
www.toxicology.org

These abstracts are available via the Mobile Event App,  
Online Planner, and a downloadable PDF from the SOT website.

All Late-Breaking Abstracts are presented on  
Thursday, March 16, from 8:30 am–11:45 am.

Abstract Supplement
2017 Annual Meeting

LATE-BREAKING 
ABSTRACT SUBMISSIONS



THURSDAY POSTER SESSION MAP 
March 16, 2017—8:30 AM to 11:45 AM—Hall A Poster 

Set Up—7:30 AM to 8:30 AM 
Late-Breaking Poster #s: P196-P540 (highlighted in gray) 

P540 P539 P538 P537 
P533 P534 P535 P536 

P532 P531 P530 P529 P528 P527 P526 P525 P524 P523 P522 P521 P520 P519 P518 P517 P516 P515 
P497 P498 P499 P500 P501 P502 P503 P504 P505 P506 P507 P508 P509 P510 P511 P512 P513 P514 

P496 P495 P494 P493 P492 P491 P490 P489 P488 P487 P486 P485 P484 P483 P482 P481 P480 P479 
P461 P462 P463 P464 P465 P466 P467 P468 P469 P470 P471 P472 P473 P474 P475 P476 P477 P478 

P460 P459 P458 P457 P456 P455 P454 P453 P452 P451 P450 P449 P448 P447 P446 P445 P444 P443 
P425 P426 P427 P428 P429 P430 P431 P432 P433 P434 P435 P436 P437 P438 P439 P440 P441 P442 

P424 P423 P422 P421 P420 P419 P418 P417 P416 P415 P414 P413 P412 P411 P410 P409 P408 P407 
P389 P390 P391 P392 P393 P394 P395 P396 P397 P398 P399 P400 P401 P402 P403 P404 P405 P406 

P388 P387 P386 P385 P384 P383 P382 P381 P380 P379 P378 P377 P376 P375 P374 P373 P372 P371 
P353 P354 P355 P356 P357 P358 P359 P360 P361 P362 P363 P364 P365 P366 P367 P368 P369 P370 

P352 P351 P350 P349 P348 P347 P346 P345 P344 P343 P342 P341 P340 P339 P338 P337 P336 P335 
P317 P318 P319 P320 P321 P322 P323 P324 P325 P326 P327 P328 P329 P330 P331 P332 P333 P334 

P316 P315 P314 P313 P312 P311 P310 P309 P308 P307 P306 P305 P304 P303 P302 P301 P300 P299 
P281 P282 P283 P284 P285 P286 P287 P288 P289 P290 P291 P292 P293 P294 P295 P296 P297 P298 

P280 P279 P278 P277 P276 P275 P274 P273 P272 P271 P270 P269 P268 P267 P266 P265 P264 P263 
P245 P246 P247 P248 P249 P250 P251 P252 P253 P254 P255 P256 P257 P258 P259 P260 P261 P262 

P244 P243 P242 P241 P240 P239 P238 P237 P236 P235 P234 P233 P232 P231 P230 P229 P228 P227 
P209 P210 P211 P212 P213 P214 P215 P216 P217 P218 P219 P220 P221 P222 P223 P224 P225 P226 

P208 P207 P206 P205 P204 P203 P202 P201 P200 P199 P198 P197 P196 P195 P194 P193 P192 P191 
P173 P174 P175 P176 P177 P178 P179 P180 P181 P182 P183 P184 P185 P186 P187 P188 P189 P190 

P172 P171 P170 P169 P168 P167 P166 P165 P164 P163 P162 P161 P160 P159 P158 P157 P156 P155 
P137 P138 P139 P140 P141 P142 P143 P144 P145 P146 P147 P148 P149 P150 P151 P152 P153 P154 

P136 P135 P134 P133 P132 P131 P130 P129 P128 P127 P126 P125 P124 P123 P122 P121 P120 P119 
P101 P102 P103 P104 P105 P106 P107 P108 P109 P110 P111 P112 P113 P114 P115 P116 P117 P118 

 Entrance 

             Photography and video in all poster sessions is prohibited 
             without the consent of the poster presenter(s)/author(s). 

Please respect your colleagues' rights to privacy. 



Thursday, March 16, Late-Breaking Poster Session by Location 

Session Title Abstract #s Poster Board #s 
Late-Breaking Poster Session 1 

Emerging Technologies 3227-3230 P196-P199 
Biological Modeling 3231-3235 P200-P204 
Epidemiology and Public Health 3236-3240 P205-P209 
Exposure Assessment/Biomonitoring 3241-3249 P210-P218 
Regulation/Policy; Risk Assessment 3250-3267 P219-P236 
Safety Assessment: Non-Pharm./Drug Development/Drug Discovery 3268-3288 P237-P257 
Immunotoxicity; Inflammation 3289-3298 P258-P267 

Late-Breaking Poster Session 2 
Food Safety/Nutrition; Natural Products 3299-3315 P269-P285 
Air Pollution Toxicology 3316-3322 P286-P292 
Respiratory Toxicology 3323-3334 P293-P304 
Persistent Organic Pollutants (POPs) 3335-3341 P305-P311 
Cardiovascular Toxicology/Hemodynamics 3342-3348 P312-P318 
Carcinogenesis and Oxidative Injury/Redox Biology 3349-3355 P319-P325 

Late-Breaking Poster Session 3 
Biomarkers 3356-3361 P327-P332 
Cell Death/Apoptosis; Autoimmunity/Hypersensitivity; Bioinformatics 3362-3365 P333-P336 
Animal Models 3366-3369 P337-P340 
Alternatives to Mammalian Models 3370-3377 P341-P348 
Chemical and Biological Weapons; Ecotoxicology 3378-3389 P349-P360 
Computational Toxicology and Data Integration 3390-3398 P361-P369 

Late-Breaking Poster Session 4 
Clinical and Translational Toxicology 3399-3401 P371-P373 
Developmental/Juvenile Toxicology; Reproductive Toxicology 3402-3421 P374-P393 
Endocrine Toxicology 3422-3430 P394-P402 
Epigenetics 3431-3433 P403-P405 
Medical Devices 3434-3437 P406-P409 
Education, Ethical, Legal, and Social Issues; Systems Biology and Toxicology 3438-3444 P410-P416 

Late-Breaking Poster Session 5 
Metals 3445-3458 P418-P431 
Neurotoxicity:  Metals, Pesticides 3459-3467 P432-P440 
Neurodegenerative Disease 3468-3472 P441-P445 
Neurotoxicity: Developmental, General 3473-3487 P446-P460 
Ocular Toxicology; Pesticides 3488-3497 P461-P470 
Stem Cell Biology and Toxicology 3498-3503 P471-P476 

Late-Breaking Poster Session 6 
Disposition/Pharmacokinetics 3504-3508 P479-P483 
Gene Regulation/Signal Transduction; Genotoxicity/DNA Repair 3509-3521 P484-P496 
Kidney; Liver; Skin 3522-3535 P497-P510 
Mixtures 3536-3539 P511-P514 
Nanotoxicology 3540-3546 P515-P521 
Pharmacogenomics/Genetic Polymorphisms; Receptors 3547-3549 P522-P524 
General Toxicology 3550-3563 P525-P538 

i

Author Attended: 8:30 AM-10:00 AM

Author Attended: 8:30 AM-10:00 AM

Author Attended: 8:30 AM-10:00 AM

Author Attended: 10:00 AM-11:45 AM

Author Attended: 10:00 AM-11:45 AM

Author Attended: 10:00 AM-11:45 AM



TOPIC ABSTRACT #s POSTER BOARD #s Session Title 

Air Pollution Toxicology 3316-3322 P286-P292 
Late-Breaking Poster 
Session 2 

Alternatives to Mammalian Models 3370-3377 P341-P348 
Late-Breaking Poster 
Session 3 

Animal Models 3366-3369 P337-P340 
Late-Breaking Poster 
Session 3 

Autoimmunity/Hypersensitivity 3364 P335 
Late-Breaking Poster 
Session 3 

Bioinformatics 3365 P336 
Late-Breaking Poster 
Session 3 

Biological Modeling 3231-3235 P200-P204 
Late-Breaking Poster 
Session 1 

Biomarkers 3356-3361 P327-P332 
Late-Breaking Poster 
Session 3 

Carcinogenesis 3349-3355 P319-P325 
Late-Breaking Poster 
Session 2 

Cardiovascular Toxicology/Hemodynamics 3342-3348 P312-P318 
Late-Breaking Poster 
Session 2 

Cell Death/Apoptosis 3362-3363 P333-P334 
Late-Breaking Poster 
Session 3 

Chemical and Biological Weapons 3378-3386 P349-P357 
Late-Breaking Poster 
Session 3 

Clinical and Translational Toxicology 3399-3401 P371-P373 
Late-Breaking Poster 
Session 4 

Computational Toxicology and Data 
Integration 3390-3398 P361-P369 

Late-Breaking Poster 
Session 3 

Developmental and Juvenile Toxicology 3402-3412 P374-P384 
Late-Breaking Poster 
Session 4 

Disposition/Pharmacokinetics 3504-3508 P479-P483 
Late-Breaking Poster 
Session 6 

Ecotoxicology 3387-3389 P358-P360 
Late-Breaking Poster 
Session 3 

Education, Ethical, Legal, and Social Issues 3438-3439 P410-P411 
Late-Breaking Poster 
Session 4 

Emerging Technologies 3227-3230 P196-P199 
Late-Breaking Poster 
Session 1 

Endocrine Toxicology 3422-3430 P394-P402 
Late-Breaking Poster 
Session 4 

Epidemiology and Public Health 3236-3240 P205-P209 
Late-Breaking Poster 
Session 1 

Epigenetics 3431-3433 P403-P405 
Late-Breaking Poster 
Session 4 

Exposure Assessment/Biomonitoring 3241-3249 P210-P218 
Late-Breaking Poster 
Session 1 

ii



TOPIC ABSTRACT #s POSTER BOARD #s Session Title 

Gene Regulation/Signal Transduction 3509-3510 P484-P485 
Late-Breaking Poster 
Session 6 

