesting the drug may have adverse effects on the developing human brain in vivo. 
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ABSTRACT: Microphysiological systems (MPS) are an emerging technology with the potential to close the gap 
between preclinical and clinical studies for neurotoxicity screening and drug development, attracting attention 
from the pharmaceutical industry in the hope to curb attrition rates, lower costs, and reduce reliance on animal 
models. We’ve developed an innovative MPS platform for screening neurotoxic compounds using a custom 
embedded electrode array (EEA) to record compound action potentials (CAPs) from rat peripheral nerve (PN) 
cultures. Bridging the gap between in vitro and in vivo, this platform measures multiple clinically relevant 
electrophysiological metrics such as conduction velocity (CV), peak response amplitude (AMP), threshold stimulus 
strength (TSS), and activity dependent slowing (ADS). This platform is a novel electrophysiology system specifically 
designed to allow high-throughput electrophysiological recordings. The platform is centered on a custom 24 well 
plate with an integrated circuit board. Each well contains a cell-restrictive outer layer and a growth-permissive 
inner gel that together guides axonal growth into a 3D nerve like bundle. At the bottom of the inner gel are a series 
of 10 microelectrodes that can be used for both recording and stimulation. Dissociated PN spheroids, derived from 
embryonic rat primary dorsal root ganglia (DRG), are placed into the inner gel and cultured for four weeks to 
ensure mature axonal growth and myelination before conducting electrophysiological testing. Using a proprietary 
electrophysiology system, 12 rat cultures were tested in parallel with current-based electrical stimulation. Samples 
were stimulated at multiple distal sites with a current ramp of 1 to 64 µA to record CAPs at the spheroid body as 
well as along the axons. A stimulation frequency ramp of 0.5 to 2 Hz was also tested at each site to differentiate 
the responses of different C fiber subtypes based on the presence of ADS. The assay was performed at multiple 
time points before, during, and after drug dosing with the chemotherapeutic paclitaxel to provide a more 
complete picture of the scale and timing of pharmacological effects. At each time point, a full range of 
electrophysiological metrics (CV, AMP, TSS, and ADS) were compared to baseline values. Each of these metrics was 
also compared based on the distance separating the recording electrode from the spheroid, allowing quantifiable 
detection of axonopathy versus neuropathy. This EEA platform was multiplexed with both a lactate dehydrogenase 
(LDH) cytotoxicity assay and immunohistochemistry (IHC) to provide a more complete profile of neurotoxic effects 
on PN cultures. IHC with fluorescence microscopy allowed quantitative comparison of the spatial morphology of 
different antibodies with the functional, spatially localized electrophysiological data. The combination of 
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electrophysiology, IHC, and molecular assays make this platform a unique, high-throughput preclinical screening 
model specifically designed for investigating peripheral neuropathy, neuroprotection, and neuroregeneration. 

 
ABSTRACT NUMBER: 5074 Poster Board Number: P175 
TITLE: Microglial Signaling through P2Y12 and CX3CR1 Regulate Radiation-Induced Changes in the Brain 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Strohm, K. Welle, B. Marples, M. K. O’Banion, and  
A. Majewska. University of Rochester, Rochester, NY. Sponsor: A. Elder 
 
KEYWORDS: Neurotoxicology; Glia; Proteomics 

ABSTRACT: Cranial irradiation often results in symptoms of cognitive decline that severely decrease quality of life. 
These cognitive deficits are likely due to changes in brain architecture, including synaptic loss, glial cell activation 
and reduced myelination. Recent studies implicate microglia, the motile immune cells of the brain, in mediating 
cognitive deficits observed following irradiation. There is a growing need to identify signaling pathways involved in 
microglia radiation responses that can be targeted therapeutically to prevent or alleviate radiation-induced 
changes in brain structure and symptoms of cognitive decline. We hypothesize that two canonical microglial-
signaling pathways - purinergic signaling through P2RY12 and fractalkine signaling through CX3CR1- facilitate 
radiation-induced changes in the brain. To test this hypothesis, we exposed adult mice with and without P2Y12 
and CX3CR1 to 10 Gray (Gy) cranial irradiation and harvested their cortices 1-month later for mass spectrometry 
analysis to measure changes in proteomic expression compared to non-irradiated wild type control mice. In 
preliminary experiments, we found that male wild type mice exposed to 10 Gy cranial irradiation had significant 
downregulation of proteins involved in glial cell migration, myelination and synaptic structure compared to non-
irradiated wild type control mice. Conversely, pro-inflammatory protein such as Glial fibrillary acidic protein, were 
significantly upregulated. We found that mice without P2Y12 or CX3Cr1 displayed different radiation-induced 
changes in proteomic expression compared to non-irradiated controls. This suggests that blocking microglia-
signaling through P2Y12 and CX3CR1 may alter radiation-induced changes to the brain. Furthermore, P2Y12 and 
CX3CR1 have not been studied in the context of radiation injury and therefore represent potential novel 
mechanisms by which microglia may mediate cognitive decline. Future studies will examine how P2Y12 and 
CX3CR1 regulate behavioral changes following cranial radiation. 

 
ABSTRACT NUMBER: 5075 Poster Board Number: P176 
TITLE: Phenotypic and Functional Models of Chemotherapy-Induced Peripheral Neuropathy Using Scalable Human-
Induced Pluripotent Stem Cell–Derived Sensory Neurons 
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ABSTRACT: Chemotherapy-induced peripheral neuropathy (CIPN) is a common side effect of cancer treatment that 
results in damage to the peripheral nerves. This can significantly impact a patient's quality of life and can even lead 
to dose reductions or treatment discontinuation. In order to develop CIPN treatments and/or preventative 
measures, there is a need for disease models that can give insight into potential mechanisms. In this study, we 
show a scalable human induced pluripotent stem cell (hiPSC) derived sensory neuron population that is similar to 
primary human dorsal root ganglia on a transcriptional and functional level also responds to standard CIPN-related 
compounds via neurite outgrowth and functional microelectrode array assays. For neurite outgrowth assays, 
culture and tissue processing parameters were optimized in high throughput 384 well plates. Paclitaxel altered 

The Toxicologist: Late-Breaking Supplement 2023� 51



soma morphology and axonal branching while bortezomib and vincristine caused axonal degeneration at the 
appropriate EC50s. Pretreatment with the SARM1 inhibitor DSRM-3716 showed spared axonal morphology via 
TUJ1. When cultured on microelectrode arrays, vincristine induced hyperactivation after one hour of application. 
Together, these findings demonstrate the ability to phenotypically and functionally screen CIPN related 
compounds in human nociceptors in high throughput systems. 

 
ABSTRACT NUMBER: 5076 Poster Board Number: P177 
TITLE: Proteomic Changes in Primary Rat Cortical Cultures following Acute Exposure to Triethyltin Bromide (TET) 
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ABSTRACT: There is a current need for quick and sensitive chemical screening workflows such as in vitro new 
approach methods (NAMs) which can potentially reduce the number of animals per test chemical and increase 
efficiency for making informed decisions about their neurotoxicity (NT) and/or developmental neurotoxicity (DNT). 
Current DNT NAMs include neurite outgrowth (NOG) and network formation (NF) measured with microelectrode 
arrays (MEA) in primary rat cortical cultures. With the help of proteomics, we propose to establish molecular 
signatures by identifying adverse outcome pathways (AOPs) for NT/DNT and for the existing in vitro NAMs. We first 
used a known neurotoxicant, triethyltin bromide (TET), which causes neuronal death, axonopathy, demyelination, 
inhibition of glutathione-S transferase, and changes in calcium homeostasis. At 7 days in vitro (DIV) primary cortical 
cultures were exposed to TET (0 to 50 µM) in Locke’s buffer for 3-48 hrs. By measuring the cytosolic levels of 
lactate dehydrogenase with the CytoTox96® Non-Radioactive Cytotoxic Assay, we obtained time-course and 
concentration-response data. At 24hr following exposure, cytotoxicity (EC50 = 1.33+/-0.367 µM) was evident with 
a potency (lowest concentration with a significant effect) of 1.563 µM (p = 6 x 10-5; n=3-9 per group). MEA data 
was collected at DIV 12-13 with TET concentrations (0.5 - 25 µM). There was a significant decrease in mean firing 
rate at 0.5 µM, 1 µM, and 5 µM TET in a concentration-dependent manner (9.5%, 45%, and 55%, respectively), 
which correlates with our cytotoxicity data. The 25 µM concentration caused complete loss of electrical activity. 
We then selected two time points (3 and 24 hr) and a subtoxic dose (100 nM; cytotoxicity < 10%) for proteomic 
analysis. Total protein was extracted using a modified Sample Preparation by Easy Extraction and Digestion 
(SPEED) method, quantified with Pierce Quantitative Colorimetric Peptide assay, and diluted to 200 µg/µL. 
Nanoflow LC-MS analysis was used to acquire proteomic data. A total of 2,017 high-confidence proteins were 
identified and quantified using the Proteome Discoverer v.2.5 software. Comparisons between control and 100 nM 
were made for each timepoint and proteins with a significant (p < 0.5) increase or decrease were further analyzed. 
At both timepoints, TET affected proteins associated with golgi apparatus (Glg1), and stathmins 3 & 4. At 24 hr 
only, there was an overexpression of proteins associated with cadherins (Arvcf), spliceosomes (Clns1a), cholesterol 
modulation (Hmgcs1, Idi1, and Fdps), heat-shock proteins (Hsp90A, Hsp90B), oxidative stress indicators (Rsp27a) 
and calcium modulation (Camsap1). This data is the first step in developing proteomics based AOPs for NT/DNT 
and also support the currently used NAMs such as NOG and MEA for screening and prioritization of untested 
chemicals. This abstract does not necessarily reflect US EPA policy. 
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TITLE: Characterizing Responses to Reference Chemicals in an Animal Component–Free System for High-
Throughput Phenotypic Profiling of Human Neural Progenitor Cells 
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ABSTRACT: The recognition that traditional in vivo studies are too resource-intensive to address the large 
population of chemicals requiring in vivo hazard data has necessitated the development of in vitro new approach 
methods that replace or reduce the use of animals in toxicity testing. As such, high throughput in vitro assays 
utilizing human derived cell lines have become important tools in closing the gap between existing chemicals and 
available data. High throughput phenotypic profiling (HTPP) is an in vitro approach that uses cell viability (CV) and 
Cell Painting (CP) assays to quantify 1300 morphological features in discrete areas of the cell, allowing for the 
derivation of chemical-specific phenotypic profiles that can inform hazard assessment. This assay was previously 
optimized for human neural progenitor (hNP1) cells to evaluate developmental neurotoxicity (DNT). To date, the 
assay has required the use of an animal-derived product, mouse-derived laminin (MDL). This project aims to 
migrate from an MDL growth substrate to an animal-free human recombinant laminin (HRL) growth substrate. 
Previous work has used HTPP to identify LN111 as the HRL type conferring the most phenotypic similarity to hNP1 
cells grown on MDL. The current study continues to optimize this animal component-free system by screening 23 
phenotypic reference chemicals in hNP1 cells seeded on LN111. The chemicals, including 2 known HTPP negative 
controls and 1 HTPP positive control, were screened in 8-point concentration response format, mirroring a 
previous screen performed with hNP1 cells seeded on MDL. Benchmark concentrations for both cell viability and 
phenotypic alterations were determined for each chemical using an established tcplfit2-based concentration 
response modeling workflow to determine bioactive concentrations. Chemical-specific phenotypic profiles were 
developed and compared via Kendall correlation to those developed for hNP1 cells grown on MDL. Chemicals with 
the highest levels of similarity across hNP1 cells seeded on MDL or HRL included Cytarabine (rτ = 0.485), Cladribine 
(rτ = 0.479), Aphidicolin (rτ = 0.466), and 5,8,11-Eicosatriynoic acid (rτ = 0.430), and 16 out of 23 chemicals had 
correlations of greater than 0.20. The chemical with the lowest level of similarity was Docetaxel (rτ = 0.094). 
Treatments with the highest level of similarity for each chemical were significantly correlated across laminin types, 
with p values of < .001. This abstract does not necessarily reflect US EPA policies. 
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ABSTRACT: Analysis of larval zebrafish behavior, recognized as a higher-throughput testing strategy to identify 
developmentally neurotoxic chemicals is being utilized as a new approach method at the U.S. Environmental 
Protection Agency. Aiming to obtain more consistent data across laboratories, we have been investigating 
confounders that may contribute to variability in results. To our knowledge, edge effects have not been previously 
explored for larval zebrafish behavior tested in a 96-well plate. Here we compare the locomotor activity of larvae 
tested under two different light intensities in the outside wells (rows A and H; columns 1 and 12) versus the inside 
wells. Larval zebrafish (6 dpf) reared and tested in square 96-well microtiter plates were tested under a light/dark 

The Toxicologist: Late-Breaking Supplement 2023� 53



transition locomotor assay consisting of 40 minutes of light (either 335 or 3,500 lux) followed by 40 minutes of 
dark (12 lux) using a Viewpoint Zebrabox. Results showed no difference in the distance moved with either light 
intensity. There was, however, a main effect of outside versus inside wells regardless of light intensity. Larvae in 
the outside wells exhibited higher locomotor activity compared to those in the inside wells, and this effect was 
even greater when tested with the higher light intensity (about a 14% difference between outside and inside wells 
when tested with 3,500 lux). These results highlight the necessity of randomization of treatment groups across the 
entire 96-well plate to avoid having this edge-effect confounding the interpretation of behavioral results. This 
abstract does not reflect US EPA policy. 
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ABSTRACT: Traditional in vivo developmental neurotoxicity (DNT) testing is resource intensive. Given the number 
of chemicals with unknown DNT hazard potential, New Approach Methodologies (NAMs) are being developed with 
an emphasis on high-throughput in vitro assays and alternative animal models. Zebrafish have been proposed as 
an alternative-animal model for DNT chemical hazard assessment. The larval zebrafish photomotor response assay 
has been utilized as an in vivo behavior based DNT NAM to screen for potential chemical hazard. Separately, 
microelectrode array (MEA) technology has been used as an in vitro DNT NAM to measure spontaneous neural 
activity and network formation. We developed an in vivo MEA assay to connect the behavioral response to neural 
electrical activity. A protocol was established to embed zebrafish larvae into a 6-well MEA using agarose and 
recorded neural activity using the Axion BioSystems Maestro MEA system. Results indicated that zebrafish neural 
activity was consistent over a 10 min period and a power analysis indicated that a sample size of 15 zebrafish is 
sufficient for statistical power. For proof-of-concept, zebrafish were treated with picrotoxin and tetrodotoxin, 
chemicals that have known positive and negative effects, respectively, on neural activity. Acute dose-response 
experiments (0.1-100µM) indicated statistical changes in zebrafish MEA activity at 100µM; specifically, both 
number of spikes and mean firing rate (Hz) were significantly increased for picrotoxin and decreased for 
tetrodotoxin, relative to control. To incorporate alternating light-dark photoperiods (simulating the zebrafish 
photomotor response assay), an LED box with adjustable lighting was constructed to precisely fit above the MEA 
plate during recording. Multiple light intensities (300, 600, 1200, and 2400 lux) were tested to establish the light 
intensity that induced the most robust response. Electrophysiological responses to different light intensities were 
not found to be significantly different from each other. However, trends suggested that the lowest light intensity 
induced the most consistent and robust response. Next, the duration of the alternating photoperiod intervals was 
evaluated by testing four photoperiod lengths (2, 3, 5, and 10 min). An analysis of the immediate 10 sec period 
following a photoperiod change found to have a significant effect on Zebrafish MEA activity. Based on these and 
previous findings, zebrafish light-dark MEA experiments were optimized to use 335 lux and 2-minute 
photoperiods. Assessing positive and negative DNT control chemicals with the larval zebrafish light-dark MEA assay 
will allow for the direct comparison of MEA data with the larval photomotor response assay. Ultimately, these 
approaches will help to bridge the gap among DNT NAMs by investigating underlying mechanisms of the 
behavioral response and will support their use for chemical hazard identification and risk assessment. This abstract 
does not necessarily reflect US EPA policy. 
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ABSTRACT: Exposure to toxic elements found in foods consumed by infants and young children can cause 
developmental neurotoxicity (DNT). Due to the high cost and long duration of traditional animal-based testing 
methods, only a small fraction of chemicals that humans are exposed to have been assessed for DNT activity, thus 
creating a big knowledge gap that urgently needs to be addressed. Human pluripotent stem cell-derived neural 
stem cells (NSCs) provide attractive cell sources to study early neurological development and neurotoxicity. In the 
current study, two human neural stem cell lines, NSC-H9 and NSC-H14, derived from human embryonic stem (ES) 
cell lines WA09 and WA14, respectively, were characterized and used to evaluate the developmental neurotoxicity 
of the four most common toxic elements (lead, arsenic, mercury, and cadmium) involved in the foods consumed 
by infants and children. The BrdU incorporation, RealTime-Glo MT cell viability, and Caspase-3/7 activity assays 
were utilized to evaluate the effects of lead acetate, sodium arsenate, methylmercury chloride, and cadmium 
chloride on NSC proliferation, viability, and cell apoptosis. The BrdU incorporation assay demonstrated that all four 
toxic element compounds dose-dependently inhibited NSC cell proliferation under a wide range of concentrations 
tested (0.2 nM-100 μM). The IC50s were 71 μM, 0.25 μM, 0.70 μM, and 21.80 μM upon exposure to lead acetate, 
sodium arsenate, methylmercury chloride, and cadmium chloride, respectively, for 48 hours in NSC-H14 cells. The 
IC50s in NSC-H9 cells, upon exposure to different toxic element compounds, were close to those in NSC-H14 cells. 
The cell viability of both NSC-H9 and NSC-H14 decreased upon exposure to the toxic element compounds, 
although low concentrations of the compounds increased cell viability. Compared to NSC-H9, NSC-H14 exhibited 
much higher sensitivity, more than 1000-fold, in terms of cell viability upon exposure to the toxic element 
compounds. Weak stimulatory effects on caspase-3/7 activity were observed upon exposure to the toxic element 
compounds for 48 hours. Collectively, the current study demonstrated that human ES cell-derived NSCs represent 
useful in vitro models for evaluation/screening of early developmental neurotoxicity. NSC-H14 may represent a 
more sensitive neural stem cell model than the NSC-H9 line. 

 
ABSTRACT NUMBER: 5081 Poster Board Number: P182 
TITLE: Comparison of the Effects of Delta-9 Tetrahydrocannabinol and Cannabidiol on Human Neural Stem Cells 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: F. Liu, L. Latham, S. Liu, and C. Wang. US FDA/NCTR, 
Jefferson, AR. 

ABSTRACT: Delta-9 tetrahydrocannabinol (THC) and cannabidiol (CBD) are the two major central nervous system 
active compounds in the cannabis plant. They are increasingly consumed for various purposes. It has been 
reported that fetal exposure to THC can negatively affect learning and memory of the exposed offspring. The 
effects of CBD on the developing brain have yet been fully determined. In the present study, the effects of THC and 
CBD on human neural stem cells (NSCs) were assessed. NSCs were treated with THC and CBD at different 
concentrations for various durations. Their effects on NSC viability, proliferation and cell cycle were compared. 
CBD dose-dependently reduced NSC viability, while THC did not show significant effect on NSC viability until high 
concentrations. 24h exposure of CBD and THC did not significantly affect NSC proliferation and cell cycle status at 
clinically relevant concentrations, but the number of diploid cells were reduced after exposure to higher 
concentration of CBD. The NSC proliferation rate did not change significantly after 24h of drug exposures. The data 
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suggest that NSCs are more sensitive to CBD at clinically relevant concentration (i.e., human plasma 
concentrations) than to THC. 
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ABSTRACT: With polybrominated diphenyl ether flame retardants being phased out due to toxic effects, 
organophosphate esters (OPEs) have become a major alternative. Organophosphate flame retardant (OPFR) 
exposure during development has been shown to have neurotoxic effects and alter fundamental mechanisms of 
neurodevelopment including cellular proliferation, axon guidance, and neurotransmitter metabolism. Additionally, 
OPFRs interact with multiple steroid hormone receptors which can alter gene expression. Therefore, while 
neurotoxicity has been observed, the underlying changes in gene expression contributing to these changes remain 
largely unexplored. To assess the transcriptomic changes in the brain induced by developmental OPFR exposure, 
Wistar rats were gestationally and lactationally exposed to OPFRs and hippocampus tissue was collected at 
postnatal day 10 (P10) for RNAseq and transcriptomics analysis. We utilized a machine learning approach to 
predict OPFR exposed versus control tissue in males and females and identified genes which informed predictor 
performance. Results indicate that OPFR exposure has sex specific effects on hippocampal transcriptome, and 
significantly impacts gene associated with cation transport in females, including multiple voltage-gated potassium 
and calcium channels and subunits. Extant RNAseq data from developmentally exposed P1 cortex and embryonic 
placenta was then reanalyzed with machine learning techniques and genes contributing to classifier performance 
compared with hippocampus and with each other. Common genes across tissues showed significant enrichment 
for pathways of oxidative phosphorylation and electron transport chain activity, suggesting a transcriptomic 
signature of OPFR exposure impacting mitochondrial metabolism across tissue types and developmental epoch. 
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ABSTRACT: New approach methodologies (NAMs) can address information gaps on potential neurotoxicity or 
developmental neurotoxicity (DNT) hazard for data-poor chemicals. Two assays have been developed using the 
microelectrode array (MEA) platform, which measures electrical activity in the form of extracellularly-recorded 
neuronal action potentials. The acute network function (AcN) MEA assay uses dissociated rat cortical cells cultured 
at postnatal day 0 and evaluates chemical effects on network activity (e.g., mean firing rate (MFR)) at day in vitro 
(DIV) 14 during an acute (60min) chemical exposure. In contrast, the network formation (NFA) MEA assay uses a 
developmental exposure paradigm from DIV 0-12. Network activity is measured in the NFA on DIV 5, 7, 9, and 12, 
the area under the curve is calculated for each concentration and then used to determine concentration-response 
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relationships. Here, we evaluated the hypothesis that chemicals with acute effects also produce developmental 
network effects (and vice-versa) by examining the quantitative and qualitative concordance between assays. Using 
both single and multi-concentration data, the 243 chemicals tested in both the AcN and NFA assays had a 75.3% 
concordance in altering MFR. Of 154 chemicals with concentration-response data in both assays, 93 chemicals 
altered network activity. The minimum selective AC50 potency value (AC50 values less than the cytotoxicity AC50 
value) was generally concordant between the two assays, with 70 chemicals having selective potency values within 
±1 log unit. However, hierarchical clustering suggested that select chemicals were differentially active in the NFA 
and AcN. Specifically, 15 chemicals were selectively active (activity below concentrations that cause cytotoxicity) in 
the NFA but inactive in the AcN. Conversely, 21 chemicals were selectively active in the AcN but inactive in the 
NFA. No specific classes of chemicals contributed to those active only in the AcN or NFA assay. Additionally, 
cytotoxicity was often observed as a sensitive endpoint in the NFA, whereas in the AcN cytotoxicity was rarely 
observed, possibly due to the limited exposure time of the latter assay. These analyses indicate that the AcN and 
NFA MEA assays may probe distinct neurobiological substrates and specific functional processes, though 
uncertainties remain regarding cellular concentrations in the NFA versus the AcN due to repeat dosing and 
extended duration in the NFA. Lessons from this work will inform future screening strategies for chemicals with 
unknown neurological hazard potential. This abstract does not necessarily reflect US EPA policy. 
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ABSTRACT: Cannabidiol (CBD) is a non-intoxicating constituent of the cannabis plant and active ingredient in 
Epidiolex, which is FDA-approved to treat seizures in rare childhood disorders. The usage of CBD in the US has 
increased partly because it is perceived as a safe and natural product that purportedly relieves stress, pain, and 
sleeplessness, among other ailments. Those issues are often associated with pregnancy, and pregnant women may 
use CBD because of its perceived safety. The endocannabinoid system influences neurodevelopment and immune 
functions, and the effects of developmental CBD exposure on those systems is unclear. Also, it is unclear if such a 
developmental exposure would produce effects that are transient in nature or persistent. Thus, there are 
substantial data gaps regarding the developmental neurotoxicity of CBD. The current study investigated potential 
developmental neurotoxicity of synthetic purified CBD in Sprague Dawley (SD) rats. Pregnant dams were orally 
gavaged with vehicle, 15, 30, 100, or 250 mg/kg/day CBD from gestational day 6 to the day prior to parturition. 
Pups were orally gavaged with the same dose as their respective dam from postnatal day (PND) 1 to 21. Standard 
neurodevelopmental assessments were conducted until PND 21, and then a battery of tasks was used to assess 
motor functions, anxiety-like behavior, and cognition from PND 22-180. Specific operant tasks were used to 
measure motivation (progressive ratio), working memory (delayed nonmatch-to-sample), and time perception 
(temporal bisection). Neurochemistry assays and IHC of brain samples taken at PND21 and PND180 were 
conducted, which focused on the dopamine system. Initial results suggest that perinatal CBD exposure did not 
induce perpetual changes in motivation, working memory, and time perception in SD rats. Transient, non-dose 
related behavioral effects were noted in the progressive ratio and temporal bisection tasks. However, there were 
no observed differences in neurotransmitter levels and brain protein concentrations related to neurotransmitter 
systems. Additional behavioral, neurochemical, and histopathological assays are underway to further investigate 
potential developmental neurotoxicity of CBD. This work was supported by U.S. FDA/NCTR protocol E0773101. 
WDG was supported by postdoctoral fellowships through the Oak Ridge Institute for Science and Education. 
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and the Environment, Utrecht, Netherlands. 

ABSTRACT: A pressing priority for the Organisation for Economic Co-Operation and Development (OECD) is the 
generation of a guidance document for the utilization of New Approach Methods (NAMs) to address current 
challenges with in vivo rodent testing protocols for developmental neurotoxicity (DNT). Zebrafish are recognized as 
a valuable model to study human DNT due to the high level of evolutionary conservation in development and 
function of the zebrafish brain, the presence of most neurotransmitter pathways and blood-brain-barrier. 
Standardization of DNT testing protocols for zebrafish behavior have not been established, preventing the 
adoption of this NAM in the OECD battery of assays for DNT. The aim of this interlaboratory international 
collaboration was to establish a harmonized protocol for the Light-Dark Transition Behavioral Test, evaluate the 
reproducibility and DNT predictivity of the assay, and report our study findings to explore the added value of the 
zebrafish model inside the in vitro battery proposed by OECD. Four laboratories screened 28 substances with 
known positives for DNT in zebrafish embryos to accomplish this. First, embryos (n=12; 3 concs: 0.1, 1, and 100 
uM) were exposed to substances from 6-8 to 120 hours post fertilization (hpf) and examined for developmental 
toxicity (devtox). Chemical concentrations were selected to avoid devtox using 7 concentrations (n=12 per conc). 
This pilot study revealed several experimental design parameters and acceptance criteria which were critical for 
study quality improvements. We also identified the Total Distance Moved endpoint was highly variable across 
laboratories. To adjust for the variability, we used laboratory-specific baseline for assessment of three types of 
behavior: increase, decrease, or change of movement. Benchmark concentration (BMC) modeling approach was 
applied to identify substances that induced a behavior change. Among the 4 laboratories, 20 active substances 
were identified (12 devtox, 8 behavior). There were 11 inactive substances in both assays (6 devtox, 5 behavior). 
The overall concordance using the intraclass correlation coefficient (ICC), yielded 0.62 and 0.41 for devtox and 
behavior assay, respectively. The results of the pilot suggest the need for protocol refinement as well as the need 
to evaluate additional substances which are currently underway. 

 
ABSTRACT NUMBER: 5086 Poster Board Number: P187 
TITLE: Developmental Copper Inhalation: A Risk Modifier for Schizophrenia 
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M. Sobolewski, and D. Cory-Slechta. University of Rochester, Rochester, NY. 
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ABSTRACT: Schizophrenia is a male-biased psychiatric disorder affecting approximately 1 in 300 people worldwide 
with disease onset typically manifesting earlier in males than females. Its global prevalence, like many other male-
biased neurological disorders, has risen in the last few decades and has cost the U.S. billions of dollars. In addition 
to positive and negative symptoms, olfactory sensitivity, memory impairments, and impulsivity have been 
observed in schizophrenia. Beyond behavioral abnormalities, dysregulation of glutamatergic, serotonergic, and 
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dopaminergic signaling in the striatum have also been reported. Genetic alterations cannot fully explain its 
etiology; however, recent epidemiological studies have identified air pollution as an environmental risk factor for 
psychiatric disorders such as schizophrenia. In our prior studies, male mice exposed developmentally to inhaled 
concentrated ambient ultrafine particulate matter (UFP) display neuropathological features consistent with those 
observed in schizophrenia. Additionally, elevations in copper (Cu), an essential metal implicated in schizophrenia, 
were noted in the brains of UFP-exposed males. Based on this, we hypothesized that developmental exposure to 
Cu oxide (CuxOy) nanoparticles could potentially mediate associations between air pollution and schizophrenic 
neuropathological and behavioral features. To test this hypothesis, C57Bl/6J mice were exposed to filtered air or 
inhaled CuxOy nanoparticles (on average 172 ng/m3 per day) from postnatal day (PND) 4-7 and 10-13 for 4 
hours/day, consistent with third trimester human brain development and our prior UFP exposure studies. 
Interestingly at PND14, male-specific reductions in GABAergic inhibitory tone and serotonergic metabolism were 
observed in conjunction with significant elevations in dopamine levels in the striatum, but not frontal cortex or 
cerebellum of CuxOy-exposed mice. To evaluate whether CuxOy exposure induces behavioral features observed in 
schizophrenia, behavioral tests were performed from PND30 to PND369. Male-biased responses to CuxOy observed 
at PND14 persisted into adulthood, where CuxOy-exposed male mice displayed significantly increased levels of 
exploratory behavior in a locomotor assay at PND60. In females, only time spent jumping was significantly 
affected, and was decreased at this age. While olfactory sensitivity and memory impairments have been observed 
in schizophrenia, no significant differences in olfactory discrimination and novel object recognition were observed 
in this study. In a fixed ratio waiting for reward behavioral paradigm, however, response inhibition/ability to wait 
was impaired in CuxOy-exposed male mice. In the absence of activity differences between filtered air and CuxOy-
exposed mice, these results suggest elevations in impulsivity. Taken together, our findings in CuxOy-exposed male 
mice resemble the male-biased neuropathological and behavioral features seen amongst those with schizophrenia. 
Ongoing research efforts aim to identify the biological mechanisms in which Cu exposure perturbs neurochemical 
balances, brain metal homeostasis, and downstream sex-specific behavioral toxicities. NIH RO1 ES032660, R35 
ES031689, P30 ES001247. 

 
ABSTRACT NUMBER: 5087 Poster Board Number: P188 
TITLE: Retinoic Acid Protects against Mn-Induced Toxicity in HT22 Hippocampal Neuronal Cells 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Multani, E. Pajarillo, S. Kim, I. Nyarko-Danquah,  
A. Digman, M. Aschner, and E. Lee. Florida A&M University, Tallahassee, FL. 

ABSTRACT: Manganese (Mn) is an essential trace element; however, its chronic overexposure causes manganism, 
a neurological disorder with symptoms similar to those inherent to Parkinson’s disease (PD). Besides motor 
deficits, Mn has been shown to cause cognitive impairments in adults and children. In experimental animal models, 
Mn also induced cognitive and memory dysfunction in mice and toxicity in hippocampal neurons which are closely 
associated with cognitive functions. Mn-induced oxidative stress is one of its toxicity mechanisms in various cell 
types including neuronal cells. We have previously shown that activation of the mitogen-activated protein kinase 
(MAPK) signaling proteins extracellular signal-regulated kinase (ERK) was involved in Mn-induced oxidative stress 
and toxicity in microglia and astrocytes, while inhibiting MAPK/ERK signaling afforded protection against Mn-
induced toxicity. Retinoic acid (RA), a vitamin A metabolite required for growth and development in humans, has 
been shown to exert antioxidant and anti-apoptotic effects in various neurotoxicity studies. In the present study, 
we investigated if RA protects mouse hippocampal HT22 neuronal cells against Mn-induced oxidative stress and 
cytotoxicity as well as the involvement of the ERK signaling pathway. HT22 cells were pretreated with RA (1 µM) 
for 30 mins prior to exposure to Mn (250 µM). Oxidative stress was determined by assessing reactive oxygen 
species (ROS) by CM-H2DCF-DA, and cell viability was determined by MTT assay. To gain insight into the molecular 
mechanisms modulated by RA in its protective effects against Mn toxicity, several signaling pathways such as 
MAPK/ERK, MAPK/JNK (Jun N-terminal kinase) and cAMP response element-binding protein (CREB) have also been 
tested by western blotting. Results showed that RA effectively attenuated Mn-induced ROS levels and cytotoxicity 
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in HT22 cells. RA also attenuated Mn-activated ERK and JNK signaling by inhibiting phosphorylation of ERK1/2 and 
JNK. Given that the transcription factor CREB regulates gene expression involved in cell survival, Mn inhibited CREB 
phosphorylation without affecting total CREB protein levels, while RA attenuated Mn-induced reduction in CREB 
phosphorylation in HT22 cells. Taken together, these findings indicate that RA protects HT22 cells against Mn-
induced toxicity by attenuating Mn-induced oxidative stress and cytotoxicity, potentially by inhibiting Mn-induced 
activation of MAPK/ERK and JNK, as well as attenuating Mn-induced decrease in CREB signaling, suggesting RA as a 
potential therapeutic agent to treat Mn-induced neurotoxicity. 

 
ABSTRACT NUMBER: 5088 Poster Board Number: P189 
TITLE: Developmental Pb Exposure Increases AD Risk via Altered Intracellular Ca2+ Homeostasis in hiPSC-Derived 
Cortical Neurons 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Xie, S. Wu, C. Yuan, and J. Freeman. Purdue 
University, West Layette, IN. 
 
KEYWORDS: Exposure, Environmental; Stem Cells; Developmental Toxicity; Prenatal; Neurodegenerative Disease 

ABSTRACT: Exposure to environmental chemicals such as lead (Pb) during vulnerable developmental periods can 
result in adverse health outcomes later in life. Human cohort studies have demonstrated associations between 
developmental Pb exposure and Alzheimer’s Disease (AD) onset in later life which were further corroborated by 
findings from animal studies. The molecular pathway linking developmental Pb exposure and increased AD risk, 
however, remains elusive. In this work, we used human iPSC-derived cortical neurons as a model system to study 
the effects of Pb exposure on AD-like pathogenesis in human cortical neurons. We exposed neural progenitor cells 
derived from human iPSC to 0, 15 and 50 ppb Pb for 48 h, removed Pb containing medium and further 
differentiated them into cortical neurons. Immunofluorescence, RNA-sequencing, ELISA and FRET reporter cell 
lines were used to determine changes in AD-like pathogenesis in differentiated cortical neurons. Exposing neural 
progenitor cells to low dose Pb, mimicking a developmental exposure can result in altered neurite morphology. 
Differentiated neurons exhibit altered calcium homeostasis, synaptic plasticity, epigenetic landscape along with 
elevated AD-like pathogenesis markers, including phosphorylated tau, tau aggregates and Aβ42/40. Collectively, 
our findings provide an evidence base for Ca dysregulation caused by developmental Pb exposure as a plausible 
molecular mechanism accounting for increased AD risk in populations with developmental Pb exposure. 

