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Lone Star Society of Toxicology Meeting 2022 

Baylor College of Medicine, Houston, TX 

Wednesday November 30, 2022 

5 pm – 8 pm  

Baylor College of Medicine, Cullen Auditorium (Zoom option), Rayzor lounge (posters & food are in-
person only) 
3:00-5:00 pm: Check-in & late registration (Rayzor Lounge) 

5:00-6:00 pm: How to publish and not perish (facilitator: Daniel Gorelick, Cullen Auditorium)  

The goal of this workshop is to provide trainees (and even faculty) with information on what makes a 
manuscript exciting and significant and likely to be accepted for publication by a peer-reviewed journal, 
with a focus on our society journal, Toxicological Sciences.  

• Kristie Willett, Professor of Pharmacology and Environmental Toxicology, University of 
Mississippi, Deputy Editor, Toxicological Sciences 

6:00-7:00 pm: Dinner (Rayzor lounge) 

7:00-8:00 pm: Careers in Toxicology Discussion Panel (facilitator: Lucie Ford, Cullen 
Auditorium)  

A discussion of career paths in consulting, industry, and academia 

• Sol Bobst, consultant & entrepreneur, President, ToxSci Advisors LLC 
• Joshua Gamse, Associate Director of Toxicology, Genmab (participating via Zoom) 
• Clifford Stephan, Research Associate Professor and Director, High Throughput Research and 

Screening, Texas A&M Institute of Biosciences and Technology 
• Rosa Uribe, Assistant Professor & CPRIT Scholar in Cancer Research, Department of 

Biosciences, Rice University 

 

  



Lone Star Society of Toxicology Meeting 2022 

Baylor College of Medicine, Houston, TX 

Thursday December 1, 2022 

8 am – 5:30 pm  

Baylor College of Medicine, Cullen Auditorium (Zoom option), Rayzor lounge (posters & food are in-
person only) 
8 – 9 am Breakfast and Poster Set-Up and Check-in (Rayzor lounge) 

9 – 9:15 am Welcome & Introduction of Keynote Presentation (Dan Gorelick, Cullen 
Auditorium)  

9:15 – 10:15 am         Keynote Presentation  

Farrah Kheradmand, MD 
Nancy Chang Endowed Professor for the Biology of Inflammation 
Professor, Department of Medicine 
Baylor College of Medicine 
 
Vaping-Induced Lung Injury: Beyond Disruption of Alveolar Macrophage 
Lipid Homeostatic Function 

10:15 – 10:20 am stretch break 

10:20 – 11:20 am Platform Presentation Session 1 (Facilitator: Lauren Richardson) 
10 minute talks, up to 5 minutes for questions 

10:20 – 10:35 am New Approach Methods to Evaluate Human Susceptibility of Emerging 
Contaminants: A Study of 56 PFAS  
Lucie Ford, graduate student, Texas A&M 

10:35 – 10:50 am Macrophage Specific ARNT Signaling Mediates Acrolein Associated Acute Lung 
Injury  
Madison Tanner, graduate student, University of Texas Medical Branch 

10:50 – 11:05 am Endocytic Pathway and Organelle Accumulation of Nanopolystyrene Particles in 
Human Skin Cells 
Kayla Simpson, graduate student, Texas A&M  

11:05 – 11:20 am Quantification of Sulforaphane Metabolites in Human Breast Milk for Protection 
Against Infant Respiratory Toxicity 
Keerthana Prayaga, undergraduate student, Texas A&M 

11:20 – 11:30 am stretch break 



11:30 am – 12:30 pm Superfund Research Presentations 
Polycyclic Aromatic Hydrocarbons: Detection and Remediation to Prevent 
Adverse Maternal and Neonatal Outcomes (Facilitator: Melissa Suter) 

11:30 –11:45 am  Treatment with Harmful Polycyclic Aromatic Hydrocarbons Elicits Distinct 
Transcriptomic Pathways in Cultured Primary Trophoblasts 
Grace Johnson, maternal fetal medicine fellow, Baylor College of Medicine 

11:45 am –12:00 pm  Natural and Metal-Impregnated Clays Catalyze the Pyrolytic Treatment of Crude-
Oil Contaminated Soils 
Sara Denison, graduate student, Rice University 

12:00 –12:15 pm Computational Chromatography: A Machine Learning Strategy for Demixing 
Individual Chemical Components in Complex Mixtures 
Mary Bajombo, graduate student, Rice University 

12:15 –12:30 pm Prenatal Exposure to Polycyclic Aromatic Hydrocarbons Augments Neonatal 
Hyperoxic Lung Injury: Role of Cytochrome P450 (CYP)1A1, 1A2, and 1B1 
Guobin Xia, postdoctoral researcher, Baylor College of Medicine 

12:30 – 2:00 pm Lunch & LSSOT chapter business meeting   

2:00 – 3:00 pm Platform Presentation Session 2 (Facilitator: Amanda Sevcik) 

2:00 – 2:15 pm Using Green-Engineering to Develop Sorbents for the Remediation of Benzene 
and Hazardous Environmental Samples 
Kelly Rivenbark, graduate student, Texas A&M 

2:15 – 2:30 pm Inhalation Exposure to Traffic-Generated Air Pollution Results in Renin-
Angiotensin System Dysregulation and Increased Factors Associated with 
Alzheimer’s Disease in ApoE -/- Mice 
Tyler Armstrong, graduate student, University of North Texas 

2:30 – 2:45 pm Gestational Ultrafine Particulate Matter Exposure Alters the Fetal Lung 
Transcriptional Profile 
Eva Vitucci, postdoctoral researcher, Texas A&M 

2:45 –3:00 pm Assessing genetic factors contributing to inter-individual variation in blood lead 
levels 
Danila Cuomo, postdoctoral researcher, Texas A&M 

3:00 – 5:00 pm Poster session (Rayzor lounge)  

5:15 pm  Awards Ceremony & Closing Remarks (Natalie Johnson, Cullen 
Auditorium) 



Abstract number 1 
Lucie Ford 
 
Graduate student 
 
New Approach Methods to Evaluate Human Susceptibility of Emerging Contaminants: A Study of 56 
PFAS  
 
Lucie C. Ford, Allison N. Dickey, Fred A. Wright, Weihsueh A. Chiu, Ivan Rusyn 
Texas A&M University and North Carolina State University  
 
Oral Presentation 
 
Per- and polyfluoroalkyl substances (PFAS) are emerging contaminants of concern because of their wide use 
and persistence. Some PFAS have known hazardous properties and have been detected in most 
environmental and human samples. Recently, select PFAS have been designated as hazardous substances 
under Superfund legislation; still, thousands of these compounds lack hazard data. Structure-activity 
relationship modeling identified cardiotoxicity as a potential health concern for these substances; however, 
there are no data to validate these in-silico predictions. Human-induced pluripotent stem cell-derived (iPSC) 
cardiomyocytes have become a widely used new approach method (NAM) to test for cardiotoxicity hazard and 
risk, as well as used to address human variability in susceptibility. The primary objective of this study was to 
characterize potential human cardiotoxic hazard, risk and inter-individual variability in responses to PFAS from 
different representative subclasses. A total of 56 PFAS were tested in concentration-response using human 
iPSC-derived cardiomyocytes from 16 donors. Kinetic calcium flux and high-content imaging were used to 
evaluate biologically relevant phenotypes such as beat frequency, ion channel repolarization and cytotoxicity. 
Of the PFAS tested, 11 had concentration-response effects, as shown by the effects on beat frequency or 
membrane repolarization. Inter-individual variability in the effects was observed indicating that this model 
system can be used to characterize susceptibility. These results provide scientific underpinnings to identify 
potentially hazardous PFAS and to support possible chemical structure-based grouping of PFAS. This study 
demonstrates the feasibility of using population-based NAMs to address human susceptibility and characterize 
cardiotoxicity risk of emerging contaminants.  
 
  



Abstract number 2 
Madison Tanner 
  
Graduate student 
 
Macrophage Specific ARNT Signaling Mediates Acrolein Associated Acute Lung Injury 
 
Madison G. Tanner, Jonathan D. Luisi, Barun Choudhury, Lance M. Hallberg, Bill T. Ameredes, and Casey W. 
Wright 
University of Texas Medical Branch 
 
Oral Presentation 
 
Acrolein is a potent immunomodulatory respiratory toxicant that promotes acute lung injury (ALI), however, the 
mechanisms remain to be fully characterized and no treatments currently exist. Pulmonary macrophages are 
essential for initiating and resolving lung inflammation and are thought to be key drivers of ALI. Additionally, the 
aryl hydrocarbon receptor nuclear translocator (ARNT) is a crucial modulator of immune homeostasis via 
obligate cooperation with aryl hydrocarbon receptor (AhR), hypoxia inducible factor (HIF), and NF-kB 
transcription factors. Accordingly, macrophage specific ARNT signaling could dictate the intensity and duration 
of the immune response by altering cytokine production and immune cell recruitment, and therefore severity of 
ALI, after acute acrolein exposure. Interestingly, ARNT is alternatively spliced into isoform 1 and isoform 3 to 
promote pro-or anti-inflammatory responses, respectively, and presents a potential target for therapies to treat 
acrolein-induced ALI. To investigate the impact of the ARNT isoforms on the initiation of the inflammatory 
response after acrolein exposure, 16-week-old male and female transgenic mice that overexpress Arnt-a 
(murine homolog of human ARNT isoform 1) within macrophage (Arnt-a Tg), were dosed intratracheally with 2 
mg/kg acrolein and sacrificed 24 hours later. Transcriptomic changes attributed to sex, genotype, and 
treatment were assessed in isolated BAL macrophages, and the inflammatory response was further 
characterized using differential BAL cell counts, lung histology, and BioPlex cytokine arrays. Transcriptomic 
analysis revealed sex- and genotype-specific differences in NF-kB and HIF target gene expression after 
acrolein exposure, which was further confirmed by alterations in pro- and anti-inflammatory cytokines, 
chemoattractant proteins, and overall immune cell landscape. Markers of ALI were then measured in the lungs 
of age matched animals 5 days post-exposure to assess ARNT isoform specific effects on inflammatory 
resolution. Interestingly, BAL cell counts in female Arnt-a Tg mice reveal persistent neutrophil and lymphocyte 
numbers that correspond with higher ALI scores relative to non-carrier (NC) controls. Neutrophil and 
lymphocyte populations were not observed in male Arnt-a Tg or NC mice on day 5, however, Arnt-a Tg males 
had lower ALI scores relative to NC. Taken together, these results support a role for macrophage specific 
ARNT signaling during the progression of acrolein-associated lung injury. Moreover, these findings align with 
previous reports of sexual dimorphism in response to acrolein, but also reveal a sexual dichotomy within ARNT 
isoform-specific functions that may be leveraged for numerous immune disorders. In conclusion, the role of 
ARNT within macrophages is important during development of acrolein-associated ALI and poses an attractive 
target for the development of pharmacological interventions. 
 