General Toxicology 3550-3563 P525-P538 
Late-Breaking Poster 
Session 6 

Genotoxicity/DNA Repair 3511-3521 P486-P496 
Late-Breaking Poster 
Session 6 

Inflammation 3297-3298 P266-P267 
Late-Breaking Poster 
Session 1 

Immunotoxicity 3289-3296 P258-P265 
Late-Breaking Poster 
Session 1 

Kidney 3522-3525 P497-P500 
Late-Breaking Poster 
Session 6 

Liver 3526-3533 P501-P508 
Late-Breaking Poster 
Session 6 

Medical Devices 3434-3437 P406-P409 
Late-Breaking Poster 
Session 4 

Metals 3445-3458 P418-P431 
Late-Breaking Poster 
Session 5 

Mixtures 3536-3539 P511-P514 
Late-Breaking Poster 
Session 6 

Nanotoxicology 3540-3546 P515-P521 
Late-Breaking Poster 
Session 6 

Natural Products 3312-3315 P282-P285 
Late-Breaking Poster 
Session 2 

Neurotoxicity/Neurodegenerative Disease 3459-3487 P432-P460 
Late-Breaking Poster 
Session 5 

Ocular Toxicology 3488-3489 P461-P462 
Late-Breaking Poster 
Session 5 

Oxidative Injury and Redox Biology 3354-3355 P324-P325 
Late-Breaking Poster 
Session 2 

Persistent Organic Pollutants (POPs) 3335-3341 P305-P311 
Late-Breaking Poster 
Session 2 

Pesticides 3490-3497 P463-P470 
Late-Breaking Poster 
Session 5 

Pharmacogenomics/Genetic 
Polymorphisms 3547-3548 P522-P523 

Late-Breaking Poster 
Session 6 

Receptors 3549 P524 
Late-Breaking Poster 
Session 6 

Regulation/Policy 3250-3253 P219-P222 
Late-Breaking Poster 
Session 1 

Reproductive Toxicology 3413-3421 P385-P393 
Late-Breaking Poster 
Session 4 

iii



TOPIC ABSTRACT #s POSTER BOARD #s Session Title 

Respiratory Toxicology 3323-3334 P293-P304 
Late-Breaking Poster 
Session 2 

Risk Assessment 3254-3267 P223-P236 
Late-Breaking Poster 
Session 1 

Safety Assessment: Non-Pharmaceutical 3268-3271 P237-P240 
Late-Breaking Poster 
Session 1 

Safety Assessment: Pharmaceutical-Drug 
Development and Drug Discovery 3272-3288 P241-P257 

Late-Breaking Poster 
Session 1 

Skin 3534-3535 P509-P510 
Late-Breaking Poster 
Session 6 

Stem Cell Biology and Toxicology 3498-3503 P471-P476 
Late-Breaking Poster 
Session 5 

Systems Biology and Toxicology 3440-3444 P412-P416 
Late-Breaking Poster 
Session 4 

iv



2017 Society of Toxicology Late-Breaking Abstracts  1 

2017 Society of Toxicology Annual Meeting 

Late-Breaking Abstracts 

 
ABSTRACT NUMBER: 3227 Poster Board Number: P196 

TITLE: The GARD Platform for Potency Assessment of Skin Sensitizing Chemicals 

 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Forreryd1, K. Zeller1, T. Lindberg1, R. Gradin2, A. Chawade1, M. 

Lindstedt1. 1Lund University, Lund, Sweden; 2SenzaGen, Lund, Sweden.

KEYWORDS: Immunotoxicity; Potency, Chemical Testing 

 

ABSTRACT: Allergic Contact Dermatitis (ACD) constitutes a major problem for 15-20% of the population and develops upon 

repeated exposure to skin sensitizing chemicals. While few In vitro tests are available for identification of such chemicals, no single 

assay has yet been able to provide a quantitative assessment of relative sensitizing potency, which is important for the purpose of 

risk assessment. Genomic Allergen Rapid detection (GARD) is based on a myeloid cell line and classifies compounds as either 

sensitizers or non-sensitizers, based on a biomarker signature of 200 genes. In this study, we demonstrate that GARD can be 

extended into a tool for assessment also of relative sensitizing potency. To provide proof of concept, we targeted the three classes 

in the CLP Regulation (EC) No 1272/2008 (1A = strong, 1B = weak, and no cat = non-sensitizer). A panel of reference chemicals 

(n=70) balanced according to CLP were used for chemical stimulations, and transcriptomes of cells were analyzed using genome 

wide profiling (>29.000 genes). Various methods for correcting artificial batch effects were carefully evaluated, and adjusted data 

were used as input into a Random Forest (RF) model. A variable selection process was initiated by iteratively fitting and evaluating 

models, and at each iteration ranking the variable importance, and removing a fraction of the least important genes. The ComBat 

strategy was superior to other evaluated methods for correction of batch effects, and based on the adjusted data, a biomarker 

signature comprising 52 genes could be identified from the smallest error rate of the fitted RFs. Balanced accuracies of the 

signature were validated using an external test set (n=18), and estimated to 96% (no cat), 75% (1B), and 79% (1A), illustrating the 

high predictive performance of the signature. In addition, predictions for the samples also correlated well with available human 

data. We present a new biomarker signature which can be used within current GARD protocols to inform on skin sensitizing 

potency according to CLP. As more clinical data becomes available, the concept can easily be modified to cover also additional 

human potency categories. Meanwhile, in the absence of validated methods for assessment of sensitizing potency, we believe 

that our assays fills an important gap towards a more complete risk assessment of chemicals. 

 ___________________________________________________________________________________________________________  

ABSTRACT NUMBER: 3228 Poster Board Number: P197 

TITLE: Performance of the GARD Assay in a Blinded Cosmetics Europe Study 

 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: H. Johansson1, R. Gradin1, A. Forreryd2, M. Agemark1, K. Zeller2, A. 

Malmborg Hager1, A. Johansson1, O. Larne1, E. van Vliet3, C. Borrebaeck2, M. Lindstedt2. 1SenzaGen, Lund, Sweden; 2Lund 

University, Lund, Sweden; 3Cosmetics Europe - The Personal Care Association, Brussels, Belize.

KEYWORDS: Immunotoxicity; Genomics, Safety Testing 

 

ABSTRACT: Chemical hypersensitivity is an immunological response towards foreign substances. Primarily, these give rise to the 

clinical symptoms known as allergic contact dermatitis. To mitigate risks associated with consumer products, chemicals are 

screened for sensitizing effects. Historically, such predictive screenings have been performed using animal models, but industrial 

and regulatory authorities now demand animal-free methods for the assessment of sensitization. This is a global development 

spreading across industries and markets. To meet this demand, the Genomic Allergen Rapid Detection (GARD) assay has been 

developed. Here, we present novel data reconfirming the performance and accuracy of GARD. The GARD assay was used for 

assessment of skin sensitization. Briefly, a human myeloid cell line was separately stimulated with 72 chemicals selected by 

Cosmetics Europe. The RNA was collected 24 h later and the gene expression panel, consisting of 200 biomarkers, was measured 

by NanoString technology. The data was analyzed by a bioinformatic model previously trained on 40 chemicals. Chemicals were 

classified as sensitizers if categorized as Human Potency (HP) (Basketter et al., 2014) 1-4, or if categorized as HP 5 and also 

predicted as a sensitizer by the LLNA. This classification system correlates with the Global Harmonization System (GHS) / 

Classification for Labelling and Packaging (CLP) classifications. By this definition, based on the current data, the accuracy of GARD 

is 83%. Combining previously published GARD datasets with the novel data, the accumulated accuracy of GARD was calculated to 

86%, comprising a total of 127 chemicals. GARD displays a highly accurate performance, with a predictive accuracy of 83% in this 

blinded Cosmetics Europe dataset and an average predictive accuracy of 86% in a combined larger dataset of 127 chemicals for 

skin sensitization hazard. This demonstrates the functionality of a more advanced genomic test strategy, outperforming many of 

the more traditional approaches. 
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ABSTRACT NUMBER: 3229 Poster Board Number: P198 

TITLE: Development of a High-Throughput Multiplexed Assay for Determining Chemical Effects on Macrophage Function 

 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: W. D. Klaren, Y. Iwata, F. Grimm, I. Rusyn. Texas A&M University, 

College Station, TX. 

KEYWORDS: In Vitro and Alternatives; Macrophage; Immunotoxicity  

 

ABSTRACT: The current data gap for production and environmental chemicals exists for a wide range of organ systems, especially 

for the immune system. The immune system is a complex milieu of organs, cell types, and secretable factors that can be affected 

by environmental chemicals which results in immune suppression or an increase in immune function such as 

autoimmune/allergenic conditions. Traditional models for testing the ability of chemicals to perturb the immune system consists 

of in vivo and in vitro methods incorporating a number of different species and cell types. Macrophages are one important part of 

the immune system that participates in inflammation and initiating adaptive immune responses. Traditional in vitro macrophage 

function assays consist of an evaluation of phagocytosis and cytokine secretion, usually in separate experiments. Here we present 

a high-throughput, multiplexed assay for the assessment of chemical effects on macrophages. We used human induced-

pluripotent stem cell derived macrophages as a physiologically relevant alternative to primary cells thus eliminating batch-to-

batch variability commonly seen in such cells. Various endpoints were under evaluation including the phagocytosis of fluorescent 

E. coli beads, cytotoxicity measured by ATP content, and cytokine production into the media. Several parameters were 

investigated to ascertain the optimum assay conditions, including timing of chemical treatment, comparison of different stimuli 

(e.g. lipopolysaccharide and phorbol myristate acetate), and E. coli bead concentration. Test compounds were used to exert 

desired positive effects such as cytochalasin D (an inhibitor of actin polymerization) and SB203580 (an inhibitor of p38) both 

known to alter the phagocytic function of macrophages. Optimization of bead concentration and the timing of macrophage 

stimulation with LPS was performed. In parallel, we optimized multiplex measurement of cytokine release in response to various 

stimulants. Overall, we have established a multiplexed assay for the evaluation of macrophage function which may serve as an 

effective approach to in vitro screening of environmental chemical effects on one aspect of the immune system. 