 
ABSTRACT NUMBER: 5089 Poster Board Number: P190 
TITLE: Glyphosate Is Not an Endocrine Disruptor: Comparing Weight of Evidence and Key Characteristics 
Evaluations for an Endocrine Disruption Assessment 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: D. Farmer1, C. Borgert2, D. Saltmiras1, J. Klaunig3,  
S. Levine1, and J. DeSesso4. 1Bayer Crop Science, Chesterfield, MO; 2Applied Pharmacology and Toxicology Inc., 
Gainesville, FL; 3Indiana University Bloomington, Bloomington, IN; and 4Exponent, Alexandria, VA. 
 
KEYWORDS: Pesticides; Endocrine Toxicology; Risk Assessment; Glyphosate 

ABSTRACT: To assess whether glyphosate (GLY) has the potential for endocrine disruption (ED), regulatory 
authorities and a peer reviewed publication have used the established Weight of Evidence (WoE) approach and 
evaluated data from validated test systems as the basis for their assessments (US EPA 2015, EFSA 2017, AGG 2022, 
Levine et al., 2020). These WoE assessments concluded that GLY lacks ED properties due to its lack of potential to 
act via estrogen, androgen, thyroid or steroidogenic (EATS) modes of action (MoAs). In contrast, a publication by 
Munoz et al. (2020) concluded the opposite based on a novel set of 10 Key Characteristics (KCs) of endocrine-
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disrupting chemicals (EDCs). They found GLY to possess 8 of the 10 KC for ED. To understand this striking 
discrepancy, we compared WoE and KC approaches against several established regulatory evaluation criteria, 
including standardized procedures for conducting systematic literature reviews, methods of hypothesis-based 
problem formulation, consistency with the internationally agreed definition of EDCs, and coherence with 
fundamental principles of endocrine pharmacology and toxicology. We found that in contrast to WoE assessment, 
KCs do not provide, and Munoz et al. did not apply, a means of determining the relevance or reliability of data 
selected for their assessment. This is in direct contrast to the procedure required for WoE evaluations. The existing 
WoE analyses considered data from in silico screening based on the structure of GLY, the US EPA’s Endocrine 
Disruptor Screening Program Tier 1 Battery, numerous guideline regulatory toxicity studies with endocrine-
sensitive endpoints, and relevant and reliable publications from the open literature. The KC approach used by 
Munoz et al. omitted numerous relevant and reliable publications and regulatory guideline studies on GLY’s 
reproductive and developmental toxicity. Rather Munoz et al., relied on a small subset of results from non-
standard and unvalidated in vitro and in vivo assays that are not traditionally used to inform regulatory safety 
assessments. Many of the publications selected for the KC evaluation tested GLY-based formulations and the 
results reported in these studies result from non-endocrine effects. The developers of KCs claim their approach 
liberates the investigator from identifying MoAs. However, a WoE evaluates hypotheses regarding GLY’s ability to 
satisfy the consensus definition of EDC by operating through specific endocrine MoAs and considering the basic 
principles of pharmacology, hormone action, and dose-response. Additionally, the WoE approach provides a 
framework to consider conflicting data and to reach negative or positive conclusions based on science. Regulatory 
WoE assessments are clear that GLY does not show EATS modalities, which contrasts with the KC approach. This 
presentation demonstrates how the methodological deficiencies of KCs explain the divergent results obtained 
using this novel methodology compared to application of well-established WoE approaches developed by 
regulatory agencies over the past decade. 
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ABSTRACT: About a third of the of the 1990-1991 Gulf War veterans suffer from Gulf War Illness (GWI), is a multi-
symptom disease that include gut dysbiosis and metabolic deficits, which might be related to the neurological 
symptoms of GWI. Wartime chemical overexposures are implicated in GWI pathogenesis and key GWI 
symptomology has been recapitulated in rodent models of the disease. Some GWI models include a nerve agent 
surrogate and emulate stress to model the disease in the veterans that were also exposed to low nerve agent 
levels during their destruction. While major portion of veterans with GWI are males, there is also a substantial 
number of female GWI veterans. Importantly, gender differences in GWI symptom severity and/or disease 
presentation begin to emerge and some GWI symptoms maybe female-biased. Thus, this study aimed to 
characterize the sex differences in two different GWI models at the level of the gut, glucose homeostasis, and 
sensitivity to stress months after GW chemical exposure has ended. In Model 1, male and female C57BL/6J mice 
(8-9 weeks) were treated with the neuro-prophylactic pyridostigmine bromide (PB; days 1-14), the insect repellent 
DEET (days 1-14), and corticosterone (days 7-14). On day 15, Model 1 mice received a single injection of the sarin 
surrogate diisopropylfluorophosphate (DFP). In Model 2, PB was combined with the insecticide permethrin (PM) 
and the PB/PM combination administered daily for 10 days. Beginning 7 months after GWI treatments have ended, 
stress responsivity, gut transit time, glucose tolerance (GTT), and insulin sensitivity (IST), and gut permeability tests 

The Toxicologist: Late-Breaking Supplement 2023� 61



were performed. Fecal samples for microbiota analyses were collected at several points throughout the study, 
with final tissue collection 9 months post chemical exposure. From the data analyzed up-to-date, gut transit time 
was increased in the PB/PM female mice, whereas the rectal temperature differential was blunted in the PB/PM 
males. These two parameters were unaffected in Model 1 mice from either sex. However, Model 1 males and 
females showed metabolic impairments in, respectively, GTT and IST. Thus, it appears that (i) inclusion of both 
sexes and using of complementary models when studying GWI is important, (ii) under certain GW-related exposure 
scenarios gut dysfunction might be more prominent in females. This research was supported by the DoD grant 
number W81XWH2110661 (NMF). 
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TITLE: Comparison of Inhaled Disinfectants-Induced Mode of Action 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Park. Kyung Hee University, Seoul, Korea,  
Republic of. Sponsor: A. Shvedova 

ABSTRACT: With the spread of SARS-CoV-2 disease, disinfectants were introduced rapidly as a way to block 
infection through the air or by contact, and the US EPA approved 636 products against SARS-CoV-2 until now. 
Meanwhile, the US CDC has proposed that incorrect or inappropriate use of disinfectants can be associated with 
pulmonary diseases among cleaning workers. In addition, in Korea, it had been demonstrated that disinfectants 
were closely associated with the development of patients with irreversible lung injury since 2006. Quaternary 
ammonium compounds, including hexadecyltrimethylammonium, chlorhexidine, didecyldimethylammonium 
chloride, 1-cetylpyridinium chloride, benzalkonium chloride, benzethonium chloride, and 
benzyldimethylhexadecylammonium chloride, are cationic (surface-active) surfactants that have hydrophobic 
chains (hydrocarbons) and hydrophilic (or polar) groups in the chemical structure. They have been known to work 
by binding to a microorganism’s inner or outer membrane, ultimately leading to cell death by loss of structural 
integrity. Sodium hypochlorite and hydrogen peroxide are also representative sterilization and disinfectant 
ingredients. In this study, we aimed to compare the mode of action of various types of disinfectant ingredients 
using human bronchial epithelial cells. Firstly, we determined LC50 value of disinfectant ingredients and performed 
microarray analysis using total RNA collected at the subtoxic level. As a result, we found that they induce different 
cell death pathways, and IL-24 and IL-11, but not TGF-beta, are closely associated with disinfectant-induced 
inflammation. In addition, lamellar body-like structures were a representative morphological indicator observed 
mainly in exposure to quaternary ammonium-based disinfectants. 
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ABSTRACT: Heavy metal pollution (i.e. iAs, Cd and Pb) disproportionally affects low income communities. We 
found these metals alone and in combination at doses lower than EPA recommended limits cause epigenetic 
reprogramming of treatment responsive ER+/PR+ breast cancer to ER+/PR- treatment refractory disease. 
Mitochondria-ROS acting in the nucleus were found to be mechanistically linked to PR downregulation. In addition, 
suppressing ROS either at the origin or in the cellular nucleus inhibited EMT, metal-induced chemoresistance and 
metastasis. Therefore, it is proposed that new and existing strategies based on organelle-targeted ROS scavengers 
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may be used to restore chemotherapy treatment efficacy thereby providing short term pharmacologic solutions 
for patients impacted by socioeconomic and environmental health disparities. 
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ABSTRACT: Methylmercury (MeHg), a well-established neurotoxicant, has been increasingly examined for its role 
in metabolic disease. Chronic exposure to MeHg has been associated with metabolic dysregulation such as 
diabetes mellitus (DM) and metabolic syndrome (MS). With the increasing occurrence of these diseases 
worldwide, it is critical to examine the relationship between MeHg exposure and metabolic disease development. 
Previously we have shown that MeHg exposure in Caenorhabditis elegans alters carbohydrate metabolic gene 
expression, leading to changes in intracellular glucose, trehalose, and glycogen levels. Glycogen is the major 
storage form of glucose in both invertebrates and mammals. In metabolic diseases, such as DM and MS, glycogen 
homeostasis becomes dysregulated, leading to abnormal responses to the insulin/glucagon ratio and increased 
blood glucose levels. We therefore hypothesized that glycogen synthesis would be altered in C. elegans following 
MeHg treatment. In this study, we analyzed the effects of MeHg on carbohydrate content, behavior and oxidative 
stress in both the wildtype (N2) and glycogen synthase mutant worms. Glycogen synthase (worm homolog gsy-1) is 
an enzyme that forms glycogen by elongating the glucose polymer located on glycogenin. Glycogen synthase 
mutants were more resistant to MeHg toxicity compared to wild type worms. Glycogen is the major carbohydrate 
source for muscles during prolonged movement and exercise. The gsy-1 worms had decreased locomotion in 
response to MeHg as compared to N2 worms. Since gsy-1 worms cannot produce mature glycogen, glucose and 
trehalose levels were increased in response to MeHg in these mutants. Despite the known negative effects of 
excessive glucose in disease progression, the increased levels of glucose in gsy-1 worms appear to be protective 
from MeHg toxicity by increasing ATP content and decreasing oxidative stress in the worms. These results suggest 
that glycogen synthesis is an important determinant in survival to the toxic effects of MeHg in C. elegans. 

 
ABSTRACT NUMBER: 5094 Poster Board Number: P195 
TITLE: Upregulation of Cytochrome P450 1A1 (CYP1A1) by Arsenic Trioxide (ATO) in Murine Hepatoma (Hepa1c1c7) 
Cell Line 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. A. El-Ghiaty, and A. O. S. El-Kadi. University of 
Alberta, Edmonton, AB, Canada. 

ABSTRACT: Arsenic trioxide (ATO) is one of arsenic compounds that has been successfully harnessed for treating 
acute promyelocytic leukemia (APL), and probably other types of cancer in the future. Unfortunately, its efficacy 
comes at a cost of multi-organ toxicity whose mechanism remains unresolved. Arsenicals have been reported to 
modulate cytochrome P450 enzyme 1A1 (CYP1A1), and other members of the CYPs superfamily, thus modifying 
activation/detoxification of drugs/procarcinogens. Such modulation is essentially mediated by interfering with its 
master regulator, the aryl hydrocarbon receptor (AHR). This study aimed to investigate the potential of ATO to 
modulate basal CYP1A1 level as well as its inducible expression mediated by 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD). For this purpose, murine hepatoma (Hepa1c1c7) cells were treated with ATO (0.63, 1.25, and 2.5 μM) with 
or without 1 nM TCDD for 6 and 24 h. Reporter gene assay has employed Hepa1c1c7 cells stably transfected with 
AHR-responsive firefly luciferase reporter gene plasmid (pGudLuc7.5) containing its regulatory element, the 
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xenobiotic response element (XRE). Co-exposure to ATO and TCDD significantly increased TCDD-mediated 
induction of CYP1A1 mRNA, protein, and catalytic activity. At basal level, only Cyp1a1 transcripts were significantly 
increased by ATO treatment. Exposure to 2.5 μM ATO caused AHR activation with subsequent nuclear 
accumulation as shown by its significantly increased level in the nuclear protein fraction. Transfected Hepa1c1c7 
cells have demonstrated that the AHR-dependent XRE-driven luciferase activity significantly increased by ATO at 
both basal and inducible levels. In the actinomycin-D (Act-D) chase assay, ATO enhanced Cyp1a1 mRNA stability 
and significantly increased its half-life. Similarly, ATO decreased CYP1A1 protein decay and significantly increased 
its half-life in the cycloheximide (CHX) chase assay. In conclusion, this study has demonstrated that ATO up-
regulates CYP1A1 expression in Hepa1c1c7 cells through transcriptional, post-transcriptional, and post-
translational mechanisms. This effect implies possible involvement of ATO in clearance-related drug-drug 
interactions with CYP1A1 substrates. Increased CYP1A1 activity may also entail excessive activation of 
environmental procarcinogens with subsequent negative health outcomes. This work was supported by the 
Natural Sciences and Engineering Research Council of Canada (NSERC) Discovery Grant [RGPIN 250139] to A.O.S.E. 
M.A.E. is a recipient of the Rachel Mandel Scholarship in Lymphoma and Other Blood Cancers and the Alberta 
Innovates Graduate Student Scholarship. 
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ABSTRACT: Indigenous tribes in the Northeastern United States have ethically harvested and used the leaves of 
winterberry, or Ilex verticillata, as teas in tribal medicine. Winterberry belongs to the plant genus Ilex which 
includes other species that have antioxidant polyphenols in their leaves. These secondary metabolites in plants are 
a defensive strategy for plants and might act as antioxidants in a variety of chronic diseases including cancer, aging, 
and neurodegenerative diseases. Manganese (Mn) is a trace mineral and a known oxidant that has been implicated 
in neurodevelopmental delays, cognitive impairments, Parkinsons’ disease, and Alzheimer’s disease. Our 
hypothesis is that winterberry leaf extract (WLE) may act as an antioxidant against manganese-induced oxidative 
stress. Caenorhabditis elegans were pre-treated with increasing concentrations of WLE in a dose-response survival 
curve and the LD50 was calculated to be 5.87%. Total reactive oxygen species (ROS) was measured in the presence 
of WLE and manganese (II) chloride and a two-fold dose-dependent decrease in the total ROS was observed. Using 
a fluorescent reporter strain, antioxidant response activity was significantly decreased in WLE-treated worms 
following Mn treatment. Similarly, WLE alone increased gluthione levels and prevented loss of glutathione in Mn-
treated worms. As oxidative stress is implicated in aging, a lifespan assay was performed to evaluate the impact of 
WLE on C. elegans survival over time. Kaplan-Meier analysis suggests a protective one-day mean survival time of 
WLE in response to MnCl2. These results suggest that compounds in WLE are protective against the oxidative 
effects of Mn in vivo. 
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ABSTRACT: Vanadium (V) is widely distributed in the Earth’s crust and present in variable concentrations in food 
and drinking water, and many occupations carry risks of respiratory exposure, including respiratory distress and 
organ damage. Vanadyl sulfate (V+4, VOSO4) is widely used in dietary supplements to aid with glucose regulation, 
but it readily oxidizes under aerobic conditions to vanadium pentoxide (V+5, V2O5), the oxidation state commonly 
found in the environment and occupational settings. Presence of V+4 itself can generate oxidative stress through 
redox cycling with glutathione. Selenate (SeO4-2) is an oxidized form of selenium (Se) present in the ground, 
drinking water and food. Se is known to interact with many heavy metals (lead, cadmium and mercury) in 
biological systems. Because of established interactions with many other metals in vivo, we hypothesized that 
selenate would demonstrate an antagonistic effect against uptake and distribution of dietary V. To test our 
hypothesis, mice (male C57BL/6, 5-7 week old) were treated with 2 mg/L V (each V+4 and V+5 ) with or without the 
presence of SeO4-2 in drinking water. For each form of V, mice were treated concurrently with or without 2 mg/L Se 
(as Na2SeO4). Additional 2 mg/L Se and vehicle controls were also performed. Initially, n = 10 per treatment. After 6 
months of exposure, 3 mice per treatment group were sacrificed. Remaining mice were sacrificed after exposure 
reached 18 months. For each timepoint, lung, liver and kidney samples were processed by wet acid digestion in a 
closed-vessel microwave system. V and Se contents were determined by inductively coupled plasma-mass 
spectrometry (ICP-MS) relative to reference standards. For each combination of V oxidation state and length of 
exposure, tissue contents of each metal were tested by two-way ANOVA with interaction for impacts on 
concentration contributed by the other metal. Effects were observed from Se exposure on tissue V concentrations 
after 6 months exposure to V+4. In mice exposed only to V, V concentrations were 0.012, 0.043 and 0.029 ng V/mg 
tissue in lung, liver and kidney, respectively. In mice exposed to V and Se, V concentrations were 0.006, 0.028, 
0.020 ng/mg tissue in lung, liver and kidney, respectively. A Se effect on V was observed in the liver (p < 0.0001) 
and an interaction effect was observed in the liver (p < 0.0001) and kidneys (p = 0.02). After 18 months exposure to 
V+4, no effects from Se exposure on tissue V concentration were observed. No effects were observed from V+4 on 
Se concentration at either the 6- or 18-month time point. In V+5 exposed mice, no effects were observed from Se 
on V concentration or from V+5 on Se concentration in any tissue at either time point. The results show that 
selenate decreases distribution of V to the lungs, liver and kidneys when in its vanadyl form. Lack of selenate 
effects after longer exposure suggests that, given long enough, V concentrations reach a stable value in tissues 
despite antagonism by selenate. The differences in selenate effects dependent on V form underscore the 
importance of oxidation state and/or molecular geometry in rate of uptake and/or route of distribution and 
suggest differences in the mechanisms of V+4 and V+5 disposition. Further study is needed to fully understand the 
nature of selenate’s interaction with V+4 and its influence on uptake and distribution. 
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TITLE: Exposure to a Low-Dose Mixture of Dicamba, Glyphosate, and 2-4-D Increases the Frequency of Micronuclei 
in Rats Exposed Pre- and Postnatal 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: V. Dinca1, A. O. Docea1, P. Stivaktakis2, L. Cercelaru1,  
R. Mesnage3, D. Kouretas4, M. Antoniou3, A. M. Tsatsakis2, and D. Calina1. 1University of Medicine and Pharmacy, 
Craiova, Romania; 2University of Crete Medical School, Heraklion, Greece; 3King’s College London, London, United 
Kingdom; and 4University of Thessaly, Larissa, Greece. 
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ABSTRACT: Understanding possible human health effects, including possible carcinogenicity, of new combinations 
of herbicides used in agricultural fields, is a matter requiring urgent attention. We thus evaluated genotoxicity by 
assessing micronuclei formation in the bone marrow of Wistar rats following exposure via drinking water to a 
mixture of dicamba, glyphosate and 2,4-D with each at their European Union acceptable daily intake (0.3 mg/kg 
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bw/day dicamba, 0.5 mg/kg bw/day glyphosate, 0.02 mg/kg bw/day 2,4-D), from gestational day 6 till adulthood (3 
months post-weaning). The experiment was approved by the Ethical Committee of the University of Medicine and 
Pharmacy from Craiova and follows the current guidelines regarding animal experiments. The frequency of 
micronuclei was statistically significantly greater both in males and females (10.8 ± 1.32 %0 males and 10.5 ± 2.07 
%0 females) compared to that of the control group (6.1 ± 1.00%0 males and 6.20± 1.03 %0 females; p < 0.05). The 
ratio of polychromatic erythrocytes (PCEs) to the sum of PCEs and normochromatic erythrocytes (NCEs) did not 
show a statistically significant difference for both males and females between the control (54.98 ± 2.64 % males 
and 53.60 ± 3.11 % females) and exposed group (49.56 ± 2.09 % males and 47.80 ± 2.34 % females; p>0.05), 
showing a lack of cytotoxicity. Our results show that exposure to a mixture of dicamba, glyphosate and 2,4-D 
starting at a prenatal stage of development induced micronuclei formation and thus genotoxicity in bone marrow 
at doses in which the individual compounds are regulatorily considered safe. Our findings emphasize yet again the 
need to evaluate pesticide active ingredients as mixtures and not just individually to more accurately determine 
their public health implications. 

 
ABSTRACT NUMBER: 5098 Poster Board Number: P199 
TITLE: Investigating the Surfactant Antagonism with the Open Source–Reconstructed Epidermis (OS-REp) Model 
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ABSTRACT: Surfactants are main constituents of different consumer products, e.g., detergents or cosmetic 
cleansing products. Since surfactants show an intrinsic skin irritation potential, dilutions are used in the final 
products to avoid adverse effects like irritant contact dermatitis from product use. In addition, mixtures of 
different surfactants are typically formulated, as it is a long-standing experience that those mixtures exhibit much 
lower acute irritation potential than expected from the mere summation of their individual irritation potential, an 
effect coined surfactant antagonism. Only few studies were performed to gain a more fundamental understanding 
of the effect, and its mechanistic basis remains unclear. However, a thorough understanding of the surfactant 
antagonism is not only of value for the formulation of products that are considered ‘mild to the skin’. It is also 
important for the classification of products according to UN GHS in cases when data of the mixtures is missing 
because summation of the ingredients’ irritating effects usually results in over-classification as skin irritant. Due to 
the progress in the development of alternatives to animal testing, different in vitro methods have become 
available to determine skin irritating properties of substances. Methods like the OECD TG 431 and 439 especially 
aim at deriving a classification for skin irritation effects according to UN GHS. However, even though these 
methods became the preferred test methods for skin irritation testing, to our knowledge hitherto isolated 
investigations on the surfactant antagonism were only performed either by human patch test studies or by non-
standard in vitro assays. In this study, the irritation potential of binary mixtures of sodium dodecylsulfate (SDS), 
linear alkylbezene sulfate (LAS), cocamidopropyl betaine (CABP) and alkylpolyglucosid (APG) compared to the 
single compounds was investigated using Open Source Reconstructed Epidermis (OS-REp) models. Combinations of 
SDS or LAS with CABP and APG, respectively, resulted in a clear decrease of the irritation potential compared to 
the irritation exerted by the single surfactants, even though the total surfactant concentration was higher in the 
mixtures. In addition, the effect of surfactant antagonism was also observed in a mixture of CABP and APG but not 
in a mixture of SDS and LAS. The reduced irritation potential of mixed surfactants came along with both reduced 
skin penetration of fluorescein and reduced release of LDH. Since no surfactant antagonism is observed in 
monolayer cultures of keratinocytes that were exposed to mixtures of surfactants, it is assumed that the surfactant 
antagonism requires the presence of a tissue-like structure with a functional barrier and is primarily driven by the 
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mixture’s lower ability to damage the barrier. With these tests we have successfully demonstrated the potential of 
3D reconstructed epidermal models for analyzing the mechanisms of surfactant antagonism in yet unprecedented 
detail. 

 
ABSTRACT NUMBER: 5099 Poster Board Number: P200 
TITLE: Investigating a Complex Mixture of PPARg-Activating Chemicals on Metabolic Health Outcomes in Human 
Mesenchymal Stem Cells and Developmentally Exposed Zebrafish 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. Murray, R. Berube, and C. Kassotis. Wayne State 
University, Detroit, MI. 

ABSTRACT: Contaminant mixtures can interact to produce combination effects other than those predicted by 
individual constituent chemicals; among other interactions, combinations of ‘low’ or ‘no activity’ chemicals can act 
additively or synergistically to promote significant, measurable effects, and/or can modulate the effects of 
endogenous hormone action. While increasing research has begun to evaluate effects of chemical mixtures, most 
mixture studies still focus on small, technically simple mixtures of two or three similar components. While this 
research is informative, it fails to capture environmental reality, which is better represented by evaluating more 
realistic and complex mixtures. We recently developed a predictive model that uses ToxCast data to predict in vivo 
metabolic disrupting activity. Through the creation and validation of this model, we ranked the entire ToxCast 
database by expectation of metabolic disrupting activity. We utilized this ranked list to select predicted adipogenic 
contaminants that disrupt key molecular pathways known to promote adipogenesis as per the available ToxCast 
high throughput screening data. To initiate these mixture experiments, we selected twelve contaminants predicted 
to promote adipogenesis through only activation of the peroxisome proliferator activated receptor gamma 
(PPARg). Each of these twelve contaminants has been tested individually and in mixtures in a human mesenchymal 
stem cell model for both ability to commit multipotent stem cells to the adipocyte lineage as well as ability to 
promote differentiation into mature adipocytes. Our in vitro results demonstrate that all twelve presumed PPARg 
activators and their mixture were active on adipogenic outcomes (either triglyceride accumulation and/or 
precursor cell proliferation). Eight of these chemicals were active in promoting commitment to the adipocyte 
lineage, though the mixture was not able to independently commit, only differentiate already committed cells. We 
are also performing developmental exposures to zebrafish from one through six days post fertilization. Following 
exposures, we have performed a variety of metabolic health testing. Our preliminary in vivo data demonstrate that 
individual chemicals were able to increase or decrease metabolic activity as measured in the alamar blue assay. In 
particular, six of the twelve chemicals tended to enhance energy expenditure relative to the dimethylsulfoxide 
vehicle control and six tended to reduce energy expenditure. The mixture of the contaminants appeared to 
increase energy expenditure at the highest test concentration and suppress at the two lower concentrations. In 
neurodevelopmental testing, we observed roughly half the contaminants tended to increase activity during the 
dark trial periods, with two that appeared to increase activity during the light periods as well. The other six 
contaminants appeared to decrease activity during the dark periods, and the mixture-exposed animals were either 
hyper- or hypo-active dependent on the concentration exposed. We expect that our results will promote a greater 
functional understanding of complex mixture effects that can be utilized to bolster risk assessments of diverse 
contaminant exposures. 

 
ABSTRACT NUMBER: 5100 Poster Board Number: P201 
TITLE: Development and Application of a Physiologically Based Pharmacokinetic (PBPK) Model of Tenofovir for 
Healthy, Pregnant, and Pediatric Populations 
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ABSTRACT: Tenofovir disoproxil fumarate (TDF) is used to manage HIV and Hep B Virus globally. With TDF’s unique 
mechanisms of action to interfere with SARS CoV-2 ribonucleic acid-dependent polymerase and to reduce viral 
load, several ongoing studies evaluate TDF for drug repurposing in COVID-19 to address the unmet need for 
COVID-19 treatment. These studies exclude children (≤ 2 years old) and nursing women due to no established TDF 
dosage regimen for these groups and concerns for potential long-term bone and renal toxicities. Since children are 
susceptible to COVID-19 infection and complications (Multi-System Inflammatory Syndrome), establishing a TDF 
dosing regimen ensures safe and effective usage. To address the drawbacks of current perinatal dosage 
approaches (calculation using adult dosing and empirical formulation), we have developed a PBPK model, a 
computer modeling approach that incorporates blood flow and tissue composition of organs to define drug 
pharmacokinetics. Our study aimed to develop and apply the TDF PBPK model for COVID-19 treatment 
optimization in the perinatal stages to account for age-dependent physiological differences and to predict 
appropriate dose adjustments. The developed PBPK models for healthy adults, pregnant women, and pediatric 
populations were based on TDF 300 mg daily. The PBPK modeling and allometry were used to rationalize pediatric 
dose selection. The model predictions fell within a 2-fold range of clinical observations and met the acceptance 
criterion. The simulated and observed exposures in the pregnant population were slightly lower than in the healthy 
population. Yet, with relatively negligible differences, no dose changes were needed. Similar trends were observed 
in the pediatric population regarding the predicted drug exposure, AUCtau of PBPK modeling, and allometric scaling. 
Simulations predicted a pediatric dose of 7mg/kg/day for pediatrics (≤ 2 years old) and body weight between 5 to 
17 kg to maintain therapeutic TDF exposures without toxicity. In conclusion, our developed PBPK model 
framework has the potential to investigate TDF in various populations further and predicts safe and effective 
dosages to treat patients with COVID-19. 
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KEYWORDS: Biological Modeling; Neurotoxicity; Developmental; Developmental Toxicity; Prenatal 

ABSTRACT: Disruption of the thyroid endocrine axis during development may result in irreversible adverse 
neurodevelopmental outcomes. New in vitro and in silico methods to evaluate chemicals for developmental 
toxicology potential are proposed for future regulatory use. Our aim is to build on the historical computational 
work with the thyroid axis and develop strategies for predicting in utero thyroid hormone disruption based on a 
combined in vitro, in vivo, and in silico workflow. This methodology may be used for: (a) screening and 
prioritization, (b) interpretation of existing and emerging animal studies, (c) in vitro to in vivo extrapolation (IVIVE), 
and, (d) in vivo animal to human extrapolation. A biologically based dose-response (BBDR) model for the pregnant 
rat was constructed, using perchlorate as a case study, to predict maternal thyroid hormone disruption at the 
sodium iodide symporter (NIS) protein located on the basolateral side of the thyroid gland. Production of steady-
state concentrations of thyroid stimulating hormone (TSH), thyroxine, and triiodothyronine plasma concentrations 
in the dam was based on a non-linear negative feedback loop. TSH production was controlled by thyroxine (-) and 
thyroxine production was controlled by TSH (+), which included the inhibition of thyroxine production (-) by 
perchlorate’s interaction with the NIS protein, and the induction of the NIS protein by TSH (+) resulting in 
upregulation of thyroid hormone production. Initial simulations with the calibrated BBDR model were successful 
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with predictions of maternal Gestation Day 20 (GD20) plasma concentrations of TSH and 
thyroxine/triiodothyronine that were within 0.5 to 3-fold of observations. The perchlorate drinking water 
exposures ranged from 0.01 to 82 mg/kg/day. The BBDR model-predicted maternal thyroxine concentrations were 
then linked to published GD20 fetal biomarkers for thyroid disruption (such as serum thyroxine or brain 
concentrations of thyroxine and triiodothyronine). Chemicals exhibiting other modes of action (Molecular Initiating 
Events, MIEs) can be executed within this BBDR hypothalamic-pituitary-thyroid (HPT) axis framework for the 
pregnant rat. While the lack of fundamental information on the HPT axis hampered the creation of a suitable TSH-
T4 negative feedback loop in the rat fetus, published literature will allow for the construction of a TSH-T4 negative 
feedback loop in the human fetus and mother. Animal data were obtained from IACUC-approved studies. This 
research does not reflect US EPA, USAF or DoD policy or endorsement. 

 
ABSTRACT NUMBER: 5102 Poster Board Number: P203 
TITLE: Novel In Vitro 3D Airway Culture Model for the Evaluation of Tobacco Products 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. S. Leach, S. Albertson, P. Clapp, K. Stumpf,  
E. C. Donny, F. C. Marini, A. Atala, and S. V. Murphy. Wake Forest School of Medicine, Winston-Salem, NC. 
 