Funding: T32ES007254, R01ES025809, P30ES030285 
  



Abstract number 3 
Kayla Simpson 
  
Graduate student 
 
Endocytic Pathway and Organelle Accumulation of Nanopolystyrene Particles in Human Skin Cells 
 
Kayla Simpson, Leisha Martin, Molly Brzezinski, and Wei Xu 
Texas A&M University Corpus Christi 
 
Oral Presentation 
 
Plastic production has increased exponentially over the past few decades leading to a disastrous discharge of 
plastic waste into the environment. Exposure of plastic pollution to sunlight degradation and weathering causes 
plastic products to break down into nano-sized particles, nanoplastics (NPs). NPs are known to enter the body 
through inhalation, ingestion, and absorption through the skin, but little is known about the mechanisms of NP 
accumulation in human skin. The objectives of the present study were to determine the potential endocytotic 
mechanisms of NPs in vital human skin cells, including keratinocytes, dermal fibroblast cells, and hypodermal 
adipocytes, and determine the effects of NPs on cell different cell types. The potential pathways of NP 
endocytosis by skin cells were determined by blocking one of the major cell endocytotic pathways, such as 
clathrin-mediated, caveolae-mediated, lipid raft-mediated, and actin polymerization-mediated (phagocytosis) 
endocytosis. The intracellular NPs were localized by co-staining the endoplasmic reticulum, mitochondria, 
Golgi apparatus, or lysosomes. In addition, the potential effects of the intracellular NPs on the generation of 
adipocytes were estimated using a pre-adipocyte differentiation assay. The results suggested that the 
keratinocytes displayed phagocytosis as a likely entry pathway for NPs, while the NPs entered the dermal 
fibroblast cells through lipid raft and clathrin-mediated endocytosis. In addition, the intracellular NPs in 
keratinocytes, fibroblast cells, and adipocytes were localized at the endoplasmic reticula. Finally, the 
differentiation of NP-treated pre-adipocytes was significantly decreased compared to the non-treated group. 
This conveyed a potential inhibition of adipocyte generation by the intracellular NPs.  
  



Abstract number 4 
Keerthana Prayaga 
  
Undergraduate student 
 
Quantification of Sulforaphane Metabolites in Human Breast Milk for Protection Against Infant 
Respiratory Toxicity 
 
Keerthana Prayaga, Faith Haugen, Lenore Craig, Ross Shore, Michael Shields, Eva Vitucci, Navada Harvey 
and Natalie M. Johnson 
Texas A&M University 
 
Oral Presentation 
 
Respiratory syncytial virus (RSV) is a significant cause of infant hospitalization, increasing long-term risk for 
chronic respiratory disease. We recently demonstrated prenatal exposure to particulate matter (PM) air 
pollution enhances the severity of neonatal RSV infection by increasing oxidative stress-related gene 
expression. Given the substantial impact of RSV worldwide, interventions are needed to protect against severe 
infection and associated chronic lung disease, especially in situations of widespread PM exposure. 
Sulforaphane (SFN), and the predominant SFN metabolite, SFN-N-acetylcysteine (NAC), are phytochemicals 
derived from cruciferous vegetables, and are dietary activators of the NRF2 antioxidant response pathway. 
Therefore, SFN and SFN-NAC may protect against oxidative stress induced by RSV infection. Using a mouse 
model, we demonstrated that SFN-NAC can be transferred from the maternal diet into breast milk. Therefore, 
we wanted to test the hypothesis that maternal SFN consumption could result in the transfer of SFN-NAC to 
human breast milk to mitigate air pollution-induced infant respiratory disease. To confirm the presence of SFN-
NAC in breast milk samples, we recruited breastfeeding mothers from multiple daycares who consume a 
normal dietary intake of cruciferous vegetables. Upon informed consent, breastfeeding mothers filled out a 
dietary questionnaire 24 hours prior to pumping breast milk for analysis. We adapted an isotope dilution liquid 
chromatography tandem mass spectrometry method to quantify SFN-NAC using d8-SFN-NAC as an internal 
standard. SFN-NAC was detected in 50% of samples at an average level of 13.50 ng/ml (SD ± 6.30). There 
was no strong correlation between reported intake of cruciferous vegetables and SFN-NAC concentrations. 
Inter-individual variability in SFN metabolism and excretion, type of consumed cruciferous vegetables, and 
cooking methods, may contribute to this weak correlation. Overall, our findings demonstrate the lactational 
transfer of SFN-NAC into human breastmilk, supporting a novel strategy to mitigate air pollution-induced infant 
respiratory disease. Future studies optimizing maternal SFN dose and investigating detailed pharmacokinetics 
and pharmacodynamics are warranted. In vitro studies are ongoing to evaluate the NRF2 activation and 
protective capacity of SFN-NAC against RSV and PM-induced respiratory toxicity. 
  



Abstract number 5 
Kelly Rivenbark 
  
Graduate student 
 
Using green-engineering to develop sorbents for the remediation of benzene and hazardous 
environmental samples 
 
Kelly J. Rivenbark, Meichen Wang, Kendall Lilly, Phanourios Tamamis, Timothy D. Phillips 
Texas A&M University 
 
Oral Presentation 
 
After disasters, high levels of benzene can be detected and redistributed in the environment surrounding the 
disaster site, which poses a significant risk to human health and the environment. Remediation methods with 
activated carbons are limited in their effectiveness due to benzene’s limited retention to most surfaces. To 
address this problem, two montmorillonite clays were amended with a mixture of chlorophyll (a) and (b), and 
their binding profiles were assessed using in vitro, in silico, and well-established ecotoxicological bioassay 
methods. In vitro and in silico studies indicated that the addition of chlorophyll to the clay surface increased the 
adsorption and retention of benzene to the clays surface through Van der Waals forces. Bioassay studies 
indicated that the inclusion of chlorophyll-amended clays in the culture medium significantly reduced benzene 
toxicity to both organisms, protecting C. elegans by 98-100% from benzene-induced mortality and enhancing 
the growth rates of L. minor. These novel clays were also tested for their ability to remediate water samples 
from a Superfund site known to be contaminated with pentachlorophenol and naphthalene. Exposure to the 
Superfund water decreased the growth of L. minor by 97%, but the inclusion of 0.5% chlorophyll-amended 
clays protected the plant by 50%. Further studies are ongoing to identify additional lipophilic contaminants that 
can be sequestered by this sorbent. Current and ongoing studies suggest that these novel sorbents can be 
utilized during disasters and emergencies in air and personal mask filters, barrier creams, and as a soil 
additive to protect against hazardous exposures.  
  



Abstract number 6 
Tyler Armstrong 
  
Graduate student 
 
Inhalation Exposure to Traffic-Generated Air Pollution Results in Renin-Angiotensin System 
Dysregulation and Increased Factors Associated with Alzheimer’s Disease in ApoE -/- Mice   
 
Tyler Armstrong, Amie Lund 
University of North Texas  
 
Oral Presentation  
 
Studies report a correlation between traffic-generated air pollution (TRAP) and detrimental outcomes in the 
central nervous system (CNS), including Alzheimer’s disease (AD). Obesity (OB) & cardiovascular disease 
(CVD) have also shown to play a role in progression of AD. AD is characterized by accumulation of amyloid-ß 
plaques (Aß), neuroinflammation (NI), and neurodegeneration (ND). Aß is produced by cleavage of Aß protein 
precursor by ß-secretase (ßACE). Studies have shown that CNS renin-angiotensin system (RAS) may 
contribute to AD through angiotensin II (Ang II) & AT1 receptor signaling. Mutations in apolipoprotein E (ApoE) 
are linked to genetic predisposition to AD. Studies of ApoE -/- mice with diet induced OB & CVD show AD 
pathologies, such as Aß deposition in the hippocampus cornu ammonis 1 region. Research is limited on the 
interaction of AD genetic predisposition & exposure to TRAP. Therefore, we investigated the effects of mixed 
gasoline & diesel engine emissions (MVE) on the expression of factors involved in AD, with a focus on the 
CNS RAS.  
 
To test this, 6-8 week old male ApoE -/- mice were fed a high fat diet and given either an ACE inhibitor (ACEi), 
captopril (4mg/kg/day), or nothing in their drinking water. After adjusting to diet/treatment they were exposed 
by whole body inhalation to either filtered air (FA) or MVE (200 µg PM/m3 diesel & gasoline exhaust) for 6 
hrs/day, 7 days/week, for 30 days. Brains/plasma were frozen and stored at -80°C until assayed. 
 