 ___________________________________________________________________________________________________________  

ABSTRACT NUMBER: 3230 Poster Board Number: P199 

TITLE: Improved IC-50 Prediction Using The Quasi Vivo In Vitro Dynamic Cell Culture Flow System 

 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Wilkinson1, M. Bunger2, K. Davidge1. 1Kirkstall Ltd, Rotherham, 

United Kingdom; 2Lonza, Durham, NC. 

KEYWORDS: In Vitro and Alternatives; Hepatocytes  

 

ABSTRACT: Primary cells can be provided with a more physiologically-relevant environment via the introduction of dynamic flow 

during cell culture. Primary hepatocytes cultured in a collagen sandwich show more human-like expression of key detox genes 1 

and fibroblasts cultured under flow show vastly different gene expression profiles compare with those cultured in static conditions 

2. Using primary hepatocytes, we show that flow conditions can significantly upregulate phase I and phase II metabolic enzyme 

genes and this is reflected in the metabolism of certain tested drugs. In line with the mRNA data, both phase I and II metabolism 

of Midazolam (CYP3A4 and UGT) were strongly upregulated, however CYP2D6 mediated metabolism of dextromethorphan was 

not influenced by flow. When challenged by diclofenac for up to 24 hours, primary rat hepatocytes give a more realistic 

assessment of toxicity than classical methods, predicting an IC50 of around 50 µM compared with around 500 µM in static 

conditions. At the clinical IC-50 value of 4.2uM, Diclofenac causes a detectable 10% toxicity in the Quasi Vivo® that is undetectable 

in static cultures. We have also shown that the Quasi Vivo® system that primary rat hepatocytes cultured under flow are more 

sensitive to APAP and cyclophosphamide than those cultured under static conditions. In summary, using the Quasi Vivo® 

technology, cells cultured under optimum flow conditions are more metabolically competent than those cultured using traditional 

static techniques, and it appears that cells in interconnected chambers can create homeostatic conditions; this is achieved 

through the maintenance of oxygen and nutrient conditions, and less frequent medium changes leading to a more stable culture 

with less human interaction. References 1. Vinci, B. et al. Modular bioreactor for primary human hepatocyte culture: Medium flow 

stimulates expression and activity of detoxification genes. Biotechnol. J. 6, 554-564 (2011). 2. Nithiananthan, S., Crawford, A., 

Cooper Knock, J., Lambert, D. W. & Whawell, S. A. Physiological Fluid Flow Moderates Fibroblast Responses to TGF-β1. J. Cell. 

Biochem. 13, 1-13 (2016). 

 ___________________________________________________________________________________________________________  
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ABSTRACT NUMBER: 3231 Poster Board Number: P200 

TITLE: Virtual Gold Nanoparticle Library: Simulation, Modeling, and Experimental Validation 

 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: W. Wang1, A. Sedykh2, H. Sun3, L. Zhao1, D. Russo1, B. Yan4, H. Zhu1. 
1Rutgers University, Camden, NJ; 2Sciome, Research Triangle Park, NC; 3Shandong University, Shandong, China; 4Jinan University, 

Guangzhou, China. 

KEYWORDS: Biological Modeling; Predictive Toxicology; Nanoparticles 

 

ABSTRACT: Experimentally testing nanomaterials for their complex bioactivities (e.g. toxicity) is expensive and time-consuming. 

Computational modeling methods are demanded to predict toxicities of nanomaterials before chemical synthesis. However, the 

current computational nanotoxicity modeling studies still rely on certain few experimental parameters (e.g., nanoparticle size) and 

are not applicable for predicting new nanomaterials. We designed and constructed a novel computational approach that can 

quantify the nanostructure diversity to various new nano-descriptors and use the resulting descriptors to develop predictive 

models for nanotoxicity. Firstly, we experimentally synthesized 34 gold nanoparticles, which have different sizes and surface 

ligands, and tested them against multiple toxicity relevant assays as the training set. Then we virtually built the gold nanoparticle 

libraries for this dataset. Based on the surface chemistry simulations, we calculated 86 new nano-descriptors and used them to 

develop predictive models for hydrophilicity, induction of HO-1 level in A549 cell line, and cellular uptake in A549 and HEK293 cell 

line. These four models were then experimentally validated by predicting 7 newly synthesized GNPs with a high prediction 

performance of R2 as 0.918, 0.919, 0.768 and 0.930 respectively. The high external predictivity of the resulting models shown its 

capability for virtual screening of new GNPs for their toxicity potentials. This study and the resulting computational approaches 

pave the path to the design of new safe nanomaterials by providing biocompatible virtual nanoparticles. 

 ___________________________________________________________________________________________________________  

ABSTRACT NUMBER: 3232 Poster Board Number: P201 

TITLE: Modeling Regional Deposition of Inhaled Electronic Nicotine Delivery Systems (ENDS) Aerosol within the Respiratory Tract 

 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. Asgharian1, O. T. Price1, A. A. Rostami2, Y. B. Pithawalla2. 1Applied 

Research Associates, Inc., Raleigh, NC; 2Altria Client Services LLC, Richmond, VA. 

KEYWORDS: Dosimetry; Biological Modeling; Dose-Response 

 

ABSTRACT: Chemicals present in ENDS aerosol inhaled by users are typically partitioned between particle and vapor phases. For 

exposure assessment, it is important to estimate simultaneous deposition of inhaled particles and vapors in the airways from the 

oral cavity to the pulmonary region. The dynamic nature of the inhaled ENDS aerosol makes it extremely difficult to 

experimentally measure its partitioning and deposition in real time. A dosimetry model for inhalation of smoke from combustible 

cigarettes was extended to ENDS aerosols by including specific mechanisms, parameters, and physicochemical properties. Multi-

constituent aerosol puffs containing propylene glycol, glycerol, water, and nicotine were used to predict the deposition of these 

chemicals throughout the human respiratory tract. The puffing regimen included: puff withdrawal, mouth-hold, mixing of the 

dilution air with the puff, puff inhalation, lung hold and puff exhalation. The aerosol undergoes simultaneous coagulation and 

phase change, which changes droplet composition, size distribution, and thus respiratory tract deposition. Material transport, 

concentration, and deposition of each chemical in the respiratory tract were calculated from the solution of the convection 

diffusion equation. Deposition of each ENDS aerosol constituent was more pronounced in the anterior portion of the oral cavity 

and in the distal airways of the tracheobronchial airways and pulmonary region. Dosimetry model exposure predictions may be a 

component of a comprehensive risk assessment for ENDS. 

 ___________________________________________________________________________________________________________  

ABSTRACT NUMBER: 3233 Poster Board Number: P202 

TITLE: Evaluation of Mn Bioavailability from Drinking Water Exposure in Adult Rats Using Physiologically-Based Pharmacokinetic 

Modeling 

 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: G. Song1, C. B. Van Landingham2, P. R. Gentry2, M. D. Taylor3, A. M. 

Keene4, M. E. Andersen1, H. J. Clewell1, M. Yoon1. 1ScitoVation, LLC, Research Triangle Park, NC; 2Ramboll Environ US Corporation, 

Monroe, LA; 3NiPERA Inc., Durham, NC; 4Afton Chemical Corporation, Richmond, VA. 

KEYWORDS: Physiologically-Based Pharmacokinetics; Risk Assessment; Drinking Water Bioavailability; Mn 

 

ABSTRACT: Bioavailability of manganese (Mn) following drinking water ingestion remains a major data gap in understanding Mn 

kinetics in animals and humans. The uncertainty, related to whether there is enhanced absorption of Mn from drinking water 

intake, raises concerns for dosimetry based risk assessments using current PBPK models. This study (1) modeled the bioavailability 

of Mn from drinking water as compared to that from diet and (2) evaluated the homeostatic control of Mn uptake and tissue 

kinetics after drinking water exposure. A published adult rat model (Nong et al., Toxicol. Sci., 2009) was adapted to include 
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drinking water-mediated Mn intake. Two important parameters regulating homeostatic control of Mn kinetics, fractional uptake 

(Fdietup) and biliary excretion (Kbilec), had to be adjusted so that the model simulations would be consistent with published data 

from a controlled drinking water study (Foster et al., Toxicol. Sci. 2015). In the drinking water study, rats received 10 ppm-Mn diet 

with additional Mn provided in drinking water to give a total ingested Mn dose equivalent to that from 200 ppm diet. Following 7 

and 61 exposure days, liver, femur, striatum, olfactory bulb, and cerebellum samples were collected to assess tissue Mn 

concentrations. With the same parameters for uptake and elimination in the published model - dietary uptake (Fdietup= 0.0035) 

and biliary elimination (Kbilec= 0.0054 L/h/kg), good fits were obtained for time-course Mn tissue concentrations at both 200 ppm 

dietary exposure or the combined 200 ppm diet and drinking water exposure. Modeling of the drinking water study data indicates 

that (1) the oral Mn bioavailability is similar for diet and drinking water exposure in the gut and (2) there is homeostatic control of 

Mn-gut uptake effective for either drinking water or dietary ingestion. Our modeling of the drinking water uptake studies supports 

the use of total ingested Mn (diet plus drinking water) in the PBPK model instead of separating diet and drinking water exposure. 

This updated description for absorption of Mn from the intestines has been included in the human Mn-PBPK model to simulate 

and assess Mn exposure from multiple routes of exposure (i.e., dietary intake, drinking water, inhalation). (Supported by Afton 

Chemical Co.). 

 ___________________________________________________________________________________________________________  

ABSTRACT NUMBER: 3234 Poster Board Number: P203 

TITLE: Elucidating an Adverse Outcome Pathway of Microcephaly for Use in Computational Toxicology 

 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: T. Zurlinden, K. Saili, N. Baker, T. Knudsen. US EPA, Research Triangle 

Park, NC. 