KEYWORDS: Tobacco Products; Toxicity; Acute; In Vitro and Alternatives 

ABSTRACT: Despite the well-supported correlation of tobacco use and an increased risk of mortality, tobacco 
continues to be a major cause of preventable death worldwide. While there has been a decrease in cigarette use, 
other products have increased in popularity, particularly electronic nicotine delivery systems (ENDS) and heat-not-
burn (HnB) products. Acute and chronic exposure from these products has already been linked to deleterious 
health effects, but there are still many unknowns. We have developed a novel multicellular human bronchial 
airway culture model at air-to-liquid interface (ALI) that can be integrated into the Vitrocell® VC1 Smoke Exposure 
System to further analyze these products. Airway “organ tissue equivalent” (OTE) cultures were fabricated in a 
Transwell® with a UV-crosslinkable hydrogel layer of lung fibroblasts, and an apical layer of differentiated primary 
bronchial epithelial cells. For an additional physiological component, an endothelial monolayer can be seeded on 
the basal side. Once fully mature, histology and immunostaining were completed to confirm the presence of the 
different epithelial subtypes. Epithelial integrity was verified using an EVOM2 device to measure transepithelial 
resistance (TEER). Once mature, airway OTEs were exposed to different tobacco products using the Vitrocell® VC1 
System and were analyzed for an inflammatory response via interleukin 8 (IL-8). After 28 days, histology and 
multispectral analysis demonstrated that the bronchial epithelium on the airway OTE has fully matured into goblet, 
club, and ciliated cells, mimicking the lower airways. Quantification of this analysis illustrated significantly more 
goblet, club, and ciliated cells compared to standard 2D ALI culture. When endothelial cells are cultured on the 
basal side of the model, they remain viable for at least a week and form important cell junctions as illustrated by 
VE-cadherin staining. A dosing experiment for the different tobacco products revealed an IL-8 dose response for 
the cigarette and HnB product, while there was no significant response to the ENDS. We have developed an airway 
culture model that more accurately recapitulates the human airway environment compared to current culture 
standards. Initial evidence shows that we are able to successfully expose the airway OTE to different tobacco 
products using the Vitrocell® VC1 Smoke Exposure System, with the greatest inflammatory response observed 
from the cigarette and HnB product. Future directions for this model include incorporating other airway cell types 
to better understand the airway response to novel tobacco products. 
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ABSTRACT: The assessment of genotoxicity and carcinogenicity is an essential component of the safety assessment 
of chemical substances for regulatory approval. However, a battery of experimental tests are required to cover the 
different endpoints, these experimental tests come with time demands, ethical concerns and huge costs. We have 
performed in silico evaluation of several substances including industrial substances, pharmaceutical products, 
pesticides, food additives, biocides, flavoring agents, natural products and cosmetic ingredients using three 
software's viz. QSAR Toolbox (v4.5) by OECD, Derek Nexus by Lhasa Limited (UK) and TEST (v5.1.1.0) by US EPA 
thus aiming for a quicker and cost-effective screening. QSAR Tool box and TEST are free software applications 
whereas Derek Nexus is commercial software application supporting chemical hazard assessment. QSAR Toolbox 
and Derek Nexus were used for prediction for mutagenicity, clastogenicity and carcinogenicity, while TEST was 
used for predicting mutagenicity (Ames) only. We compared the in silico prediction with the results obtained by 
the curated collection of data from published literature (Madia et. al, 2020). Selection of 110 substances (majority 
being industrial substances, pharmaceutical products and pesticides, but also includes food additives, biocides, 
flavouring agents, natural products and cosmetic ingredients) for in silico analysis were based on published data 
for various endpoints viz. (i) Ames, (ii) in vitro mammalian cell gene mutation, (iii) in vitro micronucleus, (iv) in vitro 
chromosomal aberration, (v) in vivo micronucleus, (vi) in vivo chromosomal aberration, (vii) in vivo transgenic 
rodent gene mutation assay, (viii) in vivo unscheduled DNA synthesis, (ix) in vivo DNA damage and (x) rodent 
carcinogenicity (Madia et al. 2020). All the available endpoints data was compiled, and compared with in silico 
predictions. Only positive and negative results were considered, hence inadequate/inconclusive results were not 
used in current scenario. We found QSAR Toolbox, TEST and Derek Nexus to be useful for predicting mutagenicity, 
genotoxicity and/or carcinogenicity. For mutagenicity (Ames only) QSAR Toolbox, Derek and TEST showed an 
accuracy of 100%, 89% and 93%, respectively. Additionally, QSAR Toolbox and Derek had an accuracy of 91% and 
86% for overall in vitro genotoxicity (Ames assay, Mammalian cell gene mutation assay, Chromosomal Aberration 
assay) and 86% and 80% for carcinogenicity endpoints respectively. The structural alerts and supporting detailed 
review of literature provided by Derek Nexus can also further aid in understanding the structure activity 
relationship for mutagenicity, genotoxicity and carcinogenicity. Hence, these results show that QSAR Toolbox, TEST 
and Derek are effective tools for predicting mutagenicity, genotoxicity and/or carcinogenicity. Reference: Madia F, 
Kirkland D, Morita T, White P, Asturiol D, Corvi R (2020). EURL ECVAM genotoxicity and carcinogenicity database of 
substances eliciting negative results in the Ames test: construction of the database. Mutat Res Gen Tox En, 854-
855: 503199. 
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ABSTRACT: Quickly and efficiently assembling large amounts of data from toxicological databases for large 
numbers of chemical substances continues to be a challenge. Large toxicological databases, namely the U.S. 
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Environmental Protection Agency’s (EPA) Chemistry Dashboard, U.S. EPA’s ToxVal, the National Toxicology 
Program’s (NTP) Integrated Chemical Environment (ICE), PubChem BioAssay, the Comparative Toxicogenomics 
Database (CTD), Organisation for Economic Co-operation and Development’s (OECD) Quantitative Structure-
Activity Relationship (QSAR) Toolbox, the International Uniform Chemical Information Database (IUCLID), the 
National Institute for Occupational Safety and Health (NIOSH) Pocket Guide, and the Danish EPA QSAR 
Database/Models were used to assemble human health toxicity data for hundreds of organohalogen flame 
retardant (OFR) substances and over 1000 analog substances. This group developed a harmonized and nested 
tagging tree to define data-types, decision-rules to map like data together. The number of data points extracted 
per class ranged from 31 to 31,531, for a total of 117,961 data points across 16 databases for 278 OFR chemicals; 
and from 0 to 194,990 for a total of 222,570 data points across 16 databases for 1073 analog chemicals. Different 
types of toxicological studies, including human, animal, in vitro, and in silico, are present in these different 
databases. In addition, differences in nomenclature and granularity continue to persist across the databases. In the 
absence of one database that contains all the relevant studies, R code was developed to crosswalk and harmonize 
different types of toxicological studies across human health endpoints and selected mechanisms. This R code 
enables relatively quick assembly of data into evidence maps that can be used to understand the relative data 
availability across chemical substances and endpoints. Challenges encountered and lessons learned will also be 
discussed. This group observed trends and trade-offs between traditional and NAM human health toxicity data at 
different levels of granularity. Assembling databases is a valid and relatively efficient approach to assemble 
evidence maps as an alternative to or in addition to screening and extraction of primary human health toxicology 
literature. 
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ABSTRACT: The aryl hydrocarbon receptor (AhR) is a ligand inducible transcription factor with multiple 
endogenous and exogenous ligands. The AhR regulates many cellular processes including differentiation, 
development, and xenobiotic metabolism. Among its exogenous ligands 2, 3, 7, 8 tetrachlorodibenzo-p-dioxin 
(TCDD) is its most potent inducer. Upon ligand binding, inactive cytosolic AhR undergoes a conformational change 
ultimately leading to its nuclear localization. Within the nucleus, AhR is thought to primarily dimerize with the AhR 
nuclear translocator (ARNT) protein to form a functional transcription factor which binds to DNA at xenobiotic 
response elements (XREs) and regulates transcription of AhR target genes. However, an AhR binding site in the 
promoter of the plasminogen activator inhibitor-1 (PAI-1) gene was confirmed to be bound by AhR in the absence 
of ARNT. Subsequent studies confirmed KLF6 as the AhR dimerization partner at the promoter of PAI-1 gene. These 
studies suggested a non-canonical XRE (NC-XRE) without any sequence homology with the XRE, but with a 
tetrameric 5'-GGGA-3' repeat as its main characteristic. Previously, our computational analyses showed that KLF6 
and RelA and not ARNT were the main dimerization partners of AhR across the genome in untreated HepG2 cells. 
Further analyses of a subset of AhR-KLF6 bound sites revealed the presence of a motif resembling the NC-XRE and 
the KLF6 motif. This motif did not contain a clear tetrameric 5'-GGGA-3' repeat originally found in the PAI-1 
promoter. We tested the ability of the newly found motif to predict the occupancy of the wild type and four 
mutated NC-XRE sites in the PAI-1 promoter and observed that the motif scores were correlated with binding in 
three out of five sites. Additionally, the majority of AhR peaks in HepG2 cells containing the newly found motif can 
be found in promoters or bodies of genes and do not contain an XRE. We propose that the AhR-KLF6 binding motif 
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is one of the main drivers of AhR binding in cells not treated by an AhR ligand and that this motif is more variable 
than originally thought. Funding acknowledgement: NIEHS (R01 ES031937). 
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ABSTRACT: Acute kidney injury is a widely prevalent clinical condition that affects a large number of people and is 
associated with high levels of morbidity and mortality. It can be triggered by multiple factors, such as medications, 
exposure to toxic chemicals or other substances, disease, and trauma. Because the kidney is a critical organ, 
understanding and identifying early cellular or gene-level changes can provide a foundation for designing medical 
interventions. In our earlier work, we identified gene modules anchored to histopathology phenotypes associated 
with toxicant-induced liver and kidney injuries. Here, using in vivo and in vitro experiments, we assessed and 
validated these kidney injury-associated modules by analyzing gene expression data from the kidneys of male 
Hartley guinea pigs exposed to mercuric chloride. Using plasma creatinine levels and cell-viability assays as 
measures of the extent of renal dysfunction under in vivo and in vitro conditions, we performed an initial range-
finding study to identify the appropriate doses and exposure times associated with mild and severe kidney injuries. 
We then monitored changes in kidney gene expression at the selected doses and time points post toxicant 
exposure to characterize the mechanisms of kidney injury. Our injury module-based analysis revealed a dose-
dependent activation of several phenotypic cellular processes associated with dilatation, necrosis, and fibrogenesis 
that were common across the experimental platforms and indicative of processes that initiate kidney damage. 
Furthermore, comparison of activated injury modules between guinea pigs and rats indicated a strong correlation 
between the modules, highlighting their potential for cross-species translational studies. 
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ABSTRACT: Leveraging high quality data, computational analyses and AI to advance drug discovery and 
development are core components of modern safety assessment. With an increasing interest in leveraging in vivo 
toxicology data there is a need to develop approaches that overcome the hurdle of current in vivo tox data not 
being available in a format that is usable to support computational analyses. We present methods to both mine 
and generate in vivo summaries as well as introduce a new internal standard for leveraging historical data. We 
identified >300 studies where the study conclusions from the raw data were not stored electronically and 
generated what we refer to as Abbreviated Reports (ARs) that contain the key information as a simplified summary 
that is easily text-mineable (both for retrospective studies and prospectively for future studies). This facilitated 
efficient extraction of test article-related findings from the ARs as well as from complete, finalized tox reports, 
using an internally developed annotation tool (HAWK) based on natural language processing. Study conclusions, 
and other key information are extracted by HAWK from toxicology PDF reports and stored in the existing Safety 
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Assessment Data Repository (SADR). With the advancement in Natural Language Generation (NLG) technology, we 
additionally developed a second tool, the Automated Report Knowledge Generator (ARK), an AI Assisted Report 
Writing Tool. This tool enabled us to semi-automatically generate an abstract of the toxicology report, 
summarizing test article-related findings and structuring the key data fields into a Study Report (SR) Domain. This 
enables FAIR data management, and usage for computational analysis and model development. The impact from 
these efforts has been transformative in that they enable cross study/program analyses leveraging historical in vivo 
safety data from all programs in the portfolio, both active and terminated. Furthermore, the data is now amenable 
for building machine learning models to predict in vivo toxicity endpoints that can be used to support early hazard 
identification and decision making in new programs. In addition to being able to better support our predictive 
safety, we are making a substantial impact on 3Rs by more effectively using the animal data. 
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ABSTRACT: Mycotoxins are common contaminants in a wide variety of food matrices, thus representing a threat to 
public health. Up to date, several hundreds of different mycotoxins have been described and many of them have 
been associated with a broad range of toxic effects, highlighting genotoxicity, carcinogenicity, and mutagenicity, 
among others; however, regulatory legislation only concerns a few of them, due to the lack of toxicity data for a 
major part of the described mycotoxins. In this context, the aim of this project was the generation of a toxicity 
database for a wide range of mycotoxins by in silico modeling, to provide useful data for their regulation. Thus, 
computational QSAR models have been developed for predicting mutagenicity, genotoxicity, and carcinogenicity 
endpoints of mycotoxins. First, we generated a database including more than 3000 mycotoxins and mycotoxin 
metabolites by screening several literature reviews and the Pubchem server. In the next step, experimental data 
on the Ames test mutagenicity in Salmonella strains, in vitro micronucleus genotoxicity data in different cell lines, 
and in vivo long-term carcinogenicity assay on rodents were recovered from free accessible databases and 
scientific literature. As a result, robust models were obtained for the prediction of mutagenicity, genotoxicity, and 
carcinogenicity, after testing several descriptor selections and modeling algorithms. All these datasets were 
randomly split into training and test set in a proportion of 75/25%, respectively. Models were first developed with 
the data of the train set, and then validated with data from the test set, obtaining the accuracy, precision, 
sensitivity, and specificity, with values of over 80% in most of cases. These results provide a useful, simple, and 
economic tool to predict toxicity data of mycotoxins. Indeed, these new tools could be very relevant to help the 
regulatory authorities to select the mycotoxins for which upper limits or tolerable daily intakes must be defined 
due to their toxicity. These models will be implemented in a technological platform intended to help industry and 
authorities in optimization and regulation purposes, respectively. Funding: This project was funded by the 
Ministerio de Ciencia e Innovación of Spain, Torres Quevedo MicotoXilico PTQ2020-011477, and PID2020-
115871RB-I00 and from the Conselleria d’Innovació, Universitats, Ciència i Societat Digital Project AEST/2021/077. 
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ABSTRACT: The US Environmental Protection Agency’s (US EPA) Toxicity Values Database (ToxValDB) is a database 
containing information such as reference doses, screening levels, and quantitative values from in vivo toxicology 
studies. These data are aggregated from over 50 sources, including state, national, and international agencies, 
industry groups, and academic institutions. Data are incorporated into the database through both manual and 
machine extraction, with dose metrics (e.g., LOAEL, RfD) and units normalized across the sources. In the current QC 
process, a domain specialist reviews a summary of each extraction into ToxValDB for relevance and completeness. 
Then, 20% of the records undergo manual review in the Data Accuracy Tool (DAT), a tool designed to facilitate 
quality assurance workflows. These records are scanned by a generalist and a domain specialist, editing if needed 
to make the record match the source document with an audit trail logged. However, despite this QC process, some 
errors still occur in the database. Due to the potential for errors introduced either from extraction or through the 
normalization process, as well as within the source documents themselves, establishing metrics by which records 
may be automatically identified and flagged for manual review is crucial. In addition to these complications, 
ToxValDB includes both hazard values (the species and route specific level of exposure to a chemical that can cause 
harm) and risk values (the likelihood of harm for a given exposure). Furthermore, many types of dose metrics only 
take discrete values (such as regulatory thresholds), requiring care in data analysis. To this end, we present here a 
data profiling framework, analyzing the data within ToxValDB to find statistical patterns, alleviate downstream 
errors, and reduce reviewer burden. Quality control rules were developed in two phases. The first phase screens 
for “common sense violation” records, such as multiple or incorrect units, or values that do not make physical 
sense. Second phase quality control rules consider each combination of chemical, dose metric, and units to 
determine unusually high or low values, whether by comparison to the distribution of that combination or by using 
known values for structurally-related chemicals as benchmarks. Using these QC rules, an application is being 
developed to report these results and to allow for automated screening of newly entered data, reducing manual 
work in the future. Flagged records are assigned a manual quality control review through DAT to determine if 
values are accurate to the original source document. The percentage of data replaced or cleared post-screening 
will be used to update QC rules. Phase 1 rules have flagged about 17,000 records as duplicates, 4,000 records for 
data formatting, and 150 for exceedingly large values, of about 320,000 total records. Phase 2 rules have flagged 
about 13,000 further records for outlier values. These records are currently under manual review to remove 
downstream errors. ToxValDB data are publicly available and are regularly used throughout the US EPA to support 
the prioritization and estimation of chemical safety values, in addition to being used also widely used across 
industry, academia, and other governmental and non-governmental entities. This abstract does not necessarily 
reflect US EPA policy. 
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ABSTRACT: Computation of absorption, distribution, metabolism, excretion and toxicity (ADME/Tox) properties 
using machine learning and exploiting statistical techniques can focus and prioritize the use of expensive assays 
very early in the drug discovery process and minimize late-stage failures of potent lead compounds. Beyond drug 
discovery, the applications of ADME/Tox models are broad and include scoring components of consumer products 
(multicomponent cleaning agents, pesticides, tobacco products etc.) and assess the effects of these component 
molecules on the environment. Thus, the urgent need for models assessing many toxicity endpoints 
simultaneously. Some toxicity endpoints, however, have little data available, and the training of a typical ligand-
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based ML model is therefore challenging. Recently, large multi-task networks have been trained using transfer-
learning, in which a related task is trained alongside the primary task(s), with the model then gaining predictive 
performance on the primary task. To determine if transfer learning can enhance the predictive power sparse-data 
toxicity endpoints, we decided to take advantage of the large number of datasets that we have curated and 
combine 42 toxicity endpoints including hERG inhibition, androgen and serotonin receptor inhibition, and more. 
We then trained three large multi-task model architectures (a graph-based approach graphSAGE, a previously 
published deep learning model comprised of convolutional layers and long short term memory (LSTM) layers 
(Conv-LSTM), and a transformer model pre-trained on predicting accurate SMILES structures (MolBART) to take 
advantage of pre-training) in order to predict the negative log Molar IC50 output of these 42 toxicity endpoints at 
once from chemical structure alone. The fine-tuned transformer model significantly outperformed the Conv-LSTM 
model, with an average R2 of 0.53 (range: 0.31 - 0.77) for the MolBART model vs. an average R2 of 0.46 (range: 0 - 
0.74) for the Conv-LSTM model. 19/42 targets had an R2 delta ≥ 0.05 in favor of MolBART (e.g., Conv-LSTM R2 of 
0.7 and a MolBART R2 of 0.75) with the largest delta being 0.5. In contrast, only 11/42 models displayed an R2 delta 
of ≥0.05 in favor of the Conv-LSTM model, with the largest delta being 0.18. The graphSAGE approach had an 
average R2 of 0.47, similar to the Conv-LSTM model. Uniquely, compared to MolBART and Conv-LSTM, graphSAGE 
uses target-structure information and thus can predict IC50 activity on entirely novel targets not seen during 
training. Using a new protein target as an example, Cathepsin K, we predicted the activity of 1293 compounds. The 
R2 of the predicted vs. actual negative log Molar IC50 was 0.37, suggesting that although the predictive power is not 
substantial, it can still be useful in scenarios when a target has relatively little training data available. In summary, 
pre-trained Transformer models outcompete deep learning models and are capable of efficient and large-scale 
inference, and graph-based models can perform predictions against targets with no training data, allowing for the 
assessment of multiple tox endpoints at once, even when structure-target data is not available. Our future efforts 
will compare these algorithms across more datasets. 
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ABSTRACT: The evaluation of individual study quality is one of the most time-intensive components of the 
systematic literature review process, as it involves evaluation of available data against broad, variable reliability 
and relevance criteria by human experts. Furthermore, current approaches rely on idiosyncratic judgment calls 
that are highly specific and generate data that can only be utilized for the specific problem being addressed. For 
example, a study with limited chemical characterization information may be adequate for research exploration, 
but not appropriate for use in setting chemical regulatory thresholds. Although the chemical characterization data 
available from the study have not changed, the criteria differ due to the specific goal of the systematic literature 
reviews. Because study quality evaluation often relies upon data that have been previously extracted, the 
opportunity exists to assess study quality criteria computationally when the data are properly integrated. A key 
challenge to successful automation, however, is developing workflows to enable a bench-level domain expert to 
identify and express the data integration and criteria components necessary in a computer-readable format 
without extensive interventions from a data scientist. To this end, we present the Study Quality Assessment and 
Reporting Evaluation (SQuARE) tool, a simplified, semi-automated framework to integrate extracted data and 
flexibly evaluate it against any quality criteria needed for a given project. Using Python and Excel to integrate and 
evaluate extracted data against user-specified reporting criteria, this platform allows for evaluation of individual 
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study quality with only a manual quality check by a domain expert after the initial criteria specification. To 
demonstrate the utility and applicability of the SQuARE tool, case studies using extracted in vitro and in vivo data 
spanning species and chemicals are presented. Although applied to toxicological data in the present study, the 
SQuARE tool is customizable across diverse scientific domains. Overall, the SQuARE tool presents a framework and 
method for assessing the reporting quality of both individual studies and extracted datasets and has the potential 
to significantly reduce time and labor across fields engaging in literature review and using existing database 
information for study quality information. This abstract neither constitutes nor necessarily reflects US EPA policy. 
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ABSTRACT: Non-alcoholic fatty liver disease (NAFLD) encompasses a spectrum of chronic liver diseases that is 
characterized by hepatic steatosis and may develop into non-alcoholic steatohepatitis (NASH). Without 
intervention, NASH can progress into fibrosis, cirrhosis, and even hepatocellular carcinoma. The histopathological 
characteristics of NASH include lobular inflammation, hepatic ballooning, microvesicular steatosis, and 
perisinusoidal fibrosis. Nuclear receptors (NRs) are a large group of transcription factors that regulate various 
important cellular processes. Perturbation of NRs’ functions can affect key biological processes including lipid 
metabolism, inflammation, and insulin resistance, which have been associated with NASH. Pregnane X Receptor 
(PXR, NR1I2) is a member of a ligand-activated transcription factor that is highly expressed in the liver and 
intestine. PXR functions as a xenobiotic sensor that regulates the expression of major phase I and II drug 
metabolizing enzymes and transporters. PXR also plays a key role as a regulator of bile acid, glucose, lipid, and 
cholesterol metabolism in the liver. The function of ligand-independent PXR activation, through post translational 
modifications such as phosphorylation, is not well understood, despite a conserved phosphorylation motif (Ser347 
in mice; Ser350 in human) across species. Mutation of Ser350 phosphorylation in vitro can alter PXR transcriptional 
activity; however, the mechanism remains elusive. In this study, mice with a PXR Ser347Ala knock-in mutation 
(PXR-KI) were utilized to investigate the role of this phosphorylation site in the development of NASH in vivo. Six-
week old male wild-type (WT), and PXR-KI mice, both on the C57BL/6J genetic background, were fed a high fat diet 
(HFD; diet with 40 Kcal% palm oil fat, 20 kcal% fructose, and 2% cholesterol), a low fat control diet, or a chow diet 
for 16 weeks. Weekly body weights were recorded and by week 12 of feeding a glucose tolerance test was 
performed. Serum biochemistry analysis was performed to detect biomarkers for liver damage. We found that 
liver/body weight ratio of the PXR-KI mice on HFD was significantly higher than all other groups. Serum levels of 
total cholesterol were significantly elevated in the HFD PXR-KI group. In addition, the PXR-KI fed HFD displayed a 
trend of higher activities of serum alanine aminotransferase and alkaline phosphatase as compared to WT mice on 
HFD. Moreover, the expression levels of genes related to lipid metabolism, fibrosis, and inflammation were 
significantly increased in the PXR-KI mice fed with the HFD as compared to WT mice. In conclusion, blocking of 
Ser347 phosphorylation motif in PXR is associated with more severe liver injury during NASH development, 
suggesting that this phosphorylation motif plays a key role in the regulation of PXR functions, modulation of bile 
acid, glucose, and lipid homeostasis and thus the development of NASH. 
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ABSTRACT: Non-alcoholic steatohepatitis (NASH) is a chronic liver disease characterized by hepatic steatosis, 
lipotoxicity, and inflammation. Most NASH patients suffer from the metabolic syndrome in which insulin resistance 
and obesity are key drivers for disease development. Yet, a fraction of NASH patients is lean. These patients often 
carry a single nucleotide polymorphism (SNP) in patatin-like phospholipase domain-containing protein 3 (PNPLA3), 
namely rs738409, C > G. Here, we aim at using human skin-derived precursors (hSKP) differentiated towards 
hepatic cells (hSKP-HPC) to study the role of different PNPLA3 genetic backgrounds in NASH development and 
progression. Fifty-two hSKP cell lines were genotyped for the PNPLA3 rs738409 SNP of which five PNPLA3 wild-
type and three homozygous rs738409 GG donors (further referred to as ‘PNPLA3 rs738409’) were selected and 
subsequently differentiated towards hSKP-HPC. The PNPLA3 wild-type and rs738409 hSKP-HPC were next exposed 
to different metabolic triggers (insulin + glucose, fatty acids (sodium oleate + palmitic acid)) and a combination of 
these factors supplemented with a cytokine cocktail (TNF-α, IL-1β and TGF-β) (i.e. ‘NASH’ triggers). After 24 h 
exposure, the neutral lipid load was quantified and the expression of genes involved in lipid hydrolysis and 
synthesis was assessed. The total triglyceride content and non-esterified fatty acids in the cell supernatant were 
also quantified. It was found that PNPLA3 rs738409 hSKP-HPC cultures exhibit a significantly higher lipid load in 
every tested condition (+/- 2-fold), except when exposed to ‘NASH’ triggers. Stearoyl-CoA Desaturase showed a 2-
fold induction in PNPLA3 wild-type cultures when exposed to insulin + glucose and ‘NASH’ triggers, while this was 
not observed in the PNPLA3 rs738409 cultures, indicating less desaturation of fatty acids. Diacylglycerol O-
Acyltransferase 2 was induced in both NASH-triggered PNPLA3 wild-type and rs738409 hSKP-HPC, but its level was 
~2.4 times higher in the wild-type relative to the PNPLA3 rs738409 cultures, suggesting impaired incorporation of 
fatty acids into triglycerides. Hence, NASH-triggered PNPLA3 rs738409 hSKP-HPC cultures exhibited also a 30 
percent larger pool of non-esterified fatty acids in their supernatants, which might result in lipotoxicity. 
Furthermore, PNPLA3 was not induced in the NASH-triggered PNPLA3 rs738409 cultures, while its expression was 
2-fold higher in the PNPLA3 wild-type cultures, suggesting deficient triglyceride hydrolysis in the cultures with the 
PNPLA3 rs738409 variant. In conclusion, our in vitro study indicates that carriage of PNPLA3 rs738409 in hSKP-HPC 
cultures promotes lipid accumulation and impairs triglyceride hydrolysis, fatty acid desaturation, and esterification. 
Overall, hSKP-HPC represent a human- and disease-relevant hepatic cell model to investigate the role of different 
PNPLA3 genetic backgrounds in the pathogenesis of NASH. 
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ABSTRACT: Acetaminophen (APAP) overdose is a leading cause of liver transplantation worldwide. APAP 
accumulation and mitochondrial dysfunction promote APAP-induced hepatotoxicity, and without prompt 
treatment, severe APAP overdose leads to liver failure. Human antigen R (HuR) is a ubiquitously expressed 
ribonucleic acid (RNA) binding protein and acute stress response regulator. HuR has been shown to regulate 
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mitochondrial function and the oxidative stress response by modulating messenger RNA (mRNA) expression. 
However, the role of hepatocyte HuR in APAP-induced liver injury is unknown. Our goal was to determine how the 
hepatocyte HuR deficient liver responds to an APAP overdose. To analyze changes in liver injury, we treated male 
C57BL/6N HuR knockout mice (HuR-HKO) and WT control mice with 200 mg/kg or 300 mg/kg APAP. Livers and 
serum were collected 2hr, 6hr and 24hr after overdose and tissues were evaluated for injury. 6hr after overdose, 
HuR-HKO mice had a 3-fold increase in serum alanine aminotransferase (ALT). ALT remained elevated 1.5-fold in 
HuR-HKO mice, relative to WT mice, 24hr after the 300 mg/kg overdose. At the 200 mg/kg dose, H&E staining 
revealed that HuR-HKO mice had a greater area of centrilobular necrosis, and immunoblotting of cytoplasmic and 
mitochondrial proteins revealed an increase in translocation of phosphorylated-c-Jun N-terminal kinase (P-JNK), 
Bax, apoptosis inducing factor (AIF), and second mitochondria-derived activator of caspase (Smac) in HuR-HKO 
mice. Differences in necrosis and protein translocation between WT and HuR-HKO mice were not significant at the 
300 mg/kg dose. In support of hepatocyte HuR’s role in mitochondrial function, gene expression analysis of HuR 
deficient mouse livers revealed decreased expression of genes essential to mitochondrial structure and function, 
including pyruvate dehydrogenase kinase 1 (PDK1), sirtuin-4 (SIRT4), dihydrolipoamide S-succinyltransferase 
(DLST), and acyl-CoA dehydrogenase family member 8 (ACAD8). Gene expression and western blot analysis of HuR 
deficient primary hepatocytes also revealed a decrease in expression of hepatic xenobiotic transporters, including 
multi-drug resistance associated protein 2 (MRP2) and MRP3. Our results indicate that loss of hepatocyte HuR 
exacerbates APAP overdose, and that loss of HuR-mediated regulation of mitochondrial function and hepatic drug 
transport likely contribute to this phenotype. More work will be needed to identify what specific HuR targets play a 
mechanistic role in protecting the liver against APAP-induced hepatotoxicity. This work was funded by 
R01DK119131, P20GM103549, P30GM118247. 
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ABSTRACT: In April 2022 reports of an increased incidence of non-HBV associated hepatitis in children under ten 
was reported in the UK and other countries [1, 2]. For the UK, the incident was declared as Enhanced on April 5th, 
2022 by the UK Health Security Agency (UKHSA) and de-escalated to Standard on July 4th, 2022. On July 19th, 
2022, UKHSA had been informed of 274 confirmed cases as well as 11 possible UK cases amongst which there were 
15 liver transplants and no deaths [3]. A link with SARS-COVID2 was quicky eliminated, the virus being found only 
in 9.7% of cases. Adenovirus in particular adenovirus 41F (HAdV-F41F) was detected in 70.5% of cases and an 
adverse immunological reaction to the virus resulting from a deficiency of viral challenge during the COVID 
pandemic remains a leading causation hypothesis [4]. While this is credible the evidence for adenovirus is not 
definitive [5]. The lack of a definitive causative association of HAdV-F41 with the hepatitis cases led to a widening 
of the investigation which included an untargeted chemicals analysis. This was undertaken by UKHSA on serum, 
plasma, whole blood and urine samples taken at varying times after presentation. Analyses were conducted by 
GC/MS and Orbitrap LC/HRMS for organics and ICPMS for metals. Quantitation was performed for some known 
hepatotoxins including metals, acetaminophen and mycotoxins. Many substances administered therapeutically or 
associated with the pathophysiology were detected. Acetaminophen was found in a small number of cases but not 
at levels considered to be causative. Phenol, caffeine and aspirin were detected but not at levels considered 
adverse. Nothing abnormal was detected with metals. Quantitative analysis for mycotoxins has to date not found 
any abnormal levels. Investigations continue. This incident highlighted several challenges for analytical toxicology 
in particular delays between disease onset, presentation and sample taking making it a challenge to detect any 
causative agents. While the toxicological analysis has not revealed a chemical cause, it has led to some lessons 
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learnt, and highlighted the clear need for toxicological investigation in these incidents. Further research is required 
to understand this incident and hepatitis cases with unknown aetiology which have always been regarded as a 
normal background level [6]. Toxicological research is continuing at UKHSA under a standard incident response. 
Case definition: A person presenting since 1 January 2022 with an acute hepatitis which is not due to hepatitis A-E 
viruses, or an expected presentation of metabolic, inherited or genetic, congenital or mechanical cause* with 
serum transaminase greater than 500 IU/L (Aspartate Transaminase AST or Alanine Transaminase -ALT), who is 10 
years old and under. References: 1.Siva, N. Lancet, 2022. 399(10337): p. 1765.2.Chen, Y.H., et al. World J Pediatr, 
2022. 18(8): p. 538-544.3.UKHSA, 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1094573/acu
te-hepatitis-technical-briefing-4.pdf 4.Mendez-Sanchez. and Pal. N. Med Sci Monit, 2022. 28: p. 
e937371.5.Gutierrez Sanchez L.H., et al. N Engl J Med, 2022. 387(7): p. 620-630.6.Gong, K., et al. Front Pharmacol, 
2022. 13: p. 1056385. 
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ABSTRACT: Vinyl chloride (VC) is as an occupational and environmental toxicant known to cause a rare form of 
liver cancer called hemangiosarcoma in industrial workers. Chronic VC exposure at environmentally-relevant levels 
can also exacerbate liver toxicity caused by high fat diet (HFD) feeding in male mice while females appear less 
susceptible. Mechanisms driving these differences require investigation. The objective of the current study is to 
investigate sex-dependent changes in the hepatic transcriptome in VC-exposed mice to identify mechanisms 
including, cancer endpoints, dictating differences in VC-mediated liver toxicity. Male and female C57Bl/6 mice 
were fed low-fat diet (LFD) or HFD and exposed to VC or room air, using an inhalation chamber, for 12 weeks (6 
hours, 5 days/week). Plasma and tissue were collected post euthanasia; liver mRNA was isolated for RNA 
sequencing. Differential expression analysis was performed using Cuffdiff2 for pair-wise comparison (t-test) at 
p≤0.05; q≤0.05. Hepatic gene expression was assessed using RT-PCR. Two-Way ANOVA was performed to 
determine “diet”, and/or “VC” effects; followed by Tukey’s post hoc test. Hepatic transcriptomics demonstrated 
that VC impacted differentially expressed genes (DEGs) to a higher degree in HFD-fed males (715; ↑391,↓324) 
compared to females (39; ↑21,↓18). Similarly, in LFD-fed mice, VC-exposed male mice had a higher number of 
DEGs (82; ↑73,↓9) vs. VC-exposed females (44; ↑17,↓27). Notably, serum amyloid A1 and 2 involved in acute-
phase response, were upregulated in VC+HFD females. Glutathione S-transferase, involved in detoxification of 
electrophilic compounds, including carcinogens, was upregulated in VC+HFD males. While “chemical 
carcinogenesis” was the top pathway identified in both sexes using KEGG enrichment analysis, VC activated 
“hepatocellular carcinoma” pathway only in HFD-fed males, implicating that female mice were somewhat 
protected from this toxicity endpoint. Analysis of selected inflammatory markers demonstrated that HFD-fed male 
mice had increased hepatic mRNA levels of Ccl3, Ccl4, Cxcl2 and Pdcd1 while female mice showed no changes. VC 
exposure led to sex-dependent changes in the hepatic transcriptome with males demonstrating greater sensitivity 
to VC-mediated gene alterations. Differences in VC metabolism and role of sex hormones in combatting 
inflammation could be protective mechanisms in females. Future studies include evaluating sex differences with 
longer-term VC exposures. 
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ABSTRACT: A latent liver condition experienced by an estimated third of adults consuming a Western (American) 
diet, hepatic steatosis, alters native liver metabolism impacting xenobiotic bioactivation/detoxification and may 
alter response sensitivity to chemical insults. Here, we modeled this disease state in a human hepatoma-derived 
cell (HepaRG) culture model to assess the impact of steatosis on chemical toxicity using high-content imaging (HCI) 
approaches. HCI may be used to enhance high-throughput screening efforts to include a pre-existing susceptibility 
affecting a large proportion of our population. We induced steatosis in HepaRG by adding 1 mM 1:2 oleic:palmitic 
free fatty acid to maintenance media for 1 week. Cytochrome P450 (CYP) gene expression measured by RT-qPCR 
(CYPs 1A1, 1A2, 2B6, 2C9, 2E1, 3A4) and metabolic activity measured by LC-MS (CYPs 2B6, 2C19, 3A4) were 
significantly altered in the steatotic culture condition, and elements of these alterations persisted for up to 48 h 
following a return to control maintenance media. Cell viability was determined by Cell Titer Glo (CTG), lactate 
dehydrogenase (LDH) release, and multiplexed fluorometry determined by high content confocal microscopy using 
the Opera Phenix system. Naive and steatotic HepaRG cells were exposed to known mitochondrial hepatotoxicant 
rotenone over a 5-point dose range for 24 or 48 h. Rotenone toxicity (IC50) shifted from a baseline of 0.64 μM to 
0.48 μM in steatotic cells as measured by CTG, from 0.83 μM to 0.57 μM measuring LDH, and 0.80 μM to 0.62 μM 
using cell counts derived from HCI. Additional toxicity measures included probes for cell and nuclear morphology 
(Hoechst33342), evaluations of mitochondrial membrane permeability and potential (TOTO-3, TMRM), and 
reactive oxygen species generation (H2-DCFDA). Additionally, we screened a suite of chemicals with known CYP-
mediated bioactivation, detoxification, or non-impact on hepatotoxicity. Results of this study indicate that we can 
evaluate the impact of a pre-existing health condition on environmental chemical toxicity, which will contribute to 
assessment of health risks in susceptible subpopulations. This abstract does not necessarily reflect EPA policy. 
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ABSTRACT: Gadolinium-based contrast agent (GBCA) enhanced magnetic resonance imaging examinations are 
routine in clinical care. Long-term tissue retention of elemental gadolinium, nephrogenic systemic fibrosis, and 
acute kidney injury are directly linked to GBCA exposures. In addition to being the principal organ of GBCA 
excretion, the kidneys serve as long-term reservoirs for these agents, lending to increased nephrotoxic risk. 
Therefore, it is tantamount to define the nephrotoxicity of gadolinium-based contrast agents. This study aimed at 
identifying the pathogenesis of GBCA-induced renal injury using an in vitro model of renal proximal tubular 
epithelial cells. Mouse renal proximal tubular epithelial cells (MRPTEpiCs) were cultured at a density of 25,000 
cells/cm2 and allowed to reach 70-80% confluence prior to GBCA exposure. Cells were exposed to 2mM 
concentrations of commercially available GBCAs from the two general classes, linear (Omniscan) or macrocyclic 
(Dotarem), for 1 - 24 hrs. Untreated MRPTEpiCs served as negative controls for these studies. Fluorescence-based 
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assays were used to monitor and quantify mitochondrial and lysosomal morphology and function. GBCA exposure 
induced the formation of intracellular reactive oxygen species. Mitochondrial dynamics are disturbed by GBCAs. 
Treatment resulted in fragmentation of the mitochondrial network and decreased mitochondrial membrane 
potential. Linear and macrocyclic GBCAs trigger lysosomal accumulation. Lysosomes from treated cells display an 
enlarged, acidic phenotype. GBCAs induce lysosomal dysfunction characterized by lysosomal membrane 
permeabilization and a decreased capacity for degradation of intracellular substrates. In this study, we show that 
mitochondrial defects and lysosomal dysfunction are characteristic features of gadolinium-based contrast agent-
induced nephrotoxicity. Mitochondrial and lysosomal functions are essential for maintaining cellular homeostasis. 
Lysosomal dysfunction can stagnate the autophagic capacity of cells, manifesting in dysfunctional mitochondrial 
and cell injury. Here, we demonstrate a potential link between mitochondrial and lysosomal dyshomeostasis in 
GBCA-mediated renal injury. 
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ABSTRACT: Polyhexamethylene guanidine phosphate (PHMG-p) induced severe pulmonary fibrosis in Koreans. In a 
previous study of intratracheal instillation of PHMG-p in Wistar rats, Arg1, Lcn2, glutamate and choline were 
suggested as major biomarkers of pulmonary damage. Therefore, we aimed to validate candidate biomarkers for 
diagnosing PHMG-p-induced pulmonary damage through transcriptomics and metabolomic studies using human 
lung epithelial BEAS-2B cells. In this study, to investigate PHMG-p-induced cytotoxicity. IC50 of PHMG-p was 
determined to 15.56 μg/mL in BEAS-2B cells for 24 h incubation. After confirming the cytotoxicity, BEAS-2B cells 
were applied with PHMG-p at 0, 8, 15 μg/mL for 24 h. Next generation sequencing (NGS) was performed for 
transcriptome profiling after mRNA isolation from BEAS-2B cells. And, also metabolomics analysis was performed 
using 1H-NMR. As a result, the mRNA-sequencing revealed 1,881 differentially expressed genes between PHMG-p 
treated and control groups for selecting biomarkers of transcriptomics. A total of 475 DEGs were commonly up-
regulated in both high and low dose groups of PHMG-p whereas 208 DEGs were commonly down-regulated. In 
metabolomics study, 39 metabolites (VIP> 0.5) were determined in BEAS-2B cells of high and low dose groups. 
Among them, 18 metabolites were significant differences compared to the control group. Arg1 and Lcn2, which 
were confirmed in vivo, were not expressed in PHMG-p-treated BEAS-2B cells, and choline was identified as a 
major metabolite of pulmonary damage in vitro and in vivo. Compared to in vivo results, 5 DEGs (IL-13, Fos, Jun, 
Serpina1, Adrb2) were specifically expressed in BEAS-2B cells, and 8 metabolites (succinate, fumarate, glutamine, 
taurine, valine, 3-hydroxybutyrate, cysteine, 1-methylnicotinamide) excluding choline were identified as major 
metabolites. Top GOBPs related with the shared up- and down-regulated DEGs included MAPK signaling pathway, 
apoptosis, IL-17 signaling pathway, Th1 and Th2 cell differentiation. As a result of pathway analysis on metabolites, 
aminoacyl-tRNA biosynthesis, alanine, aspartate and glutamate metabolism, valine, leucine and isoleucine 
biosynthesis, taurine and hypotaurine metabolism, and arginine biosynthesis were associated with metabolic 
pathways. In addition, the following pathways were associated with DEGs and metabolites as main regulators of 
cell damage of PHMG-p: cytokine-cytokine receptor interaction, MAPK signaling pathway, IL-17 signaling pathway, 
Th17 cell differentiation, necroptosis, PI3K-Akt signaling pathway, TNF signaling pathway, apoptosis. Overall, it was 
suggested that the genes and endogenous metabolites presented above can provide valuable information on key 
factors and molecular mechanisms for PHMG-p-induced damage to BEAS-2B cells. 
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ABSTRACT: The plant Picralima nitida is used in traditional medicine for the treatment and management of 
malaria, abscesses, hepatitis, pneumonia, diabetes, and hypertension. Developmental exposure to sub-lethal levels 
of toxins may alter or degrade physiological and behavioral mechanisms in a quantitative manner. Examples 
include effects of low doses of lead on behavior in fruit flies, lead effects on cognitive function in people. This study 
was proposed to investigate the Modulatory ability of Picralima nitida on selected essential trace metals; zinc, 
copper, selenium in Drosophila melanogaster exposed to Lead. For the survival study a total of 50 Drosophila 
melanogaster in triplicates were divided into 9 groups (I-IX), for the biochemical assay a total number of 50 
Drosophila melanogaster in five (5) replicates were divided into 9 groups (I-IX). Group I was used as control and 
was fed with normal standard meal with water only, Group II was fed 0.25mg/dL Lead acetate , Group III was fed 
1mg/dL Lead acetate, Group IV was fed 10mg/kg Picralima nitida , Group V was fed with 100mg/kg Picralima nitida 
meal, Group VI was fed 0.25mg/dL Lead acetate and 10mg/kg Picralima nitida, Group VII was fed 1mg/dL Lead 
acetate and 10mg/kg Picralima nitida, Group VIII was fed 0.25mg/dL Lead acetate and 100mg/kg Picralima nitida, 
Group IX was fed 1mg/dL Lead acetate and 100mg/kg Picralima nitida. A daily count for mortality rate was 
recorded and after 14 days the number of flies that survived was recorded and a survival curve was drawn from 
the values obtained. Afterwards, the flies for biochemical assay were processed; the flies from each group were 
homogenized, centrifuged and the supernatant was used for the assay of Zinc, Copper, Selenium using the 
Inductively Coupled Plasma Mass Spectrometry (ICP-MS) method. Data generated was analyzed using appropriate 
statistical tools. The results obtained showed that Lead at various concentrations caused significantly lower levels 
of the selected essential metals (Zinc, Copper and Selenium) in Drosophila melanogaster. While Picralima nitida, 
had modulatory effects on all the various selected essential metals at 100mg/kg in Lead induced toxicity in 
Drosophila melanogaster. The levels of Zinc (r= -0.084; p<0.050), Copper (r= -0.45; p< 0.001) and Selenium (r= -
0.0969; p<0.050) correlated negatively with Lead acetate. The various concentrations of Lead acetate and 
Picralima nitida reduced the survival rate as control had the highest survival rate. Exposure of Drosophila 
melanogaster to Lead caused toxicity, which was Dose-dependent and Picralima nitida was able to modulate the 
toxic effect of Lead on the Drosophila melanogaster. 
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ABSTRACT: To study the complex processes involved in liver injuries, researchers rely on animal investigations, 
using chemically or surgically induced liver injuries, to extrapolate findings and infer human health risks. However, 
this presents obvious challenges in performing a detailed comparison and validation between the highly controlled 
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animal models and development of liver injuries in humans. Furthermore, it is not clear whether there are species-
dependent and -independent molecular initiating events or processes that cause liver injury before they eventually 
lead to end-stage liver disease. Here, we present a side-by-side study of rats and guinea pigs using thioacetamide 
to examine the similarities between early molecular initiating events during an acute-phase liver injury. We 
exposed Sprague Dawley rats and Hartley guinea pigs to a single dose of 25 or 100 mg/kg thioacetamide and 
collected blood plasma for metabolomic analysis and liver tissue for RNA-sequencing. The subsequent 
toxicogenomic analysis identified consistent liver injury trends in both genomic and metabolomic data within 24 
and 33 h after thioacetamide exposure in rats and guinea pigs, respectively. In particular, we found species 
similarities in the key injury phenotypes of inflammation and fibrogenesis in our gene module analysis for liver 
injury phenotypes. We identified expression of several common genes (e.g., SPP1, TNSF18, SERPINE1, CLDN4, 
TIMP1, CD44, and LGALS3), activation of injury-specific KEGG pathways, and alteration of plasma metabolites 
involved in amino acid and bile acid metabolism as some of the key molecular processes that changed early upon 
thioacetamide exposure and could play a major role in the initiation of acute liver injury. 
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ABSTRACT: Metabolomics holds great promise in advancing our ability to evaluate the exposome. The exposome is 
usually framed as encompassing the totality of one’s environmental exposures across the lifespan. Environmental 
exposures may be highly variable, complex, and dynamic over a lifetime; hence addressing the exposome remains 
a daunting challenge. Metabolomics can now assess some 9,000+ small molecules (e. g. amino acids, 
carbohydrates, lipids). Some of which may be affected by environmental exposures and may provide a biological 
fingerprint of exposures negatively affecting health. Metabolomics may include targets (metabolites) for 
interaction with environmental agents, e.g. products of a reaction between a xenobiotic and a small molecule, 
metabolic products resulting from xenobiotic biotransformation, or products resulting from a xenobiotic-altered 
physiology. Metabolomics can also provide additional information regarding dietary habits, health status, personal 
behaviors, or geographic influences. Integrating these interactions into a comprehensive assessment of the health 
impacts of environmental exposures is key to advancing environmental health sciences. We commenced an 
evaluation of the serum metabolome in 336 pregnant women who are enrolled in the Caribbean Consortium for 
Research in Environmental and Occupational Health (CCREOH) cohort study in Suriname, South America. CCREOH 
is examining the effects of environmental exposures to heavy metals, essential elements, and pesticides on 
maternal and child health including birth outcomes and children’s neurodevelopment. The metabololomics 
analyses were obtained through the NIEHS HHEAR program. Thus far, we are finding significant regional 
differences in the metabolome among these women that likely reflect differences in the diet-and, behaviors, and 
possibly in environmental exposures. There are also significant differences in the metabolome across gestation 
when comparing earlier pregnancy with late pregnancy. For example, in the interior study region, pregnant women 
have significantly higher concentrations of a plant-derived steroid, diosgenin, during the late first/early second 
trimester when compared to the third trimester. This suggests either dietary or pharmacological differences across 
gestation which may interact with environmental exposures. While consumption of contaminated freshwater fish 
in this region of Suriname largely drives exposure to mercury (Hg) in these pregnant women, the use of certain 
personal care products along with gold processing, may be associated with high Hg exposures in the urbanized, 
densely populated capital, Paramaribo. Pregnant women in the capital have significantly higher concentrations of a 
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paraben compound and a benzoate compound which may be found in certain cosmetics. The presentation will 
focus on our preliminary analyses of the metabolomic data in this racially and ethnically diverse CCREOH cohort. 
Analyses are underway investigating metabolites associated with environmental exposures as well as metabolomic 
profiles associated with poor birth outcomes and adverse maternal-child health outcomes. 