MVE exposure resulted in a 3-fold increase in plasma Ang II, which was attenuated with ACEi treatment, as 
measured by ELISA. MVE increased NI 2-fold, as determined by immunofluorescence microscopy 
measurement of IL-1ß.  ßACE expression is elevated in response to MVE, but is attenuated by ACEi 
treatment. Aß deposition was unaffected by MVE, but decreased with ACEi treatment. CNS RAS members, 
such as AT1, were increased with MVE & decreased with ACEi treatment, while ACE expression was only 
affected by ACEi treatment.  
 
In conclusion, inhalation exposure to MVE in an ApoE -/- mouse model leads to increased NI and ßACE. This 
increase is mitigated by treatment with ACEi. Aß deposition was unaffected by MVE exposure, ACEi treatment 
decreased Aß in the CA1 region, suggesting that the RAS may play a key role in initiation of AD pathology. 
RAS members are dysregulated systemically & in the CNS in response to MVE exposure, but treatment with 
ACEi returns these levels to normal.  
  



Abstract number 7 
Eva Vitucci 
  
Post-doctoral researcher 
 
Gestational Ultrafine Particulate Matter Exposure Alters the Fetal Lung Transcriptional Profile 
 
Eva C.M. Vitucci, Jonathan C. Behlen, Renyi Zhang, Natalie M. Johnson 
Texas A&M University 
 
Oral Presentation 
 
Exposure to ultrafine particulate matter (UFP) during pregnancy significantly increases the risk of adverse 
developmental outcomes, including long-term impacts on childhood respiratory health. Yet, the molecular 
mechanisms driving effects from gestational exposure remain unclear. To improve our understanding of the 
underlying mechanisms, We exposed pregnant C57Bl/6n mice to either a low (LD, 100 µg/m3) or high dose 
(HD, 500 µg/m3) of UFP mixture or filtered air (control) throughout gestation.¬ Following exposure, we 
collected sex-separated fetal lung tissue and conducted transcriptomic analysis. While minimal changes were 
observed in the LD-exposed females, in the LD-exposed males significantly upregulated genes were strongly 
associated with neuron projections and the prothrombin activation signaling pathway. Significantly upregulated 
genes associated with neuron projections were also observed in the HD-exposed female lung, along with the 
significant down regulation in genes affiliated with calcium signaling. Of all the groups analyzed, the HD-
exposed males showed the most significant pulmonary gene expression changes. In HD males, significantly 
upregulated genes were mainly associated with the regulation of cardiac muscle filaments. Significantly 
downregulated genes were mainly affiliated with the fibrinogen complex and the prothrombin activation 
signaling pathway. Collectively, these data suggest that males are more susceptible to transcriptional changes 
following gestational UFP exposure. These results align with our prior findings showing that HD-exposed male 
neonates had an enhanced pulmonary inflammatory response to viral infection in comparisons to exposed 
female offspring. Additionally, the strong exposure association with the prothrombin activation signaling 
pathway and the regulation of cardiac muscle suggest the pulmonary vasculature and pulmonary vein, 
respectively, are affected by gestational UFP exposure, particularly in males. As the pulmonary vasculature 
and vein contribute to the pathogenesis of asthma, these fetal lung gene expression changes may be an 
important mechanistic link between gestational UFP exposure and early life respiratory disease.  
  



Abstract number 8 
Danila Cuomo 
  
Post-doctoral researcher 
 
Assessing genetic factors contributing to inter-individual variation in blood lead (Pb) levels  
 
Danila Cuomo and David Threadgill 
Texas A&M University 
 
Oral Presentation 
 
Lead (Pb) toxicity is a global public health concern despite the effort to reduce the average blood Pb levels 
(BLL) in humans. Blood Pb testing is widely used as biomarker of exposure. Although genome wide 
association studies (GWAS) have investigated the influence of genetic factors on variability in blood Pb 
accumulation, which is relevant to Pb toxicity, they may not generalize across human subpopulations due to 
heterogeneity in genetic background and uncontrolled environments. These limitations are particularly 
problematic when using blood measurements of toxicants like Pb as a surrogate for exposure. To overcome 
these limitations, advanced high-diversity mouse populations such as the Collaborative 
Cross (CC) and the Simplified Diversity Outbred (SDO) – derived from all possible 
pairwise crosses within the wild-derived parental strains of the CC – have been developed to better 
model the genetic diversity found in human populations under controlled environments. In this study, we 
applied Quantitative trait locus (QTL) mapping to a large F2 cohort, originating from an intercross of two 
Collaborative Cross lines: the low-Pb accumulator CC011/Unc and the high-Pb accumulator CC017/Unc. Mice 
were exposed to low-dose Pb acetate (0.01%) through drinking water and fed American diet for four weeks. Pb 
exposure was quantified by determining water consumption, BLL, body composition, and urinary output. This 
strategy allowed us to identify significant sex differences and significant loci associated with BLL on 
chromosomes 1, 6, and 7. To narrow down these genomic regions, we utilized SDO female mice under similar 
exposure settings.  Positional candidate genes were identified using bioinformatic analysis of single-nucleotide 
polymorphisms and differentially expressed genes between the parental lines. Candidate genes were found to 
be involved in immune response and inflammation, and lipid metabolism. Genome-wide pairwise analysis 
predicted additive gene-gene interaction between the locus on chromosome 1 with an otherwise unlinked 
region on chromosome 18, and the genes Soat1 and Neto1 can be relevant in identifying individuals who may 
be more susceptible to Pb toxicity. Using these population-based mouse models, we detected QTLs 
influencing blood Pb levels with positional candidate genes that could play an important role in elucidating the 
genetic factors of BLL variation in humans.  
  



Abstract number 9 
Guobin Xia 
  
Post-doctoral researcher 
 
Prenatal Exposure to Polycyclic Aromatic Hydrocarbons (PAHs) Augments Neonatal Hyperoxic Lung 
Injury: Role of Cytochrome P450 (CYP)1A1, 1A2, and 1B1 
 
Xia, Guobin; Swanson, Lauren; Rachel Stading; Jiang, Weiwu; Wang, Lihua; Narke, Deven; Lingappan, 
Krithika; Moorthy, Bhagavatula 
Baylor College of Medicine 
 
Poster Presentation 
 
Pregnant women exposed to polycyclic aromatic hydrocarbons (PAHs) are at increased risk for premature 
delivery at Superfund sites. Preterm infants often require supplemental oxygen, a known risk factor for the 
development of bronchopulmonary dysplasia (BPD).  The mechanisms by which hyperoxia causes lung injury 
are poorly understood, but cytochrome P450 (CYP) enzymes have been implicated. We hypothesize that 
prenatal PAH exposure exacerbates oxygen-mediated lung injury in neonatal mice, and that this effect is 
differentially altered in mice lacking the gene for (Cyp)1a1, 1a2, or 1b1.  Timed pregnant mice of four 
genotypes (WT, Cyp1a1-null, Cyp1a2-null, and Cyp1b1-null) were orally administered a PAH mixture of 
benzo[a]pyrene (BP) and benzo[b]fluoranthene (BbF) once daily on gestational days 16-19, and dose 
response of prenatal PAH administration on postnatal hyperoxic lung injury was examined. Offspring were 
exposed to hyperoxia room air for 14 days. Lung injury was assessed histologically after PND14. Inflammatory 
markers IL-6 and TNF-α in lung, and CYP1A1 and 1B1 and DNA repair genes in lung and liver were 
measured. Results showed that hyperoxic lung injury is augmented by prenatal PAH exposure in a dose-
dependent manner.  This effect was differentially altered in Cyp1-null, Cyp1a2-null and Cyp1b1-null mice, with 
Cyp1a2-null showing the greatest extent of lung injury. We concluded newborn mice exposed to PAH in utero 
had more significant lung injury in response to hyperoxia than non-PAH exposed pups, and the degree of lung 
injury varied among mice lacking the genes for Cyp1a1, 1a2, and 1b1, with the liver-specific Cyp1a2 being the 
most protective. 
 
  



Abstract number 10 
Deven Narke 
  
Graduate student 
 
Maternal exposure to polycyclic aromatic hydrocarbons causes lung dysbiosis in mice lacking the 
Cyp1a2 gene - A potential protective role. 
 
Deven Narke Guobin Xia, Weiwu Jiang, Bhagavatula Moorthy 
Baylor College of Medicine 
 

Poster Presentation 

 
Polycyclic Aromatic Hydrocarbons (PAHs) are complex mixtures of chemicals that are found in automobile 
exhaust, industrial effluents, and superfund sites. Maternal exposure to PAHs is known to exacerbate lung 
injury in neonates through the activation of Cyp1a/1b1 enzymes. The Cyp1a2 enzyme, predominantly 
expressed in the liver, is specifically known to be protective against PAH-induced lung injury. However, little is 
known about the effect of prenatal PAH exposure on the lung and intestinal microbiome and the role of the 
Cyp1a2 enzyme in modulating these microbial communities. We hypothesize that the Cyp1a2 enzyme protects 
against prenatal PAH exposure-induced lung injury by maintaining eubiosis. Timed pregnant wild-type (WT) 
(C57BL/6J) and Cyp1a2 null mice were orally administered a PAH mixture of benzo[a]pyrene (BP) and 
benzo[b]fluoranthene (BbF) (7.5mg/kg each) or the vehicle corn oil (CO) once daily on gestational days 16-19. 
The offspring were exposed to room air for 14 days after birth. Mice were sacrificed on postnatal day (PND) 15 
and microbiome analysis was performed on the lung and intestinal contents using 16S rRNA gene sequencing. 
Prenatal PAH exposure altered lung beta diversity and relative abundance of commensal bacteria in Cyp1a2 
null mice but not in the WT mice. However, prenatal PAH exposure showed no significant change in the 
intestinal beta diversity and relative abundance of commensal bacteria in Cyp1a2 null and WT mice. Our study 
suggests that prenatal PAH exposure may cause dysbiosis in the lung microbiome in the absence of the 
Cyp1a2 gene hinting towards a potential protective role. 