KEYWORDS: Computational Toxicology; Nervous System; Developmental/Teratology 

 

ABSTRACT: While evidence now supports a causal link between maternal Zika viral infection and microcephaly, genetic errors and 

chemical stressors may also precipitate this malformation through disruption of neuroprogenitor cell (NPC) proliferation, 

migration and differentiation in the early developing brain. Here, we present an Adverse Outcome Pathway (AOP) for 

microcephaly. Publically available databases were used to isolate relevant genes and pathways associated with this clinical 

diagnosis. The Mammalian Phenotype Browser database contains 85 gene associations for the phenotype ‘microcephaly’ 

(MP:0000433). Since reductions in cortical surface area and ventricular dilations are main features of the microcephalic brain, we 

searched for these features in prenatal developmental toxicity studies from EPA’s ToxRefDB database. This query identified 75 

chemicals that caused either reductions in fetal brain size/mass (40) or dilated brain ventricles/hydrocephaly (39). The minimal 

overlap in chemicals (4) that elicited both pathologies suggests a hypothesis that mechanistically diverse pathways converge on 

these apical endpoints. Lastly, a high-throughput literature mining tool was used to query PubMed for references and construct a 

MicrocephalyConnections knowledgebase of relevant information for gene, chemical, or viral effects on development. The 

knowledgebase was used to develop a primary autosomal microcephaly (MCPH) AOP that links evidence for molecular/subcellular 

changes in microcephalin (MCHP1) function to cellular/tissue level changes leading to hypocellularity of the embryonic ventricular 

zone. This putative AOP identifies mitotic spindle orientation resulting from MCPH1 perturbation as a subcellular key event 

dictating NPC pool size at the onset of neurogenesis. Mitotic spindle orientation determines the fate of the daughter cell whereby 

the logistical dynamics of microtubule assembly in the centrosome are synchronized to the cell cycle. Preliminary analysis of the 

75 ToxRefDB chemicals invoking fetal brain pathology suggests that induction of p53 is a molecular initiating event and may lead 

to the downstream KE activating signal of the MCPH1 checkpoint. These results suggest that the level of p53 induction may be a 

useful biomarker for uncoupling of the centrosome cycle. (This abstract does not necessarily reflect US EPA policy). 

 ___________________________________________________________________________________________________________  
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TITLE: Reconstruction of Thiocyanate Exposure Distribution and Analysis of Risk for Thyroid Effects in the US Population Using 
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ABSTRACT: Thiocyanate (SCN-) is commonly found in food and tobacco smoke and poses a public health concern due to its 

potential thyroidal effects. These effects could be due to exposure by SCN- alone or by co-exposure to more potent thyroid 

disruptors, such as perchlorate. Serum concentrations of SCN- are several hundred-fold higher than that of perchlorate. To date, 

there is no estimate of the external dose of SCN- exposure in the United States (US), which makes it challenging to infer 

population-level risk estimates for thyroid disruption and the associated margin of safety. Recently, we developed a 

physiologically based pharmacokinetic (PBPK) model for SCN- using available data in rats and extrapolated the results to humans. 

In the present work, we utilized urinary biomonitoring SCN- data from the National Health and Examination Survey (survey periods 

2009-2014) and implemented a Monte Carlo-based model framework and reverse dosimetry approaches to predict SCN- exposure 



2017 Society of Toxicology Late-Breaking Abstracts  5 

levels. To evaluate the risk of thyroid effects, we compared an environmentally relevant exposure distribution to that of an 

exposure distribution associated with thyroid effects. The median (2.5th and 97.5thpercentiles) of the reconstructed distribution of 

the SCN- exposure level was 1.6 (0.03, 14.9) mg/day. Our literature search indicated that a serum concentration of 18 mg/L was 

associated with potential thyroid disruption. The median (2.5th and 97.5th percentiles) of the reconstructed distribution of the SCN- 

exposure level associated with a serum concentration of 18 mg/L was 38.9 (30.2, 53.0) mg/day. Based on the geometric mean of 

the two distributions, a preliminary margin of safety for the US population to reach exposure levels consistent with thyroid 

disruption was estimated to be 30-fold. The margin of safety decreased to 26- and 24-fold when comparing the geometric mean 

of the reconstructed SCN- exposure level distribution to the 10th and 2.5th percentile, respectively, of the reconstructed exposure 

distribution associated with potential adverse thyroid effects. To our knowledge, this is the first study to estimate a margin of 

safety for potential thyroid disruption due to SCN- exposure in the US population. In future work, we will evaluate the degree of 

cumulative thyroid effects by co-exposure of SCN- with a mixture of thyroid active chemicals, including perchlorate. 

 ___________________________________________________________________________________________________________  
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ABSTRACT: Previously, NovaSil sorbent included in diet has been shown to bind aflatoxin B1 (AfB1) and reduce the symptoms of 

aflatoxicosis, both in vitro and in vivo by our laboratory. To investigate other competitive sorbents, we developed and screened a 

variety of materials, including parent clays and clays amended with natural products and nutrients for their efficacy to sorb AfB1. 

We further described the sorption of AfB1 by isothermal analysis and tested the ability of these new sorbents to protect adult 

hydra from AfB1 toxicity. The results showed that exchanging montmorillonite clays with carnitine and choline inhibited swelling 

and increased the sorption affinity and capacity of clay interlayer surfaces for AfB1. The hydra bioassay indicated that the modified 

clays can protect adult hydra from the highest level of AfB1 with as low as 0.01% inclusion. Results from heat-collapsed clays 

suggested that AfB1 was adsorbed in the clay interlayer as predicted with our computational model and from thermodynamic 

calculations. Except for AfB1, montmorillonite clays have not been reported to inactivate other potent mycotoxins, such as 

zearalenone (ZEN) and deoxynivalenol (DON). However, isothermal results demonstrated that a mixture of various sorbents can 

be effective as a binder for average concentrations of ZEN and DON reported in animal feed. An inclusion level of 0.1% of the 

mixture protected against 4 ppm ZEN in the hydra bioassay, confirming the association of our in vitro isothermal results with in 

vivo toxicity. Based on the relationship between dose of clay and binding sites available for the toxin and modifier, we estimated 

that the performance of the sorbent would be approximately 125 times more than the binding capacity from isotherms with 

0.02% dietary inclusion of sorbent. This model may provide a standard and systematic approach for testing and evaluating 

mycotoxin enterosorbents destined for animal and human diets (Sponsored by US National Corn Growers Association, 

M1403049). 

 ___________________________________________________________________________________________________________  
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ABSTRACT: Beta-carotenoids, precursors of vitamin A, are important antioxidants within the physiological system in humans and 

animals. Lung cancer is the leading cause of cancer-related deaths in the US, followed by colorectal cancer. Sufficient evidence 

linking influence of β-carotene on lung and colorectal cancer mortality are lacking; thus, our objective was to examine the 

influence of serum β-carotene levels on lung and colorectal cancer mortality in an 18-yr follow-up study. A retrospective cohort 

study was conducted with 14,358 adults who participated in phase II of the National Health and Nutrition Examination Survey III 

(1991-1994) (NHANES III). This served as baseline and was correlated with the National Death Index database for an 18-yr (1988-

2006) follow up study. Cox Proportional Hazards Regression Model was used to estimate Hazard Ratios (HRs) for lung and 

colorectal cancer mortality among individuals with high, medium or low levels of β-carotenoids. Unadjusted HR for lung cancer 

HRL and colorectal cancer HRC deaths associated with low serum levels of beta carotenoids were 2.21 (95% CI=1.56-3.13) and 1.60 

(95% CI=0.78-3.28), respectively, and 1.00 (ref). Upon adjustment for multiple risk factors (e.g., age, sex and cigarette smoking), 

HRLand HRCwere 1.58 (95% CI=1.10-2.28) and 1.53 (95% CI=0.73-3.19), respectively and 1.00 (ref). HR for lung cancer deaths 

linked to serum levels of β-carotenoid, using 3-level categorization and controlling for fruits and vegetables, were 1.90 (95% 
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CI=1.26-2.86) and 1.02 (95% CI=0.74-1.41) for low and medium vs. high levels, respectively. Findings also showed 2.11 (95% 

CI=0.93-4.78) and 1.83 (95%CI=1.07-3.16), respectively, for colorectal cancer mortality using a similar comparison. Results indicate 

that there were significant association between serum levels of beta carotenoids and lung/colorectal cancer mortality. The 

mechanism by which this phenomenon occurs is a subject for further studies. 

 ___________________________________________________________________________________________________________  
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ABSTRACT: A-carotenoid is a provitamin A, a precursor to Vitamin A production. Sources of α-carotene include pumpkins, carrots, 

tomatoes, etc. A-carotenoid has important antioxidant properties and can deactivate free radicals in humans. It can prevent 

carcinogenesis, inflammatory processes and boost the immune system. Several studies have reported mixed results about 

carotenoids and their effects on lung cancer mortality. Hence, the objective of this study was to validate relationship between 

serum A-carotenoid and lung cancer mortality. This retrospective cohort study was conducted with 14,358 adults who 

participated in phase II of the National Health and Nutrition examination survey III (1988-1994) (NHANES III). The dataset served 

as baseline and was correlated with the National death index database for an 18-year (1988-2006) follow-up study. Hazard ratios 

(HRs) for cancer-related deaths for individuals with high, medium and low serum A-carotenoid levels were calculated using the 

Cox proportional Hazards Regression Model. Unadjusted HRs of deaths associated with low serum levels (25% cutoff) of A-

carotenoid were 2.61 (95% CI = 1.95-3.50) and 1.00 (ref). After adjusting for multiple risk factors (e.g., age and sex), the HR for 

lung cancer fatalities were 1.00 (ref) and 1.68 (1.22-2.31) for low serum levels (25% cutoff). Adjusted HR for lung cancer death, 

using a 3-level categorization (when controlling for fruits and vegetables) was 2.38 (95% CI = 1.64- 3.45) for low vs. high levels of 

A-carotenoid. Also, adjusted HR for lung cancer death using 3- level categorization (and unadjusting for fruits and vegetables) was 

2.49 (95% CI = 1.74 - 3.57) for low vs. high levels of A-carotenoid. Results indicate that high serum A-carotenoid levels significantly 

reduce the risk of lung cancer mortality. This suggests not only does A-carotenoid reduce carcinogenesis, it also enhances survival 

among lung cancer patients. Further studies are needed to explore the physiological mechanisms of this phenomenon. 