 
ABSTRACT NUMBER: 5123 Poster Board Number: P224 
TITLE: Characterization of Influential Factors in Determining the Biotransformation of Styrene and Ethylbenzene 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Lin, V. Morozov, P. Schlosser, and C. Cai. US EPA, 
Washington, DC. 
 
KEYWORDS: Metabolism; Metabolic Activation; Biomonitoring; Biotransformation; Ethylbenzene and Styrene 

ABSTRACT: Exposure to styrene and its manufacturing precursor, ethylbenzene, has been associated with a variety 
of toxic effects (e.g., immunotoxicity). Despite rodent evidence suggesting that oxidative metabolites of styrene 
and ethylbenzene are critical to their chemical toxicity, relevant human toxicokinetic data are limited. To identify 
key factors in the metabolic profiles of styrene and ethylbenzene in US adults. The data were obtained from 2,644 
subjects aged 18-79 years with valid measurements of blood and urine samples to assess the metabolic 
biotransformation of styrene and ethylbenzene in the National Health and Nutrition Examination Survey 2005-
2006. Chemical exposure was assessed by measured concentrations of ethylbenzene and styrene in blood, 
whereas urinary mandelic acid (MA) and phenylglyoxylic acid (PGA), two major metabolites of both chemicals, 
were used to assess metabolic toxicokinetics. Physiologic and sociodemographic factors including age, gender, 
race, body mass index, socioeconomic status, liver function (assessed by serum levels of alanine aminotransferase 
and aspartate aminotransferase), kidney function, and smoking (assessed by serum cotinine), are accordingly 
examined by the multivariate regression model. Logarithmic transformations were applied when necessary. 
Although urinary MA and PGA were significantly associated with both styrene and ethylbenzene levels in the 
blood, the relationship between urine MA and blood styrene is slightly stronger while urinary PGA is more closely 
related to ethylbenzene as compared to its counterpart. This suggests that differences in the metabolic pathways 
of styrene and ethylbenzene result in different proportions of urinary MA and PGA. Of factors examined in the 
current analysis, gender, age, and body composition are most influential in determining the levels of urinary 
biomarkers. For instance, the levels of urine MA and PGA tended to be higher in males than females after adjusting 
for other covariates (20 and 25%, respectively). The current work suggests that one may need to incorporate 
population variation in the toxicokinetics of chemicals into consideration while assessing their hazards potential. 
Further research (e.g., toxicokinetic modeling) would be informative to confirm our findings. A better 
understanding of the key determinants in the biotransformation of styrene and ethylbenzene could further 
improve chemical risk assessment. 
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ABSTRACT: Ethylene is present in the exhaled breath samples of rodents and humans. It is likely that one-electron 
oxidation of methionine (Met) and/or 2-keto-4-methylthiobutyric acid (KTBA) is responsible for ethylene formation 
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in vivo; however, the precise nature of the radical oxidant is largely unknown. Studies in vitro have shown that 
various types of oxy radicals, including HO•, RO•, HOO•, ROO•, and RC(=O)O• can oxidize Met, KTBA, and methional 
resulting in the formation of ethylene. A recent addition to this list is the peroxy isomer of nitric acid, 
peroxynitrous acid (ONOOH; pKa ≈ 6.2; ONOOH and its anion, ONOO¯ are collectively referred to as peroxynitrite 
or PN). Before the discovery of the role of CO2 in PN oxidations, it was postulated that a metastable intermediate 
of ONOOH (ONOOH*) on its way to isomerization to HNO3 is responsible for ethylene production in the PN-Met 
reaction. Based on recent advances in the field of PN, we reason that the elusive ONOO* species could be the 
carbonate radical (CO3•¯), •NO2, or a combination of both. With this premise, we have examined the ethylene 
production in reactions of Met (1 mM), KTBA (1 mM), and selenomethionine (MetSe; 1 mM) with peroxynitrite (1 
mM) performed in the absence or presence of added HCO3¯ (20 mM) at pH≈ 7.2. The reactions (final volume: 4 mL 
each) were performed in sealed vials of 20 mL capacity (capped with Teflon septa). The headspace samples (1 mL 
each) were analyzed for ethylene by GC/FID. It was found that the ethylene yields were essentially the same for a 
given reactant (KTBA, Met, or MetSe) whether or not the reactions were performed with added HCO3¯. However, 
for a given concentration of PN, on a relative scale with KTBA (100%), the yields of ethylene were substantially 
lower for Met (14%) and MetSe (<1%). As expected, in all control reactions where decomposed PN was employed 
as an oxidant, there was no detectable formation of ethylene. Having established the optimal conditions for 
ethylene production, we then examined the effects of ABTS (5 mM; a typical 1-e¯ donor) and 4-hydroxyphenyl 
acetic acid (4-HPA; 5 mM; 1-e¯ and/or 2-e¯ donor), added individually or in combinations, on the PN (± added 
HCO3¯)-KTBA reactions. It was found that, in the absence of added HCO3¯, there was a substantial inhibition of 
ethylene production (87%, 66%, and 91% for ABTS, 4-HPA, and ABTS plus 4-HPA, respectively). The extent of 
inhibition was somewhat similar for reactions carried out with added HCO3¯ (98%, 64%, and 98% for ABTS, 4-HPA, 
and ABTS plus 4-HPA, respectively). All these observations point toward the involvement of CO3•¯ as the lead 1-
electron oxidant responsible for producing ethylene in the PN (± added HCO3¯) reactions, we sought further 
confirmation by examining the effects of propanal (40 mM; a C3-aldehyde) as a surrogate for CO2 in the PN-KTBA 
reactions. It was found that propanal inhibits ethylene production by 88%, meaning that the intermediates of the 
ONOO¯-propanal reaction are least efficient in carrying out the 1-electron oxidation of KTBA. Taken together, the 
results presented here suggest that the elusive HOONO* could be CO3•¯ (E = 1.59V for CO3•¯/CO32¯) which fits the 
original description of an oxidant similar in reactivity to that of HO• (E = 2.80V for HO•/HO¯) but is more selective in 
mediating 1-e¯-oxidation of biological target molecules. 
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ABSTRACT: Prolonged (high) exposure to certain pharmaceuticals and agriculture chemicals, may lead in disruption 
of the hypothalamic-pituitary-thyroid (HPT) axis leading to thyroid toxicity. Disruption of the HPT is manifested in 
alterations of TSH, T4 and/or T3 levels. The quantitative relationships between thyroid hormone levels and thyroid 
toxicity is investigated by means of a Quantitative Systems Toxicology (QST) model developed to support thyroid 
toxicity assessment in rat and human. The QST model comprises physiologically based kinetics (PBK) models for T3, 
T4 and TSH running in PK-Sim®. The PBK models for individual hormones were then extended in MoBi® (PK-Sim® 
and MoBi® are part of www.open-systems-pharmacology.org (OSP Suite)) to include known regulatory feedback 
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and interconversions between the thyroid hormones. Structurally compatible models were developed in parallel 
for rat and human and parameterized to reproduce species-specific changes in thyroid hormone levels after 
administration of thyroid-disrupting chemicals (TDCs). The QST model results adequately capture T3, T4 and TSH 
baseline levels and their kinetics in both rat and human. The QST model adequately recapitulates dose and time-
dependent decreases in T3 and T4 levels and the compensatory increase in TSH levels after administration of the 
direct-acting TDCs methimazole (MMI) and propylthiouracil (PTU) to both species. Furthermore, the model 
adequately captures the gradual decrease in T4 levels and the peak in T3 levels after a switch from PTU to MMI 
administration in human patients based on MMI and PTU in vitro IC50 values for T3/T4 synthesis inhibition. The 
model also recapitulates a change in thyroid hormone levels caused by indirect TDCs, namely an increase in T4 
clearance in a rat model as observed after phenobarbital administration which led to a decrease in simulated T4 
concentration and a compensatory increase in simulated TSH concentrations as seen in rats. The QST model 
adequately reproduces published literature data for thyroid hormone baseline levels and kinetics as well as thyroid 
hormone changes in the presence of perturbators of the HPT axis. The model enables the quantitative evaluation 
of changes in thyroid hormone levels induced by novel disruptors of the HPT axis based on known modes of action, 
in vitro potency data and pharmacokinetic properties of TDCs. The availability of structurally compatible models 
for rats and human enables the validation of model predictions for TDCs mediated changes in thyroid hormone 
levels in vivo. The model has been published as an open-source modeling and simulation resource of the OSP 
community on the GitHub website (https://github.com/Open-Systems-Pharmacology/Thyroid-Hormones-PB-QSP-
Model). The model is documented and free for use by the scientific community for review and further 
development. 
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ABSTRACT: Chlorine gas (Cl2) is a versatile, corrosive species that is widely used as a chemical precursor, 
disinfectant, and weapon. While mass exposure events, whether accidental, occupational, or in warfare settings, 
have been commonly described over the last century, few treatments exist. Cl2 is known to directly damage lungs 
upon inhalation, potentially causing acute lung injury (ALI), reactive airway syndrome (RAS), and/or acute 
respiratory distress syndrome (ARDS), yet the underlying pathways of systemic inflammation of poorly understood. 
Further, while the discrete effects of inhalational Cl2 have been described in various organs (e.g. heart, kidneys), an 
integrated organ map has not been defined previously. The goal of this study was to identify acute changes in 
respiratory parameters induced by inhalational Cl2 and identify target organs affected by Cl2 following exposure. 
SKH-1 mice, a hairless yet immunocompetent strain, were used as they are ideal for inflammation imaging. All 
animal studies were approved by United States Army Medical Research and Development Command Animal Care 
and Use Review Office (USAMRDC ACURO). Animals were exposed to Cl2 diluted with “ultra zero” grade air 
(Matheson Gas) for 10 minutes in a Buxco Whole-Body Plethysmography system using an up-down procedure to 
determine lethality while limiting animal numbers. After LD50 curve determination, animals were administered 
LD10 Cl2 then imaged at 6- or 24- hours post-exposure using an IVIS Spectrum with near infrared (NIR) dyes serving 
as indicators of perfusion, vascular permeability, local pH microenvironment, and the overall inflammatory 
signaling cascade, such as macrophage and granulocyte activity. Immediately following whole body imaging, 
necropsied organs were imaged separately for residual NIR signal where it was determined that lungs and kidneys 
showed the highest signals across all dyes, with evidence of inflammation in the spleen and heart as well. The 
impact of this research is to better inform the systemic impacts of inhalational Cl2-induced inflammation. 
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Additionally, by exploring the multiorgan impacts of exposure of a classic inflammogen with in vivo imaging, we 
examine the diagnostic capabilities of selective dyes for future toxicological assessments. 

 
ABSTRACT NUMBER: 5127 Poster Board Number: P228 
TITLE: Physiologically Based Kinetic Models for Bird Species 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. Schaller1, V. Baier1, A. Paini1, C. G. Scanes2,  
A. J. Bone3, M. Ebeling4, T. G. Preuss4, J. Witt4, and D. Heckmann4. 1esqLABS GmbH, Saterland, Germany; 2University 
of Arkansas, Arkansas, AZ; 3Bayer Crop Science, Chesterfield, MO; and 4Bayer Crop Science, Monheim am Rhein, 
Germany. 
 
KEYWORDS: Physiologically Based Pharmacokinetics; Environmental Toxicology; Exposure, Environmental; Next 
Generation Risk Assessment; Fluopyram 

ABSTRACT: Physiologically based kinetic (PBK) models play a pivotal role in the design of toxicological studies and 
in extrapolations to inform hazard characterization in chemical risk assessment. Toxicity testing in birds is a 
requirement for pesticide registration by regulatory authorities (Regulation (EC) No 1107/2009), and PBK models 
can interpret such toxicity data in the context of field conditions. PBK models represent the body as a network of 
compartments linked via blood flow. Exposure and adsorption, distribution, metabolism, and excretion (ADME) 
processes are simulated through ordinary differential equations (ODE), allowing for the simulation of time-
concentration curves in target organs. The present work aimed to develop a generic avian PBK model, following a 
“best practice” workflow, using PK-Sim and MoBi from the Open Systems Pharmacology Suite (OSPS). The generic 
avian PBK model includes an ovulation model (egg development) to predict concentrations of chemicals in the egg 
from dietary exposure. The model was then parametrized using the physiological data of male and female birds for 
the three bird species, chicken (Gallus gallus), duck (Anas platyrhynchos), and bobwhite quail (Colinus virginianus). 
The model was applied to predict concentrations in tissue and egg of ten chemicals for which in vivo studies were 
available for model validation: chloramphenicol, deltamethrin, florfenicol, ivermectin, melamine, midazolam, 
monensin, itraconazole, salinomycin and fluopyram (FLU). The model was then used to investigate egg 
concentrations in non-constant exposure scenarios for FLU, e.g., using a pulse exposure based on the dissipation 
half-life (DT50) derived from insect residue data. Due to the dose-linearity of the model kinetics, the results show a 
proportional increase with the applied dose. Comparing the overall behavior among the species using predicted 
constant and pulse scenarios showed that the metabolite FLU-benzamide has a similar ADME behavior across the 
two bird species, chicken and bobwhite quail. Minor toxicokinetics differences can be noted between the bird 
species, e.g., slightly faster clearance kinetics in the quail. Species-specific differences in physiology (specific blood 
flow rates, organ volumes, etc.) governing absorption and distribution are the reason for these differences since 
the metabolisation rate in the quail is similarly blood flow-limited as in the chicken. The impact of uncertainty in 
biochemical and physiological input parameters (lipophilicity, clearance, and blood flow rates) was tested for 
sensitivity on the simulated FLU-benzamide exposure in the egg and plasma concentrations. The most sensitive 
parameters were renal clearance, lipophilicity, and the fraction unbound in plasma. All these parameters directly 
impact the distribution and clearance of FLU and its metabolite. Finally, the model's overall performance was 
evaluated, and 96% of the simulated data points fell within the 3-fold range of the observed data. The PBK model 
predictions are relevant for assessing concentrations that could negatively affect the bird's reproductive 
performance and offspring. 
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ABSTRACT: Mesenchymal stem cells (MSCs) are multipotent stem cells responsible for growing and repairing 
tissues which play a key role in wound healing and regeneration. Wound healing can be considerably slowed down 
when a bacterial biofilm is formed and antibiotic treatment is not always effective enough due to the rising 
antibiotic resistance. Metal nanoparticles (NP) have been studied for their antimicrobial properties and are 
potential candidates for alternative antibiotics. The intentional combination of antimicrobial NP and MSCs should 
suppress bacterial growth but may result in damage or changes of the stem cells thus a thorough investigation of 
toxicity is needed. In our study, we chose commercially available metal nanoparticles (NP), namely Ag (n. 484059; 
<150 nm, Sigma-Aldrich, USA), ZnO (NM110; 70-90 nm, JRC Nanomaterials Repository) and CuO (n. 544868; <50 
nm, Sigma-Aldrich, USA) with potential antimicrobial properties to study their effects on mouse MSCs. We exposed 
mouse MSCs for 4, 24 and 48 hours to Ag NP (1.5, 3.125, 6.25 µg/ml); ZnO NP (0.75, 1.5, 3.125 µg/ml) and CuO NP 
(0.2, 0.3, 0.4 µg/ml); all concentrations are based on cytotoxicity data (WST-1 assay). For each timepoint and 
concentration, NP characterization (Dynamic light scattering), reactive oxygen species (ROS) production and lipid 
peroxidation (15-F2t-isoprostane), genotoxicity (Comet assay, micronucleus assay), induction of apoptosis 
(expression of pro-apoptotic Bax and an anti-apoptotic Bcl2), changes of the cell cycle (flow cytometry) were 
measured. NP internalization in the MSCs was confirmed by transmission electron microscopy. The highest toxicity 
was observed for CuO NP, followed by ZnO and Ag NP (final concentrations were chosen as non-toxic based on 
cytotoxicity results). ROS levels showed a relatively weak response for all the NP, with significant results observed 
after exposure to Ag NP (the 24h and 48h treatment) and CuO NP (the 4h and 24h). Induction of apoptosis was 
observed after all exposure times for all tested NP even at non-toxic concentrations (Ag > CuO > ZnO) except for 
the lowest one. Similar results were observed for lipid peroxidation. DNA fragmentation and oxidation measured 
by Comet assay were highest for Ag NP (significant increase was detected for all but one of the exposure 
conditions) and ZnO NP had a very limited effect. NP exposure had minimal impact on frequency of micronuclei. 
Analysis of the cell cycle showed the most significant effect of Ag NP exposure (all tested concentrations, 4 and 24 
h) but after 24 h, all tested NP significantly altered the cell cycle (Ag > CuO > ZnO). In summary, Ag NP had the 
most pronounced adverse impacts of NP on MSCs (induction of apoptosis, ROS production, lipid peroxidation, DNA 
fragmentation and oxidation, cell cycle alterations) even at non-toxic concentrations. As all tested NP induced 
numerous adverse changes in MSCs, these results should be taken into consideration when planning the use of NP 
in medical applications where MSC are involved. This work was supported by the grant of the Czech Science 
Foundation (21-17720S). 
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ABSTRACT: Many electronic cigarette (EC) fluids contain high concentrations of flavor chemicals, including 
menthol. Little direct work has been done on the effects of menthol on human embryos in women who vape 
during pregnancy. We have used human embryonic stem cells (hESCs), which model the epiblast stage of 
development, to study the effects of menthol on early postimplantation development. Menthol, one of the most 
commonly used flavor chemicals in ECs, activates TRP (transient-receptor-potential) channels, which we have 
previously shown are present in hESCs. A Ca2+ influx assay was performed to determine if menthol activated the 
TRPA1 and TRPM8 channels in hESCs. Calcium was measured in Fluo-8 loaded H9 hESCs growing in 96-well black 
plates, and fluorescence was analyzed using a Synergy HTX multi-mode reader. Cytosolic Ca2+ increased dose-
dependently following exposure to menthol. Menthol at nM concentrations rapidly induced an increase in 
intracellular Ca2+, which was blocked by a TRPA1 inhibitor (AM0902). TRPM8 channels did not respond to menthol 
at nM concentrations. However, µM concentrations of menthol (19.2-640 µM) induced an increase in intracellular 
calcium, and this increase was blocked by a TRPM8 inhibitor (TC-I-2014). Micromolar concentrations of menthol 
also inhibited mitochondrial reductase activity in MTT assays, and this effect was reversed by inhibitors of both 
TRPA1 and TRPM8 channels. To determine if activation of TRP channels by menthol affected hESC growth, time-
lapse data were collected in a Nikon BioStation CT every 6 hours using 3×3 tiling. StemCellQC software was used to 
extract growth features from the time-lapse data. High nanomolar concentrations of menthol had decreased hESC 
growth, while all tested µM concentrations inhibited the increase in colony area during 48 hours of in vitro 
incubation. The TRPA1 and the TRPM8 inhibitors reversed the effect of µM menthol and restored the colony area 
to that of the untreated controls. hESCs were treated with µM menthol for 48 hours, then evaluated using a Magic 
Red® Caspase-3/7 Assay Kit, which showed elevated fluorescence in menthol-treated colonies, indicative of 
increased apoptosis. These data were confirmed with an apoptosis assay using StemCellQC software 
(Brightness/Total Area ratio). Proliferation was studied using a Ki-67 antibody in H9 cells treated with µM 
concentrations of menthol, and no significant effect on proliferation was observed. Given the high concentrations 
of menthol in EC fluids and the very low concentrations that induce Ca2+ influx and apoptosis through TRP channels 
in hESCs, it is likely that human embryos would be affected by menthol in pregnant women who vape. The use of 
ECs by pregnant women should be discouraged until the effects of flavor chemicals on their embryos are fully 
understood. 
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ABSTRACT: Stem cell therapy for ischemic heart disease (IHD) becomes a promising approach to the treatment of 
the globally most mortality disease. One of the stem cell delivery systems is a bio-patch, in which stem cells are 
engulfed in a hydrogel or likewise gel sphere structure, then assembled to an acellular patch – formation of a bio-
patch. To adhere the bio-patch to the specific ischemic heart tissue, a biologically compatible adhesive is required. 
Octyl-cyanoacrylate (OCA) is an FDA-approved adhesive. It is a fascinating bio-glue due to its rapid polymerization 
action and simple curing mechanism when attached to moist surface. We propose to use OCA as a bio-adhesive for 
the bio-patch that we produced specifically for the treatment of ischemic heart disease. However, it is important 
to evaluate the toxicological effects of OCA on stem cells before the bio-patch can be applied to the treatment of 
IHD. The cytotoxicity of three different sources of OCAs adipose-derived multipotent stromal cells (ADSCs) at 
different concentrations were evaluated under three conditions: First, OCAs were directly added to ADSCs 
cultures; second, OCAs were mixed with ADSC engulfed hydrogel microspheres, and third, OCAs were added to the 
final bio-patch. The changes in morphology, proliferation, and viability of the cultured cells or the cells released 
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from the microspheres or bio-patch were examined along with their trilineage differentiation evaluation as indices 
for cytotoxicity. For cells treated directly with OCAs in cultures, OCA at concentrations below 14.3 μmol did not 
affect the morphology, proliferation, and viability of the tested cells. Different sources of OCAs displayed variable 
adverse effects on the cells, but overall, the concentration over 23.4 μmol showed a significant cytotoxic effect 
regardless of the sources. Furthermore, it was also observed that OCA at its concentration of 4.8 μmol did not alter 
the trilineage differentiations of ADSCs. For the effect of OCAs on cells engulfed in microspheres, it was also found 
that 4.8 μmol is the optimal concentration that did not cause any cytotoxic effects, even for a long-term testing for 
14 days. Under this condition (4.8 μmol), the adhesive capacity of OCA for the bio-patch was well maintained. In 
comparison to the cells released from the untreated spheres (before assembled to the acellular patch) the 
proliferative capacity of cells released from the bio-patch was well maintained at different times in cultures for 5 
days. The results indicate that an optimal formulation of OCA (obtained from Dermabond@ or LiquiBrand@) at 4.8 
μmol is possible for the use as a bioadhesive for ADSCs in bio-patch. With the aid of this bioadhesive, the bio-patch 
is thus highly feasible for therapeutic application for IHD. 
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ABSTRACT: Cardiovascular disease is the leading cause of death in the US, and environmental factors play an 
important role in the etiology. Elevated lead (Pb) exposure is associated with cardiovascular disease-related 
mortality, but the underlying mechanisms are unclear. One potential mechanism by which Pb may alter cardiac 
function is by disrupting calcium handling in cardiomyocytes, an essential process for maintaining optimal function 
of the heart. We investigated the cardiotoxic effects of Pb by exposing human induced pluripotent stem cell 
(hiPSC)-derived cardiomyocytes to Pb acetate at concentrations between 0.05 µM and 500 µM either acutely (30 
minutes) or sub-chronically (72 hours). In the sub-chronic study, we investigated the effects of Pb in a standard 
culture medium (RPMI B27+) or a glucose-deficient ischemic medium (CDML3) to assess whether Pb exposure 
exacerbates the effects of stress. Media was refreshed every 24 hours. hiPSCs were cultured and differentiated 
into cardiomyocytes. Cardiomyocytes were isolated from the differentiation and plated at 75,000 cells per well in a 
96-well plate on a proprietary extracellular matrix. The calcium-dependent fluorescent dye Calbryte was used for 
optical mapping to study cardiomyocyte electrophysiology. Whole well, 10-second recordings of the 
cardiomyocytes were collected using a high-speed CCD camera at 200fps. Statistical analysis was conducted using a 
one-way ANOVA and Tukey’s posthoc analysis. In the acute exposure study, there was a significant decrease in the 
calcium transient amplitude and upstroke slope at 0.10 µM and 0.50 µM. No other concentration was significantly 
different than the control. Linear regression of doses, excluding the vehicle control, demonstrated a significant 
dose-dependent increase in both amplitude and upstroke slope. In the sub-chronic study, cardiomyocytes in RPMI 
exposed to between 50 µM and 500 µM Pb on average had a significant decrease of the baseline fluorescence, an 
increase in amplitude, an increase in upstroke slope, and changes in the conduction velocity. Cardiomyocytes 
maintained in the glucose-deficient medium and exposed to Pb were found to have similar effects at an even 
lower concentration of 10 µM. Additionally, significant impacts on the beat frequency and calcium transient 
durations were only measured in the Pb and glucose-deficient CDML3 group. All the cardiomyocyte monolayers in 
the CDML3 media exposed to 500µM Pb had arrhythmias. This effect was not observed in the equimolar RPMI 
group. These results show that Pb acetate exposure to cardiomyocytes alters calcium handling. Pb exposure and 
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metabolic stress may synergize to adversely affect cardiac function. Future studies will focus on determining the 
molecular mechanism(s) underlying these effects. 