  



Abstract number 11 
Lei Zhang 
  
Graduate student 
 
The anticancer activity of piperlongumine is due, in part to its activity as a nuclear receptor 4A1 
(NR4A1) ligand 
 
Texas A&M University 
 
Poster Presentation 
 
Piperlongumine is a phytochemical produced long pepper that was identified in a library screen of natural 
products as a potent inhibitor of cancer cell and tumor growth via induction of reactive oxygen species (ROS). 
Many of the response and genes modulated by piperlongumine are similar to those reported for bis-indole 
derived compound (CDIMs) that bind nuclear receptor 4A1 (NR4A1, Nur77). Incubation of piperlongumine with 
the ligand binding domain (LBD) of NR4A1 showed that piperlomgumine is an NR4A1 ligand with a KD value 
of 7.1µM. We also observed that the anticancer activaties of piperlongumine were similar to those reported for 
previously identified NR4A1 ligands in colon cancer cells. For example, piperlongumine inhibited NR4A1-
denpendent luciferase activity in SW480, RKO, and HCT116 cells transfected with a GAL4-responsive 
reported gene (UAS-luciferase) and a GAL4-NR4A1 chimera indicating the piperlongumine is an NR4A1 ligand 
which acts as an antagonist. In addition, piperlongumine inhibits colon cancer cell growth using the XTT assay, 
inhibits cell migration in a scratch assay, induces apoptosis (PARP cleavage) and induces progressive 
morphological changes. Treatment with 7.5 and 15 µM piperlongumine caused colon cancer epithelial-like cells 
to shrink and became rounded. Also, cells detached from the plate and typical apoptotic bodies were seen at 
the boundaries of the detached cells. Treatment of HCT116 cells with piperlongumine also decrease 
expression of two pro-reductant gene products, namely thioredoxin domain containing 5 (TXNDC5) and 
isocitrate dehydrogenase 1 (IDH1) which have previously been identified as NR4A1-regulated genes. This 
results in the induction of Sestrin2 (SESN2) an ROS-sensitive gene which in turn activates (phosphorylates) 
AMPK and inhibits the mTOR signaling pathway. These responses are also observed in cells after treatment 
with NR4A1 agonists or after knockdown. These results and ongoing studies demonstrate that piperlongumine-
induced ROS and downstream anticancer activities are, due in part to the binding of piperlongumine to NR4A1 
and subsequent activity as an NRA41 antagonist.  
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Evaluation and limitations of dried plasma spot (DPS) testing for opioids 
 
Amanda L. Pacana, MSFS, D-ABFT-FT*, Madeleine J. Swortwood, PhD 
 
The opioid epidemic has plagued the United States for decades and has only been exacerbated by the 
constant influx of novel drugs into the market. Recently, the Centers for Disease Control and Prevention 
reported a 38% increase of overdose deaths from 2019 to 2020. However, traditional opioids are still being 
reported in casework and, therefore, warrant inclusion into current studies.  
With overdose deaths causing increasing casework burdens, evaluation of rapid, sensitive, and accurate 
collection and testing protocols are necessary. Alternative matrices such as urine and oral fluid have been 
used for many years in clinical and forensic testing but other matrices such as dried plasma spots (DPS) have 
little, if any, information regarding their applicability to forensic samples. This study examined the applicability 
of the TelimmuneÔ DPS collection cards for the detection of forensically relevant traditional and novel opioids 
and highlights some limitations of DPS collection. 
The tested panel consisted of 14 traditional and novel opioids, including analytes such as morphine, 
oxycodone, fentanyl, and fluorofentanyl. Throughout the study, morphine demonstrated several issues. 
Morphine was found to be difficult to extract from the DPS discs, when all other analytes were detectable. Out 
of 9 solvent extractions tested, ethyl acetate was the only solvent able to extract morphine from the DPS disc. 
When preserved whole blood was used as a matrix, morphine again was unable to be detected as the blood 
aged (approximately 2 months after laboratory receipt). Conversely, when fresh blood was collected via finger 
prick and fortified for immediate analysis, morphine was detectable. The results of this study suggest that DPS 
would not be a suitable collection method for morphine in cases where there is a substantial amount of 
hemolysis of the sample, as would likely be found in postmortem casework. More research is needed to 
assess the usefulness of DPS collection for antemortem cases such as driving under the influence of drugs 
(DUID). 
 