 ___________________________________________________________________________________________________________  
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ABSTRACT: We assessed the toxicological and epidemiological evidence of the association between exposure to perfluorooctanoic 

acid (PFOA) or perfluorooctane sulfonic acid (PFOS) and birth/fetal weight (BrthW). Blood levels of PFOAS/PFOS have been taken 

as surrogate of exposure in humans. We performed an extensive search for toxicological data in rats and mice, and a systematic 

review of epidemiological studies. For PFOA we assessed 12 studies (21 datasets) in mice that showed statistically significant 

lower birth/fetal weights at 5 mg/kg body weight per day during pregnancy and above. For PFOS we found that most of the 13 

studies (19 datasets) showed lower birth/fetal weights following in utero exposure. Sixteen epidemiological studies have been 

analysed. The pooled linear regression coefficient (LRC) of birth weight (BrthW) were: -12.8 g (95% CI -23.2; 2.4, 12 studies) for an 

increase of 1 ng/mL (untransformed), �27.1 g (95% CI �50.6; �3.6, 9 studies) for an increase of 1 loge ng/mL in maternal 

plasma/serum of PFOA, -0.92 g (95%CI -3.4; 1.6, 8 studies) for a 1 ng/mL increase (untransformed), -46.1(95% CI -80.3; -11.9, 8 

studies) for an increase of 1 loge ng/mL in maternal plasma/serum of PFOS. Study location or timing of blood sampling were not 

found to influence the results. Qualitative epidemiological and toxicological evidence are indicative of an association between 

PFOA and PFOS blood levels and BrthW both in humans and rodents. However, the effective animal serum concentrations, as 

extrapolated, are 102-103 times higher than those generally found in humans. Thus, the biological plausibility of a causal 

relationship is weak since there is no quantitative toxicological evidence to support the epidemiological association. 

 ___________________________________________________________________________________________________________  
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ABSTRACT: In the United States, several individuals claimed that that they developed non-Hodgkin’s lymphoma (NHL) due to trace 

levels of PCBs in their diet. These individuals do not claim to have experienced occupational PCB exposures or any other PCB 

exposures beyond those “background doses” associated with the ubiquitous presence of PCBs in various foods. In this analysis, we 

evaluate the merits of these claims via a review of published toxicology and epidemiology studies. We found that none of the 

numerous rodent studies involving high PCB exposures reported an increased incidence of lymphomas. However, several non-

occupational case-control studies have reported significantly increased PCB body burdens in individuals with NHL relative to those 

who do not have this disease. In general, the increases were small (2-3 ppb) and PCB levels in the NHL patients were still within 

the background PCB body burden range. Several cohort studies of PCB-exposed workers, in which PCB exposures and body 

burdens were much higher than in the dietary case-control studies, have reported no increased incidence of NHL. For the 

purposes of this study, we conducted power calculations to demonstrate that these cohort studies were sufficiently large, and had 

sufficient latency, that they would in fact have detected an increased incidence of NHL if it had existed. In general, we found that 

the cohorts of these studies were sufficiently large to have detected an increased incidence of NHL if it existed. In addition, the 

period of follow up for the majority of cohort members was longer than the expected latency of NHL that ranges from 2 to 10 

years. We conclude that the weight of evidence indicates that PCB exposure does not cause NHL, but suggest that the 

observations of increased PCB body burdens in NHL patients warrants further evaluation. 

 ___________________________________________________________________________________________________________  
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ABSTRACT:  Arsenic is a neurotoxin and can cause memory learning dysfunction and depression. Very few studies have been 

conducted on exposure to arsenic and association of depression in humans.  We used data from the National Health and Nutrition 

Examination Surveys (NHANES) 2011-2012. Depression was measured using the nine-item Patient Health Questionnaire (PHQ-9). 

We computed a total score from PHQ-A and a score of ≥10 was categorized as being depressed. Total urine arsenic and seven 

speciated arsenic concentrations were the exposures. We conducted crude and multivariable weighted logistic regression 

analyses using complex survey procedures for the total sample as well as stratified by gender. The sample consisted of 963 adults 

with a mean (standard error) age of 47.4 (0.65) years. The majority had more than high school education, 54.0% were females, 

47.7% were married, and 14.1% were depressed. Speciated arsenic levels were below the lower detection limit in the majority of 

participants with the exception of urinary arsenobetaine, total urinary arsenic, and urinary dimethylarsonic acid that were above 

the detection limit. Overall, only urinary arsenobetaine was significantly associated with depression (odds ratio [OR]=1.89, 

confidence interval [CI]= 1.10- 3.26). In females, urinary arsenobetaine (OR=2.68, CI=1.38- 5.34) was significantly associated with 

depression.The total urinary arsenic was borderlinesignificant (OR=0.25, CI=0.06-0.97). In males however,speciated urinary arsenic 

as well as total arsenic had nosignificant association with depression. In males, however, speciated as well as total arsenic had no 

statistically significant association with depression. Urinary arsenobetaine is a significant predictor of depression particularly in 

females. 

 ___________________________________________________________________________________________________________  
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ABSTRACT: Pesticides, which will eventually end up in the environment, may result in pollution by contaminating food and 

drinking water. Thus, every country has a government agency to regulate the use of pesticides. However, different policies for 

pesticide regulation allowed different pesticides in each country, none of which, however, are impeccable. We here report a novel 

computational approach to compare pesticides used in China and other countries, and prioritize some questionable pesticides in 

safety of usage. First, we collected the pesticides approved by regulatory agencies at China, United States, the European Union 

and Japan, which resulted in a large pesticide ingredient database consisting of 1,745 unique compounds. Interestingly, only less 

than 10% of them were approved to be used in all four regions. The chemical information, as well as the biological data profile 

automatically obtained from PubChem portal, was used to evaluate the pesticides. The chemical and biological diversity landscape 

of the pesticides was analyzed by the traditional chemical similarity calculation (i.e. Euclidean Distance calculated from descriptor 

values) and an in-house biosimilarity scoring method calculated from the obtained biological data profile. The structural 

distribution of pesticides in each region varies differently from each other. Within the bioprofile, the active response ratio of 

pesticides approved by Japan, the European Union, China and the United States are 19.8%, 16.1%, 14.3% and 12.5% respectively. 

Among the pesticides approved only in China, 11 pesticides were identified, due to their unique bioprofile compared to their 

chemically similar pesticides in other countries (Euclidean Distance values as low as 0.28). The bioassays, in which these pesticides 

showed active responses, are all toxicity related assays and are relevant to various toxicity mechanisms. For this reason, we 

believe that these pesticides may be potential hazard to environment thus further studies are needed to conclude the safety of 

usage of these pesticides. In this study, we showed a promising method to prioritize potential censorable using both chemical and 

biological information, which is especially useful and powerful in this big data era. 

 ___________________________________________________________________________________________________________  
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ABSTRACT: The e-cigarette category is evolving rapidly providing consumers with a variety of formats, ranging from ‘cig-a-like’ 

products to larger, high powered modular devices. When applying an in vitro assessment approach across such diverse products, 

dosimetry considerations are paramount. In this investigation, we have compared nicotine quantification techniques in two 

studies using a Vitrocell VC 10 Smoking Robot to generate aerosols from different e-cigarettes. In Study 1, a 3R4F reference 

cigarette and four different commercially available e-cigarettes were compared: puff-by-puff nicotine concentration was 

quantified using an e-cigarette puffing regime (CRM No. 81) or with different puff durations, (2 or 3 seconds), comparing 3R4F 

puff-by-puff yields at ISO and HCI smoking regimes. In Study 2, 3R4F and one e-cigarette were assessed for puff-by-puff nicotine 

concentration in different locations (China and UK) comparing different nicotine quantification methods by GC/MS and UPLC-

MS/MS used in the two laboratories. Study 1 showed that 3R4F cigarette delivers different nicotine concentrations across the 

different regimes and puff number; e-cigarettes generated different amounts of nicotine across the devices tested, but showed 

consistent puff-by-puff delivery per device. Study 2 showed good agreement between results across the two different laboratories 

utilising different methods for nicotine quantification; statistical analysis, combining all interlaboratory variables indicated 

laboratory differences and the interaction of ‘lab and puff number’ were not significant (p=0.067 and 0.960 respectively). These 

studies will add knowledge to support the in vitro assessment of novel nicotine products, providing reliability and assurance 

around in vitro dosimetry. 

 ___________________________________________________________________________________________________________  
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ABSTRACT: Organophosphate flame retardant mixtures are frequently applied to polyurethane foam to meet flammability 

requirements.1 One mixture currently on the market is Firemaster® 550 (FM 550), consisting of two brominated compounds and a 

suite of isopropylated triarylphosphate esters (ITPs), compounds which have widespread human exposure and are potentially 

neuro- and developmentally toxic.2,3 This study determined the relative contribution of individual ITPs to the composition of FM 

550 and a second commercial mixture containing only ITPs purchased from Jinan Great Chemical Industry Co in China. ITP levels 

were also measured in recently collected indoor house dust samples. Individual, authentic ITP standards were supplied from 

Wellington Laboratories. Flame retardant mixtures were weighed and dissolved in isooctane, and ITP isomers were quantified 

with GC/MS using 13C TPHP as an internal standard.4,5 FM 550 contained 19.8% triphenyl phosphate (TPHP), 11.8% 2-

isopropylphenyl diphenyl phosphate (2IPPDPP), 11.0% 2,4-diisopropylphenyl diphenyl phosphate (24DIPPDPP), 5.1% bis(2-

isopropylphenyl) phenyl phosphate (B2IPPPP), 2.3% 4-isopropylphenyl diphenyl phosphate (4IPPDPP), and 0.3% bis(4-

isopropylphenyl) phenyl phosphate (B4IPPPP), and the remainder was comprised of the two brominated components, 

tetrabromobenzoate (TBB; 29.7%) and bis (2,ethylhexyl) 2,3,4,5-tetrabromophthalate (TBPH; 13.9%). The ITP mixture contained 

44.6% TPHP, 26.9% 2IPPDPP, 11.1% B2IPPP, 7.2% 24DIPPDPP, 4.9% 4IPPDPP, and 1.1% B4IPPPP. Notably, the contribution of the 

individual organophosphate components in the ITP mixture was roughly twice that of their contribution in FM 550, suggesting a 

common ITP mixture formulation. ITPs were also detected in indoor house dust collected from a North Carolina cohort (n=84) at 

geometric mean levels similar to those found for PBDEs: 181.68 ng/g 2IPPDPP, 163.74 ng/g B2IPPPP, 125.50 ng/g 24DIPPDPP, 

62.44 ng/g 4IPPDPP, and 42.65 ng/g B4IPPPP. Detection frequencies ranged from 13 to 53%. The dust levels measured in this 

study suggest the potential for chronic human exposure; as such, additional studies focusing on these compounds are warranted. 
1Dodson, R. E. et al. Environ. Sci. Technol. 2012, 46. 2Hammel, S. et al. Environ. Sci. Technol. 2016, 50. 3Behl, M. et al. Neurotoxicol. 