 
ABSTRACT NUMBER: 5132 Poster Board Number: P233 
TITLE: Bisphenol S, Not -A, Impact Soluble Epoxide Hydrolase Activity in Young Adults 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. M. dos Santos1, T. Kennedy2, M. Antill2, H. Kim3, and 
J. Dechant1. 1University of Pittsburgh, Pittsburgh, PA; 2Fairmont State University, Fairmont, WV; and 3Detroit R&D 
Inc., Detroit, MI. 
 
KEYWORDS: Endocrine Disruptors; Endocrine; Estrogens; Cardiovascular System 

ABSTRACT: Increased levels of bisphenol-A and -S (BPA and BPS) in human specimens have been linked to an 
increase in risk factors for cardiovascular diseases such as hypertension, however, the mechanism for this adverse 
health condition is unclear. Increase in 14,15-dihydroxyeicosatrienoic (14,15-DHET), a metabolite of soluble 
epoxide hydrolase (she)-mediated metabolism of 14,15-epoxyeicosatrienoic acids, is involved in increasing blood 
pressure in several pathological conditions including pre-eclampsia. This project aims to analyze if levels of 14,15-
DHET and blood pressure are associated with BPA and BPS in healthy non-hypertensive adults. Urine of young 
adults (20-23 years old, n=40) was treated with glucuronidase and levels of total BPA, BPS, 14,15-DHET and 
creatinine were measured by ELISA assay. Blood pressure, lipid profile, blood glucose, and percentage of skeletal 
muscle and fat were also assessed. Urinary levels of BPS, not BPA, normalized by creatinine were positively 
associated with 14,15-DHET (r=0.51, r=0.08 respectively, P<0.05). Further association of variables to either BPA or 
BPS were not detected. The results of the present study indicate that BPS, the immediate replacement of BPA, 
could affect blood pressure by activatishesEH and increasing 14,15-DHET even when subject does not present with 
increased blood pressure. Therefore, pharmacological strategies targsheng sEH could be a valuable strategy to 
control the adverse effect of BPS on human health. 
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ABSTRACT: Cardiovascular (CV) diseases are the leading cause of death worldwide, with air pollution, smoking, and 
metabolic syndrome being major causes. These toxic insults to vasculature commonly drive “failure modes” such 
as dysregulated vasoactivity or coagulopathy, inflammation and atherosclerosis that lead, in turn, to heart attack, 
heart failure and stroke. Known or suspected CV toxicants were tested for effects on cultured human endothelial 
cells to uncover mechanisms by which these toxicants trigger failure modes. We tested drugs (raloxifene, 
etonogestrel, ethinyl estradiol, axitinib and ephedra), industrial chemicals (bisphenol A, perfluorohexanoic acid, 
chlorpyrifos, triphenyl phosphate, and sodium arsenite), and air pollutants (allylamine/acrolein, benzo(a)pyrene, 
dicoumarol, benzoquinone, hydroquinone, and catechol) for vascular toxicity. RNA sequencing and cytokine 
profiling of treated endothelial cells implicated stress pathways including: oxidative stress, Endoplasmic Reticulum 
(ER) Stress, DNA damage/p53, hormone disruption, innate immune activation, Aryl Hydrocarbon Receptor, and 
NFkB pathways. In turn, dysregulated pathways and cytokine effectors implicated CV failure modes including 
coagulopathy, inflammation, and endothelial stress leading to atherosclerosis. Identifying and understanding 
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mechanisms of vascular toxicity is a first step to decreasing toxicant exposures and protecting vulnerable people 
from CV diseases. 
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ABSTRACT: Social housing of laboratory animals continues to be at the forefront of animal welfare enhancement. 
Technological advancements and procedural refinements permit the collection of telemetric electrocardiograms 
(ECG’s) within a socially housed environment for both jacketed and implanted (IMP) modalities. However, 
restrained snapshot (SS) ECG’s are the most commonly employed method within the toxicology arena, followed by 
jacketed external telemetry (JET), and IMP telemetry. While advancements afford socialization for all modalities, 
do these refinements offer the same sensitivity of detection? The objective of this investigation was to determine 
if social housing of non-human primates during JET collection provides the same sensitivity as data collected during 
individual housing. This evaluation utilized a known positive control drug, moxifloxacin (moxi), to exhibit delayed 
ventricular repolarization. Data sensitivity of SS and JET modalities were compared against concurrently acquired 
IMP telemetry within the same subjects, under both housing conditions. Five non-naïve male cynomolgus monkeys 
were previously implanted with telemetry devices and were acclimated to jackets, for JET collection. The study was 
conducted in two separate phases; Phase 1 = socially housed subjects, with vehicle and moxi (30 mg/kg; 5 mL/kg) 
dosed orally in an ascending treatment order; Phase 2 = individually housed subjects, same treatment and dosing 
regimen. Within each phase of the study, SS data were collected predose and at 4-hours postdosing, correlating to 
the anticipated Tmax. The data were analyzed using a chimeric matching scheme, with an automated pattern 
recognition software. Templates were selected and reviewed by trained ECG data analysts. Final analyses were 
reviewed for appropriate fiduciary mark placement in alignment with recommended approaches outlined in the 
ICH S7B/E14 Q&A’s. Due to environmental disturbances at the 4-hour time point, socially and individually housed 
data were averaged among each collection modality for comparison of sensitivity. Average QTcB prolongation (or 
shortening) was -13.1, +24.5, and +7.6 msec, for JET, SS, and IMP modalities, respectively. The degree of variability 
among all collection modalities correlated to increased activity and reduced signal quality at this timepoint, 
resulting from motion artifact and excessive noise due to handling for SS ECGs. Ranking of signal quality was 
defined by the % of waveforms matching user specified templates versus the total waveform count, and ranked at 
51.2%, 16.5%, and 69.2%, for JET, SS, and IMP modalities, respectively. With respect to change from baseline, 
maximal QTcB prolongation was similar in a socially and individually housed settings for JET (11.9% and 8.8%, 
respectively) and IMP (12% and 11.2%, respectively). Additionally, overall (0-24 hr socially and individually housed) 
comparisons following moxi exhibited and average difference of +7.3% and +2.0% longer QTcB when socially 
housed, for JET and IMP respectively. This variability was equivalent for the vehicle control treatment as well, 
indicating there was no difference in sensitivity to detect changes when socially housed or individually housed. 
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ABSTRACT: Cardiotoxicity resulting from exposure to environmental exposures, e.g., hazardous chemicals, has 
been widely recognized. However, there remains a lack of mechanistic, systems model-informed approaches for 
the quantitative assessment of environmental cardiotoxicity in humans. Computer models of human 
cardiomyocytes have been integrated as the in-silico component of the Comprehensive in Vitro Proarrhythmia 
Assay (CiPA) project to predict the risk of drug-induced Torsade de Pointes. These reductionist models were largely 
developed to reconstruct the process of cardiac excitation-contraction coupling that links membrane excitation 
with cross-bridge force production. However, they are limited in their capacity to address aspects of chronic 
cardiotoxicity such as mitochondrial stress, myocardial remodeling, and heart failure. Here, we propose a novel 
integrated systems model of human cardiomyocytes for the in-silico prediction of environmental cardiotoxicity. 
Our model: 1) integrates membrane excitation (ion channels, pumps and exchangers), contraction (cross-bridge 
dynamics), signaling pathways (PKA/CaMKII signaling), bioenergetics (mitochondrial metabolism) and nuclear 
transcription (Ca2+/CaN/NFAT pathway) subsystems; 2) describes how these subsystems are functionally coupled 
to each other to achieve robust cardiac function based on experimental studies; 3) includes biophysically detailed 
sarcoplasmic reticulum (SR), cytoplasmic, mitochondrial and nuclear Ca2+ dynamics with 11 subcellular Ca2+ 
compartments. Our preliminary simulation results suggest that during prolonged high-rate pacing, pronounced 
nuclear Ca2+ accumulation can be observed largely due to the lack of intra-nuclear Ca2+ removal mechanisms, and it 
can function as a trigger for CaN/NFAT dependent transcription, potentially leading to pathological hypertrophy 
and heart failure. In summary, our integrated systems model of human cardiomyocytes may serve as a useful 
computational tool to accelerate environmental cardiotoxicity testing with mechanistic insights. 
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ABSTRACT: Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental contaminants formed from 
incomplete combustion of tobacco and fuels. Tobacco smokers display altered methylation profiles in genes, such 
as AHRR, that are regulated by the aryl hydrocarbon receptor. We have recently examined the effects on DNA 
methylation of benzo[a]pyrene (B[a]P) and a mixture of PAHs on mouse bone marrow and compared these with 
known smoking effects on the human epigenome but observed little overlap. Epigenome-wide association studies 
(EWAS) in human populations routinely use deconvolution algorithms to adjust for variation in blood cell-type 
composition; however, no published methods are available for mouse blood or bone marrow cell deconvolution. 
We report on preliminary results using the methylation-based deconvolution method of Salas et al. (Nat. 
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Comm.,2022) currently being developed for mouse whole blood samples, to adjust our PAH-exposure EWAS in 
mouse bone marrow. Bisulfite-converted mouse bone marrow DNA from an NIEHS PAH Mixture study (seven PAH-
exposed groups (n=6/dose), one B[a]P-exposed group (n=8), and one vehicle group (n=8)) was applied to Illumina 
mouse methylation arrays (~280,000 CpGs). The mixture included 11 PAHs, one substituted PAH, and one 
heterocyclic PAH. In robust linear regression models, deconvolution-estimated percentages of three major cell 
types in bone marrow (granulocytes, monocytes, B cells) were used as covariates. Percentages varied across 
samples but were not significantly different across B[a]P or high-dose groups. Clinical pathology showed no 
remarkable effects of PAH or B[a]P exposure. Comparing unadjusted and deconvolution-adjusted differential 
methylation for B[a]P (10mg/kg), the adjustment increased the Bonferroni (BF) CpGs from 9 to 36 and for the High 
dose PAH mixture (equivalent to ~25mg B[a]P), from 20 to 27 CpGs, relative to control. The FDR5% count increased 
from 342 to 3863 for B[a]P and decreased from 5023 to 4858 for High dose PAH. We observed that only 45% of 
B[a]P unadjusted CpGs remained significant after adjustment; 10% of PAH High dose CpGs remained significant 
after adjustment, with 354 CpGs (7%) in common between B[a]P and PAH High dose. Considering the BF significant 
CpGs, in the B[a]P group 26% displayed increased methylation, while in the PAH High dose, 70% showed increased 
methylation, suggesting quite different impacts. Following adjustment, among FDR5% CpGs, genes in the NGF, 
Cadherin, and Wnt signalling pathways were enriched in B[a]P treatment while pathways for Transcriptional 
misregulation in cancer, Wnt and MAPK signaling were enriched in the PAH High dose treatment. While additional 
analysis is needed, the divergent results between the B[a]P and PAH treatment suggest potential unique effects of 
the mixture. Further iterations of this deconvolution model are ongoing, but these preliminary data indicate that 
cell-type adjustment dramatically alters the composition of highly significant exposure-induced CpGs. 
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ABSTRACT: Exposure to environmental factors during critical windows of susceptibility has been shown to 
contribute to adverse health outcomes in the individuals directly exposed and subsequent unexposed generations. 
Recent studies on exposure to environmental factors identified preconception as a window of susceptibility for 
multigenerational disease. However, information about the role of maternal preconception exposure in disease 
risk of future generations is limiting. Data from human cohorts (i.e., Dutch Famine and Överkalix cohorts) suggest 
that exposure to environmental factors before conception plays a critical role in the next generation(s) 
susceptibility to disease. Our preliminary data shows that maternal preconception exposure to the biocide 
tributyltin and inorganic arsenic, leads to metabolic disruption in the next generation. Liver whole genome 
transcriptomics of the offspring shows differences of gene expression consistent with alterations of nuclear 
genome organization. Nuclear genome organization refers to the three-dimensional spatial arrangement of 
chromatin in the nuclear space, whose alteration has been associated with pathogenic endpoints. Alterations of 
nuclear genome organization are recognized as epigenetic mechanisms of regulation of the gene expression that 
can also influence the location of other epigenetic marks such as DNA methylation and histone modifications, and 
the regulation of the expression of non-coding RNAs. Identifying critical windows of susceptibility to exposure to 
environmental factors before conception and understanding their mechanisms of action will aid in anticipating the 
effects of those exposure in future generations and reducing the overall risk and treatment costs of metabolic 
disorders. 
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ABSTRACT: Toxic metals are found widely in the environment, and humans are likely to be exposed to the 
mixtures. According to epidemiological studies, exposure to arsenic, cadmium, methylmercury, and metal 
combination is linked to obesity-related metabolism. Metabolic syndrome and other health outcomes have been 
linked to epigenetic alterations in the Insulin-like Growth Factor 2 (IGF2) gene, playing a critical role in the growth 
and metabolic regulation during development; however, there is insufficient evidence on its epigenetic 
modulations induced after the combined exposure to toxic metals. Our study aims to elucidate its underlying 
mechanism using normal human liver cells. Transformed Human Liver Epithelial-3 (THLE-3) cells were exposed to a 
mixture of two organic arsenic compounds (oAs: monomethylarsonous acid, MMAIII, and dimethylarsonic acid, 
DMAIII), cadmium chloride (CdCl2), and methyl mercury chloride (MeHgCl) individually or in combination for 72 
hours. The mRNA expression of IGF2 was assessed using reverse transcription-quantitative PCR (RT-qPCR). The 
DNA methylation changes in the imprinting control region (ICR) and three differentially methylated regions (DMRs) 
located in the IGF2/H19 domain were examined using bisulfite amplicon sequencing (BSAS) analysis. The RNA 
sequencing was used to investigate the biological pathways based on differentially expressed genes (DEGs) and 
exposure-related transcriptome changes. As a result, when THLE-3 cells were exposed to toxic metals separately, 
there was no discernible change in the mRNA expression level of IGF2. However, when toxic metals were coupled 
with CdCl2, there was a noticeable increase in the mRNA expression of IGF2 compared to the unexposed control. 
Using BSAS analysis, it was found that the DNA methylation level of the specific CpGs at the H19-DMR has 
increased, which may have some relationship to the transcriptional activation of IGF2. In THLE-3 cells exposed to 
CdCl2 + MeHgCl, we discovered the upregulated pathways, such as TNF-α signaling via NF-κB, epithelial-
mesenchymal transition, and inflammatory response. These pathways may aid in the development of 
hepatocellular carcinoma. Our findings suggested that epigenetic aberrations in the IGF2/H19 domain in normal 
human liver cells could result from simultaneous exposure to hazardous metals acting as epigenotoxicants. 
Additionally, the degree of methylation at particular CpG loci at the H19-DMR may be used as an epigenetic 
biomarker to detect the altered IGF2 expression following exposure to hazardous metals. 

 
ABSTRACT NUMBER: 5139 Poster Board Number: P240 
TITLE: Developmental Effects of Bisphenols on Zebrafish Embryo Regarding DNA Methylation 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Jung, J. Park, C. Park, and P. Phommaly. Korea 
Institute of Toxicology, Jinju, Korea, Republic of. 

ABSTRACT: Bisphenol A (BPA) is one of the widely used and highest production volume chemicals in the world, 
which is continuously exposed to human and environmental organisms via plastic and various products. Numerous 
researchers have proven endocrine disrupting properties of BPA and has led to the restriction of using it. 
Accordingly, bisphenol F (BPF) and bisphenol S (BPS) has been used as an alternative on BPA, but much less is 
known about their potential toxic effect. In this research, developmental and behavioral effects of BPA, BPF, and 
BPS were investigated using zebrafish embryo by short-term toxicity test (8 days), and the results were associated 
with the change of DNA methylation and the related marker genes to evaluate the epigenic effect of bisphenols 
exposure. Teratogenic effects, such as bent spine, edema, uninflated swimbladder, and pigmentation reduction, 
were observed from both BPA and BPF exposure. In addition, all three bisphenols exposure induced significantly 
reduced locomotor activity. DNA methylation changes of bisphenols exposed fishes were analyzed using WGBS 
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(whole genome bisulfite sequencing) method. Small reduction of global methylations (not significant) from 3 
bisphenols exposure were observed compared to control. Differentially methylated CpGs (dmCpGs) and related 
genes were identified. Commonly affected genes from 3 bisphenols exposures were singled out and KEGG, GO 
analysis were conducted to figure out the effects on methylation related pathways. Based on the number of 
dmCpGs of the genes, development and behavior related genes were selected, and expression changes of the 
genes were verified. Neuro-development related gene foxp1b and cardiac-development related gene ddx39ab 
showed reduction of gene expression as a result of 3 bisphenols exposure. This study presents the epigenetic view 
of bisphenols toxicity by relating developmental effects to DNA methylation changes. 

 
ABSTRACT NUMBER: 5140 Poster Board Number: P241 
TITLE: Combined Exposure to Arsenic, Cadmium, and Methyl Mercury Leads to the Epigenetic Alteration of Pomc in 
the Hypothalamic Neuronal Cells 
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ABSTRACT: Toxic metals including arsenic (As), cadmium (Cd) and methyl mercury (MeHg) are well-known 
environmental pollutants. Exposure to these metals was linked to metabolic problems and obesity, but there is 
little information on combined exposure and its effects. Obesity can result from the disruption in the energy 
balance controlled by the hypothalamus, which has long been recognized as a crucial part of maintaining metabolic 
homeostasis and where the Pro-opiomelanocortin (Pomc) gene regulates food intake and satiety. Our study aims 
to investigate the effects of combined exposures to As, Cd, and MeHg on epigenetic alteration of the Pomc gene in 
mouse hypothalamic neuronal cells. For a period of 72 hours, mouse hypothalamic GT1-7 cells were exposed to a 
mixture of two organic arsenic compounds (oAs; monomethylarsonous acid (MMAIII) and dimethylarsonic acid 
(DMAIII)), cadmium chloride (CdCl2), and methyl mercury chloride (MeHgCl), individually or in combination (i.e., 
oAs + CdCl2, oAs + MeHg). Reverse transcription-quantitative PCR (RT-qPCR) was used to measure the mRNA 
expression of Pomc. The methylation levels of particular CpG sites in the promoter region of Pomc were then 
determined by bisulfite amplicon sequencing (BSAS) analysis. To determine the altered signaling pathways 
following combined exposure to hazardous metals, RNA sequencing analysis was carried out. In GT1-7 cells 
exposed to oAs and CdCl2 individually, the expression level of the Pomc mRNA was increased. However, when the 
GT1-7 cells were exposed to CdCl2 + oAs and CdCl2 + MeHgCl, respectively, the expression level of the Pomc mRNA 
was decreased. The results of BSAS indicated that, cadmium exposure induced hypermethylation at the specific 
CpG sites in the promoter region of Pomc in comparison to the unexposed control. In accordance with the mRNA 
expression data, simultaneous exposure to cadmium and methylmercury increased the DNA methylation levels of 
the same CpG sites in the Pomc promoter region. Additionally, transcriptome analysis showed that the most 
downregulated pathways in the GT1-7 cells exposed to both cadmium and methylmercury were oxidative 
phosphorylation, fatty acid metabolism, cholesterol homeostasis and p53 pathway. Our study provides the 
evidence that combined exposure to Cd and MeHgCl can result in the transcriptional repression of Pomc, which is 
associated with the increased DNA methylation levels at the site-specific CpGs in the Pomc promoter region. We 
also suggest that combined exposure to toxic metals may act as epigenotoxicants via induction of the impaired 
hypothalamic Pomc expression. 
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TITLE: Fabrication of GO-Based Core-Shell Magnetic Metal Organic Framework (MOF) Catalyst for Removal of 
Persistent Organic Pollutants 
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ABSTRACT: Neutralization of persistent organic pollutants (POPs) requires a catalyst that is both effective and safe 
to handle. Herein, an innovative magnetic core-shell iron oxide-based MOF was synthesised and successfully used 
as a nano-catalyst for the degradation of POPs. MIL-101 (Fe) built into GO nanosheets not only regulates 2D 
nanochannels but also provides magnetic separations with catalytic photo-Fenton activity. Response Surface 
Methodology (RSM)-based Design of Experiment (DoE) using Box-Behnken Design (BBD) was used to determine 
the optimum adsorbent dose (A: 0.05-0.5 g/L), the dye concentration (B: 2.5-15 mg/L), and the pH range (C: 3-11.) 
at room temperature. Simultaneous interaction between AB, AC, and BC provided (95.9%), (99.1%), and (88.5%) 
removal efficiency of MB, VB, and RhO, respectively. The cationic dye's effective adsorption and the zeta potential 
curve have the lowest values at pH 9, indicating that the cationic dye has a strong interaction with the OH-ions 
present in the aqueous medium. Photogenerated superoxide radicals and holes play an important part in the 
breakdown of POPs. The pseudo-first-order kinetics well represented the kinetic results, and the equilibrium data 
were grouped using the Langmuir isotherm model. The GO/Fe3O4@SiO2-NH2/MIL-101 (Fe) nanocomposite catalyst 
was stable enough and could be easily recovered under a magnetic field even after 8 cycles of use. The toxicity 
profile was assessed using an OECD-approved in vivo model organism, zebrafish (Danio rerio), where the embryos 
were treated with different concentrations of nanocomposite (5-100 mg/L) for 72 h post-fertilization (hpf). 
Incubation of the nanocomposite in low concentrations during the embryonic stages did not result in any adverse 
developmental toxicity, as measured by mortality rates, hatching rates. This study provides synergistic adsorption 
and photo-Fenton catalytic properties for the removal of cationic dye and also examines the toxicity profile of 
nanocomposite in zebrafish. The results show an innovative insight into the developed magnetic nanocomposite 
which serves as a synergistic catalyst for the removal of harmful dyes from wastewater. 

 
ABSTRACT NUMBER: 5142 Poster Board Number: P243 
TITLE: Amorphous Silica Nanoparticles Effects on Human Dendritic Cells Promote the T Cell Response to the 
Pneumallergen Bet v 1a 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Guillet, E. Brun, C. Férard, M. Pallardy, and  
A. Biola-Vidamment. Université Paris-Saclay, Orsay, France. 
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ABSTRACT: Approximately 30% of the European population suffers from respiratory allergies and this prevalence is 
increasing worldwide. If some indoor and outdoor air pollutants were demonstrated to induce airway 
inflammation and have an adjuvant effect on allergic response development, there is still few knowledge on the 
effects of nanomaterials. Amorphous silica nanoparticles (SAS-NPs) are widely used in pharmaceuticals, cosmetics, 
food industries, and concrete. Their presence in everyday products, although not consistently labelled, was 
reported in a recent survey. Consequently, these nanoparticles have a high potential for unintended exposure, 
alone or more probably in association with environmental allergens. Workers and the general population are 
exposed daily to SAS-NPs which are Generally Recognized As Safe (GRAS) by the FDA. However, due to their 
nanoscale and wide uses, a better assessment of their immunotoxicity is required. Dendritic cells (DCs) play a key 
role in triggering the immune response. They capture and present antigens in an immunogenic or tolerogenic way. 
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In the presence of “danger signals”, they undergo maturation, resulting in the expression of co-stimulation and 
activation markers. This leads to their migration to draining lymph nodes, where they activate naive T-cells. 
Previous work has shown that SAS-NPs could act as an immunogenic danger signal by increasing DCs maturation 
and T-cell response, the first steps of the adaptative immune response. Our present work aims to evaluate if SAS-
NPs could exert an adjuvant effect in allergic respiratory diseases by increasing the immune response to Bet v 1a, 
the major birch pollen allergen. Our results showed that Bet v 1a alone did not induce phenotypical changes in 
human monocyte-derived DCs (moDCs), suggesting that Bet v 1a itself does not provide immune danger signals to 
moDCs. We then performed a co-culture of human T-cells with autologous moDCs loaded with 10 µg.mL-1 of Bet v 
1a and exposed to 12.5 µg.mL-1 of SAS-NPs, followed by an IFN-γ ELISPOT assay (n=6 donors). Our results showed a 
statistically higher frequency of Bet v 1a-specific CD4+ naive T-cells in presence of SAS-NPs compared to non-
treated moDCs. The frequency obtained with SAS-NPs-exposed moDC was 0.59 of Bet v 1-specific CD4+ naive T-
cells per 106 circulating CD4+ T-cells compared to 0.20 when moDCs were not exposed to SAS-NPs. We then 
measured intracellular Bet v 1a levels by Western blot and revealed a higher amount of Bet v 1a in moDCs treated 
with both SAS-NPs and Bet v 1a compared to Bet v 1a alone. We hypothesize that the observed increase in the 
frequency of Bet v 1a specific naive CD4 T-cells might be related to either a greater uptake through a Trojan horse-
like behavior and/or to a reduced degradation of Bet v 1a in SAS-NPs-treated DCs. Taken together, our results 
suggest that SAS-NPs exert an adjuvant effect on moDCs resulting in an increase in the frequency of Bet v 1-specific 
CD4+ naive T-cells. The binding of the allergen to the surface of the nanoparticles would be decisive in this process, 
potentially impacting its entry as well as its fate in the cell. 

 
ABSTRACT NUMBER: 5143 Poster Board Number: P244 
TITLE: Silymarin-Reduced Microcystin-LR-Elicited Hepatoxicity 
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ABSTRACT: Cyanobacteria, found in waters across the globe, produce a class of hepatotoxins known as 
microcystins (MCs). MC-leucine arginine (MC-LR) is reported to be one of the most toxic and abundant of the more 
than 200 congeners found to date. MC-LR undergoes hepatic uptake from the blood by organic anion transporting 
polypeptides OATP 1B1 and OATP1B3 in humans and OATP1B2 in rodents. MC-LR covalently binds to and inhibits 
protein phosphatases 1 (PP1) and 2A (PP2A), disrupting homeostasis of protein phosphorylation and altering many 
cellular processes related to cytoskeleton, redox balance, and cell survival. Previous data indicate that the natural 
product silymarin, an extract of milk thistle seed (Silybum marianum (L.)), protected against MC-LR hepatotoxicity 
through the antioxidant activity of its flavonolignan constituents. Silymarin flavonolignans also inhibit the same 
OATPs responsible for hepatic uptake of MC-LR. We hypothesize that silymarin-mediated hepatoprotection 
involves both inhibition of MC-LR hepatic uptake and augmented antioxidant response. Male Sprague Dawley rats 
were exposed to a single hepatotoxic dose of MC-LR (3 mg/kg) with or without silymarin (500 mg/kg) via gavage. 
Blood samples were collected over 4 hours for MC-LR toxicokinetics analysis, and livers were collected at 4 hours 
for toxicological assessment. MC-LR maximal plasma concentration occurred at 5 minutes and ranged from 2.2 to 
15.3 nM. Although silymarin decreased plasma alanine aminotransferase (ALT) levels compared to the MC-LR only 
group, no differences in MC-LR toxicokinetics were observed due to silymarin. Silymarin did not affect protein 
expression of PP1, PP2A, OATP1B2, or the amount of protein bound MC-LR in the liver. These data indicate 
silymarin-mediated hepatoprotection from MC-LR toxicity does not involve changes in systemic and/or hepatic 
exposure to MC-LR. 
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ABSTRACT: In toxicology, chemical hazard evaluations have historically relied on rodent data. Increasing use of 
high-throughput toxicokinetics (HTTK) that utilize hepatic clearance (Cl) and plasma protein binding (PPB) data to 
estimate human dosimetry has demonstrated good predictivity during in vitro-in vivo correlation (IVIVC) analyses, 
although it has exhibited a consistent overestimation of steady state concentrations. Given the dependence on in 
vivo rodent toxicokinetic (TK) data to perform IVIVC analyses for non-drug chemicals, a better understanding of 
HTTK model performance in rats is needed to reveal potential interspecies differences in absorption, distribution, 
metabolism and excretion (ADME). Differences in metabolic enzymes, transport mechanisms or other processes 
may impact performance for certain chemicals. Chemicals with a range of uses, non-drug functional groups and 
metabolic capabilities were selected for in vitro and in vivo TK analyses. Male Sprague Dawley (SD) rats were 
acutely dosed PO or IV with 1 or 5 mg/kg, respectively, the blood serially collected at 0-72 h after dosing to obtain 
ADME inputs: Cl, bioavailability (F), and volume of distribution (Vd). In vitro evaluations of PPB and hepatic and 
intestinal Cl using mixed pools of human and rat microsomes were performed. In vivo parameters spanned a wide 
range: Cl ranged from < 0.01 (acifluorfen) to > 500 mL/h (acephate); Foral ranged from ~0.005 (diazinon) to 1 
(acephate); and Vd ranged from ~0.1 (acifluorfen) to > 10,000 mL (acephate). Bioavailability was inversely related 
to likelihood of human intestinal Cl as defined by CYP3A4 substrate specificity: chemicals not predicted in silico to 
be CYP3A4 substrates showed the highest F (acephate, acifluorfen) while predicted substrates exhibited F = 0.4 or 
lower (diazinon, difenoconazole). Human and rat in vitro PPB showed good agreement (r2>0.9) except for n-butyl 
paraben, which was rapidly degraded in rodent plasma, likely due to higher activity of plasma esterases. Rank 
order of hepatic Cl across the two species was evident, but rodent microsomal Cl was consistently higher than that 
in humans (2-3 fold). Similar to hepatic Cl comparisons, qualitative but not quantitative agreement was noted in 
intestinal Cl evaluations. Further analyses are planned to evaluate performance of HTTK models in predicting rat TK 
and to pinpoint species differences that may hinder application of rodent TK data in refining human HT-in vitro-in 
vivo extrapolations. This abstract does not necessarily reflect the views of the US EPA. 
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ABSTRACT: Certain enzymes aid in the metabolism and elimination of specific substrates - including drugs and 
toxicants - from the body. Across different life stages, the availability of specific enzymes varies, which greatly 
impacts the efficiency at which the body can eliminate parent compounds and their metabolites. The enzymes 
active at different life stages may also lead to differential metabolic activation of a parent compound, resulting in 
life-stage-dependent differences in toxic metabolites. Thus, knowledge of the presence, capacity, and activation of 
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specific enzymes at different life stages can help expand understanding and modeling capacity of the toxicokinetic 
(TK) differences between infants, children, and adults. In addition to differences in enzymatic expression during 
early life, the size of different body compartments and circulatory flows between them are rapidly changing, which 
also affects not only the metabolism of compounds but their distribution. To create a greater web of knowledge 
surrounding TK life-stage differences, we present a workflow to create a publicly available database containing 
enzyme and transporter data for early life stages. We sourced data by identifying multiple enzyme-focused data 
sources and harmonized the data in our database via normalization to a set of fields common across all data 
sources and interoperable with external datasets. We then utilized machine learning methods to identify similar 
papers to further populate the database from the open literature. Our literature search focused on the activity of 
xenobiotic metabolizing agents on the tissue level, plasma binding protein and membrane transport protein 
ontogeny, and life stage related changes in key organ system mass and function. Both human and rodent species 
data were captured to encourage investigation of case suitability for cross-species extrapolation. All data records 
are stored in a MySQL data model along with their curated metadata. The database currently includes data on over 
50 enzymes in mice, rats, and humans with a collection focus on data from early in each species’ life for 
comparison to values in adults. We also describe data quality evaluations for this resource and define quality flags 
that indicate each value’s potential to inform risk assessment. Our database supports comparison of values across 
sources, addresses the need for more enzyme and TK data across early life stages, and allows the identification of 
data gaps to highlight avenues for future research. Additionally, these data can be used as inputs to PBPK 
(physiologically based pharmacokinetics) models designed to estimate internal doses of toxicants in infants and 
children, two sensitive life-stages. This knowledge is valuable for human health safety evaluations. The views 
expressed here do not necessarily reflect the views of the US EPA. 
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ABSTRACT: Toxicokinetic (TK) modeling is a critical step in quantitative risk assessment that allows estimation of 
chemical concentrations in target tissues and in circulation from exposure doses, and facilitates estimation of in 
vivo concentration vs. time (CvT) data from more easily obtainable in vitro measurements. Physiologically based 
toxicokinetic (PBTK) models can have many inputs into a system of equations. Since modelers may obtain these 
input values in different ways (estimation, measurement, or from other sources), even the value used to represent 
the volume of a lung (for example) can vary widely. We evaluate variability in previously published physiologically 
based toxicokinetic (PBTK) models of inhalation exposure for over a hundred environmental chemicals, including 
pesticides, fluorocarbons, and common air contaminants. Variability in PBTK model parameters was characterized 
by creating a database of TK parameter values extracted from a set of over a thousand model-chemical 
combinations from inhalation PBTK models in the peer-reviewed literature. The database includes values for both 
chemical-specific TK parameters (e.g. hepatic clearance rate, plasma protein binding) and for physiological TK 
parameters (e.g. lung size, inhalation rate) in rats and humans. Using each publication-specific set of TK 
parameters for each chemical, we solved a generic PBTK inhalation model implemented in the open-source httk R 
package. The resulting model-specific predictions for each chemical (plasma time courses) were then compared to 
CvT data extracted from previously published TK studies and curated into a database (CvTdb, available at 
https://github.com/USEPA/CompTox-PK-CvTdb). Model predictive power was quantified using RMSE. In this way, 
we characterized variability in how inhalation biology is modeled in PBPK literature, and evaluated the ability of 
previously-published PBTK inhalation parameters to predict in vivo plasma concentration vs. time. The results of 
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this study are useful to quantify variability in predictions from high-throughput PBTK models of inhalation 
exposure based on the choice of input parameters. High-throughput TK models (HTTK models) allow rapid 
extrapolation between external and internal doses. For example, enabling extrapolation of in vitro bioactive 
concentration data from in vitro high-throughput screening assays allow prediction of equivalent in vivo “points of 
departure” across thousands of chemicals. Reliable modeling of inhalation exposure is of particular interest 
because inhaled chemicals can directly enter the bloodstream, circumventing first-pass metabolism. Additionally, 
sensitive populations and communities are often exposed to chemicals via this route. To support decision-makers, 
we here evaluate the performance of inhalation HTTK models to support human health risk decisions on inhalation 
exposures for hundreds of chemicals, even those with limited data. Furthermore, we assess the influence of 
published chemical and biological input parameters on HTTK predictions to facilitate risk-based decision-making 
for public health. This abstract does not necessarily reflect US EPA policy. 
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ABSTRACT: Burn and wound healing for battlefield injury is an ever shifting field where in we are looking at 
complex models to simulate injuries that would be encountered in combat or other catastrophic circumstances. 
Traditional cultured models have focused on single tissues and have moved into a multi layered system involving 
dermal, epidermal, and stratum corneum tissues to mimic in vivo morphological and growth characteristics. Ex vivo 
tissue models have also come a long way in terms of maintaining viability post harvesting.Our cultured model was 
an EpiDermFT 3D human tissue culture system (MatTek Corp.) which we compared to ex vivo skin procured from 
Ten Bio, who offer a TenSkin model where the tissue is held under tension to mimic in vivo conditions. Both tissues 
were cultured appropriate to the manufacturer’s instructions and subjected to either a 2mm biopsy punch or 
burns with a cauterizing iron and to track the progress of healing post injury. Tissues were fixed in 10% buffered 
formalin for histological analysis at time points between 1 and 7 days post injury. In addition, media samples were 
collected to look for any biomarkers of the wound healing process. The goal of this comparison was to determine 
which model is more appropriate for the types of injuries we are studying. Based on the reports from our resident 
histopathologists, our ex vivo, tensioned skin model is showing more clearly defined cellular replication and was 
healing much closer to what is seen in battlefield trauma patients than the cultured skin model. 
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ABSTRACT: Opioids are a class of lipid soluble analgesics with important clinical applications. Over the past two 
decades, misuse of opioids has become a considerable threat to public health resulting in the rise of opioid-
induced fatalities. This upward trend is partially due to the emergence and growing prevalence of highly potent 
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synthetic opioids, whose potency often involves respiratory depression and faster onsets of action. Fentanyl-class 
opioids accounted for approximately 20% of all opioid-related deaths in the U.S. during 2016 - 2017. The potential 
lethal use of fentanyl-class opioids was highlighted in the 2002 Moscow theater incident, where an aerosol of 
carfentanil and remifentanil was introduced into the ventilation system to manage a hostage situation, resulting 
instead in 125 deaths. Fortunately, Naloxone is a competitive antagonist for opioid receptors and is FDA-approved 
for the rapid reversal of opioid overdose. Respiratory depression can be reversed using Naloxone by displacing 
opioids at the binding site with non-selective binding where the mu opioid receptor has a binding affinity of 7 nM. 
Naloxone is also an antagonist, with lower affinity for the kappa and delta opioid receptors but does not possess 
the ‘agonistic’ or morphine-like characteristics of other opioid antagonists. While naloxone is well-tolerated and is 
lifesaving in cases of opioid overdose, it has a relatively short half-life compared to some synthetic opioids. This 
short half-life increases the risk of recurrence of sedation and respiratory depression, or renarcotization. Globally 
the increase in opioid overdoses due to synthetic opioids has given rise to the fear of “naloxone resistant” opioids 
and the potential depletion of current stocks of countermeasures. We utilized the Tango™ OPRM1-bla U2OS DA 
Assay, which contains cells with the human mu opioid receptor, to determine the EC50 of the ultrapotent synthetic 
opioids fentanyl, remifentanil, and carfentanil. As expected, in our assay carfentanil had the lowest EC50 (0.04 nM) 
followed by fentanyl (0.005 µM) and remifentanil (0.04 µM). Using the EC50s determined from our data, we then 
assessed the ability of naloxone to inhibit the binding of the synthetic opioids to the mu receptor. We found that 
naloxone had similar IC50s for fentanyl (0.63 µM), remifentanil (0.50 µM), and carfentanil (0.59 µM). Future 
studies will look to determine the potential of other opioid receptor antagonists (naltrexone and nalmefene) and 
other novel opioid countermeasures. Our data showed that naloxone can prevent the binding of ultra-potent 
synthetic opioid to the human mu opioid receptor and alleviates some of the fears of “naloxone resistance” for 
these extremely lethal drugs. 
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TITLE: Epigenetic Alterations in Genome-Wide DNA Methylation in Newborns from Air-Polluted Industrial Locality 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Honkova, I. Chvojkova, H. Margaryan,  
A. Rossnerova, R. Sram, and J. Topinka. Institute of Experimental Medicine Czech Academy of Sciences, Prague, 
Czech Republic. 
 