Keywords: dried plasma spots (DPS), opioids, alternative matrices 
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Although humans are continuously exposed to complex chemical mixtures in the environment, it has been 
extremely challenging to investigate the resulting cumulative risks and impacts. Recent studies proposed the 
use of “new approach methods,” in particular in vitro assays, for hazard and dose–response evaluation of 
mixtures. We previously found, using five human cell-based assays, that concentration addition (CA), the usual 
default approach to calculate cumulative risk, is mostly accurate to within an order of magnitude. Here, we 
extend these findings to further investigate how cell-based data can be used to quantify inter-individual 
variability in CA. Utilizing data from testing 42 Superfund priority chemicals separately and in 8 defined 
mixtures in a human cell-based population-wide in vitro model, we applied CA to predict effective 
concentrations for cytotoxicity for each individual, for “typical” (median) and “sensitive” (first percentile) 
members of the population, and for the median-to-sensitive individual ratio (defined as the toxicodynamic 
variability factor, TDVF). We quantified the accuracy of CA with the Loewe Additivity Index (LAI). We found that 
LAI varies more between different mixtures than between different individuals, and that predictions of the 
population median are generally more accurate than predictions for the “sensitive” individual or the TDVF. 
Moreover, LAI values were generally <1, indicating that the mixtures were more potent than predicted by CA. 
Together with our previous studies, we posit that the new approach methods, using data   from human cell-
based in vitro assays, including multiple phenotypes in diverse cell types and studies in a population-wide 
model, can fill critical data gaps in cumulative risk assessment, but more sophisticated models of in vitro 
mixture additivity and bioavailability may be needed. In the meantime, because simple CA models may 
underestimate potency by an order of magnitude or more, either whole-mixture testing in vitro or, alternatively, 
more stringent benchmarks of cumulative risk indices (e.g., lower hazard index) may be needed to ensure 
public health protection.  
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Hazard evaluation of “unknown or variable composition, complex reaction products and biological materials” 
(UVCBs) remains a major challenge in regulatory science. The chemical composition of UVCBs is difficult to 
ascertain using analytical methods. Therefore, alternative data streams have been proposed for grouping 
UVCBs and selection of potential “worst case” substances for further toxicity evaluation in vivo. Petroleum 
substances are representative UVCBs and human cell-based data has previously been used to both 
substantiate and critique current manufacturing process-based groupings; however, the regulatory agencies 
have questioned the utility of such data. In this study, we hypothesized that a combination of phenotypic and 
transcriptomic data on petroleum UVCBs can be integrated to increase confidence and make protective 
decisions as to selection of petroleum UVCBs for additional toxicity evaluation. To test this hypothesis, we 
used phenotypic and transcriptomic data obtained from testing 141 petroleum UVCBs comprising of 16 
manufacturing categories in six human cell types (induced pluripotent stem cell (iPSC)-derived hepatocytes, 
cardiomyocytes, neurons, and endothelial cells, and MCF7 and A375 cell lines). Benchmark doses for gene-
substance combinations were calculated, and transcriptomic points of departure (tPODs) and the phenotype-
derived PODs (pPODs) were derived. Correlation analysis and machine learning were used to assess the 
associations between the phenotypic and transcriptional responses. We also determined the cell types and 
assays that provide the most informative data subset to inform a cost-effective integrated testing strategy. We 
found that hepatocyte tPODs were most concordant to the pPODs and polycyclic aromatic hydrocarbon 3-7 
ring content. Two cell types – iPSC hepatocytes and cardiomyocytes – contributed the most informative and 
protective PODs and may be used to inform selection of representative petroleum UVCBs for further toxicity 
evaluation in vivo. Overall, while the use of new approach methodologies to prioritize UVCBs has not been 
widely adopted, our data show that an integrated testing strategy based on iPSC-derived hepatocytes and 
cardiomyocytes can inform selection of representative “worst case” petroleum UVCBs from each 
manufacturing class for further toxicity evaluation in vivo.  
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The phthalate mono-(2-ethylhexyl) phthalate (MEHP) is frequently found in the environment. It is well 
established that exposure to MEHP can impair Sertoli cell function, cause germ cell loss through apoptosis and 
damage the blood-testis barrier (BTB). Peritubular macrophages (PTMφ), a novel type of testicular 
macrophage population, was found to cluster next to spermatogonial stem cells (SSCs) on the exterior of 
seminiferous tubules. PTMφs are reported to support the SSC niche, however, the PTMφs’ distinct features 
and its origins are not well characterized. Here we investigate whether the responses of PTMφs is specific to 
certain species and/or ages. PTMφ responses in male peripubertal (postnatal day/PND 26) and adult (PND75) 
Fischer CDF344 rats were studied. PTMφs and undifferentiated spermatogonia were identified in whole 
seminiferous tubule preparations via staining with fluorescent markers (MHCII and PLZF) and visualized using 
a Nikon 710 confocal microscope. In response to MEHP exposure, the quantity of PTMφs is increased in the 
tubules of PND26 rats by 6-fold after 48 hours coincident with increases in differentiating spermatogonia. 
Although PND75 Fischer rats had a 2-fold higher basal number of PTMφs than the PND26 rats, there was no 
appreciable increases observed after MEHP treatment. The species differences of PTMφ responses were 
examined with peripubertal C57BJ/6 mice. Compared to peripubertal Fischer CDF344 rats, peripubertal mice 
exhibit a 5-fold greater basal level of PTMφs, but with no detectable increases of PTMφs in response after 
MEHP treatment. Finally, to uncover global testis transcriptomic changes, 3’ Tag sequencing was performed. 
The variations in age and species are well-demonstrated by principal component analysis, gene differential 
expression and gene ontology analysis. Tag seq results clearly identified substantial differences between 
control and MEHP-treated peripubertal rats. Specifically, Inflammation and immune gene expression were 
markedly up-regulated, as were stem cell niche and progenitor cell markers; with Notch1 and retinoic acid 
signaling pathways involved in PND26 rats. The knowledge gathered from these novel findings suggests that 
PTMφs have a simulative role on testicular gene expressions after acute MEHP exposure. Future 
investigations will concentrate on deciphering the function participation of PTMφ in the testis after MEHP injury 
and to identify the mechanisms underlying their recruitment. 
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Deoxynivalenol (DON) is a mycotoxin frequently found in cereals and grains, with reported toxicological effects 
including reduced body weight, fetal anomalies and decreased male fertility. The European Food Safety 
Authority used traditional risk assessment approaches to derive a deterministic Tolerable Daily Intake (TDI) of 
1 μg/kg-d, but data from human biomarkers studies of DON and its metabolites indicate widespread and 
variable exposure worldwide, necessitating more sophisticated methods to quantify population risk. The 
WHO/IPCS has previously used DON as a case example in deriving a probabilistic toxicity value, quantifying 
variability and uncertainty in population dose-response, in the form of the human dose corresponding to an 
effect size M in the Ith percentile of the population (HDMI) of 2.9 [90% CI: 0.44-19] μg/kg-d, for M=5% 
decrease in body weight and I=1%. Here we extend this case study by incorporating Bayesian modeling 
approaches, in vivo toxicokinetic (TK) data to quantify inter- and intra-species TK differences, and in vitro 
human population new approach methods to quantify intra-species toxicodynamic (TD) differences.  
Combining these together probabilistically, we improved the precision and accuracy of DON toxicity values 
while also deriving population dose-response functions for characterizing population risk. We also converted 
the HDMI to biomonitoring equivalents, BEMI, in blood or urine to facilitate comparison with biomonitoring data.  
We derived an HDMI of 12.8 [2.58 – 65.25] μg/kg-d, with BEMI of 3.63 [0.97 – 12.77] μg/L in blood or 9.02 
[1.85 – 43.73] μg/kg-d excreted in urine, where the lower confidence bounds represent probabilistic TDIs. 
Overall, we demonstrate that combining Bayesian modeling, biomonitoring data, and in vitro population-based 
new approach methods within the WHO/IPCS probabilistic framework leads to more accurate, precise, and 
useful risk characterization. 
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Past studies have shown that the brain is particularly vulnerable to air pollution, specifically particulate matter 
exposure capable of crossing the blood brain barrier. However, little is known about the effects of gestational 
exposure to diesel exhaust ultrafine particles (UFPs) on the brain. The goal of my project is to determine the 
outcome of gestational exposure to UFPs in relation to microglial activation. Here we hypothesize that 
gestational exposure to UFPs would prime microglia long-term, thereby accelerating and/or augmenting 
susceptibility to neurodegeneration. C57BL/6J mice were exposed gestationally to UFPs for 6 h daily at a low 
(100 ug/ m3) or high dose (500 ug/m3).  Mice were exposed to UFPs until gestational day (GD) 18.5 which is 
the end of the gestational period for C57BL/6J mice. At post-natal day (PND) 18, fetal brains were extracted for 
RNA sequencing. UFP exposure is expected to induce elevated levels of TNFa, IFNG, ILB1, and IL6 
inflammatory markers, associated with microglial activation, at higher concentrations (compared to age- and 
sex-matched control mice exposed to clean air only) throughout the brain. WHO estimates that approximately 
90% of people around the world are exposed to polluted air (through auto exhaust, factory emissions, etc.). 
With this in consideration, it is crucial to identify potential adverse effects of air pollution on fetal development. 
The findings of this study will improve our current understanding of the relationship between pre-birth UFP 
exposure and susceptibility to neurodegenerative diseases. 
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E-cigarette & vaping associated lung injury (EVALI) is a severe pulmonary disease reported in the US recently. 
EVALI is strongly related to Vitamin E Acetate (VEA) inhalation. The pathogenesis of EVALI remains unknown. 
Using VEA inhalation as a prototypical murine model of sterile lung injury, we found that compared to vehicle & 
room air empty control groups, active VEA exposure induced protein leakage & intense neutrophil inflammation 
in the bronchoalveolar lavage (BAL) and the lung. CD64+F4/80+ pulmonary macrophages can be classified by 
distinct expressions of SiglecF & CD11b based on data mining from published single cell murine lung studies. 
SiglecF+ macrophages require GM-CSF for maintenance & are enriched in genes related to lipid metabolism. 
Active VEA exposure significantly depleted SiglecF+ but increased CD11b+ macrophages in the BAL and the 
lung. In the non-immune compartments, active VEA exposure mildly increased epithelial cells but markedly 
reduced endothelial cells in the lung. Protein leakage, neutrophil granulocytosis & macrophage subset 
disturbances recovered following VEA exposure cessation. However, type II alveolar epithelial (ATII) & 
endothelial cells remained markedly reduced despite VEA cessation & immune recovery. Both Rag1 & Ifnar1 
knockout mice phenocopied wild type mice in VEA lung injury. In summary, while immune disturbances in VEA 
lung injury was transient, the impact on pulmonary non-immune components was long-lasting. Results from 
Rag1 knockout mice demonstrate that tissue immunity is primarily driven by innate immunity in the context of 
VEA lung injury. Further studies will (1)determine circulatory monocytic contribution to the SiglecF+ 
macrophage recovery with fate mapping reporters and (2) use single cell technologies to comprehensively 
interrogate cellular landscape changes, the relationship between innate immunity reprogramming & alterations 
in non-immune components & the signals driving inflammation resolution & immune recovery following VEA 
cessation. Overall, we aim to establish a longitudinal history of cellular responses in VEA lung injury model & to 
instruct the design of intervention strategies in acute lung injury.  
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The presence of thousands of chemicals in commerce and the environment requires efficient approaches to 
human health risk assessment. The integration of physiologically-based kinetic modeling and in vitro to in vivo 
extrapolation (IVIVE) have been increasingly used to rapidly predict the toxicokinetics of chemicals with limited 
available toxicity data. Bioavailability is a key factor in chemical toxicokinetics, but has been typically assumed 
to be 100%. A physiological-based gut absorption model, also known as the advanced compartmental 
absorption and transit (ACAT) model, has been used extensively to estimate the bioavailability of 
pharmaceutical compounds, but has not been widely applied to environmental chemicals. Therefore, the goal 
of this study is to construct a probabilistic environmental compartmental absorption and transit (PECAT) model, 
adapted from the pharmaceutical-based ACAT model, to predict intestinal absorption of environmental 
chemicals. We calibrated the model parameters to human in vivo and in vitro datasets of drug permeability and 
fractional absorption by taking into account two key factors: (1) differences between permeability in Caco-2 
cells and in vivo permeability in the jejunum and (2) differences in in vivo/ex vivo permeability across different 
gut segments. Incorporating these factors probabilistically, we found that given Caco-2 permeability 
measurements for environmental chemicals, predictions of the PECAT model are consistent with the (limited) 
available gut absorption data. However, the substantial chemical-to-chemical variability observed in calibration 
data often lead to wide probabilistic confidence bounds in the predicted fraction absorbed and resulting steady 
state blood concentration. Thus, while the PECAT model provides a statistically rigorous, physiologically-based 
approach for incorporating in vitro data on gut absorption into toxicokinetic modeling and IVIVE, it also 
highlights the need for more accurate in vitro models and data for measuring gut segment-specific in vivo 
permeability for environmental chemicals. 
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NNK is a toxin and nicotine metabolite found in Cigarette Smoke (CS). CS continues to be a leading cause for 
decline of quality of life as well as deaths globally. Epidemiological assessments have suggested that CS is 
associated with neuroinflammation and several neurological disorders, including Alzheimer’s disease, stroke, 
and multiple sclerosis. While direct effects of CS have not been fully understood, studies in a humanized flow-
based in vitro blood-brain barrier model used CS extract to show resultant pro-inflammatory effects and loss of 
BBB function and endothelial cell viability. NNK delivered IP in mice induced glial activation sustained from 4 to 
12 days as evaluated immunohistologically. Specific effects of NNK on the BBB, vascular dynamics, or in vivo 
microglial dynamics as they relate to the vasculature and across multiple areas are unknown. Here, we show 
that NNK when given through an intranasal route, leads to disruption of the BBB and vessel-localized microglia 
activity for acute (4 days) exposure and is further enhanced over chronic (12 weeks) exposure. To investigate 
microglial and vascular responses to NNK in vivo, we combined the use of transgenic mouse line (CX3CR1-
GFP) with intravital neuroimaging by two-photon microscopy. Single timepoint volumetric scans and time 
series of up to an hour were taken to assess spatial, dynamic observations and vasospasms. A machine 
learning algorithm was employed to segment microglial soma from processes. Ex vivo immunofluorescence 
(IF) staining was performed on thin sagittal brain sections to corroborate in vivo findings. Results indicate that 
microglial activation was found to be heterogeneous; that is, activated microglia and ramified microglia existed 
within the same field of view with spatial preference observed. NNK-treated animals displayed increased 
vessel-associated microglia (VAM) compared to control, with analysis showing VAM sustained an ameboid 