Teratol. 2015, 52. 4Stapleton, H. et al. Environ. Sci. Technol. 2008, 42. 5Stapleton, H. et al. Environ. Sci. Technol. 2009, 43. 
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ABSTRACT: Metal phosphides are widely used toxic insecticides and rodenticides that release poisonous phosphine gas (PH3) as 

they come into contact with water or acid. The primary mechanism of phosphine toxicity is thought to be metabolic and include 

inhibition of normal mitochondrial function. However, humans exposed to PH3 via metal phosphide ingestion or phosphine gas 

inhalation suffer a range of variable symptoms, including cardiotoxicity, vascular collapse, gastrointestinal and pulmonary toxicity, 

hepatic disturbances, neurological toxicity, and metabolic disturbances. The broad range and variations in symptoms among 

individuals render phosphine poisoning difficult to diagnose. The variation in symptomology and elusive nature of toxic 

mechanism that hinders diagnosis of PH3 exposure can be addressed using microarray analysis to examine gene expression 

changes in clinically accessible whole blood samples. Total RNA was isolated from whole blood collected from male Sprague 

Dawley rats at 1, 3, 6, or 24 hours following phosphine exposures of 15,480, 16,500, or 21,252 ppm x min. Microarray analysis 

identified dose- and time point-specific changes in gene expression in response to phosphine exposure. Ingenuity pathway 

analysis was used to associate observed differential gene expression to disease states such as organismal damage, inflammatory 

response, and cardiovascular disease. Molecular biomarkers were prioritized based on p-value, fold change, and association with 

pathways related to observed physiological symptoms of phosphine exposure. This analysis ultimately lays the groundwork to use 

biomarkers present in clinically accessible fluids to diagnose phosphine exposure. The views expressed in this abstract are those of 

the author(s) and do not reflect the official policy of the Department of Army, Department of Defense, or the US Government. The 

experimental protocol was approved by the Animal Care and Use Committee and all procedures were conducted in accordance 

with the principles stated in the Guide for the Care and Use of Laboratory Animals and the Animal Welfare Act of 1966 (P.L. 89-

544), as amended. This research was supported by an interagency agreement between NIH/NIAID and the USAMRICD (AOD13017-

001 “Chemicals Affecting the Respiratory Tract - Pulmonary Toxicant Gases.” 
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ABSTRACT: Dermal exposure to toxic chemicals in cleaning solutions may occur during manual cleaning activities that involve the 

hands. Even when a permeability coefficient is available or can be estimated for such a chemical constituent, realistic estimates of 

dermally absorbed dose can be difficult to derive without knowing how much skin-to-fluid contact actually occurs during specific 

tasks, measures of which are rarely available or attempted. We describe a novel and easy-to-implement method to address this 

critical data gap. Volunteers wearing a white cotton glove over a protective nitrile glove on the cleaning hand simulated cleaning a 

vinyl floor tile with a rag soaked in a denatured alcohol solution product that was spiked with a dissolved blue pigment. During 

each simulated cleaning, only the glove surface area making contact with the cleaning solution absorbed pigment. This activity 

was performed by three volunteers for different solution volumes and cleaning durations. Each glove was imaged immediately 

after use on a black surface by a fixed-height iPhone camera. Absorbed-pigment position on each glove was quantified at single-

pixel-resolution using built-in Mathematica® 11.0 image-analysis software, supplemented by custom code, yielding glove-specific 

estimates of glove area (A), palm-side value (Fp) of blue fraction (F), and back-to-palm ratio (R) of F. A total of 148 glove images 

were obtained, including 94 from the palmar (front) side of the glove and 54 from the dorsal (back) side of the glove. Multivariate 

linear regression indicated that subject, duration (T, min), and rag-loaded solution volume (V, mL) were each significant F-

predictors (p ≤ 10<-6). After adjusting for inter-subject variation, the average hand area contacted by cleaning fluid was estimated 

as Fp(1+R) where Fp = 1.29(V/mL)0.732 [1 - exp(-0.794T/min)] (R2 = 0.94), and on average it was found that R = 0.24 or 0.44 for V = 

≤15 or 30 mL, respectively. This approach is readily applicable to a variety of dermal-contact scenarios. 
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ABSTRACT: Historical manufacturing and handling of asbestos-containing products has sometimes resulted in the environmental 

release of asbestos into surrounding communities. Airborne asbestos concentrations in the vicinity of various industries (i.e., point 

sources), in general, have been reported to range from 0.0001 to 0.03 f/cc. This data, of course, depends on the timeframe, type 

of emission, locations sampled, topography, and presence of air pollution control devices, among other factors. While the 

potential for community exposure to asbestos from industry emissions has been discussed in the literature since the mid-1960s, 

concerns have recently intensified regarding the possible impact these historical emissions have had on community health. In the 

absence of monitoring data, the US EPA AERMOD modeling program has been the preferred air dispersion model for estimating 

particulate releases. However, the model is generally incapable of considering the difference between particles and fibers 

(especially those longer than 5 to 100 µm). The model attempts to convert the fibers into equivalent spheres but this 

methodology was initially developed to deal with irregularly shaped particles rather than asbestos fibers. This analysis presents 

estimates of community exposures at various distances from facilities, using current defaults assumptions and the AERMOD 

model. We found that average yearly ambient air concentrations resulting from historical manufacturing operations were 

estimated to range from 0.0003 to 0.01 f/cc, at distances of 500 to 5,000 feet (based on the default assumptions and depending 

on emission control measures, time period, production and use). If fiber morphology and their transport in air are considered, the 

model results may be further refined. 

 ___________________________________________________________________________________________________________  

  



2017 Society of Toxicology Late-Breaking Abstracts  11 

ABSTRACT NUMBER: 3249 Poster Board Number: P218 

TITLE: The Quantitation of Fentanyl in Rodent Hair and Tissue Using Accelerator Mass Spectrometry after a Sub-Acute Exposure 

 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. A. Malfatti, H. A. Enright, S. Hok, A. M. Williams. Lawrence 

Livermore National Laboratory, Livermore, CA. 

KEYWORDS: Exposure Assessment; Disposition; Bioavailability 

 

ABSTRACT: Fentanyl is a synthetic opiate that is up to 100x more potent than morphine. It is typically used to treat severe pain 

and as a surgical analgesic. Fentanyl abuse is a growing concern, as it has recently been found in combination with street drugs, 

most likely as a result of illicit manufacturing. When misused, fentanyl can be lethal. The ability to quantify fentanyl in biological 

matrices is important to understand the dosage level, and to validate, appropriate post-mortem tissues for evaluation. 14C-

Fentanyl was administered IV to mice and rats 3x over 7 days. One week after the last exposure animals were sacrificed and hair 

and tissues, were collected. The level of 14C-fentanyl in each matrix was quantified by accelerator mass spectrometry. In tissues, 

rats had significantly more fentanyl/mg tissue compared to the same tissue in mice. Rat liver, kidney, spleen, heart, and lung 

displayed high levels of fentanyl while in mice only the kidney and spleen had detectable levels. In both rats and mice there was a 

large inter-animal variability of fentanyl in the hair samples. Based on the results, after an IV exposure fentanyl is distributed to 

hair and tissues more efficiently in the rat than in the mouse indicating that rats may be a better model for fentanyl post-mortem 

detection. This work was performed under the auspices of the US Department of Energy by Lawrence Livermore National 

Laboratory under Contract DE-AC52-07NA27344, and supported by the National Institute of General Medical Sciences 

(2P41GM103483-16). 

 ___________________________________________________________________________________________________________  

ABSTRACT NUMBER: 3250 Poster Board Number: P219 

TITLE: Comparison of Intra-Crop Year Variability in TSNA Levels in Tobacco and NNN and NNK Levels in Smokeless Tobacco 

Products 

 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. J. Oldham, D. J. Phillips, J. L. Jordan, M. J. Morton, K. E. Lion, M. F. 

Lusso, J. E. Franke, J. A. Strickland. Altria Client Services, Richmond, VA. 