KEYWORDS: Genomics; Children’s Health; Epidemiology 

ABSTRACT: Epigenetics is considered as an environmental biosensor in public health. Specifically, the DNA 
methylation is implicated as a mechanism linking early environmental exposures. This study is part of project 
“Healthy Aging in Industrial Environment”, where we evaluated gene-specific genome-wide DNA methylation in 
human cohorts, such as city policemen, runners and newborns. This poster is focused on results DNA methylation 
in 500 newborns from air polluted and control locality. Air-polluted district Karvina is characterized by coal and 
metallurgic industry with significant hot spot of air pollution in the Czech Republic and in Central Europe. The 
control district of Ceske Budejovice is located in the clean air area. During the sampling period (2019-2020), the 
concentration of benzo[a]pyrene was 3.95 ± 2.02 ng/m3 in Karvina and 0.85 ± 1:18 ng/m3 in Ceske Budejovice (p < 
0.01). The DNA samples were isolated from frozen cord blood by Miller salted-out method and processed on 
microarray platform (Illumina Infinium MethylationEPIC BeadChip). Detailed questionniares were collected from 
mothers. We found population differences ages of mothers and fathers in both localities (p < 0.01). Other life style 
and socio-economical parameters are similar in both groups and without statistical significance. A locality-specific 
DNA methylation pattern in newborns is slightly different. We found 1094 differentially methylated CpG loci (DML) 
between newborns from industrial locality compared to control locality (698 hypermethylated and 396 
hypomethylated). The six CpG loci, all situated in the same region of CpG island, regulate PRF1 involved in the 
regulation of the immune system. The most significant DML was cg00172603 (log2FC = 0.27, adj. p-value = 0.02) in 
CpG island annotated to SSBP3. Groups of DML annotated to the same gene are linked to RUNX3, which is known 
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tumor-supressor gene and associated with alteration of DNA methylation in childhood asthma. Based on genes 
regulated by significant CpG sites, we found only two KEGG pathways, Apelin signaling pathway, which plays 
important role in the development of hypertension and future heart diseases, and Long-term depression pathway. 
Biological processes are mostly involved in immune responses. This study was supported by the European Regional 
Development Fund under Grant HAIE (CZ.02.1.01/0.0/0.0/16_019/0000798). 

 
ABSTRACT NUMBER: 5150 Poster Board Number: P251 
TITLE: Use Behavior and Consumption Patterns of Oral Nicotine Pouches in Sweden, Denmark, Switzerland, and 
the United Kingdom 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: K. Prasad1, M. Shetty1, D. Azzopardi1, C. Kanitscheider2, 
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ABSTRACT: Tobacco-free nicotine pouches (NPs) offer smokers a potentially reduced risk alternative to continued 
cigarette smoking. With the absence of tobacco and combustion, NPs have the potential to offer reduced health 
risks as compared to conventional cigarettes and other tobacco products. Given the relatively recent introduction 
of NPs and lower use prevalence as compared to established tobacco and nicotine products, not much is known 
about how NPs are used in a real-world setting or use trajectories over time. This study describes NP use behaviour 
and consumption pattern from a survey of 2,133 participants users in Sweden, Denmark, Switzerland, and the 
United Kingdom (UK). Average daily consumption for daily users was roughly five pouches per day in the UK, seven 
in Switzerland, eight in Denmark, and ten in Sweden. Mouth hold time was mostly between five and less than 
thirty minutes except in Sweden, where it was up to one hour. The most commonly used NP product nicotine 
levels were between 6 to 15 mg, and use of NP with nicotine levels higher than 20 mg was rare. Mint and menthol 
flavours were preferred, followed by fruity flavours. Dual use (conventional cigarette and NP) and poly use (NP 
plus two or more tobacco or nicotine products) was high among NP users across all countries. NP were considered 
by the majority of users to be less harmful than cigarette smoking. In contrast, Heated Tobacco Products (HTP) and 
e-cigarettes were perceived as either less harmful than conventional cigarettes or just as harmful. The main reason 
reported for using NPs was a perception of NPs being less harmful to users and people around them as compared 
to cigarette smoking. In summary, the study provides insights on the consumption of NPs and their risk perception 
among current users. A 6-month follow up study is planned to observe user trajectories and change in their use 
behaviour with time. 

 
ABSTRACT NUMBER: 5151 Poster Board Number: P252 
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at Mount Sinai, New York, NY. 
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ABSTRACT: Climate change is recognized as a worldwide environmental emergency known to have negative 
effects on human health. While previous studies have shown that high prenatal temperatures are associated with 
adverse birth outcomes, these studies are mostly focused on average exposure across the full gestational period or 
across individual trimesters and may miss important sensitive windows of exposure in utero. Furthermore, most 
studies are in high income countries and not in low- and middle-income countries. The Ghana Randomized Air 
Pollution and Health Study recruited nonsmoking women pregnant with a singleton fetus from 2013 to 2015 from 
communities in the Kintampo North Municipality and Kintampo South District of Ghana. We estimated average 
temperature during each participants’ gestational week using gridded FLDAS-NOAH satellite-derived temperature 
based on participant’s home village. Maternal personal exposure to carbon monoxide (CO) was measured  
during pregnancy, and placental malaria was assessed via placental histopathology. The primary outcome was 
birth weight and secondary outcomes were birth length, head circumference, and gestational age at delivery.  
First, multivariable linear regression analyses were performed to estimate associations between both overall 
prenatal and trimester-specific average temperatures and birth outcomes. Next, Bayesian distributed lag 
interaction models (BDLIM) were used to identify time-varying associations between prenatal temperature 
exposure and birth outcomes and determine effect modification by maternal placental malaria and CO exposure, 
which are known risk factors for impaired fetal growth in this setting. After adjusting for relevant covariates, in 
multivariable linear regression models, higher average temperature over gestation was associated with lower birth 
length (β = 0.25 cm decrease per one degree of temperature increase, 95% CI: -0.49, -0.02) and shorter gestational 
age (β = 0.12 weeks decrease per one degree of temperature increase, 95% CI: -0.23, -0.01). BDLIM models 
identified that higher temperature exposure in weeks 11 and 33-35 of gestation was significantly associated with 
decreased birth length. Similarly, higher temperature in weeks 1-3, 10-12, and 34-35 were significantly associated 
with decreased gestational age. Furthermore, associations were stronger in infants born without evidence of 
placental malaria and with CO exposure below the median. In conclusion, higher temperature over pregnancy, and 
at specific windows of gestation, were associated with adverse birth outcomes. Further research will be needed to 
better assess causality. 
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ABSTRACT: The ICH S1B carcinogenicity global testing guideline has been recently updated providing a fully 
integrated approach to assess human carcinogenic risk of pharmaceuticals (small molecules) based on the use of 
different weight-of-evidence (WoE) criteria. The WoE factors are evaluated on a case-by-case basis to determine 
the value and need for conducting a 2-year carcinogenicity study. This approach may work as an alternative to the 
long-term rodent bioassay study reducing the use of animals without compromising human safety. There is no 
“one size fits all” approach for this novel strategy and its application must be tailored to the specific scenario. To 
guide such a complex integrated assessment, more than 40 experts from different organizations have joined their 
efforts to establish a pragmatic consensus procedure supporting the ICH S1B WoE carcinogenicity assessment. This 
poster summarizes this procedure that is to be mapped into a protocol recapitulating relevant preclinical data that 
are mined to make an intelligent decision as to whether the 2-year rat study would add value to the human 
carcinogenicity assessment. The protocol is designed as a decision support system to guide the assessment in a 
transparent, consistent, and documented manner, facilitating the creation and successful submission of the 
Carcinogenicity Assessment Document. The following elements that are part of the protocol development will be 
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presented in this poster: 1) The 10 key characteristics (KCs) of carcinogens are mapped onto the ICH S1B WoE 
factors. KCs can help to identify more granular information to support each WoE area, helping provide a 
comprehensive assessment based upon what we currently know about tumorigenesis. Knowledge of the 
relationships among KCs may support how facts and predictions can be combined to support decision making. 2) 
The relationship among the WoE factors is discussed as it is used to organize available evidence that the ICH S1B 
strategy leverages (e.g., data and tissue samples from short-duration in vivo studies, in silico predictions, in vitro 
data). 3) The WoE factors are analyzed in terms of relevant evidence that supports the decision as to whether the 
2-year rat study would add value to the human carcinogenicity assessment. For example, in the case of the 
secondary pharmacology, associations of molecular targets with cancer are explored (i.e., associations between 
MIEs/KEs and cancer-related targets from AOP Wiki); more than 50 (potential) associations/annotations have been 
identified considering batteries of targets commonly employed by Industry. In the case of target biology, a 
standardized organization of relevant evidence is proposed (e.g., data and information on target physiology, 
anatomical distribution, and target hyper-/hypo-activity and cancer). 4) The perspective and the challenges in 
developing this decision support system for the ICH S1B WoE integrated assessment are identified including the 
need of a pragmatic strategy that incorporates additional investigative approaches and a procedure that is 
adaptable as science progresses. 

 
ABSTRACT NUMBER: 5153 Poster Board Number: P254 
TITLE: Using Chemical-Specific Properties and Supplemental Information to Support Human Health Hazard 
Assessment for TSCA Risk Evaluations 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. R. Hindman, B. Raccor, L. Vegosen, M. B. Phillips,  
A. Benson, and K. Jacobs. US EPA, Washington, DC. 
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ABSTRACT: In 2016, the Frank R. Lautenberg Chemical Safety for the 21st Century Act amended the 1976 Toxic 
Substances Control Act (TSCA). Under amended TSCA, EPA’s Office of Pollution Prevention and Toxics (OPPT) is 
required to conduct risk evaluations (REs) of existing chemicals. OPPT meets the scientific standards of TSCA by 
conducting a systematic review approach of reasonably available information and integrating the relevant studies 
into a chemical-specific database, i.e., the body of evidence identified to support the RE. For OPPT to assess the 
human health and environmental hazards from exposures to existing chemicals, individual studies are identified by 
discipline, screened for applicability, and undergo data quality evaluation by experts in the relevant discipline. 
Toxicology studies conducted in animals as models for human health, e.g., rats and mice, comprise part of the 
human health hazard discipline together with epidemiological studies. Criteria to determine the relevance of these 
studies for inclusion in the RE are described in the Population, Exposure, Comparator, Outcome (PECO) statement. 
After the evaluation of PECO-relevant studies, individual study information is extracted and compiled for evidence 
integration in the RE, where a weight of the scientific evidence approach is used to inform conclusions. Several 
types of data streams are considered as part of the WoSE, including information from studies that do not directly 
meet the PECO criteria but are labelled as supplemental information. Examples of human health hazard 
supplemental information include in vitro studies or studies where the exposure was to a mixture containing the 
chemical of interest. Data needs for the RE not met with the PECO-relevant studies can prompt the integration of 
supplemental information. Further, in applying the PECO statements for study relevance, the need for chemical-
specific adaptations occasionally arises and can trigger the development of new supplemental categories or study 
evaluation criteria. For example, additional screening and criteria for studies in the supplemental information pool 
were developed to address chemical properties such as reactivity, irritancy, and volatility. The data quality 
evaluation of individual studies shapes the overall quality of the chemical-specific database and informs which 
studies move forward for evidence integration. This poster illustrates: 1) steps identified in a systematic review 
approach where chemical-specific adaptations to study relevance or new supplemental categories may develop; 2) 
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opportunities for quality checks aligned with data needs of the RE; 3) major categories of supplemental 
information and when additional data quality evaluation is appropriate; and 4) examples showing the utility of 
supplemental information. The views expressed in this poster are solely those of the authors and do not represent 
the policies of US EPA. 

 
ABSTRACT NUMBER: 5154 Poster Board Number: P255 
TITLE: Applications of US EPA’s National PFAS Testing Strategy 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. B. Phillips, K. Fay, A. R. Hindman, and G. Kaupas.  
US EPA, Washington, DC. 
 
KEYWORDS: Perfluoronated Agents; Regulatory Science/Regulatory Toxicology; Hazard Identification/Reduction 

ABSTRACT: PFAS are a large class of man-made chemicals that have been manufactured and used in a variety of 
industries since the 1940s. PFAS have been or are currently being synthesized for a variety of different uses ranging 
from adhesives, coatings for clothes and furniture, fire-fighting foams, and many others. Most of the hundreds of 
PFAS currently in commerce have limited or no toxicity data, and if EPA attempts to research them one at a time, it 
will be impossible for EPA to expeditiously understand, let alone address, the risks these substances may pose to 
human health and the environment. To address this data gap and fundamentally advance our understanding of 
these substances, EPA has developed a National PFAS Testing Strategy (Strategy) to deepen understanding of the 
impacts of PFAS, including potential hazards to human health and the environment. Given the large number of 
PFAS to which exposures may have occurred or that are currently ongoing, the Strategy is based on an approach 
that groups similar PFAS into categories. The categories serve as the basis for both identifying PFAS chemicals for 
testing as well as allowing EPA to establish toxicity levels for PFAS within the identified categories. EPA’s Office of 
Research and Development used computer software developed by Su and Rajan to systematically assign the 
starting list of 6,504 PFAS into the following nine primary categories based on their structure. PFAS that did not 
meet the conditions of membership for one of the primary categories listed above based on the structural rules 
were placed into an additional category denoted as “Others.” Substances whose structures could not be resolved 
by the computer software, such as particular salt forms, were labelled as “Unclassified.” EPA’s Office of Chemical 
Safety and Pollution Prevention (OCSPP) has developed and uses a variety of test guidelines, including OECD 
guidelines, to support regulatory actions for chemicals under various statutes, including TSCA. Testing has been 
divided into tiers in accordance with TSCA Section 4(a)(4). Our tiering approach was based on their use/non-use of 
vertebrates (see TSCA Section 4(h)) and their cost and time intensiveness. Tier I consists of physical-chemical 
properties and in vitro testing to inform and guide whether additional short-term in vivo toxicity and/or 
toxicokinetic tests should be considered. Tier II consists of testing to inform which species and doses to use in Tier 
III testing. Tier III consists of testing to identify dose levels (i.e., points of departure) for risk evaluation. This poster 
will present the application of the Strategy to two example chemicals: 6:2 fluorotelomer sulfonamide betaine and 
hexafluoropropylene oxide. EPA anticipates that collecting this information will inform whether refinements to the 
category may be needed and determine whether testing additional PFAS within a category may be necessary. For 
example, similarities, differences, or trends in testing results across categories may indicate that further dividing 
the terminal categories is justified. As described in the Strategy, as EPA obtains data for the candidate PFAS 
throughout the testing process, the agency may use those results to refine categories and update the testing 
approach. The views expressed in this abstract are those of the authors and do not necessarily represent the views 
or the policies of the US EPA. 
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TITLE: Evolving the Standards of Professional Competence as the Science and Technology of the Field of Toxicology 
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ABSTRACT: The American Board of Toxicology (ABT), in consultation with ACT Credentialing and Career Services, 
performed an updated practice analysis study of the knowledge required for general toxicology. Commissioned in 
2021, this work updates and refines an initial practice analysis commissioned by the ABT and Society of Toxicology 
which was previously published in 2016. The goals of practice analysis are to identify the performance domains 
and associated tasks, knowledge and / or skills expected of a general toxicologist; conducting an updated practice 
analysis every five years ensures an ongoing and adequate representation of the knowledge and skills required in a 
rapidly changing discipline. A 10-member task force, representative of the diversity of toxicology practice, settings, 
roles, level of experience, educational background, and area of expertise, was selected by ABT to develop the 
practice analysis. Additionally, five thought leaders were interviewed to elicit information about major trends in 
the profession, recent and anticipated changes in the roles and work functions of toxicologists, and the impact of 
these changes on the competencies and knowledge base required by general toxicologists. Independent review 
was conducted by five additional external subject matter experts to assess the work and provide feedback. A 
survey of toxicologists was conducted to validate the updated practice analysis. A total of 733 toxicologists 
completed the survey, for an overall response rate of 30%. Experience ranged from 3 years to 51 years, with a 
mean of 23 years and a median of 20 years. The largest percentage of respondents worked in industry (48%), 
followed by consulting (21%) and government (10%). Several major changes were made to the existing delineation 
during the qualitative phase of the study; during validation, survey respondents indicated the delineated domain 
structure represented a significant percentage of their toxicology work, with all domains important to the work of 
toxicologists. The domain in which respondents spent the most time was Conduct of Toxicological Studies (42% of 
time); followed by Risk Assessment (38%). Respondents spent the least amount of time in Mechanistic Toxicology 
(< 7%) and indicated they spent minimal time in other non-delineated domains. In addition to informing the 
specification for the ABT certification examination, it is anticipated that the results of this practice analysis will be 
of value to individuals responsible for developing graduate and undergraduate curricula, creation of continuing 
education content, and the authoring textbooks covering the modern practice of toxicology. 
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ABSTRACT: Resveratrol is a natural polyphenol with antioxidant and anti-inflammatory properties. This study was 
carried out to evaluate the protective role of resveratrol on ferrous and copper sulphate induced oxidative stress 
in Drosophila melanogaster. Adult wild type flies were fed Cu2+ and Fe2+ (1 mM each) and/or resveratrol (RVS) (30 
and 60 mg/kg diet) for 7 days. Survival, negative geotaxis and emergence rate were evaluated by daily recording of 
flies’ mortality and analyzed. Fruit flies were anaesthesized using CO2 gas, homogenized and centrifuged at 4,000 
rev for 10 minutes at 4 °C. Aliquots of the supernatants were used for the estimation of biochemical markers using 
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spectrophotometric method. Flies treated with varied concentration of ferrous and copper sulphate had 
significantly increased (p < 0.05) H2O2, NO, with reduced GSH, T-sh as well as inhibition of catalase and reduced 
survival rate compared with control group. Co-treated flies with FeSO4 + CuSO4 (1 mM each) + RSV (30 and 60 
mg/Kg) significantly (p < 0.05) ameliorated the elevation of H2O2, NO, lipid peroxidation, acetylcholinesterase as 
well as significant increase (p < 0.05) in GSH, GST, catalase and total thiol compared with Cu2++ Fe2+ (1mM each) 
treated group. Flies co-treated with FeSO4 + CuSO4 (1mM each) + RSV (30 and 60mg/Kg) also significantly 
improved (p < 0.05) eclosion rates and climbing rate compared with Cu2++ Fe2+ (1mM each) treated group. 
Resveratrol offered protective benefit against Cu2+ and Fe2+-induced radical generation in D. melanogaster and 
improved the antioxidant buffering capability of the flies. Therefore, resveratrol could be used in management of 
disorders involving oxidative stress. 
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TITLE: Transport of Food-Derived Advanced Glycation End-Product (AGE) Dicarbonyl Precursors in an In Vitro 
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ABSTRACT: Advanced glycation end products (AGEs) are produced by non-enzymatic glycation reactions and are 
widely found in the human body and processed food. Reactive 1,2-dicarbonyl compounds are essential AGE 
precursors, of which methylglyoxal (MGO) and glyoxal (GO) are typical and representative. Human exposure to 
AGEs and their precursors may result from endogenous formation but may also originate from intake via food. 
However, it is still controversial and questionable to what extent the reactive food-derived dicarbonyl AGE 
precursors are bioavailable and contribute to the total endogenous exposure. Thus, it is crucial to understand 
whether and how 1,2-dicarbonyl compounds cross the intestinal barrier. This study aimed to characterize intestinal 
transport of the two important dicarbonyl AGE precursors MGO and GO using the well-established in vitro Caco-2 
transwell system. For comparison also the transport of the low molecular mass AGE Nε-(carboxymethyl)lysine 
(CML), known to be bioavailable in vivo, was included in the present study. Transport was studied in medium with 
and without protein, to mimic the effect of a food matrix protein, and at different temperatures (4°C and 37°C) to 
study the passive or active nature of the transport. Based on the cytotoxicity results, concentrations without 
significant cytotoxicity were selected for further experiments. The results of the transport experiments showed 
that MGO, GO and CML are transported across the intestinal cell layer albeit to a limited extent. MGO and GO did 
not accumulate to any substantial extent inside the cells, while CML accumulated to a level of up to 5% of the 
administered amount with the percentage of accumulation decreasing with increasing the apical transport 
concentration. Transport at 4 and 37°C appeared to be comparable with only a slight reduction at the low 
temperature indicating passive transport to be dominant. The presence of protein did not eliminate the transport 
of the dicarbonyl compounds indicating that the protein matrix did not result in their full scavenging and thus did 
not prevent their limited transport. The results obtained point at the bioavailability of food-derived reactive 
dicarbonyl AGE precursors thereby contributing to a better understanding of the potential contribution of these 
reactive dicarbonyl AGE precursors to the total endogenous exposome. 

 
 
 
 