appearance over time and clustered near the vessels. An increase in vascular events, including 
vasoconstriction, vasodilation, and microbursts, were observed in NNK treated animals suggesting a 
pronounced effect of NNK ion vasculature over controls. Uptake of Evans Blue increased in NNK treated 
animals when compared to control in both soma and processes. IF revealed that up to 93% of GFP-positive 
neural cells showed positive staining for a microglia exclusive marker. NNK effects were sustained and 
exacerbated with chronic treatment. Taken together, these results suggest an immunomodulatory effect of 
NNK marked by heterogeneous localization of microglia with activated microglia confined near vessels and 
accompanied by vascular events.  
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The prevalence of e-cigarettes has climbed rapidly over the course of the last decade, reaching regular usage 
in 5.2% of U.S. adults in 2020. However, e-cigarette usage is not just limited to adults, with recent usage 
among high schoolers and middle schoolers being reported at 27.5% and 10.5%, respectively, in 2019. 
Despite an abundance of research being available on the addictive component of e-cigarette liquids (namely 
nicotine and THC), not much is known about the safety of the flavoring chemicals used. These chemicals, 
often consisting of terpenes and aldehydes, add the fragrance that distinguishes vape juice flavors and are 
often assumed to be safe by the public due to their usually “natural” origin. To test the safety of e-liquid 
flavoring, commonly used ingredients, such as ethyl maltol and ethyl vanillin, were tested on A549 human lung 
carcinoma cell line. Common vape juices using these compounds along with isolated solutions of the key 
flavoring were aerosolized using a CelTox Sampler and released into a chamber containing the A549 cells. 
The effect of the solutions at multiple concentrations based on values cited in vape ingredient SDS pages and 
at temperatures matching the range of vaping devices were evaluated. Preliminary evidence suggests vape 
juices with higher percentage flavoring, as well as combinations with more flavoring chemicals, produce a 
greater effect on lung cells than mixtures with a lower number of flavorants or lower percentage of the same 
flavorant. There is a critical need for more data on e-liquid flavoring molecules to know the extent of the 
danger, or lack thereof, posed by the many variants vape juices offered around the world. 
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Steroid hormone receptors mediate numerous biological processes and were canonically believed to be 
transcriptional regulators of genes. In addition to binding steroid hormone transcription factors, steroids bind 
integral membrane receptors on the cell surface, for example, G protein-coupled estrogen receptor protein 
(GPER), membrane progesterone receptors, and membrane androgen receptors, to initiate rapid intracellular 
signaling and biological responses. Endocrine-disrupting chemicals (EDCs) are diverse natural or synthetic 
compounds. EDCs have structures similar to those of endogenous hormones and they tend to interfere with 
the actions of steroid hormones via binding to the corresponding hormone receptors. The field has focused on 
how EDCs bind to nuclear hormone receptors such as estrogen receptors alpha and beta and the androgen 
receptor (AR), but data on EDC engagement with membrane steroid receptors are limited. Several putative 
membrane androgen receptors were identified based on their ability to bind androgens in vitro (GPRC6A, ZIP9, 
OXER1), however, it is unclear if these proteins act as membrane androgen receptors in vivo. We hypothesize 
that EDCs act via membrane steroid receptors, in addition to the canonical nuclear steroid receptors, to cause 
adverse effects on embryonic development. We exposed wild-type zebrafish embryos to multiple androgens at 
different concentrations from 2-4 hours post-fertilization (hpf) until 72 hpf. We selected hit chemicals that 
caused morphologic abnormalities. We identified 3 androgens including 5α-androstane (15 μM), 
dihydrotestosterone (30 μM), and testosterone (30 μM), which caused a reliable and reproducible phenotype 
such as cardiac edema or tail curvature. We then exposed homozygous AR mutant embryos to the hit 
chemicals to test whether the phenotype is rescued. Similar to wild-type embryos, AR mutants exhibited 
morphologic abnormality after exposure to the hit chemicals, indicating that these 3 androgens do not cause 
embryonic phenotypes via AR. To test whether phenotypes can be rescued by mutating the putative 
membrane androgen receptors, we exposed gprc6a, zip9, and oxer1 zebrafish mutant embryos to the three hit 
chemicals, reasoning that if the phenotype was reduced, then that would suggest that the androgen acts via 
membrane androgen receptors to cause embryonic phenotype. To facilitate rapid genetic-pharmacologic 
screening we generated mosaic mutants. We injected single-cell embryo with 3 or 4 guide RNAs, each 
targeting a different region of the open reading frame in the same target gene. We found that similar to wild-
type and AR mutant embryos, zip9 and oxer1 mutant embryos exhibit pronounced cardiac edema or tail 
curvature following exposure to the hit chemicals. In contrast, there was a significant reduction in cardiac 
edema phenotype in the gprc6a mutants embryos compared to controls after exposure to testosterone, 
supporting the hypothesis that putative membrane steroid receptor gprc6a responds to androgens in vivo. We 
confirmed the efficiency of our mosaic mutagenesis approach by sequencing the DNA of each embryo 
following exposure. This combined genetic-pharmacologic approach suggests that testosterone causes cardiac 
edema in zebrafish embryos by acting via the integral membrane protein GPRC6A, independently of AR. Our 
results support the hypothesis that steroid hormones act via membrane receptors during embryonic 
development. This study will increase our understanding of the molecular and cellular mechanisms by which 
EDCs influence embryonic development.  Keywords: zebrafish; membrane steroid receptor; androgen 
receptor; endocrine-disrupting chemicals; exposure 
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Viral infections contribute to neurological and immunological dysfunction driven by complex genetic networks. 
Theiler’s murine encephalomyelitis virus (TMEV) causes neurological symptoms in mice and can model human 
outcomes to viral infections. Here, we used genetically distinct mice from five Collaborative Cross mouse 
strains and C57BL/6J to demonstrate how TMEV-induced immune responses in serum may predict 
neurological outcomes in acute infection. To test the hypothesis that serum cytokine levels can provide 
biomarkers for immunotoxicity and phenotypic outcomes of acute disease, we compared cytokine and 
chemokine levels at pre-injection, 4 days post-injection (d.p.i.), and 14 d.p.i to the TMEV-induced neurological 
symptoms. Each strain produced unique baseline cytokine levels and had distinct immune responses to the 
injection procedure itself. Thus, we eliminated the baseline responses to the injection procedure, and identified 
cytokines and chemokines induced specifically by TMEV infection. Then, we identified strain-specific 
longitudinal cytokine profiles in serum during acute disease. Using stepwise regression analysis, we identified 
serum immune markers predictive for TMEV-induced neurological phenotypes of the acute phase, e.g., IL-9 for 
limb paralysis; and TNF-α, IL-1B, and MIP-1B for limb weakness. These findings indicate how temporal 
differences in immune responses are influenced by host genetic background and demonstrate the potential 
use of serum biomarkers to track the neurological effects of viral infection.  
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The Texas A&M Tissue Chip Validation (TEX-VAL) Consortium is a public-private partnership that aims to 
promote the use of microphysiological systems (MPS), and is a collaboration of pharmaceutical and consumer 
goods companies, federal agencies, and a trade association with the Texas A&M University Tissue Chip 
Testing Center. The Consortium is engaged in stakeholder needs-directed applied research to establish the 
functionality, reproducibility, robustness, and reliability of a wide array of MPS. One common organ of interest, 
especially for the investigation of pharmacokinetics and toxicological assessments of drugs, is the liver. Two 
MPS for liver studies were proposed – the Mimetas 2-lane OrganoPlate® and CNBIO PhysioMimix™ MPS-
LC12 plate. These models were tested for functionality and reproducibility using induced pluripotent stem cell-
derived hepatocytes (iHeps) or primary human hepatocytes (PHHs) with and without non-parenchymal cells 
(NPCs: THP-1, HMEC-1) for up to 17 days. Imaging-based or total protein-based cell viability, albumin and 
urea secretion into culture media, LDH and CYP3A4 activity, and midazolam metabolism were assessed. BF 
and ICC images were also taken when possible. In general, the OrganoPlate® 2-lane performed the best 
under co-culture conditions with iHeps and NPCs, while studies using co-culture conditions are still ongoing for 
the CNBIO PhysioMimix™ MPS-LC12. 
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Mobile air sampling is an emerging approach to characterize hazardous air pollutant exposure at fine spatial 
resolution. Currently, there is a lack of information for real-time ambient air pollutant concentrations, especially 
for a broad range of volatile organic compounds (VOCs) at baseline and after environmental disasters. We 
hypothesized field-based mobile air sampling could inform risk assessment through improved characterization 
and hazard identification of VOC mixtures. We developed a dual approach for mixtures assessment. First, 
using autoGC monitoring data from the Texas Commission on Environmental Quality (TCEQ) site in 
Manchester, TX, located nearby the Houston Ship Channel, we selected the predominant VOCs measured in 
2021 to create a designed mixture for laboratory-based hazard identification. Next, to accurately reflect 
temporal and spatial variation of VOC mixtures across a range of communities with unique point sources, we 
developed maps of sampling routes for longitudinal mobile measurements in 2022-2023. Locations include 
Manchester, Somerville, and the Joppa and Singleton communities in Dallas. Data collection is ongoing using 
our mobile laboratory equipped with a proton transfer reaction time-of-flight mass spectrometry (PTR-ToF-MS) 
for high-resolution VOC sampling coupled with a Magellan MX-500 weather system to track location, 
temperature, humidity, wind speed and direction. Subsequent mixtures emulating ambient exposure data will 
be created and compared with our designed mixture to assess respiratory hazard using our airway model 
composed of 16HBE cells grown and differentiated at air-liquid interface.  
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ANALYZING SELECT ANTIBIOTIC CLASSES IN COMMERCIAL BIOSOLID FERTILIZERS WITH LIQUID 
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Biosolids fertilizers manufactured from the treated sludge separated from influent at wastewater treatment 
plants have wide industrial and commercial use in the U.S., but routine monitoring for potential contaminants in 
these products, including for pharmaceuticals, does not occur.  This research aims to optimize and validate a 
quantitative Liquid Chromatography Tandem Mass Spectrometry (LC-MS/MS) method to examine for the 
presence of multiclass antibiotics in commercial biosolids fertilizers.  Since antibiotics, which possess very 
diverse physiochemical properties, are not regulated in soils or agricultural products, there is no uniform LC-
MS/MS procedure to extract, detect and quantify multiple classes.  Here, ciprofloxacin, tetracycline, and 
sulfamethazine of the fluoroquinolone, tetracycline, and sulfonamide antibiotic classes, respectively, were 
selected for analysis based on their production and consumption rates, and frequency of detection in water and 
environmental samples.  A review and comparison of prior research methodology was conducted in order to 
streamline the development and optimization process.  Quality performance criteria to validate the method will 
include establishing linear calibration curves, sensitivity as measured by limits of detection and quantification, 
extraction efficiency as measured by analyte spike recoveries, precision as measured by intra- and inter- day 
variability, and matrix effects controlled for by the use of isotope-labeled internal standards for all compounds.  
A variety of commercially available biosolids fertilizers will be analyzed using the method succeeding 
validation. 
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Understanding the Phototoxicity of Naphthalene on Human Skin  
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With an increase in anthropogenic activities, especially the growth of the petroleum industry, polycyclic 
aromatic hydrocarbons (PAHs) have become a major group of emerging environmental pollutants. As one of 
the 16 priority PAH compounds, naphthalene is selected by the Environmental Protection Agency as a 
pollutant with a high risk of bioaccumulation and carcinogenic effects. When naphthalene is released into the 
environment, it has been shown to be rapidly photodegraded into potentially more harmful intermediate 
chemicals. Although studies on naphthalene toxicity assessment have been well documented, the toxic effects 
of photodegraded naphthalene on humans remain unknown. This study aims to determine the phototoxicity of 
naphthalene on human skin. The toxic effects of photodegraded and non-degraded naphthalene were 
assessed with human keratinocyte cells using different assays, including cell proliferation, migration, and 
differentiation. The results showed a considerable behavioral change in cells treated with photodegraded 
naphthalene. The potential skin irritation caused by the photodegraded naphthalene was also tested on mice. 
The 8-hour photodegraded naphthalene demonstrated clinical signs of skin irritation, such as increased 
epidermal thickness and elevated expression levels of pro-inflammatory cytokines, which were potentially 
accredited to increased epidermal inflammation. Photodegradation may, therefore, increase the risk of 
dermotoxicity of many PAH compounds in the environment. 
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Image-based characterization of a potential sex-specific response to ocular acrolein exposure 
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Acrolein can be widely found in our environment due to its presence in air pollution, cigarette smoke, 
herbicides, and vapors released by overheated cooking oils. Furthermore, acrolein is of particular concern due 
to its relative availability and prior use as a chemical weapon in World War I. Despite the eyes being the organ 
most sensitive to chemicals, there has been limited study on ocular toxicity from acute acrolein exposure. This 
work aimed to characterize the ocular injury and wound healing response caused by acute acrolein exposure 
through qualitative and quantitative image-based biomarkers. Following an IACUC-approved protocol, an acute 
injury model of acrolein exposure was performed in a mouse model through topical application of 2.5 mg/mL 
acrolein for 30 s. Anterior segment optical coherence tomography (AS-OCT) was performed prior to the injury 
and up to 28 days following the induction of injury. In addition, fluorescein angiography (FA) was performed on 
day 28. A custom segmentation algorithm automatically measured the corneal thickness from AS-OCT images 
to track edema. Qualitatively, acrolein exposure presented acutely with minor corneal edema that recovered 
until a rebound effect occurred at 14 days, following the expected progression of injury. Based on the imaging 
studies, the rebound effect appeared to have a sex-specific nature, with 60% of male mice afflicted with limbal 
neovascularization while 80% of female mice presented with corneal ulceration. In subsequent weeks, 
angiogenesis would spread centrally from the limbus while corneal ulceration expanded. Corneal thickness 
measurements seemed to corroborate the expected recovery-rebound progression in male mice, with trends 
showing initial swelling peaking around day 3 and recovering by day 14. However, female mice did not follow 
the same trend, with corneal thicknesses changing little throughout the 28 days. In this study, we described the 
progression of chemical injury and wound healing following ocular exposure to acrolein. While the initial data 
suggest a sex-specific response to acrolein exposure, further study will be required to determine the 
significance of observed trends. In addition, we demonstrated the power of AS-OCT for monitoring changes 
following acrolein exposure. The increasing popularity and adoption of AS-OCT in the clinic will allow 
physicians to improve care for ocular chemical exposures through better triaging and more informed decision-
making for clinical management. 
 