KEYWORDS: Agents; Carcinogenesis; Exposure, Environmental; Smokeless Tobacco; Nitrosamines 

 

ABSTRACT: Although there is general acceptance that tobacco is an agricultural crop and that there are differences in TSNA levels 

in tobacco grown in different crop years, much less is published on the variability in TSNA levels in tobacco grown within a single 

crop year (Intra-Crop Year Variability). Furthermore, the potential effect of intra-crop year variability of TSNA levels in tobacco on 

the levels of NNN and NNK in smokeless tobacco products manufactured from these tobaccos has been unknown. In this work, 

TSNA levels were measured in tobacco leaf samples from different farms that were collected for dark fire-cured and burley 

tobaccos used in smokeless tobacco products over a three or six crop year period, respectively. Additionally, NNN and NNK levels 

were measured in nine smokeless tobacco products manufactured over three years. Only smokeless tobacco products 

manufactured using a single crop year of tobacco were included. Results of TSNA measurements in dark fire-cured tobacco over 

three crop years demonstrated a fivefold range (smallest value compared to largest value) within a single crop year. In burley 

tobacco, levels of TSNA varied up to a tenfold range within a single crop year in the six years tested. Depending on the specific 

smokeless tobacco product and year, the measured levels of NNN and NNK generally varied from three to six fold within a single 

crop year. This analysis demonstrates that the natural variability in TSNA measured in dark fire-cured and burley tobacco translate 

to variation in the levels of NNN and NNK measured in the smokeless tobacco products manufactured from these tobaccos. The 

demonstrated variability in measured levels of NNN and NNK in smokeless tobacco products due to natural variability in measured 

levels of TSNA in tobacco yields significant insight when comparing NNN and NNK levels among smokeless tobacco products. 
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ABSTRACT: The US Centers for Disease Control and Prevention (CDC) has stated that there is no safe level of lead exposure and 

has defined an elevated blood lead level (BLL) for children as any BLL greater than 5 µg/dL. It is estimated that over 500,000 US 

children ages 1 to 5 have BLLs greater than 5 µg/dL. While there are a number of possible sources of childhood lead exposure, a 

relatively unexplored and underappreciated source is occupational lead exposure. Occupational lead exposure can affect children 

because lead is easily taken home on worker clothing or shoes, thereby contaminating the home. Children are uniquely vulnerable 
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to the effects of lead because of their developing nervous systems and high calcium needs. Existing occupational lead standards 

are severely outdated and allow exposures that result in BLL up to 40-60 µg/dL. The Occupational Safety and Health 

Administration (OSHA) estimates that approximately 804,000 workers in general industry and an additional 838,000 workers in 

construction are potentially exposed to lead. Workers are exposed to lead as a result of the production, use, maintenance, 

recycling, and disposal of lead material and products, construction, manufacturing, wholesale trade, transportation, remediation 

and recreation such as fishing, hunting, and firing ranges. To demonstrate the importance of updating federal occupational lead 

standards, we performed calculations that estimate the number of children exposed to lead through occupational exposure. 

Assuming only 10% of possible workers exposed to excessive amounts of lead bring contamination into the home, there would be 

160,000 potential opportunities of family lead exposure. If each of these families had only one child exposed to take-home lead, 

then occupational lead exposure would account for about 30% of total elevated childhood lead exposure across the country. This 

does not include the millions of people that use gun firing ranges, which also accounts for occupational and non-occupational lead 

exposure. Therefore, to adequately protect workers and their families, occupational lead standards should be updated to prevent 

BLLs greater than 5 µg/dL. This change would eliminate the arbitrary distinction between workers and children. We have an 

ethical responsibility to protect workers and children from known hazards such as lead. 
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ABSTRACT: There are different classification and labelling (C&L) systems and responsible bodies for chemicals across the globe. 

Many jurisdictions have adopted the United Nations Globally Harmonized System (GHS), either fully, partially or with 

amendments. For example, in Europe, GHS has been implemented, with some alterations, as the classification, labelling and 

packaging of substances and mixtures (CLP) Regulation (EC) No. 1272/2008.  An analysis was undertaken of the chemicals whose 

harmonised C&L has been agreed by the European Chemicals Agency (ECHA) Risk Assessment Committee (RAC). RAC 

classifications (evaluated on or before 22 November 2016) were compared to initial proposals from the dossier submitter (DS). 

This covered >900 individual classifications across human health and environmental hazard categories. Statistical analysis of 

agreements and differences was conducted. This ‘base set’ was compared to relevant opinions from other expert bodies 

(European Food Safety Authority (EFSA), International Agency for Research on Cancer (IARC), US Environmental Protection Agency 

(US EPA), and Joint FAO/WHO Meeting on Pesticide Residues (JMPR)) and conclusions were tabulated and compared. Of the ‘base 

set’ of ECHA RAC recommendations (n=215), 80 had also been concluded by EFSA, 27 by IARC, and 33 by JMPR. RAC agreed with 

the majority (79%) of the decisions on harmonised C&L proposed by EU Member State or DS. In 10% of cases, RAC proposed a 

more severe C&L compared to DS, and less severe in 7% of cases. Other differences (4%) were not a reflection of disagreements 

with regards to severity. Besides respiratory sensitisation (100% agreement, but with only a single classification), the highest 

concordance (99%) between opinions from RAC and DS was for having acute effects on the aquatic environment (Aquatic Acute). 

Although not directly comparable, it was possible to contrast these conclusions with those from the other bodies. This comparison 

illustrates the discordance in reviewer opinion that can be seen, despite the same dataset being reviewed; particularly when 

considering in many cases “expert judgement” is required and relied upon. When considering global safety profile and hazard 

classifications of chemicals, it's essential to consider available information from all sources. Greater alignment, robust and 

predictable classifications are fundamental for chemicals and would provide a more consistent assessment globally, providing 

better public protection. 
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ABSTRACT: There is continuing debate as to the presence of a relationship between occupational diacetyl exposure and 

respiratory health effects. To date, the US Occupational Safety and Health Administration (OSHA) has not established an 

occupational exposure limit (OEL) for diacetyl. The purpose of this analysis was to derive a range of health-protective 8-hr TWA 

OELs for diacetyl. The available epidemiological data do not permit evaluation of a diacetyl-specific exposure-response 

relationship due to confounding factors. Therefore, we relied on the 2016 chronic inhalation study conducted by the National 

Toxicology Program (NTP), in which male and female mice and rats were exposed at 0, 12.5, 25, or 50 ppm diacetyl for two years. 
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Airborne diacetyl concentrations required to cause minimal or greater effects in the respiratory tract of humans (human 

equivalent concentrations [HECs]) were derived using benchmark concentration (BMC) techniques. Three histopathological 

responses in the lower respiratory tract (LRT) of rats were chosen as the endpoints of merit: hyperplasia of the bronchiolar 

epithelium, suppurative inflammation of the lung, and alveolar fibrosis. Model averaging techniques were used to calculate the 

95% lower confidence bound of the BMC associated with a 10% extra risk. The dosimetry model of Gloede et al. (2011), in 

combination with various breathing pattern assumptions, was used to adjust for various interspecies differences, and uncertainty 

factors for interspecies variability and interindividual variability in susceptibility were applied to yield preliminary OEL values of 

0.16-0.7 ppm. The BMC-based OELs were compared to OELs calculated using a more traditional no/lowest observed adverse 

effect level (NOAEL/LOAEL) approach. Considering all analyses and to protect against potential URT effects, which were observed 

at some higher concentrations, an OEL in the range of 0.2-0.5 ppm would be appropriate. This range is higher than the 8-hr TWA 

OEL of 0.005 ppm proposed by the National Institute for Occupational Safety and Health (NIOSH), but consistent with the value of 

0.2 ppm proposed by Maier et al. (2010). 
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ABSTRACT: Air pollution has become the major issue for public health. In which, fine particulate matter (PM) is the risk factor that 

can cause respiratory and cardiovascular diseases. Some environmental regulations have been established to protect people from 

health effects. However, it still needs more reference criterion to understand the fine PM-induced health effects for each 

occupational population and to further conduct the health protection strategies. The study purpose was to assess the fine PM-

associated health risk for workers in workplaces. We compared the workers’ health risks under environmental and occupational 

workplaces by systematic literature review and meta-analysis. We used fixed and random effects models in meta-analysis to 

assess the specific disease risk that might cause by fine PM, including morbidity and mortality. We further used risk ratio as 

associated indicator in risk assessment. It shows that the fine PM-associated lung cancer had the highest mortality risk in the 

workplaces. The estimated risk ratio was 1.25 (95% CI: 1.09, 1.42) by random effects model. The fine PM also had significant 

relationships with cardiovascular diseases in the workplaces. The estimated risk ratio was 1.24 (95% CI: 1.19, 1.30) by random 

effects model. According to the results, traffic emission fine PM would induce the significant health risk of lung cancer for workers. 

It’s similar to environmental fine PM-associated health effect. Metal fumes in the workplaces are the major risk factor that can 

cause cardiovascular diseases. Compare with the fine PM from the ambient atmospheric environments, our study result showed 

that fine PM from the ambient air could only cause lower mortality risk for workers’ cardiovascular diseases. It can also increase 

the mortality risk for heart disease but insignificant. This study suggests that we should consider the composition characteristics, 

particle size distribution, and resource to further estimate the fine PM-induced health risk for workers. 
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ABSTRACT: Erionite had become known as “the most toxic mineral on the Earth” when mesothelioma mortality rates skyrocketed 

in Cappadochia, Turkey, where this zeolite rock was used as a building material. However, fibrous erionite can also be found in 

different locations in the United States (for example, in North Dakota, California, Oregon, and Nevada). Recently, a death from 

mesothelioma, apparently caused by erionite exposure, was reported in Mexico. In spite of significant toxicological concerns, 

erionite fibers are still not specifically regulated in the US or internationally for workplace and ambient air permissible levels, or 

for transportation.  A brief description of the experimental procedures:  Samples of erionite-containing building materials were 

collected from Karain village, Turkey, to confirm a fibrous character of erionite and evaluate its average content. The samples 

were analyzed by PLM, TEM, EDX and SAED methods in RTI laboratory. Exposure to erionite for the village population was 

estimated by combined data published by Baris et al. (1987) and Carbone et al. (2011). Epidemiological mesothelioma mortality 

data for a cohort of Sweden emigrants born in Karain were derived from Metintas (1999). Hodgson, Darnton RM metric was used 

to estimate the potency factor. The material from Karain buildings was determined as containing 7.8 % of fibrous erionite. No 

other fibrous minerals were identified. Monte Carlo simulation demonstrates erionite potency of mesothelioma at the level of 

3.46 (95 % CI 1.48, 7.13), approximately 7 times higher than for Australian crocidolite. It was demonstrated that approximately the 

same level of erionite potency maximizes F-criteria of a regression model relating mesothelioma potencies of various fibrous 
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minerals with their chemical composition and median aspect ratio of the fibers. The estimation of carcinogenic potency for fibrous 

erionite can be used in human health risk assessment. It could be recommended to establish occupational exposure limit for 

erionite at the level significantly lower than for other fibrous minerals (including asbestos). Samples of building materials from 

Karain can be used for in vitro and in vivo toxicological studies of erionite. 
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ABSTRACT: Cholestasis, which is one of the major reasons of drug−induced liver injury (DILI), can o�en result in withdrawal of 

drugs from the market. Because, early identification of cholestatic drugs is difficult since the mechanisms involved is complex. 