The Toxicologist: Late-Breaking Supplement 2023� 108



ABSTRACT NUMBER: 5158 Poster Board Number: P259 
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ABSTRACT: Current in vitro model systems have provided valuable data on toxicant-induced pulmonary injury. 
However, there is a need for new model systems with improved physiologic relevance, higher throughput, and 
automation to enhance the screening capability for existing and emerging toxicants. Recently, Airway-on-Chip 
(AoC) models have emerged as in vitro platforms to mimic an in vivo-like lung microenvironment. However, the 
utility of AoC models can be limited because of their complex design, incompatibility with rapid prototyping, and 
limited capacity to retrieve biological material from microcompartments. These drawbacks highlight the need for 
bioengineering to create a more user-friendly and user-modifiable high throughput platform for in vitro pulmonary 
research. We have developed an easy-to-fabricate, polymethyl methacrylate (PMMA) and adhesive thin film-
based, HT-AoC (High Throughput - Airway-on-Chip) design that supports organotypic differentiation of airway 
epithelial cells in vitro. This design is based on 384-well spacing which allows for layout modifications that align 
with standard multifunction plate reader systems. PMMA and film layers were fabricated using a standard bench-
top laser cutter and HT-AoCs were assembled with polyester porous membranes (PET: 0.4um pore size) to provide 
the cell culture growth surface. Chips were constructed under aseptic conditions, and UV light sterilized prior to 
use. To test effectiveness, primary human bronchial epithelial cells (hBECs) were seeded apically into a 40-well chip 
(n=40 replicate wells) and differentiated at an air-liquid interface (ALI) for 28 days. Cilia beat frequency (CBF), 
histology, and immunofluorescent labeling were used to characterize cell cultures. After 28 days, all 40 wells of the 
HT-AoC plate produced differentiated hBECs with apical mucus and motile cilia with coordinated beating. Sisson 
Ammons Video Analysis (SAVA) quantified CBF at 8.40Hz ± 0.98Hz with an average of 23% ± 10.60% active area per 
field of view. Immunofluorescent labeling and subsequent morphometric characterization identified 39.33% ± 
2.51% basal cells (P63 positive), 18.98% ± 1.67% club cells (CC10 positive), and 74.85% ± 5.34% ciliated cells (α-
tubulin positive) in differentiated hBECs. All 40 wells of the HT-AoC functioned as expected with no failures. Here, 
we describe a novel HT-AoC system with successful differentiation of primary hBEC cultures. At ALI day 28, hBECs 
cultures displayed normal epithelial layer morphology with ciliated, secretory, and basal cells. The fabrication 
techniques used in this work are ideal for rapid in-lab prototyping without the need of expensive cleanrooms. 
Furthermore, the integration of microfluidics channels enables high-throughput automation with liquid handlers 
and pumps. Based on the data presented here and the flexibility of the platform, we believe the HT-AoC model 
may provide an effective, affordable, and customizable way for researchers to enhance throughput and physiologic 
relevance in pulmonary toxicity studies. 
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ABSTRACT: Chemical characterization and toxicological risk assessment are the lynchpin of modern medical device 
biocompatibility evaluation, used to evaluate systemic endpoints that would otherwise require extensive animal 
testing. However, for long-term exposure durations, extractions carried out to exhaustion are commonplace, 
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pairing multiple 72-hour extraction cycles with elevated temperatures and multiple aggressive solvents. Without 
kinetic data, the resulting toxicological risk assessment takes the conservative position that this quantity is exposed 
to the patient every day for the lifetime of medical device use. Therefore, a toxicological risk assessment based on 
exhaustive extraction is an overestimation of patient risk. Leachable and kinetics studies are then typically 
performed, with more clinically relevant solvents, temperatures, and times chosen to mimic potential patient 
exposure. However, for medical device durations considered long-term due to cumulative exposure, or those that 
are expected to be replaced on a set schedule, the typical leachable kinetics methodology designed for implant 
devices are insufficient to model expected patient exposure. The steady state over time assumed for implant 
devices is interrupted by medical device replacement, restarting a cycle of higher exposure levels. It is proposed 
that for medical devices with replacement schedules, extraction time points earlier in the process are more 
informative for understanding release kinetics and estimating long term patient risk. Our proposed framework is 
applied to a case study for exposure to a long-term medical device, replaced at a 90-day frequency. Our approach 
considers the medical device replacement schedule, cumulative exposure duration, and duration-specific TTC 
values, to maximize usefulness of the chemical characterization dataset to the toxicological risk assessment, limit 
both burden and cost, and most importantly, more closely resemble potential patient exposure during clinical use. 
The days of exposure, taken to be dose estimated via the chemical extracts, from Day 1 to Day 30 of permanent 
exposure devices replaced at six respective frequencies were cumulatively calculated across a 70-year lifespan. 
These values were then applied to their corresponding ICH M7 duration-specific TTC. It is shown that Day 13 of 
extraction represents a critical point beyond which the chemical dose must be negligible for the application of the 
aforementioned TTC values. Hence, extraction time points sampled earlier in the process are more informative for 
understanding release kinetics. The impact of our proposed framework is to ensure more clinically-relevant 
toxicological risk assessments, minimize equivocal conclusions due to dataset limitations where there is no 
inherent risk of materials used in medical device construction, and facilitate the accessibility of therapeutic benefit 
via safe medical device use. 
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ABSTRACT: Predicting the toxicity of various chemical and biological agents of concern has traditionally relied on 
research using two-dimensional cell lines in culture, or in vivo models. However, cell lines aren’t always 
physiologically accurate, and in vivo experiments can be costly and time consuming. Organ-on-a-chip technologies, 
otherwise known as microphysiological systems (MPS) have been gaining popularity as models that are more 
predictive measures of human outcomes for biological and chemical exposures. While MPS have emerged as a 
viable alternative to relying solely on complex animal studies, a limitation to the vast majority of commercially 
available systems is the inability to run multiple organs or organ systems in one chip. The chips designed and 
fabricated by TissUse have overcome this limitation. The TissUse multi-organ-chip (MOC) is the size of a 
microscope slide and uses micro-pump enabling pulsatile flow. It is amendable to iPSC-derived cells, primary cells, 
organoids, or cells cultured in trans-wells. By integrating multiple target organ systems on one chip, the TissUse 
system potentially allows for a more complete and physiologically relevant picture of the effects of chemical and 
biological agents of concern and provides the user the ability to identify both primary and secondary target 
toxicity. Moreover, the ability to collect ‘omics data from multiple human organ systems from a single chip saves 
time and money, by increasing throughput, and organ system coverage. Here, we have created a soldier-on-a-chip 
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toxicity analysis pipeline by combining the TissUse MOC technology with single chip multi-omics analysis on a 
global scale. We have integrated heart, lung, and skin on to one chip to recreate complex biological functions, 
which allows for a more comprehensive analysis of the physiological response to agents of concern as compared  
to single-organ-chip systems. In this study, chips were exposed to chemical or biological threat agents directly  
onto lung tissue, which resulted in dysregulations across a wide array of cellular processes in all three organ 
systems including cell structure, transcription, lung signaling, apoptosis, cardiac calcium flux, inflammation, and 
angiogenic suppression. 
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ABSTRACT: Cyanide (CN) is an extremely toxic compound that inhibits oxidative phosphorylation, which is essential 
for ATP production. Treating CN intoxication is of crucial importance, and it is essential to have antidotes available 
which are rapid-acting and easy to administer.  To overcome the disadvantages of the current antidotes 
(Nithiodote™ and Cyanokit®), a new sulfur donor type antidote Dimethyl trisulfide (DMTS) has been discovered. 
Our lab is participating in the in vitro and in vivo characterizations of various DMTS formulations. Here we are 
focusing on the poly80-formulated DMTS. Protein and membrane binding are important aspects of drug 
development as they influence a drug’s bioavailability. The well-known Protein Equilibrium Dialysis (PED) method 
was used for the protein binding determination of poly80-DMTS. The Parallel Artificial Membrane Permeability 
Assay (PAMPA) method was employed for the membrane binding and penetration. The concentrations in the 
donor and the acceptor cells are determined by using an HPLC method with the required PED setup in PION 
PAMPA buffers both in the presence and absence of the Albumin protein. In the PAMPA studies, the presence of 
Albumin decreased the membrane penetration of DMTS by 20 % and enhanced the membrane retention by 10 %. 
This suggests that the DMTS has significant affinity for binding to Albumin and the DMTS-Albumin complex is less 
capable of traveling through the membrane. More experimental conditions are being investigated in ongoing 
studies. In the PED studies, 30 % more of DMTS was transferred to the acceptor plate in the absence of Albumin. 
This also suggests that DMTS has significant affinity for binding to Albumin. 
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ABSTRACT: Sodium fluoroacetate (Compound 1080, 1080) is an acutely toxic metabolic poison with no discernable 
characteristics (color, odor, or taste) and no known antidotes. The Environmental Protection Agency (EPA) places 
1080 in Toxicity Category I, which indicates the highest degree of acute toxicity in humans. Once in the body, 1080 
can enter the citric acid cycle and through a “lethal synthesis” it is converted to fluorocitrate, which inhibits 
aconitase leading to an arrest in the citric acid cycle. In humans, 1080 has a median lethal dose of 2-10 mg/kg and 
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a potentially long latency period of up to six hours before clinical symptoms of intoxication present themselves. 
Clinical symptoms of 1080 intoxication include; nausea, vomiting, abdominal pains, salivation, weakness, 
tachypnea, and cyanosis. In the United States the use of 1080 is regulated by the United State Department of 
Agriculture (USDA) and used primarily in Livestock Protection Collars to protect livestock from predators such as 
coyotes. Globally its use is more liberal, with formulations available directly to consumers. Though its use in the 
United States is regulated, in the recent past it has been smuggled into the country and illegally sold in markets. It 
has also been previously identified as part of the Iraqi Intelligence Service’s covert laboratory program and eco-
terrorist groups have threatened to use it as a weapon against civilians. Currently there is no antidote for 1080 
poisoning, with only general supportive care as recommended treatment. Therefore an individual with 1080 
intoxication presents a clinician with no real treatment course once 1080 poisoning has been identified. We 
investigated the potential of methylene blue as a therapeutic for 1080 intoxication by exposing male Sprague-
Dawley rats to increasing concentrations of 1080 (0.5 to 33.6 mg/kg) based on a LD50 logarithmic scale. Two 
different doses of methylene blue (11 mg/kg and 25 mg/kg) were administered via intraperitoneal injection (i.p.) at 
0.5 hr and 2 hr post-exposure. Euthanasia occurred 24 hours post-exposure and blood and serum were collected 
from the descending aorta. Bronchoalveolar lavage fluid (BALF) was also collected from the right lung using 
phosphate buffered saline (PBS). Comprehensive metabolic panels were run on the serum of surviving animals to 
quantitate circulating levels of blood metabolites. Based on previous data indicating cardiopulmonary effects of 
1080, a high sensitivity rat cardiac troponin-I ELISA was used to determine cardiac damage, and BALF was tested 
for the presence of signs of hemorrhagic pulmonary edema. We found that at the highest administered dosage (25 
mg/kg) methylene blue shifted the median lethal dose from 2.1 mg/kg to 5.9 mg/kg, offering a protective ratio of 
2.75. We also observed that methylene blue decreased circulating markers of liver and cardiac damage, returned 
blood glucose levels to a normal range, and decreased signs of hemorrhagic pulmonary edema. Our data suggests 
that methylene blue can be used successfully as a countermeasure for 1080 poisoning and intoxication and has the 
potential to be a toxidrome spanning treatment for metabolic poisons. 
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ABSTRACT: Sodium fluoroacetate (1080) is a colorless, odorless, tasteless, water-soluble metabolic poison that 
inhibits the citric acid cycle and reduces the rate of cellular metabolism. Once it enters the body through 
intentional or unintentional ingestion or inhalation, 1080 is converted to fluoracetyl-CoA which then enters the 
citric acid cycle. Citrate synthase catalyzes the “lethal synthesis” reaction of fluoracetyl-CoA and oxaloacetate to 
form the highly toxic compound fluorocitrate. Fluorocitrate inhibits aconitase and arrests the citric acid cycle 
leading to increases in citrate and depletion of ATP. Compound 1080 may also have direct effects on mitochondria 
causing mitochondrial dysfunction through increased swelling and loss of the proton gradient. Seizures induced by 
1080 poisoning are often attributed to the increase in citrate, which chelates Ca2+ in the central nervous system. 
Fluoroacetate can be naturally cleared from the body through a glutathione S-transferase dependent 
defluorination process. Therefore, shifting cellular energy metabolism to pathways other than oxidative 
phosphorylation would allow cells to continue to produce ATP and lessen the negative impacts of 1080 poisoning, 
giving the body enough time to naturally eliminate fluoroacetate. Researchers previously identified FDA approved 
compounds that were able to shift energy metabolism in human fibroblasts away from oxidative phosphorylation 
and towards glycolysis. We utilized our multi-leveled in vitro screening model, consisting of S. cerevisiae (yeast), 
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human cardiomyocytes, and 3-D human hepatocyte spheroids, to screen FDA approved compounds identified for 
their ability to prevent the toxic effects of fluorocitrate. Our screening model was able to identify pyrvinium 
pamoate as a lead therapeutic candidate. Pyrvinium pamoate is an anthelmintic drug that gained FDA approval in 
1955 for the treatment of enterobiasis. In our yeast model, pyrvinium pamoate had no negative effects on cell 
growth when co-incubated with 200 µM fluorocitric acid. In our cardiomyocyte model, pyrvinium pamoate (0.1 
µM) was able to reverse the negative effect of fluorocitrate on the spare respiratory capacity and maximal 
respiration of the cells. While pyrvinium pamoate has been studied for its anti-cancer properties for its ability to 
inhibit complex I of the mitochondrial respiration chain and thus ATP production, outside of the tumor 
microenvironment it can activate the mitochondrial respiratory chain through complex II, bypassing its inhibitory 
effect on complex I. We investigated the potential of pyrvinium pamoate as a therapeutic for 1080 intoxication by 
exposing male Sprague-Dawley rats to increasing concentrations of 1080 (0.5 to 33.6 mg/kg) based on a LD50 
logarithmic scale. Pyrvinium pamoate (0.09 mg/kg with 10% Kolliphor EL) was administered via intraperitoneal 
injection (i.p.) at 0.5 hr and 2 hr post-exposure. We found that post exposure treatment with pyrvinium pamoate 
was able to shift the LD50 of 1080 from 2.0 mg/kg to 3.7 mg/kg, offering a protective ratio of 1.85. Our data 
suggests that pyrvinium pamoate has the potential for development as a countermeasure for 1080 intoxication. 
Further studies are warranted to assess the full potential of pyrvinium pamoate and determine the optimal dosage 
and treatment regimen. 
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ABSTRACT: Acute intoxication with OP cholinesterase inhibitors can trigger cholinergic crisis that can rapidly 
progress to status epilepticus (SE) and death if untreated. While standard of care therapeutics (atropine, an oxime 
and an anti-seizure medication, typically midazolam) can attenuate acute behavioral seizures and mortality, 
survivors often develop spontaneous recurrent seizures. High frequency deep brain stimulation (DBS) is an FDA 
approved therapy for temporal lobe epilepsy, and we have shown that limited theta frequency DBS can increase 
seizure threshold and reduce seizures in a rat pilocarpine model of SE. Based on these findings, we hypothesize 
theta frequency DBS of the medial septal nucleus (MSN) will decrease seizure frequency following acute exposure 
to DFP. To test this hypothesis, adult male and female Sprague-Dawley rats (n=10/sex) were implanted with depth 
electrodes in the left prefrontal cortex, dorsal hippocampus, and ventral hippocampus, and bilateral cortical 
screws over the hippocampus and prefrontal cortex for recording. A stimulating depth electrode was implanted in 
the MSN. Following a 10 d recovery period, animals were administered DFP (3.5 mg/kg, s.c.) followed 1 min later 
by atropine sulfate (2 mg/kg, i.m.) and 2-pralidoxime (25 mg/kg, i.m.) and at 40 min post-DFP, midazolam (1.8 
mg/kg, im). All animals were recorded by continuous video and EEG from 4 h to 21 d post-DFP, and all received 1 h 
of daily stimulation (7.7 Hz, 80µA, 1 msec square wave) from 14-20 d. Seizure frequency was assessed using the 
ventral hippocampal electrode and confirmed with video. A paired t-test was used to compare pre- and post-
stimulation seizure frequency. All animals experienced SE in the first 4 h post-DFP. Seven animals (3 male and 4 
female) were removed from the study as they had 0-1 total seizures between 7-14 d. Among the remaining 
animals, the seizure frequency/week (± SEM) was 11.86 ± 2.6 in males and 10.47 ± 2.68 in females. Among male 
rats, DBS significantly reduced seizure frequency to 1.86 ±0 .7 seizures/week, while in females there was non-
significant reduction to 2.5 ± 1.06 (p=0.08). There were no significant differences in seizure frequency between 
pre-stimulation or post-stimulation between male and female rats. These data indicate DBS of the MS significantly 
reduces seizure frequency in male rats, with a trend in females. Further investigation of DBS, in combination with 
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pharmacological interventions, could inform long-term management of patients with OP-induced epilepsy. 
Supported by the NIH CounterACT Program (U54 NS079202 and U54 NS127758) and predoctoral fellowships to 
Chelsea Unkel (5T32GM135741-03) and Peter Andrew (ARCS). 
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ABSTRACT: Chlorpyrifos (CPF) is a broad-spectrum and efficient organophosphorus pesticide. It boasts a multitude 
of application fields, acting as insecticide, acaricide and thermiticide. It is one of the most widely used in the 
European Union and WHO has classified it as a moderately dangerous pesticide. Its principal mechanism of activity 
is based on the almost irreversible inhibition of the acetylcholinesterase (AchE), but it can also act via oxidative 
stress and endocrine disruption. Traces of the pesticide have been detected in several environmental and food 
(water, fruit, vegetables, cereals) matrices, suggesting that the world population is chronically exposed to it. The 
aim of this study is to determine oxidative damage in human hepatocarcinoma (HepG2) cells exposed to CPF. The 
cytotoxic effects of CPF (78.125 -2500 µM) was measured by MTT after 24 h of incubation. The results showed that 
CPF decreased cell proliferation after 24 h of exposure in a concentration-dependent manner. The molar 
concentration of CPF, able to reach 50% inhibition of cellular proliferation (IC50) was 280.87±26.63 μM. Reactive 
oxygen species (ROS), lipid peroxidation (LPO) and mitochondrial membrane potential (MMP) were selected as 
biomarkers of oxidative damage. The ROS generation was determined using the fluorescent probe 2’-7’-
dichlorodihydrofluorescein (DCFH). The production of LPO was carried out by TBARS, which measures the MDA-
TBA adducts formed in HepG2 cells. And, changes in MMP were determined using the fluorescent probe 
Rhodamine123 (Rh-123). These assays were measured in HepG2 cells after treatment with 17.5, 35 and 70 µM CPF 
for 24 h of exposure. The CPF produced oxidative damage in HepG2 cells after 24 h of exposure at the highest 
concentration tested as evidenced by ROS generation (83% increase compared to control), MDA production (11% 
increase respect to control) and MMP alteration (20% decrease respect to the control). The results suggest that 
CPF could damage HepG2 cells via oxidative stress. However, these results shouldn't be linked to any particular 
ROS, and should be limited to determining whether change in cellular redox state has occurred. However, further 
examination of the cause of the stress generated should be undertaken. Acknowledgements: This work was 
supported by the Spanish Ministry of Science and Innovation project (PID2020-115871RB-I00). 
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ABSTRACT: Squamous cell carcinoma of the maxillary sinus is a very aggressive and rare type of Head and Neck 
Cancers (HNC). It is diagnosed at a very advanced stage and most patients have a poor survival rate and prognosis. 
This study is based on the synthesis and applications of gold nanoparticles (AuNPs) conjugated with hesperidin 
(Hsp) as a targeted drug delivery system to develop a potential treatment for maxillary sinus carcinoma. AuNPs 
have distinctive properties, small size, and large surface area, it is very convenient to load any drug on them and 
carry them to unapproachable sites. This study investigated a non-traditional way to approach cancer treatment. 
The main aim was to develop a highly efficient and safer method to deliver Hsp to the target sites. The Hsp with 
poor solubility and bioavailability render it only slightly absorbed, requiring a delivery system to reach its 
therapeutic target. This study focused on the effects of 15µg/ml Hesperidin loaded on gold nanoparticles (Hsp-
AuNPs) on lymphocytes from 20 healthy individuals compared to lymphocytes from 20 HNC patients using the 
alkaline Comet assay. The Hsp-AuNPs reduced the DNA damage in healthy patient lymphocytes compared to the 
HNC patients’ lymphocytes. The human squamous carcinoma cells of the maxillary sinus (MC) were also treated 
with 5µg/ml of Hsp-AuNPs. The alkaline Comet assay results showed that Hsp-AuNPs induced DNA damage in MC 
cells and even a small dose of Hsp-AuNPs showed more anti-cancer effect compared to the naked Hsp or AuNPs. 
Therefore, Hsp-AuNPs demonstrated the genotoxic effects and confirmed it as a possible anticancer agent. The 
Hsp and AuNPs were also used to treat lymphocytes from healthy individuals as compared to head and neck 
cancer patients’ lymphocytes they reduced the DNA damage, but they were less effective compared to Hsp-AuNPs 
the p-value of Hsp-AuNPs was (*** p<0.001), (*p<0.05) using % Tail DNA and OTM respectively. In HNC patients’ 
lymphocytes, the p-value of Hsp-AuNPs (*** p<0.001) for both % Tail DNA and OTM. Also, this study investigated 
the gene protective and genotoxic impact of naked AuNPs and Hsp in lymphocytes from head and neck cancer 
patients compared to the lymphocytes from healthy individuals. The data indicated that Hsp-AuNPs may possibly 
be effective treatment of Maxillary sinus carcinoma and demonstrated the ability of Hsp-AuNPs to increase the 
DNA damage more than the naked form of AuNPs and Hsp in cancer cells. Whereas the p value for Hsp-AuNPs is 
(*** p<0.001) for %tail DNA. While for OTM p values of Hsp-AuNPs is (*** p<0.001). Hsp with antioxidant/ 
anticancer ability released by the AuNPs can effectively invade all the cancer sites with no extremely harmful 
effects. The Hsp-AuNPs hence have shown anti-cancer effects in MC cells and induced more damage in DNA as 
compared to naked AuNPs and Hsp. The outcomes of this study are consistent with the viewpoint that the Hsp-
AuNPs might have a substantial role in cancer treatment, including MC. 
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ABSTRACT: Due to the current FDA concern and guidance on reducing the risk of Nitrosamine impurities in human 
drugs, there has been an increased Industry need for testing of these impurities using the Bacterial Reverse 
Mutation (Ames) test. As Nitrosamines are not readily detectable by standard Ames methodologies, specifically 
cited in the Ames testing guideline (OECD 471), the need for a robust protocol better suited for this class of 
compounds is warranted. Based on review of both current and past literature regarding Ames nitrosamine testing, 
the current study was designed to assess the mutagenic potential of N-Nitrosodipropylamine (NDPA). The protocol 
employed for this testing used the five most common and OECD 471 required battery of Ames tester strains 
(Salmonella typhimurium tester strains TA98, TA100, TA1535 and TA1537, as well as Escherichia coli WP2 uvrA) via 
both the plate incorporation and pre-incubation methodologies in the presence of either PB/BNF induced rat S9 or 
hamster S9. Positive mutagenic responses were nearly always observed in at least one strain of either TA100, 
TA1535, or WP2 uvrA regardless of the plating methodology or metabolic activation system, however there were 
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some differences in assay sensitivity under specific conditions. TA100 could only identify NDPA as positive 50% of 
the time when rat S9 was used with either plating methodology. In addition, WP2 uvrA failed to meet positive 
evaluation criteria in 2 out of 5 trials using plate incorporation but was positive 100% of the time when tested 
using the 60-minute pre-incubation methodology. NDPA was evaluated as positive 100% of the time when tested 
with hamster S9 using either methodology in tester strains TA100, TA1535, and WP2 uvrA. Differences in 
concentration of induced hamster S9 were also evaluated comparing 10% (v/v) S9-mix to 30%. More robust fold-
increase were seen in WP2 uvrA when 30% S9 was used compared to 10% (11.9 vs 5.3-maximum fold increase, 
respectively), whereas the differences between hamster S9 concentration were negligible for TA100 (5.6 vs 4.15-
maximum fold increase) and TA1535 (14.2 vs 13.1-maximum fold increase). Further testing with a variety of 
Nitrosamine compounds may lead to the development of a streamlined, robust, and sensitive Ames test design for 
these class of compounds. 
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ABSTRACT: Antiandrogenic action has been associated with reproductive toxicity and endocrine disruption in fish, 
thus, it is important to identify environmental chemicals that possess antiandrogenic potency. This study aimed to 
establish in vivo and in silico assay systems to evaluate antiandrogenic potentials of environmental chemicals using 
zebrafish. Zebrafish embryos were exposed to an androgen 17α-methyltestosterone (TES) alone or in combination 
with an androgen receptor (AR) antagonist flutamide (FLU) and pesticides [i.e., vinclozolin (VIN), p,p’-DDE (DDE), 
linuron (LIN) and fenitrothion (FEN)], as well as bisphenol A (BPA) and its nine analogs (e.g., BPAF, BPE, BPS, BPZ), 
beginning at 72 h post fertilization (hpf). Embryos at 96 hpf were collected for quantification of an androgen 
responsive gene sulfotransferase 2st3 (sult2st3) by qPCR. In silico analysis was carried out using the Molecular 
Operating Environment program (Chemical Computing Group, Montreal, Canada) for FLU, pesticides, and three 
other compounds that are not classified to antiandrogens, i.e., potassium permanganate (PP), 4-hydroxytamoxifen 
(4-OHT), and 20-hydroxyecdysone (20-OHE). The expression of sult2st3 mRNA was induced in embryos exposed to 
TES in a concentration dependent manner. Coexposure to TES and FLU revealed that the TES-induced sult2st3 
expression was inhibited by FLU in a concentration dependent manner (IC50 = 5.7 μM), suggesting that AR could be 
the primary regulator of sult2st3. Similarly, DDE, VIN, BPAF, BPE, and BPA had inhibited TES-induced sult2st3 
expression with lower IC50 values than FLU, indicating that they had stronger antiandrogenic potency than FLU. All 
other chemicals with the exception of BPZ and BPS also repressed sult2st3 induction almost completely at the 
highest concentration tested. The order of antiandrogenic potency in zebrafish was somewhat different from that 
in other species. Additionally, FEN and LIN, which had relatively lower antiandrogenic potential in terms of sult2st3 
inhibition, induced pericardial edema, yolk-sac edema, blood flow reduction, and delayed swim bladder inflation in 
zebrafish embryos. These results indicate no obvious relationship between developmental toxicities and 
antiandrogenic potency. In silico docking simulation showed that FLU and all tested pesticides formed hydrogen 
bond(s) with zebrafish AR ligand binding domain and with Arg702 as a key amino acid in ligand binding. Based on 
the interaction energy (S-score), FLU and the four tested pesticides had interaction energies lower than −5.0 
kcal/mol, whereas the negative control PP, 4-OHT, and 20-OHE had interaction energies higher than that. This 
study showed that sult2st3 is an effective biomarker for not only identifying environmental antiandrogens but also 
evaluating their antiandrogenic potency, and suggests that a combination of zebrafish-based in vivo and in silico 
assessments represents a promising tool to assess the antiandrogenic potentials of environmental chemicals. 
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ABSTRACT: Immunological contexture differs across malignancies, and understanding it in the tumor 
microenvironment (TME) is essential for development of new anti-cancer agents in order to achieve synergistic 
effects with anti-PD-1 therapy. TAM receptor family (TYRO3, AXL, and MERTK) is bi-expressed in both cancer and 
immune cells, and thus emerge as promising targets for therapeutic intervention. Although AXL and MERTK have 
been extensively studied, the role of TYRO3, in the TME, is still undetermined. Here, we screened TYRO3-focused 
chemical library and present a highly selective TYRO3 inhibitor, KRCT87. Blockade of TYRO3 boosts anti-tumor 
immune responses in both the tumor-draining lymph nodes (TdLNs) and tumors in MC38-syngeneic mice models. 
Moreover, the combination of KRCT87 and anti-PD-1 therapy exerts significant synergistic anti-tumor effects in 
anti-PD-1 non-responsive 4T1-syngeneic model. Mechanistically, we demonstrated that inhibition of TYRO3-driven 
CCN1 secretion fosters macrophages into M1-skewing phenotypes, thereby triggering anti-tumor T-cell responses. 
These findings highlight the potential of TYRO3 blockade to improve the clinical outcomes of anti-PD-1 therapy. 
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ABSTRACT: High-throughput phenotypic profiling (HTPP) is a promising new approach method (NAM) for in vitro 
hazard assessment. “Cell Painting” is a current HTPP assay where cells are imaged after being labeled with 
fluorescent stains that bind to different cellular structures. Image processing software can calculate features for 
each fluorescent stain including intensity, texture, shape, and symmetry, which can then be used as quantitative 
information about cellular states at the time of sampling compared to control. Currently, most cell lines with HTPP 
data are human-derived, originating from various tissues. The RTgill-W1 cell line is a spontaneously immortalized 
rainbow trout gill cell line which has previously been utilized for toxicity testing. In January 2021, the Organization 
for Economic Co-operation and Development (OECD) released Test Guideline 249 (TG 249), an acute toxicity assay 
that uses three separate fluorescent dyes to measure metabolic activity, membrane integrity, and lysosomal 
activity in RTgill-W1 cells cultured in 24-well format. To increase the throughput of this test guideline, we have 
miniaturized it to run in 384-well format to match the conditions typically used for Cell Painting. In this study, we 
have used Cell Painting to profile RTgill-W1 cells exposed to 231 chemicals in concentration-response format. 
Chemicals were tested concurrently in 3 assays: the Cell Painting assay, an image-based cell viability assay, and the 
miniaturized OECD TG 249 cell viability assay. Chemicals tested included 110 tested previously in Cell Painting in 
human osteosarcoma cells (U 2-OS), 129 with in vivo rainbow trout data, 69 with in vitro rainbow trout data, and 
29 detected in water samples from the Great Lakes. RTgill-W1 cells were seeded at 22.5k cells/well in a serum-
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containing medium, then switched to a serum-free minimal medium and exposed to 8 concentrations of test 
chemicals (0.05-100 µM) for 24 hours. Out of all chemicals tested, 119 had detectable changes in phenotype 
compared to vehicle control at sub-cytotoxic concentrations. 51 chemicals had detectable cytotoxicity in the plate 
reader and image-based assays, 10 showed detectable cytotoxicity in the plate reader assay but not the image-
based assay, and 15 in the image-based but not plate reader assay. Of the 51 chemicals with cytotoxicity data from 
both assays, the cytotoxic concentrations were within one order of magnitude of each other. Ongoing work 
includes optimization of in vitro-to-in vivo extrapolation parameters and in vitro disposition measurements for a 
subset of chemicals to potentially improve the accuracy of the comparison to in vivo data. These data provide not 
only proof-of-concept for using Cell Painting to screen environmental chemicals in the RTgill-W1 cell line, but also 
an important point of comparison for both existing Cell Painting datasets and existing rainbow trout toxicity data. 
Due to the high dimensionality of the HTPP data there are many potential avenues for further study, including 
extrapolating mechanistic behavior and chemical profile similarity as well as inter-species comparison. This 
abstract does not reflect US EPA policy. 
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ABSTRACT: Historically, in vivo (animal) and in vitro (cell) studies in environmental science and pharmaceutical 
development have played a pivotal role in assessing adverse effects of chemical substances on organisms and 
effects of drugs. Predicting receptor-mediated effects in signal transduction pathways is critical to effects of drugs 
and or contaminants on health of humans or the environment. In an effort to catch up with this swift pace of 
development and use of new chemicals, researchers strive to develop reliable predictive models for toxic 
potencies that provide high throughput screening. Various computational methods are currently being considered 
as in silico alternatives to bioassays for predicting toxicity in statistical (QSAR) or analytical (molecular docking) 
manner. However, due to incomplete understanding of physico-chemical reaction between chemicals and receptor 
protein triggering the receptor-mediated enzyme regulation, accurate prediction of toxicity using in silico methods 
is still challenging. We conclude there are multiple profound mechanisms of chemical toxicity, involving not only 
geometric structure of a molecule but also its electronic structure-related properties. Physico-chemical properties 
have been used to develop casual relationships from which to predict potencies of various receptor-mediated 
mechanisms of action. Studies for factors affecting toxic reactions have shown various methods to predict strength 
of binding of ligands to protein receptors, but only limited mechanistic information is routinely developed to 
understand how most chemicals are expected to produce adverse toxic effects. Thus, more robust scientific bases 
of risk assessment would be necessary in that providing detailed mechanistic cause-effect relationships by 
addressing the missing and/or unknown key factors. In this sense, the new experiment-free model proposed in this 
article provides a novel perspective on ligand-receptor interactions. Here, we report a novel, advanced directional 
reactive binding factor (DRBF) model that illustrates how physical properties of a ligand interplay to constitute 
optimal environments for biochemical interactions with respective receptors. Our model identified a key factor of 
physico-chemical reaction in the cell; a dipole moment-aligned chemical reaction with charge states of amino acids 
forming aryl hydrocarbon receptor (AhR). Considering the binding status between AhR and agonists, the 
combination of the probabilistic approach with the mechanistic interpretation allowed us to understand the 
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variation in both potential toxicities and their causes in the process of ligand-receptor response. The present work 
highlighted a more profound mechanism of toxicity involving its configuration. Further improvement of the DRBF 
model will keep up with advances in molecular and computational structural biology and lead to a paradigm shift 
in providing reliable and mechanistic interpretation screening systems. 
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ABSTRACT: A nesting colony of red-legged cormorants (Phalacrocorax gaimardi) using marine debris as nesting 
material was discovered in major seaport structures of a highly industrialized area of northern Chile (Mejillones 
Bay). This cormorant species endemic of South America is classified as near threatened by the IUCN. Furthermore, 
they are building their nests in major seaport structures for the export/import of heavy metals associated to the 
mining industry. However, both the source of plastic and the metal effects on this colony remain unknown. Plastic 
in nests could have direct and indirect impacts in the growth and survival of chicks and also contribute to the metal 
exposure from mining ports. This study aims to understand the source of plastic in the nesting colony and if metals 
are accumulated at high concentrations in cormorants. Debris in beaches and floating in the seawater were 
characterized and correlated with those plastics found in 16 different nests. Besides, the concentrations of 8 
metals representative for the mining industry (Cu, Cd, As, Cr, Hg, Pb, Se and Zn) were evaluated in 48 feathers 
found of these cormorant nests. Overall nests sampled contained marine debris in their structure with an average 
of 51.8% of the weight, being the origin mainly industrial (73%) and the predominant color white (46%). On the 
other hand, we found 123 marine debris items during 49 lines transect boat surveys (380.67 km2). Besides, 1606 
items of marine debris were collected in the 3 sampled beaches near seaports, with a median of 7.93 debris 
items/m2. Our results indicated that there is no correlation among debris items found in nests with debris items 
found in beaches or floating. Despite of the high presence of coal, wood or plastic bottles in beaches and seawater 
column, cormorants prefer plastic bags and bulk-bags found in them. Perhaps because they have the same texture 
than algae used naturally in red-legged cormorant nests. On the other hand, overall metals were detected in all 
feathers being the highest levels of Zn (110.87 ±10.82 mg/kg) followed by Cu (17.44±1.18 mg/kg), Se (2.85±0.29 
mg/kg), Pb (2.82±0.96 mg/kg), Cd (1.49±0.37 mg/kg), As (0.87±0.12 mg/kg), Hg (0.66±0.04 mg/kg) and Cr 
(0.61±0.07 mg/kg). Higher levels of Zn and Cu seem logical since they are part of the essential elements in the 
organism. Besides, Cu is the major element extracted in our area with relevant levels of Pb and Zn in the tailings. 
Cu and Se levels are higher than others found in cormorant species. The rest are in the range detected by other 
cormorant species and Hg lower. In general, metal levels are below the toxic limits in seabird species. However, Se 
and some specific cases of Cd and Pb exceeds the toxicity threshold given for these metals in feathers. No 
significant relationship was found among metal in the feathers and the total number of debris items found in the 
nests but a significant correlation among color of plastic debris and metals were found. This is the first study of 
these characteristics in the pollution hotspot area. Future research should analyze if the surface area of plastics 
may allow the absorption of metals and if this could be the vector to red-legged cormorants by ingestion of plastic 
or during the building of nests. 
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ABSTRACT: Mejillones Bay located in N Chile can be considered as representative of the Humboldt Current 
Ecosystem (HCE). Located on the marine-terrestrial interface of the World’s copper mining center, the bay is 
characterized by heavy metal enrichment, which reflects both natural and anthropogenic inputs (thermoelectric 
power generation and exportation of copper and other minerals). The processing and exportation of metals results 
in waste materials being discharged into the sea, enriching sediments with toxic elements. These pollutants can 
produce endocrine cycle disruption, failure of the reproductive process, immune system suppression and 
metabolic disorders that could generate cancer and genetic defects in marine species. Paradoxically, the bay is also 
considered a "Priority Site for the Conservation of Biodiversity", due to its high biological potential and its capacity 
to retain fish larvae and other organisms that are food for numerous marine predators. Fin whale (Balaenoptera 
physalus) is the most common cetacean species found in the HCE, and its importance in structuring the HCE has 
been demonstrated in several studies. However, little is known about the levels of toxic metals in this species in 
the study area and their potential health impacts. We assess non-essential metals and semimetals (THg, Cd, Pb, As, 
TCr) and essential metals (Cu, Zn, Se) in skin biopsies from adults of fin whales (n = 22, 13 males, 8 females, 1 nd) 
from Mejillones Bay. We also characterized carbon, nitrogen and sulfur stable isotope values to assess potential 
dietary and migratory patterns that may affect metal accumulation. The detection rate was 100% for As, Cr and Se; 
>80% for Hg, Zn and Cu and >60% for Pb and Cd. The highest levels were found in Zn (11.43 ± 6.84 µg/g) and Se 
(4.21± 2.07 µg/g) following by TCr (3.14± 2.33µg/g), Cu (0.68 ± 0.58 µg/g), As (0.80 ± 1.71 µg/g), Pb (0.22 ± 0.70 
µg/g), THg (14.47 ± 19.55 µg/kg) and Cd (13.18 ± 14.15 µg/kg). δ15N values ranged from 11.4 to 18.1 ‰, δ13C 
values ranged between -22.7 and -17.5 ‰ and δ34S ranged between 7.6 and 15.2 ‰. Comparisons with data from 
other southern hemisphere studies show that fin whales from Mejillones Bay had higher concentrations for most 
of the metals analyzed. We found no differences between sex for any variables. Negative correlations were found 
between Se, THg and As and all three stable isotopes (in Se case only with δ13C and δ34S). This suggests that 
differences in pollutant concentrations in cetaceans are driven not only by their trophic ecology but also by 
variations across latitudes that could differ the metal concentrations found in their prey. The concentrations of 
some metals reported in this study have been associated with toxic effects at different levels. As such, further 
assessment of metal loads in whales in this area and identification of the movement patterns of these oceanic 
giants is needed to understand the sources of their exposure to contaminants and to predict how metals will affect 
the health of whales in this hotspot. 

 
ABSTRACT NUMBER: 5174 Poster Board Number: P275 
TITLE: Reproductive Effects of Mediterranean Mussels Exposed to Polyethylene Terephthalate Microfibers 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Park. Korea Institute of Toxicology, Jinju, Korea, 
Republic of. Sponsor: S. Yoon 

ABSTRACT: As one of major types of microplastics (MPs), microfibers (MFs) are widely found in the marine 
ecosystem and can induce diverse impacts on various marine organisms. Sedentary species, such as mussels, can 
act as bioindicators for monitoring marine contamination. Hence, in this study, we used mussels (Mytilus 
galloprovincialis) to examine the toxicity of polyethylene terephthalate (PET) MFs of 100 μm size at concentrations 

The Toxicologist: Late-Breaking Supplement 2023� 120



of 0.0005, 0.1, 1, 10, and 100 mg/L for 32 days. PET MFs accumulated only in the stomachs and intestines of the 
mussels and caused digestive tubule atrophy. After exposure to PET MFs, no alteration in the mortality rate, shell 
height, length, and weight of the mussels was observed. However, the gonadal index decreased with increasing 
concentrations of PET MFs. This is because PET MFs decrease the sex hormones estradiol and testosterone in 
mussels, even at environmentally relevant concentrations. Furthermore, chronic exposure to PET MFs increased 
the activities of antioxidant-related (catalase and superoxide dismutase) and neurotoxicity-related (acetylcholine 
esterase) enzymes in the digestive gland and gill tissues of mussels. In addition, cellular immune parameters of 
apoptosis and DNA damage were observed in mussel hemocytes. Thus, this study demonstrates the risks of MPs in 
real marine environments by assessing how long-term exposure to low concentrations of PET MFs can cause 
potential sublethal impacts and reproductive failure in mussels. 
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ABSTRACT: Toxicogenomics is an emerging field of science that combines toxicology and genomics knowledge, 
especially using high throughput molecular profiling technologies, such as transcriptomics. The principle idea 
underlying toxicogenomics is that alterations in conventional toxicological parameters are accompanied by gene 
expression changes. The analysis of expressed genes in a tissue at the mRNA level provides much increased insight 
into biological processes at the molecular level. The aim of this study was to analyze gene expression profiles of 
blood samples obtained from juvenile Caiman latirostris after acute exposure to a cypermethrin-based pesticide 
formulation and immune challenge with Escherichia coli. Eight juvenile caiman were separated in two 
experimental groups: a negative control (C) and a group exposed (E) to the cypermethrin formulation Atanor® 
(25% a.i.). Animals were maintained under controlled conditions in plastics containers and the exposure was 
performed by voluntary immersion in water, at a concentration of 2 µg/l during 15 days. After exposure, all 
animals were immunologically challenged by an injection with E. coli suspension (absorbance: 0.5, ~ 1.5 x 108 