Funding: NIEHS T32ES007254 and the Brown Foundation 
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Iron oxide nanoparticles (IONPs) are one of the most important nanomaterials due to their numerous potential 
applications in diverse scientific and engineering disciplines. IONPs have been investigated for biomedical 
applications such as magnetic resonance imaging (MRI) contrast agents, cell-tracking, therapeutic agent 
delivery, magnetic hyperthermia, thermotherapy, and more. We are specifically interested in the antimicrobial 
properties of IONPs, which could be incorporated into an inhalation aerosol system for dispersal directly to the 
lungs. Our previous work has shown that the IONPs are effective against Gram-negative and Gram-positive 
bacterial species, including antibiotic-resistant strains, and those residing in established biofilms.  A thorough 
investigation into the acute toxicity of inhaled nanomaterials must begin with a baseline analysis of human lung 
cell toxicity. We are investigating the in vitro cytotoxicity of IONPs with various coatings on a human lung 
adenocarcinoma cell line (A549), in a comprehensive study by comparing overall cytotoxicity, viability, 
apoptosis, metabolic activity, colony formation, and inflammation. We report a dose-dependent decrease in 
viability at the 12-hour time point followed by a complete cell recovery by 24-hours, as well as a dose-
independent, time-dependent alternation in the cell proliferation rate. Overall, IONPs demonstrate favorable 
safety profiles and are ideal candidate materials for biomedical applications.  
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A Translational Model using in vitro and Urinary Biomarkers to Inform Bladder Cancer Risk from 
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Exposure to arsenic (As) from drinking water is a worldwide public health concern since As is a naturally 
occurring element classified as a known human carcinogen with the strongest association to bladder cancer. In 
the U.S., 5 million people drink water with As concentration over the EPA standard limit of 10µg/L (0.01 mg/L). 
Since private wells are not regulated, millions of people are highly exposed from this source, including rural 
residents in Texas. Texas is ranked number seven in the U.S. of people affected by As contamination. 
Moreover, bladder cancer is highly prevalent in South Texas. Based on risks for As exposure and bladder 
cancer, there is a critical need for novel biomarkers to identify individuals at risk and to evaluate preventive 
interventions in South Texas. To address this, a paired in vitro and human translational study was conducted. 
First, we exposed SV-HUC-1 uroepithelial cells to 0µM (control), 5µM, or 10µM of NaAsO2 for 24 hours (acute 
exposure) to establish phenotypic endpoints, including cytotoxicity, inflammation, and oxidative stress. Urine 
samples were collected from participants in three South Texas counties (N=29) where the mean As level in 
drinking water samples was 11.2µg/L prior to household intervention with water pitcher filters. Next, to model 
chronic exposure levels, SV-HUC-1 cells were treated 0µM, 0.1µM, or 0.5µM of NaAsO2 for 10 weeks. PDGF-
BB was the most predominant cytokine measured in vitro and in participant urine samples. Water filtration 
intervention showed a significant decrease in urinary As levels (p<0.0001). Analysis of biomarkers post-
intervention is ongoing. Initial findings support a combined experimental and field-based approach can 
enhance the development of biomarkers to inform As mitigation strategies. 
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INVESTIGATION OF INTESTINAL PERMEABILITY IN THREE MICROPHYSIOLOGICAL SYSTEMS 
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The TEX-VAL Consortium is a collaboration of pharmaceutical and consumer goods companies, federal 
agencies, and a trade association with the Texas A&M University. TEX-VAL is conducting testing, develops 
detailed protocols, and reports results to Consortium members and the general scientific audience. One of the 
areas of interest across the members of the Consortium is microphysiological system (MPS) options for small 
intestine. The small intestine is a key site for absorption, and it is important to understand transport and 
permeability of small molecules in MPS with and without fluid flow. Previous studies have investigated small 
molecule permeability in Caco-2 cells, which has been previously accepted as standard in in vitro intestinal 
permeability studies. Additional studies using excised intestinal tissue segments have demonstrated 
differences in the rate of permeability between regions of the small intestine. In this study, we investigated 
apparent permeability, transport direction, and barrier function in three cell types (Caco-2, and human intestinal 
enteroid cells isolated from jejunal (J2) and duodenal (D109) tissues) using three compounds (caffeine, 
propranolol, and indomethacin). Studies were carried out in the Mimetas 3-lane Organoplate ® (MPS), CN-Bio 
PhysiomimixTM TC-12 (MPS), and static transwell systems. Comparative studies of differences in permeability 
between the cell types and model systems are highly informative for the potential end-users of MPS. 
  



Abstract number 32 
Jonathan Luisi 
  
Post-doctoral researcher 
 
Sex and Strain Susceptibility to Pulmonary Toxicity After Acute Acrolein Exposure 
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Poster Presentation 
 
Pyrolytic degradation of lipids releases aldehydes, including acrolein, which are known chemical irritants that at 
high exposures may result in pulmonary edema, long term lung damage, and death. Automated quantification 
of non-invasive computed tomography CT images after acute exposures to acrolein, can potentially allow 
measurement of the levels of inflammation and lung pathology resultant of toxicant injury, and evaluation of the 
efficacy of potential countermeasures. Intratracheal acrolein was delivered in a dose-dependent fashion (naïve, 
saline, 2mg/kg, and 4mg/kg) across Balb/C and several variants of C57Bl6-based male (M) and female (F) 
mice, in which mortality rates, body weight, lung volume and CT radiodensity changes were assessed.  Within 
naïve and pre-treatment groups of mice, we observed a low variance (~10%) in the lung volume 
measurements (ave. 2487±268 mm3). Saline treatment does not alter measured parameters after the initial 
24h, indicating only a transient acute inflammatory response to intratracheal installation. At 4 days after 2 
mg/kg acrolein administration, lung tissue density in the -700 to -600 and -600 to -500 HU bins distribution was 
right-shifted, indicating sensitivity to discriminate lung tissue density changes with lung inflammation states. 
High acrolein dose-response experiments (4 mg/kg) resulted in an average weight loss of -21% (F), -19% (M) 
in C57 mice; -11% (F), -6% (M) in BalbC mice. All strains showed a 100% survival rate at 2mg/kg. A mortality 
rate in the aged C57 mice of 60% at day 3 and 80% at day 5, suggesting that 4 mg/kg was the LD50. Balb/C 
mice did not show similar mortality at the 4mg/kg dose, with less severe weight loss at 5 days, suggesting they 
were less sensitive to acrolein exposure than C57 strains. Bronchial alveolar lavage and lung tissue 
assessment after acrolein administration showed total cell counts increased an average of 780%, as compared 
to naïve or saline treated. Infiltrating neutrophils and macrophages were noted in the alveolar space measured 
by histology.  
Funding: T32ES007254; R01ES025809; UTMB (SCEHM); the Brown Foundation  
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PROTECTIVE EFFECTS OF AQUEOUS EXTRACTS OF SELECTED MEDICINAL PLANTS AGAINST 
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Heavy metals are metallic chemical elements that have relatively high density and toxic or poisonous to the 
living organisms at low concentrations. Medicinal plants are used world-wide and have been recognised as 
alternative natural source of cure for various diseases or ailments because they contain bioactive compounds. 
The objective of this study was to evaluate the protective effects of aqueous extracts of bridelia stem bark, 
turmeric and ginger against heavy metal reduction in the colon of Wistar rats. Twenty male Wistar rats were 
divided into four groups of five animals each; all were induced with 0.5 ml/kg body weight of Cadmium, Nickel, 
Chromium, Lead and Cobalt. Group 1 served as the control, no treatment. However, Groups 2, 3 and 4 were 
daily treated orally for 3 days with 1.0 ml/kg body weight of the aqueous extracts of ginger, turmeric and 
bridelia stem bark respectively, before daily feeding. The animals were sacrificed and colon harvested. Heavy 
metal residue concentration in the rat colon was analyzed using Buck Scientific Atomic Absorption 
Spectrometer (AAS). The results showed significant reduction in the concentration of heavy metals in all the 
treated Groups unlike Group 1 which maintained increased concentration upon no treatment. In conclusion, 
aqueous extracts of bridelia stem bark, turmeric and ginger could be effective in the reduction of intestinal 
heavy metal concentration.  
 
Key words: Bridelia, turmeric, colon, spectrometer, absorption, chromium, wistar rat. 
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Neurodevelopmental Changes in Rodent Behaviors Induced by Early-Life Exposure to Deltamethrin 
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Pyrethroid pesticides, one of the most commonly used classes of pesticide have been favored in recent years 
due to their low toxicity in adults. Recent concerns have been raised about an association between increased 
exposure to pyrethroid pesticides and the occurrence of neurodevelopmental disorders (NDDs), including 
attention deficit hyperactivity disorder (ADHD), and autism spectrum disorder. Children with detectable urinary 
metabolites of pyrethroids are twice as likely to be diagnosed with ADHD. Animal research indicates that 
exposure to deltamethrin (DM), a type of pyrethroid pesticide, alters dopamine signaling in the striatum, 
neurogenesis in the hippocampus, locomotor activity, impulsivity, attention, and memory, all of which have 
been associated with NDDs in humans. However, the impacts of early-life DM exposure during gestation and 
lactation on synaptic function and additional behaviors have not been well-characterized. 
 
Using a developmental exposure model, in which pregnant dams were exposed to 3 mg/kg/72 hours DM or 
vehicle through pregnancy and lactation, we measured synaptic function in the hippocampus and the behavior 
of pups beginning between PND 45-60. We found that long-term potentiation showed a significant decrease in 
male DM-exposed animals, but no change was seen in females. In males, no change in locomotor activity was 
seen on initial exposure to an open field, however on subsequent days, there was a decrease in the locomotor 
activity of DM-exposed males and a decrease in the time spent in the center of the open field, a measure of 
anxiety-like behavior. There was no observed change in the time spent in the open arm of an elevated plus 
maze. DM-exposed males also showed an increase in intake of a palatable food upon initial exposure, 
indicating a decrease in food neophobia. DM-exposed females did not show any change in locomotor 
behavior, palatable food intake, or elevated plus-maze activity. Taken together, these results may indicate a 
critical period of vulnerability to the neurotoxic effects of DM in males and further supports that exposure to DM 
may be a contributing factor to the occurrence of NDDs. 
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Neuroinflammation influences Neurodegeneration after chronic exposure to diesel particulate matter 
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Combustion-derived air pollution is a multi-layered environmental toxin which is becoming a global health 
concern due to rapid urbanization. Air pollution contains mixtures of pro-inflammatory stimulants such as fine 
and ultra-fine particulate matter (PM<2.5), gases (CO and NOx), and metals (Mn). Inhalation of these 
compound are linked to damage within the lungs and peripheral circulatory system which implicates damage to 
the central nervous system. In particular air pollutants can induce neurodegenerative pathology from 
neuroinflammation through the microglia. This specific study looks at the influence of systemic inflammation 
from air pollutants (diesel particulate matter; DPM) on the degeneration of neurons in an in vitro model. 
 
For this study, a trans-well plate (pore size 0.4 µm) with alveolar macrophages on the apical side and microglia 
on the basal side was utilized to model chronic inhalation of DPM (over 5-days). This allowed the transference 
of small proteins between the macrophages and the glia without the direct exposure to DPM to microglia. 
Activation of microglia was measured with HLA-DR and TLR-4 expression at day 1 to measure a one-time 
exposure compared to a day 5 chronic scenario to combustion-derived air pollutants. LPS (10ng/mL) was used 
as a positive control for TLR-4 pathway activation. After 5-days of chronic exposure the unhealthy microglia are 
co-cultured with healthy neurons to measure ROS generation, viability, and dopamine concentration. 
 
Microglial cells, through a feedback loop with surrounding neurons, release neurotoxic pro-inflammatory 
markers, these include, IL1β, IL6, TNF-α and CD86 and cause internal damage to neurons. Results indicated 
high expression of ROS measured through H2O2 and observed with confocal fluorescence microscopy. 
Viability was decreased after the introduction of unhealthy microglia and dopamine concentration also 
decreased subsequently compared to “healthy” co-culture model. This confirmed activated microglial cells 
release inflammatory markers which could implicate neurodegeneration and neuronal cellular damage from 
peripheral pathway exposures. 
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This is a Monte Carlo simulation constructed to evaluate the impact of effective neutral detergent fiber (eNDF) 
on polioencephalomalacia (PEM) in Texas cattle consuming diets containing multiple sources of dietary sulfur 
(S). Ruminant nutritionists in Amarillo, TX, provided example diets for backgrounding and finishing cattle, each 
containing six feed ingredients. S data for all feed ingredients were collected from available information in the 
Office of the Texas State Chemist database, National Research Council (NRC) recommendations, and 
published literature. Exponential equations were incorporated from Nichols et. al (2013) to estimate the risk of 
PEM at five different eNDF levels ranging from 0% to 8% in 2% increments with total dietary S (TDS) and 
rumen degradable S (RDS) as input values. The reasonable risk was estimated by manually inserting the 
example diets into a Monte Carlo simulation constructed using @RISK software with averaged S content for 
each feed ingredient. Findings reveal that backgrounding cattle consuming example diets would be exposed to 
0.35% TDS and 0.21% RDS at ≥8% eNDF, resulting in a 0.0009% and 0.0003% risk of PEM, respectively. 
Finishing cattle diets contained 0.39% TDS and 0.23% RDS at ≥4% eNDF, yielding a 0.002% and 0.0009% 
risk of PEM, respectively. Thus, diets provided by ruminant nutritionists suggest that the current feed supply for 
Texas backgrounding and finishing cattle present a minimal risk of ≤0.002% for PEM. 
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