CFU/ml) at a dose of 0.1 ml/kg during 96 h. Blood samples were taken from all animals at the beginning and at the 
end of the experiment and immediately preserved in TRIzol® reagent-LiqN2. RNA extraction from whole blood was 
conducted following a protocol previously adapted for the species. Libraries were prepared (cDNA 0.1-5.0 μg) and 
cDNA was sequenced using Illumina sequencing Technology (NGS) through a Hiseq3000 instrument. We identified 
1266 differentially expressed genes in caiman challenged only by E. coli: 489 (38.6%) downregulated (DR) and 777 
(61.4 %) upregulated (UR). When we analyze animals previously exposed to CYP, the number of genes differentially 
expressed decreased to 592, of which 248 (41.9%) were DR and 344 (58.1%) UR. These results suggest that the 
previous exposure of caiman to CYP caused a decrease in the immune response of the animals. Functional analysis 
identified different affected metabolic pathways with possible consequences in important biological processes, 
including lipid and carbohydrate metabolism (synthesis and degradation), immune response (cytokines, 
interleukins, tumor necrotic factor), oxidative damage and cell adhesion function, allowing the development of 
new molecular biomarkers through the expression analysis of genes related to these pathways. 
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ABSTRACT: The EU regulations surrounding the assessment of compounds for endocrine-disrupting properties 
have been strengthened, leading to the establishment of a guidance document on the evaluation of compounds 
for their potential to disrupt the thyroid axis, both in adults and the developing fetus. Specifically, the relationship 
between altered thyroid hormone levels (maternal and offspring) and the development of the brain is of concern. 
As a consequence, the mode of action of potential thyroid toxicants needs to be precisely determined throughout 
gestation and lactation. One of the main approaches to describe mode of action is to build an Adverse Outcome 
Pathway (AOP). To further and potentially predict neurodevelopmental toxicity linked to thyroid disruption, we 
aim to build a quantitative AOP (qAOP). By integrating point of departure information into the AOP, we hope to 
identify activation thresholds for each of the key events and establish correlation links. To construct this qAOP, 
four thyroid toxicants have been tested: two with a direct effect on the thyroid (propyl-thiouracil and sodium 
perchlorate) and two with a liver-mediated effect on the thyroid (5-pregnen-3β-ol-20-one-16α-carbonitrile and 
triclosan). These compounds have been tested in a combination of in vitro assays (New Approach Methodologies 
(NAMs)) and in vivo studies with pregnant rats. As a first step, liver-mediated thyroid toxicity was studied by 
conducting in vitro experiments using primary 2D cultures of rat hepatocytes to evaluate the impact of compounds 
on (1) Gene expression level (liver enzymes, thyroid hormone transporters, nuclear receptors, deiodinases), (2) 
Hepatic enzymes activity (UGT, CYP), (3) metabolic pathways deregulation (by metabolomics). Direct thyroid 
perturbation was investigated using primary thyroid cells or cell line (PCCL3) to determine the impact of 
compounds on activity of the membrane transporter, NIS, and thyroid peroxidase (TPO), which are involved in the 
synthesis of thyroid hormones. Finally, a promising technique of primary 3D cultures of thyroid follicles was used 
to determine the impact on thyroid hormone synthesis (thyroid hormone dosage in the medium and gene 
expression). In summary, PCN was determined to induce a marked increase (over 100-fold change) in the 
expression and activity of specific liver enzymes (Cyp3a and Ugt2b). While PTU strongly inhibited TPO enzyme 
activity (up to 100% of inhibition at highest concentration) whereas sodium perchlorate inhibited NIS activity. To 
conclude, we confirmed the expected mode of action for most of compounds evaluated. Finally, we have tested 
the four compounds at multiple concentrations, to define the correlation of the level of activation for each key 
event involved in the AOP. As an example, the data we will address can demonstrate what the minimum level of 
overexpression of phase II hepatic enzyme to induce the corresponding enzymes (UGTs) and lead to a significant 
decrease in thyroid hormone levels (clearance) for each of the reference compounds. This can support screening of 
other pesticides for which thyroid disruption has been proposed. 
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ABSTRACT: Exposure to certain phthalate compounds is reported to elicit thyroid changes in rodents. To evaluate 
the potential for DIDP and DINP to disrupt thyroid pathway homeostasis, a weight of evidence (WoE) assessment 
was conducted according to ECHA/EFSA endocrine disruptor (ED) guidance. A comprehensive search was carried 
out to identify DIDP/DINP primary literature, toxicology study reports, and high throughput screening (HTS) assay 
data (USEPA CompTox Chemical Dashboard). Search results were evaluated for relevant in vitro studies (Level 2 
methods providing mechanistic data) and in vivo animal studies (Levels 3-5 methods: hazard identification and 
data for adverse effects of endocrine-relevant endpoints in adult and developing animals), in addition to 
epidemiological studies as supporting data. The evidence base identified for DIDP and DINP included Level 2 
methods including HTS assay data (67 endpoints-DIDP and 24 endpoints-DINP), Level 4 methods (7 studies-DIDP, 8 
studies-DINP), Level 5 methods (1 study-DIDP, 2 studies- DINP), along with supporting epidemiological data (1 
study-DIDP, 8 studies-DINP). Findings indicated that administration of high doses of DIDP or DINP in animal models 
produced inconsistent or no changes in thyroid tissues across studies. There was a consistent increase in liver 
weights and histopathology suggesting induction of metabolizing enzymes. HTS assays mapped to the thyroid 
pathway were, in general, negative except for DIDP and DINP activation of PXR, suggesting the potential to induce 
with conjugating metabolic enzymes and possibly acceleration of thyroid hormone (TH) clearance. However, there 
was no evidence that either of these phthalates induced conjugating enzyme activity in exposed animal models. 
The lack of effect of DIDP/DINP on the thyroid pathway was supported by negative in vitro activity for selected 
molecular initiating and key events in thyroid adverse outcome pathways. The results from one assay for DIDP and 
DINP suggested that exposure could potentially affect TH synthesis through the modulation of NIS-mediated iodide 
update activity. Other in vitro assay data suggested that DINP had a minor effect on TH (T3) activity through 
antagonism. Neither DIDP nor DINP showed any consistent effects in thyroid tissue when animals were exposed to 
high concentrations of these phthalates. In general, the human studies reflected unreliable study designs and the 
inability to demonstrate a relationship between exposure and response and, as such, did not provide any 
confidence that DIDP/DINP was involved in the disruption of TH homeostasis. Based on the available DIDP/DINP 
evidence base, any observed changes in thyroid sensitive endpoints were unlikely to occur through perturbations 
of thyroid pathway for either of these phthalates. 
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ABSTRACT: The plethora of chemical substances pose an increasing risk to human and environmental health. 
Special cause for concern are Endocrine-Disrupting Chemicals (EDCs). The deleterious effects of EDCs on the 
hypothalamus-pituitary-thyroid (HPT) and hypothalamus-pituitary-gonadal (HPG) axis are well-recognized, 
however, efficient tools are required to identify substances as EDCs in the early development phase of chemicals. 
Using the zebrafish embryo as a non-animal model (NAM), we present a medium-throughput approach to identify 
the potential of model substances to disrupt the thyroid a/o estrogen-receptor signaling pathways. Embryos of the 
transgenic fish lines tg(tg:mCherry) and tg(cyp19a1b:GFP) were exposed to a set of EDCs (i.e. Potassium 
perchlorate (PP), Benzophenone-2 (BP2), Propylthiouracil (PU), Phenylthiourea (PTU), Bisphenol A (BPA), 17α-
Ethinylestradiol (EE2), Acetaminophen (APA) to assess the fluorescence of the thyroid gland and cerebral 
structures. By the measurements of the reporters of the thyroglobulin (tg) or respective cyp19a1b brain 
aromatase, the compounds PP, BP2, and PU were correctly classified having a goitrogenic but no estrogenic effect 
for test concentrations < EC10 of the systemic toxicity. Interestingly, BPA is known to interfere with thyroid 
hormone synthesis, transport or metabolism, but did not induce fluorescence in the thyroid disruption assay but 
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could correctly assigned to be positive in the estrogenicity assay. To identify potential downstream effects of the 
impaired endocrine system, the thyroid hormone levels of T4, T3, 3,5-T2, and 3,3’-T2 were quantified by a newly 
developed liquid chromatography coupled to tandem mass spectrometry (LCMS) method for whole-embryo 
homogenates. The sample preparation of the embryo homogenates using solid phase extraction and the omission 
of a derivatization step rendered this new MS method as a reliable and straight-forward tool which enabled the 
detection of a T4 reduction for PP, BP2, and PU-treated embryos from ca. 0.5 µgT4/Lextract to around 0.1 µgT4/Lextract. 
Additionally, gene expression analyses of known markers of thyroid (tshβ, tpo, and/or tg) and estrogenicity-
relevant (vtg1, cyp19a1b, esr1, and/or esr2a) genes were assessed using RT-qPCR. A dose-dependent induction of 
tg mRNA for PP, BP2, and PU-treated zebrafish embryos was observed. This induction, however, could not rescue 
the low T4 level-phenotype as indicated by the LCMS analyses. This could potentially be attributed to one of the 
chemicals’ common modes of action to inhibit the thyroid peroxidase (Tpo) which might have prevented the iodide 
oxidation required for functional T4. For the gene expression analysis, thyroid-related gene markers were not 
induced by BPA but estrogenicity was confirmed by a clear induction of vtg1 and cyp19a1b. Our approach helps to 
discover potential EDCs and to further characterize their mode of toxic action using NAMs. Assessment of the HPT- 
and HPG-axis improved our knowledge about EDCs and advances our understanding of adverse outcomes. 
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ABSTRACT: Phthalates are extensively used in the production of plastics and have verified to induce lung injury. 
Reports suggesting the presence of phthalates in e-liquids and in the saliva and plasma of ENDS users. However, 
the potential of phthalates leaching in the e-liquids, in inducing lung toxicity are not well studied. Phthalates are 
classified in the category of endocrine disrupting chemicals (EDCs). Lungs are not considered as an integral part of 
endocrine system however, under certain conditions, lungs can secrete a variety of humoral substances which may 
produce specific endocrine effects. Studies have reported phthalate-induced endocrine disruption via several 
nuclear receptors (NRs), although their specific roles in lung tissue remain unknown. This study was aimed to 
characterize the expression patterns of NRs in the male and female lung, and the effects of phthalate exposure 
using a mouse model. For this di (2-ethylhexyl) phthalate (DEHP) was used as a representative phthalate. Adult 
C57BL/6 mice were divided in four groups (n=6/group;3 males and 3 females), and treated for 14 days, as follows; 
roup I: no treatment control, group II: gavage with sterile water (control for gavage), group III: gavage with 30 
μg/kg/bw DEHP (the tolerable daily intake for adults), and group IV: exposed to no-nicotine e-liquid, constituted of 
50% vegetable glycerin and 50% propylene glycol using an inExpose full body chamber (SCIREQ) for 30 min/day. 
Lungs were harvested and total RNA was extracted with the Direct-zol kit (Zymo). The expression of 84 genes and 
co-regulators was determined using the RT2 profiler mRNA array (Qiagen). Data analysis was done using RStudio, 
and the corrected p value <0.5 considered significant. Results indicate that group exposed to e-liquid, 3 NRs were 
downregulated in males, while no significant changes were found in females. However, in the group exposed to 
DEHP, 13 NRs showed upregulation and 2 NRs showed downregulation in the female mice, while no significant 
changes were found in the male mice. When comparing males and females, 21 NRs found upregulated in female 
mice in the DEHP group, and 7 NRs upregulated in the female mice compared to the male mice in the e-liquid 
group. Compared to controls, several NRs displayed changes in both DEHP and e-liquid exposure, including Rev-
Erbɑ, Rev-Erbβ and RARα. These mechanisms play key roles in lung inflammation. In conclusion, our study 
reinforces the idea that phthalates leaching from the ENDS have the potential to disrupt the endocrine function of 
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lungs via NR mediated pathways in a sex-specific manner and warrants further investigation in order to assess the 
risk of exposure of phthalates through ENDS. 

 
ABSTRACT NUMBER: 5180 Poster Board Number: P281 
TITLE: Assessment of Developmental Toxicity and the Mechanistic Pathway Underlying Single and Binary Exposure 
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ABSTRACT: Estrogenic endocrine disrupting chemicals (E-EDCs) are ubiquitous trace pollutants, having a grave 
attraction globally because of their significant impact on human and wildlife. Nonetheless, whether and how single 
and binary exposure to E-EDCs may induce developmental disorders remain largely unknown. The current study 
investigated the effect of exposure to distinct xenoestrogens, including diethylstilbestrol (DES), zearalenone (ZEN), 
and genistein (GEN) on zebrafish embryos. Noteworthy impacts on cumulative mortality, hatchability, spinal 
curvature and circulatory failure were observed in DES-exposed embryos at 3 µM at 96 h post fertilization, with 
less incidence and intensity shown for ZEN at 3 µM and GEN at 10 µM. A significant counteracting effect was 
perceived on DES and ZEN-induced disfigurations subsequent to co-treatment with an estrogen receptor (ER) 
antagonist, fulvestrant (FUL). However, no mitigation was exhibited on GEN-mediated deformities, suggesting that 
another mode of action might be involved. Since many xenoestrogens have been found to stimulate the oxidative 
stress, N-acetylcysteine (NAC) has been tested as an antioxidant against developmental toxicities associated with 
DES, ZEN and GEN. Findings revealed that no mitigation was shown on DES and ZEN-induced malformations 
subsequent to NAC co-exposure. However, a considerable suppression was demonstrated on GEN-mediated spinal 
scoliosis in the presence of NAC at 10 and 100 µM, as well as its concentration-dependent ameliorative effect on 
GEN-induced mortality, hatchability, and cardiovascular toxicity. The assessment of the aromatase gene 
(CYP19A1b) showed that DES strongly upregulated CYP19A1b expression, having a lower EC50 (1.1 x 10-3 nM) than a 
natural estrogen, 17β-E2 (2.5 nM). Similarly, ZEN induced CYP19A1b with an EC50 of 57 nM. The combined 
exposure to 10 or 20 μM of FUL succeeded to arrest the expression of CYP19A1b induced by a single treatment of 
DES or ZEN. On the contrary, GEN slightly induced the expression of CYP19A1b at the higher tested concentration, 
showing an EC50 of 4.8 µM. The low induction level of CYP19A1b mediated by GEN could be significantly 
suppressed after FUL co-exposure. On the level of a combined interaction effect, the deformities mediated by DES 
were mitigated by co-treatment with ZEN at lower concentrations. ZEN-induced spinal curve and blood circulation 
failure were dramatically declined subsequent to DES co-exposure. No significant mitigative effect has been 
exhibited by GEN on both toxicities mediated by DES and ZEN. Simultaneously, none of DES or ZEN showed 
ameliorative effects on GEN-induced toxicity. Altogether, the competitive action against the ER could be the main 
mechanism underlying the developmental toxicity posed by DES and ZEN. GEN may act as a weak E-EDC that 
induces developmental toxicity through initiation of oxidative stress, although GEN is well known as an isoflavone 
phytoestrogen that elicits an antioxidant activity. Grant-in-Aid for Scientific Research (B) (Nos. 19H04275 and 
22H03746 to AK) from Japan Society for the Promotion of Science. 
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ABSTRACT NUMBER: 5181 Poster Board Number: P282 
TITLE: Bisphenol A Induces Apoptosis and Impairs Chorionic Gonadotropin Hormone Function in Human 
Syncytiotrophoblast Cells 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Hamad, Y. Mansourian, B. Bediako, A. Ishaque, and 
A. Elnabawi. University of Maryland Eastern Shore, Princess Anne, MD. 

ABSTRACT: Bisphenol A (BPA) is a serious public health concern. BPA has been found in placental tissue, maternal 
and fetal plasma, and amniotic fluid. BPA has the potential to cross the placenta and affect human fetal 
development. The beta subunit of human chorionic gonadotropin (β-hCG) is secreted by the trophoblast and 
syncytiotrophoblast (STB) and plays a fundamental role in implantation and in the maintenance of pregnancy. 
Apoptosis is required for normal placental development. A variety of stimuli, including hypoxia, oxidative stress, 
and environmental factors, can cause placental apoptosis. Oxidative stress plays a central role in the 
pathophysiology of placental function. This study was aimed to examine the effect of BPA on the intracellular ROS 
production, the release of β-hCG, and apoptosis in human placental syncytiotrophoblast cells (BeWo cells induced 
with forskolin to syncytialise). Cells were treated with BPA various concentrations of BPA for different time 
intervals. Cell viability, cell death, ROS production, level of β-hCG and apoptosis were assessed. BPA significantly 
reduced cell viability in a concentration-dependent manner after 24h of exposure. Low concentrations of BPA 
significantly increased ROS generation in time-dependent manner. Treatment of STB cells with the antioxidant N-
acetyl-L-cysteine (NAC) significantly inhibited BPA-induced ROS production indicating that this effect is due to BPA. 
BPA at concentrations range of 0.0001-1µM significantly increased the executioner caspase-3 activity in a time- 
and concentration-dependent manner. Treatment of STB cells with NAC or caspase-3 inhibitor, AcDEVD-CHO, 
significantly decreased BPA-induced apoptosis indicating that BPA induced apoptosis via the caspase-3 pathway. 
The apoptotic effects of BPA at least in part are mediated via induction of oxidative stress. BPA displayed a 
nonmonotonic concentration-response relationship for hCG levels in STB cells. BPA at low concentrations of 0.01 
to 0.1pM significantly increased hCG levels. However, BPA at higher concentrations (1000pM-100,000pM) 
significantly decreased hCG levels. The decreased β-hCG release indicates loss of placental function. Our findings 
suggest that maternal BPA contamination may disrupt placental function, resulting in adverse pregnancy 
outcomes, fetal development, and possibly long-term effects in adulthood. Supported by Title III. 
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ABSTRACT: Using the zebrafish embryotoxicity test (ZET), our previous study demonstrated that the presence of a 
mono-methyl substituent on different positions of the aromatic ring of 4- and 5-ring polycyclic aromatic 
hydrocarbons (PAHs) influenced the in vitro developmental toxicity of these substances as compared to their 
corresponding unsubstituted PAHs. However, the underlying mechanism by which PAHs, especially alkylated PAHs, 
induce developmental toxicity, is poorly understood. It has been suggested that the interaction of some PAHs with 
certain nuclear receptors mediates their developmental toxicity. Thus, in this study, the role of three nuclear 
receptors (i.e., aryl hydrocarbon receptor (AhR), estrogen receptor alpha (ER-α), and retinoic acid receptor (RAR)) 
in mediating the developmental toxicity of unsubstituted and mono-methylated PAHs were investigated. First of 
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all, the AhR, ER-α, and RAR-mediated gene expression by nine selected PAHs, including benzo[a]anthracene (BaA) 
and three mono-methylated BaAs, benzo[a]pyrene (BaP) and three mono-methylated BaPs and 
dibenz[a,h]anthracene (DB[a,h]A), were evaluated using a series of Chemical Activated LUciferase gene eXpression 
(CALUX) assays. Obtained results show that all nine tested PAHs were AhR agonists and that all the mono-
methylated PAHs were more potent activators of the AhR than their corresponding unsubstituted PAHs. Two out 
of the nine PAHs (i.e., BaA and 8-methyl-BaA) were ER-α agonists. None of the PAHs were ER-α antagonists and 
none of the PAHs were able to interact with the RAR. To further investigate the role of the AhR and ER-α in 
mediating the developmental toxicity induced by some of the PAHs under study in the ZET, zebrafish embryos 
were co-exposed to the selected PAHs, and an AhR antagonist (CH223191) or an ER-α antagonist (fulvestrant), 
respectively. Co-exposure of zebrafish embryos to each of the nine tested PAHs and an AhR antagonist CH223191 
reduced embryo lethality and several developmental retardations including yolk sac and pericardial edemas, 
deformed body shape and kinked tails, of all tested PAHs in the ZET, except for 8-methyl-BaP. Co-exposure of 
zebrafish embryos to the estrogenic PAHs (i.e., BaA and 8-methyl-BaA) and an ER-α antagonist fulvestrant reduced 
embryo lethality induced by BaA and the developmental retardations such as craniofacial deformities and kinked 
tails induced by 8-methyl-BaA in the ZET. Altogether, our findings suggest that the observed in vitro developmental 
toxicity in zebrafish embryos by some 4- and 5-ring unsubstituted and mono-methylated PAHs tested may partially 
be AhR and/or ER-α-mediated, whereas RAR appears not to be relevant for the PAH-induced developmental 
toxicity in the ZET. 
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ABSTRACT: The assessment of neurobehavioral effects is an integral component in the preclinical safety evaluation 
of new drugs and chemicals. Historically, rats, particularly Sprague Dawley rats, were the first choice for 
neurobehavioral phenotyping due to widespread use in toxicology research. However, the use of mice in 
behavioral neuroscience research is gaining momentum with advances in cell and gene therapy, as well as the 
availability of transgenic mice for biomedical research. In general, mice are more sensitive to handling and stress 
than rats, which may impact and/or result in greater neurobehavioral data variability. Therefore, it is imperative to 
ensure that a comprehensive and reproducible neurobehavioral assessment strategy is developed to minimize 
data variability, personnel- and procedure-associated biases. As there is no standardized testing procedure for 
nonclinical neurobehavioral assessments, we conducted a comprehensive literature search and developed a robust 
model to support these neurobehavioral assessments to support safety assessment of pharmaceuticals. To confirm 
that our assessment strategy is able to determine abnormal/adverse behavior, we first had to ensure that the 
equipment and test procedures could detect known phenotypic outcomes commonly/historically observed when 
mice are administered common positive comparator drugs. Using chlorpromazine, amphetamine, or scopolamine 
as positive controls, we demonstrated the proficiency of the testing laboratory in detecting chemical-induced 
changes in C57BL/6N mice. During the locomotor activity (LMA) assessment, animals administered chlorpromazine 
resulted in characteristic hypoactivity, whereas amphetamine exposure resulted in hyperactivity at relatively low 
dose levels. In the auditory startle response (ASR) validation study, animals administered amphetamine were 
noted with diminished Pre-Pulse Inhibition and startle habituation effect compared to concurrent controls. In the 
Morris water maze (MWM) task for learning and memory evaluation, scopolamine administered mice had marked 
cognitive deficits as noted by the reduced latency to path length parameter during spatial learning evaluation. 
Reliability and robustness of neurobehavioral testing methods were also demonstrated by compiling LMA, ASR, 
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and MWM data documented in vehicle control animals from pre and post-natal development and juvenile toxicity 
studies conducted between 2019 and 2022 at Labcorp Early Development Laboratories Inc. with C57BL/6N mice 
ages ranging from PND 65 through 110. Together, these positive control validation studies and historical control 
data provide information regarding the reliability and robustness of neurobehavioral screening methods in mice 
under laboratory conditions. 
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TITLE: Piperonyl Butoxide Developmental Toxicity as a Shh Pathway Inhibitor during Palate and Limb 
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ABSTRACT: The Sonic hedgehog (Shh) pathway plays an essential role in embryogenesis, including orofacial and 
limb development. Disruption of Shh pathway activity is associated with clinically relevant human birth defects 
including orofacial clefts and limb malformations. Piperonyl butoxide (PBO) is a pesticide synergist with 
widespread use and human exposure that was recently discovered to be a Shh pathway inhibitor with teratogenic 
potential. Susceptibility factors that might pre-dispose human to the developmental toxicity of PBO are yet to be 
elucidated. We investigated the impact of acute PBO exposure during the critical period for palate and limb 
morphogenesis and assessed its impact on Shh pathway activity. Timed-pregnant C57BL/6J mice were exposed to a 
single acute dose of PBO at gestational day (GD) 9.75, and litters were collected at GD10.25 and GD10.75 for gene 
expression analysis and GD17 for a phenotypic assessment. PBO exposure resulted in cleft palate and diverse limb 
malformations. Analysis of Shh pathway activity demonstrated that PBO reduced the expression of the Shh 
pathway activity markers Gli1 and Ptch1 in the limb buds and craniofacial processes. Additionally, co-exposure to a 
CYP-450 enzyme inhibitor and PBO, increased the penetrance of PBO-induced cleft palate suggesting that 
disruption of metabolism may impact an individual's susceptibility to PBO's developmental effects. These findings 
demonstrate that PBO acts as a Shh pathway disruptor and can cause malformations of the limbs and palate that 
parallel common etiologically complex human birth defects. 
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ABSTRACT: We investigated whether exposure to endocrine disrupting chemicals (EDC) could interfere with the 
process of myelin formation and remyelination. We analyzed consequences of EDC exposure, notably 
fluorosurfactants including Perfluorooctanoic acid (PFOA) and Perfluorooctane Sulfonate (PFOS) (at dose ranging 
between 10-5 M to 10-11 M), on myelination and remyelination. First, we exposed myelinating cerebellar slices 
derived from Tg(plp:gfp) transgenic mouse to PFOA and PFOS. We observed a significant delayed myelination 
following exposure to PFOS (10-8 M) only. Second, we analyzed consequences of PFAS exposure on neural stem cell 
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(NSC) proliferation and determination (neuron/glia output) and observed that nanomolar concentration of PFOS 
significantly reduced the neurosphere size and altered the neuron/glia ratio. Next, we determined the functional 
impact on remyelination using the transgenic Xenopus laevis model Tg(mbp:gfp-ntr) of conditional demyelination 
(Kaya et al., 2012). We showed that at the end of conditional demyelination introduction of PFOS into the 
swimming water impaired remyelination, measured by counting the number of myelin forming GFP+ 
oligodendrocytes and the functional consequences evaluated by the distance travelled, the speed of swimming 
and the visual avoidance of a virtual collision. Lastly, we demonstrated by LC-MS/MS that PFOS accumulates into 
the myelin sheath of offsprings exposed to PFOS via the mother drinking water during late gestation and lactation, 
strongly suggesting accumulation of PFOS into the myelin sheath could interfere with myelin function. Additionally, 
PFOS-exposed pups brain slices are currently being analyzed by Imaging-MS with focus on the detection of PFOS 
and lipids in both exposed and control samples. Altogether, our data illustrate the toxicity of perfluorinated EDC on 
oligodendrocyte generation and myelin function in both mouse and Xenopus. 
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ABSTRACT: Per and polyfluoroalkyl substances (PFAS) are a large class of fluorinated organic chemicals of interest 
to regulatory agencies due to their prevalence and persistence in the environment. Multiple PFAS have been 
identified as endocrine disrupting chemicals due to estrogen receptor activation, impacts on puberty timing, 
impacts on hormonally sensitive endpoints in fish, etc. This study screened multiple PFAS in the immature rat 
uterotrophic assay to determine potential estrogenic effects of PFAS on the uterus, many of which had EDC activity 
in separate in vitro or fish screening assays. Briefly, pre-pubertal Sprague Dawley rats were ovariectomiectomized 
on PND 21. After a 2 week period of recovery, animals are exposed to PFAS for 5 days by oral gavage and uterine 
weights (with and without fluid) were taken at necropsy. In contrast to the positive control of 17β-estradiol and its 
typical increased uterine weight, the PFAS tested (4:2, 6:2, and 8:2FTOH; Perfluorooctanesulfonamide (PFOSA), 
Perfluorononanoic acid (PFNA), Perfluorohexane sulfonate (PFHxS), Nafion byproduct 2 (NBP2), 1H,1H,8H,8H-
Perfluorooctane-1,8-diol (FC8-diol) and 1H,1H,10H,10H-Perfluorodecane-1,10-diol (FC10-diol) caused no significant 
changes in the relative uterine weight. Thus, in vitro estrogen screens and/or impacts in fish may show different 
responses from direct impacts on mammalian uterine weight as assessed with the uterotrophic assay. The contents 
of this abstract neither constitute, nor necessarily reflect, US EPA policy. 
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ABSTRACT: Preterm birth is a significant public health concern and is associated with long term health 
consequences for both the pregnant mother and newborn. The impact of maternal exposures to environmental 
pollutants on adverse pregnancy outcomes like preterm birth is poorly understood. Although studies have shown 
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that exposure to environmental pollutants can lead to increased risk for preterm birth, the chemicals and 
molecular mechanisms involved remain unknown. Rates of preterm birth have historically remained higher in 
Puerto Rico than in the mainland United States, peaking at 19.6% in 2008. Because Puerto Rico has a relatively high 
number of Superfund sites and high levels of environmental contamination, understanding the effects of exposure 
to environmental pollutants on maternal health overall and on rates of preterm birth in particular is vitally 
important. In this study, we integrated maternal chemical exposure data collected from a cohort of pregnant 
women in the northern region of Puerto Rico with publicly available in vitro toxicology data from the U.S. 
Environmental Protections Agency’s ToxCast program. We compared concentrations of relevant chemicals that 
affected molecular targets in ToxCast assays with pollutant biomarker concentrations in maternal blood or urine in 
the maternal cohort. In addition, we identified molecular targets from ToxCast assays that are linked to 
genes/proteins involved in preterm birth. Thirty-four chemicals in total were analyzed. These included phthalates, 
phenols, parabens and metals. Twenty of the 34 chemicals analyzed were observed in maternal blood or urine at 
concentrations that were active in one or more ToxCast assays. These included bisphenol A, oxybenzone, and 
methylparaben. Fourteen of the 34 chemicals were found at concentrations that were active in one or more 
ToxCast assays linked to preterm birth genes. These included triclosan, triclocarban, and 1-hydroxynaphthalene. 
Assay targets relevant to preterm birth that were most commonly activated across toxicants were involved in 
processes such as hormone signaling (e.g. androgen, estrogen and progesterone receptors) and lipid metabolism 
(e.g. peroxisome proliferator activated receptors alpha and gamma). Our results show that multiple toxicants 
interact with molecular targets involved in the etiology of preterm birth at exposure levels relevant to pregnant 
women in Puerto Rico. These findings provide important information about molecular mechanisms of pollutant 
impacts on preterm birth as well as potential behavioral or remediation intervention targets for reducing pollutant 
impacts on adverse pregnancy outcomes. 
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ABSTRACT: The potential reproductive toxicity of antibiotics on aquatic organisms and human beings warrants 
intensive investigation. This study used adult zebrafish as a model animal to investigate the effects of low-dose 
tetracycline hydrochloride (TET) on the reproductive system. After being exposed to TET (1 and 100 µg/L) for 30 
days, the courtship response of zebrafish, the histological changes of reproductive organs, and the changes in 
expression levels of reproductive-related genes were investigated. The results showed that TET exposure caused a 
decline in courtship behavior parameters such as "chasing", "pushing", "Tail-Nose", and "Quiver" in zebrafish. 
Although TET increased the swimming distance of zebrafish, it decreased the spawning rate, fertilization rate, and 
survival rate of zebrafish. The results of the histological examination showed that TET exposure resulted in 
decreased oocyte maturity and increased atresia oocytes in a dose-dependent manner. High concentrations of TET 
can cause changes in the tissue structure of the lumen, shrink the seminiferous vesicle, increase the number of 
spermatogonia and spermatocytes, and significantly reduce the number of mature sperm. At the molecular level, 
TET not only reduced the gene expression of CYP19a1a, CYP19a1b, and Vasa in the adult zebrafish ovary and brain, 
but also reduced the expression of these genes in the F1 generation. The above results indicated that 
environmental concentrations of TET might have negative effects on the reproductive organs of zebrafish parents, 
and even have a potential trans-generational effect. 
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ABSTRACT: Chronic exposure to arsenic causes severe adverse effects on female reproductive health. Arsenic has 
been described as an endocrine disruptor; however, studies about its effects on ovarian physiology are scarce. This 
study aimed to analyze the expression of estrogen (ERα y ERβ) and progesterone (PR) receptors in the ovaries of 
Wistar rats exposed to sodium arsenite (NaAsO2). Groups of 2-month-old female rats were orally exposed to 0 or 
50 ppm of NaAsO2 for ≥28 days. The estrous cycle was monitored by vaginal gavage, and animals were sacrificed 
under previous anesthesia at the proestrus (PP) or diestrus (DP) phase (n = 10). Gonadotropins (LH and FSH), 
estradiol, and progesterone levels were analyzed in serum samples. Ovary morphological alterations were 
assessed by H&E staining, and receptor expression was determined by immunohistochemical (IHC) and image 
analysis. Results showed that NaAsO2 significantly increased the preantral follicles (p <0.01) and mature corpora 
lutea (p <0.05) at DP. A disruption of the estrous cycle was detected, with an alteration in both phases’ duration 
and succession. Although FSH was not detectable at any stage, the exposed animals showed a significant decrease 
in LH levels at PP, with a significant increase in estradiol (p <0.05) at DP compared with non-exposed females. At 
PP, ERβ and PR increased their expression significatively (p <0.01). Meanwhile, at DP, there was a significant 
decrease (p <0.01) in both ERα and ERβ expression. This reduction in ERα and ERβ expression might be a feedback 
mechanism due to increased estradiol levels. The alterations in the progression of the estrous cycle could be the 
result of changes in hormonal levels, probably through an activin A or the factor of transforming growth β1 (TGF-
β1) mechanism. However, specific studies are necessary to confirm this fact. 
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ABSTRACT: Lifestyle and environmental factors, such as obesity and ovotoxicant exposure, contribute to reduced 
female fertility. Obesity, which affects ~41% of United States reproductive age women, is associated with poor 
oocyte quality which limits female reproductive capacity by reducing conception and implantation. 7,12-
dimethylbenz[a]anthracene (DMBA) is a polycyclic aromatic hydrocarbon (PAH) which impairs female fertility 
through genotoxicity and depletes the ovarian oocyte reserve. The ovary can mitigate DMBA-induced damage via 
action of ovarian proteins including the glutathione S-transferase (GST) family. Due to previous findings of 
increased levels of GST isoform pi (GSTP) in hyperphagic obese relative to lean mice, this study investigated the 
hypothesis that the GSTP response to DMBA exposure would differ from lean females in a diet-induced model of 
obesity. At six weeks of age, female C57BL6J mice were fed either a normal rodent diet containing 3.5% kCal from 
fat (lean; n = 20), or a high fat high sucrose diet comprised of 45% kCal from fat and 20% kCal from sucrose (HFHS; 
n = 20). All mice were fed ad libitum until the HFHS mice attained a 30% increase in body weight compared to the 
lean mice, at which time each diet group was divided and injected with corn oil (CO) as vehicle control or 1 mg/kg 
DMBA for 7 days. Mice were euthanized and ovaries collected on day 2 of diestrus following injections. Ovarian 
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GSTP protein abundance was analyzed by LC-MS/MS or immunofluorescence. Obesity increased (P < 0.05) ovarian 
GSTP protein abundance by 2.5-fold respectively. In lean females, DMBA exposure reduced (P < 0.05) GSTP by 2.2-
fold, with the converse in obese females in which GSTP was increased (P < 0.05) by 1.3-fold by DMBA exposure. 
Localization of GSTP by immunofluorescence staining identified the ovarian cortex surrounding follicles as the 
major site of GSTP, with much lower levels within oocytes and the ovarian medulla. The level of GSTP identified by 
immunostaining was in congruence with the protein abundance identified by LC-MS/MS. These findings support 
both that ovarian GSTP responds to DMBA exposure and that obesity alters the response of ovarian GSTP to 
ovotoxicant exposure. Supported by 1R01ES030341-01 from NIEHS. 
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ABSTRACT: Alcohol abuse has increased worldwide over the past two years due to pandemic stress and 
lockdowns. In the US there has been a 60% increase in alcohol consumption with one third of adults reporting 
binge drinking. Chronic alcohol abuse is associated with significant decreases in seminal volume, sperm 
concentration, abnormal sperm morphology, and hormonal alteration. Additionally, there have been clinical 
manifestations of reversible azoospermia following alcohol cessation. Autopsies show partial or complete 
spermatogenic arrest, Sertoli cell only syndrome, decreased testicular weight, and changes in the germinal tissue 
and Leydig cells in heavy drinkers. Furthermore, alcohol’s degradative impact on barrier function is well 
characterized in the blood-brain, pulmonary epithelial, and intestinal barriers through tight junction alteration; 
however very little is known about the effects of alcohol on the blood-testis barrier (BTB). The blood-testis barrier, 
while markedly different, displays similar attributes to other barriers, notably in its reliance on tight junction 
formations. Alcohol abuse may cause BTB dysfunction leading to some of the observed male reproductive deficits. 
To assess the impacts of alcohol on Sertoli cells and the BTB, we exposed Rhesus macaque Sertoli cells in vitro to 
environmentally relevant levels of alcohol. Concentrations of 10, 60, and 100 µM were used to simulate blood 
alcohol levels equivalent to having 1-2 to drinks to requiring hospitalization. We used transepithelial electrical 
resistance (TER) to evaluate the functionality of the BTB in vitro. We also used a Dye Flux assay for this, both TER 
and Dye Flux showed a decrease in barrier integrity in response to alcohol. A cytokine panel assay showed altered 
expression of eotaxin, GM-CSF, M-CSF, MCP-1, MIP-1a, IL-8, IL-22, and IP10. 
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ABSTRACT: The US Food and Drug Administration (FDA) identified harmful and potentially harmful constituents 
(HPHCs) linked to the most deleterious health effects of tobacco use: cancer, respiratory and cardiovascular 
diseases, and reproductive or developmental effects. Electronic nicotine delivery systems (ENDS) heat a nicotine-
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containing e-liquid. A framework for analytical evaluation of the aerosol and assessment of potential health risk 
can support product development and FDA’s evaluation of whether marketing a product is appropriate for the 
protection of public health. This quantitative risk assessment (QRA) approach evaluated relative cancer and 
noncancer health risks associated with the use of two prototype ENDS and compared them to those of 
combustible cigarettes and a comparator marketed ENDS. Prototype ENDS aerosol samples were analyzed for the 
FDA recommended HPHCs and target constituents under both non-intense and intense puffing regimens. 
Compared to mainstream smoke of 1R6F reference cigarettes, most of the HPHC yields in the prototype ENDS 
aerosol were 92 to 99% lower under both non-intense and intense puffing regimens, including greater than 99% 
lower levels of the most potent carcinogens and toxicants identified by the World Health Organization as playing a 
major role in combustible cigarette smoke toxicity and mandated for reduction. Under an upper-bound heavy 
exposure scenario, potential cancer risks for exclusive prototype ENDS users were predicted to be 97% lower than 
those of exclusive cigarette smokers. Furthermore, reductions of greater than 99% in noncancer hazards for 
respiratory, cardiovascular, and reproductive and developmental toxicities were predicted for exclusive prototype 
ENDS users compared to cigarette smokers. The predicted cancer risk and noncancer hazards for the prototype 
ENDS users were comparable to those of a leading e-cigarette brand in the U.S. These results are consistent with 
the recent Physician Research Institute report that “Smoking is at least 20 times more harmful than vaping 
nicotine.” This study demonstrates utility of a risk assessment framework for evaluating cancer and noncancer 
health risks and adds to the body of evidence that ENDS products have the potential for substantial reduction in 
toxicant exposure and associated health risk compared to combustible cigarettes. 
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