Thus, the aim of the present study was to develop a strategy for mechanism−based risk assessment of cholesta�c drugs. We 

analyzed gene expression data in the livers of rats from toxicogenomics database (TG−GATEs) that had been administered with 12 

known cholestatic compounds by gavage repeatedly for 28−days at three dose levels, and iden�fied differen�ally expressed genes 

in cholestatic compounds. Then, two statistical approaches (hierarchical clustering and principle component analysis) and 

pathway analysis were performed as qualitative analyses, and the transcriptional benchmark dose (tBMD) and tBMD 95% lower 

limit (tBMDL) were calculated from the differentially expressed genes in quantitative analyses. The qualitative analyses revealed 

that three cholestatic compounds were classified into three sub−groups based on the gene expression pa'ern; inflamma�on, 

cholesterol biosynthesis, and oxidative stress. The quantitative analyses proved that tBMDL values for each test compound agreed 

with the relevant NOAEL. Further, to extend our strategy to hepatotoxic compounds which indicate any pathological changes (e.g. 

inflammation, hepatocyte hypertrophy) in chronic toxicology test, lowest 5%tile value of tBMDL of the 12 compounds in 28−days 

test were compared with the chronic NOAEL. As a result, the 5%tile tBMDL values were fitted within 10 folded differences with 

the NOAEL in 10 chemicals. Therefore, 28−days repeated toxicity test would be sufficient to predict the NOAEL in chronic toxicity 

test with using additional safety factor. These results indicate that our novel strategy using mechanism−based classifica�on and 

tBMDL would facilitate the application of TGX for risk assessment of cholestatic DILI. 
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ABSTRACT: Coal is a major source of electrical production in the United States. Coal combustion residual (CCR) is one of the 

largest industrial waste streams generated in the United States. In 2012, roughly 40% of the CCR generated was beneficially used, 

while the remaining 60% was disposed of in surface impoundments and landfills. Coal and CCR are composed of various natural 

constituents, including radioactive materials. Industrial by-products such as CCR often contain Naturally Occurring Radioactive 

Materials (NORM) found in the environment, including uranium (238U), thorium (232Th), and potassium (40K), as well as their decay 

products radium (224Ra/226Ra) and radon (222Rn/220Rn). Lauer et al., (2015) recently reported that the combustion of coal causes an 

enrichment of NORM in CCRs. The researchers found that the radioactivity for various nuclides in CCR ranged from 67 to 284 

Bq/kg. Very few studies have evaluated the potential link between CCR exposure and adverse effects due to radiation exposure in 

humans. The objective of this study was to evaluate the human health risk associated with alpha and beta radiation through 

ingestion and inhalation of CCR containing trace levels of NORM in the US. The US EPA methodology outlined in the Federal 

Guidance Report No. 13 (Cancer Risk Coefficients for Environmental Exposure to Radionuclides) was used to determine the health 

risk from the radiation emitted from CCRs as reported by Lauer et al., (2015). Using the mean radioactivity from all coal basins 

resulted in a cancer risk of 6.8 x 10-9 due to inhalation, ingestion and external radiation from residing on soil containing CCRs. 

Results from this analysis indicate that radiation exposure from coal ash does not pose a health risk for the general population. 

 ___________________________________________________________________________________________________________  
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ABSTRACT: Within the EU caLIBRAte project (www.nanocalibrate.eu, started 2016, 10M€), a next generation systems-of-systems 

risk governance framework for manufactured nanomaterials (NM) is developed and implemented. Aim of this framework is to 

allow for environmental and human risk assessment (HRA) and implementation of decision support systems. An essential part of 

caLIBRAte is the development of HRA of NM along the “Cooper Stage-Gate®” product innovation model. This model allows for 

screening and scoping of ideas, proceeding towards product development, testing, launch and post launch review. It is also 

applicable to NM, either during the development of NMs themselves or NM-containing end-products. Within caLIBRAte, 

integrated hazard, exposure and risk assessment models are being adopted for Stage Gate specific requirements. Here, the first 

results are presented. First, in consultation with external stakeholders from SMEs and industry and government, the specific 

criteria that the (existing) HRA models will need to comply with, were defined for each stage gate. These involved general criteria 

a.o.: transparency; operational costs; capacity to deal with data gaps and new incoming data. Also, specific criteria were defined 

concerning both model data input criteria (a.o. physical chemical characteristics, toxicological endpoint data, exposure type and 

duration) and model output criteria (a.o.: type of risk indicators; type of uncertainty characterization; accuracy of resulting risk 

estimate). Secondly, existing HRA exposure and decision support tools (a.o. dART; FIOH Indoor Air Quality Model; Stoffenmanager 

Nano; NanoSafer CB; Guidenano; SUN) were evaluated and shortlisted for their applicability towards the different innovation 

stage gates, bearing the predefined criteria in mind. Steps towards further refinement of the selected models involving novel 

approaches (e.g. physicochemical modelling, systems toxicology) are ongoing. Ultimately, caLIBRAte will yield an applicable 

systems-of-systems risk governance framework for NM to be used by industrial, academic and governmental stakeholders. The 

author is presenting on behalf of caLIBRAte workpackage 2, involving partners: TNO; RIVM; University of Helsinki; Tampere 

University of Technology; Karolinska Institutet; NIOH; Misvik Biology; FIOH; Gaiker Technology Center; NRCWE. 
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ABSTRACT: Environmental contaminants are a population health concern. Northern First Nations communities sometimes face 

higher exposures than the general population due to their reliance on specific wild-harvested foods that at times have high levels 

of mercury and other contaminants. However, country food consumption has been associated with reduced cardiovascular 

disease and improved food security. A community-based project is being conducted to assess both the risks and benefits posed by 

country food consumption in the Northwest Territories, Canada. This project also provides 1) an exposure baseline for 

participating communities and 2) indicators of higher exposure related to country foods consumption. During this 5-year project 

funded by the Northern Contaminant Program, essential metals, toxic metals, organic pollutants, and omega-3 are measured in 

blood, urine and hair. Food consumption is measured using two surveys (24h recall and Food Frequency Questionnaire) and a risk 

perception questionnaire is administered to support the design of the communication strategy. Several government partners, 

academic researchers, local collaborators, and on-site trained coordinators are involved in this project. In the first participating 

community, the participation rate was 37% of residents (n=21). Country foods represented 8% of participants’ caloric intake 

during sample collection. The samples for all participants fell below the established health guidelines established for mercury, 

cadmium, and lead. Further, contaminant exposures among in the community were similar (e.g. cobalt) to those seen in other 

biomonitoring studies in Canada. Uranium levels, on the other hand, appeared to be slightly higher than the typical Canadian 

population level; but, were below those known to be associated with health problems. Interestingly, levels of some nutrients (e.g. 

manganese, selenium and zinc) appeared above the Canadian population level. The choice of health guidance values in biological 

matrix to interpret individual and community results was a challenge for many contaminants. These results reinforce the message 

that the benefits of current country food consumption patterns generally outweigh contaminant risks. Overall, this biomonitoring 

project will improve knowledge on the risks from contaminants and increase the empowerment of First Nations communities 

regarding country food consumption. 
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ABSTRACT: The water crisis in Flint, Michigan is surrounded with uncertainties. Between April 2014 and October 2015, Flint’s 

water supply switched from Detroit Water Authority (DWA) to the Flint Water System as a temporary economic solution to a 

financial state of emergency. The water contamination crisis went on until October 15, 2015 when the water system was switched 

back to the DWA. In the current investigation, we analyzed human risk associated with drinking contaminated water in Flint, 

Michigan. Chemical and biological hazards identified from the switch included iron chloride coagulants, coliform contaminants, 

trihalomethane disinfectant byproducts and most importantly, lead. Due to lead’s detrimental effects on neonates/children and 

the fact that this sub-group suffers disproportionately from additional risk factors that increase their lead exposure such as poor 

nutrition, concentrated poverty and poor housing infrastructure, this assessment focused on lead. The current study revealed that 

the lowest calculated Average Daily Dose (ADD) for lead to be 2.18 µg/kg-day among 0 to <1 month old infants versus 0.165 

µg/kg-day among 18 to 21 year olds. It is important to acknowledge that that nearly 50% of Flint households contain children 

under the age of 17. Furthermore, while the Environmental Protection Agency’s action level for lead in water is 15 ppb, some Flint 

households still contain elevated lead levels over 150 ppb as of July 2016. Due to the lack of exposure data we may underestimate 

the lead exposure level and therefore health risk. On the other hand, should such observations (150 ppb lead in water) represent 

high-end exposure, there is a need to identify the small but under protected subpopulation. Additional extensive exposure 

assessment is recommended to better understand the risk associated with this unfortunate crisis. This investigation was 

performed as a part of MIEH-740 graduate course at UMD, College Park, MD. The views expressed in this abstract are those of the 

authors and do not necessarily represent the views or policies of UMD or US EPA. 
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ABSTRACT: Thallium is a naturally occurring trace element, widely distributed in the Earth’s crust. It does not have a known 

biological function; however, it has been estimated that the intake of thallium from dietary sources in the United States is 

approximately 0.007 mg per day (7 µg/day). Currently, thallium is used in the semiconductor industry as well as in the 

manufacture of optic lenses. The current provisional thallium chronic oral reference dose listed by the US EPA (0.7 µg/day for a 70 

kg adult), which is based on hair follicle atrophy in rats, is 1/10th the current background dietary ingestion of thallium in the US and 

therefore has limited (if any) utility. This study was designed to identify potential chronic oral reference doses (RfD) for thallium. 

The present analysis employs the standard US EPA risk assessment methodology for establishing a chronic oral RfD. Available data 

associated with thallium exposure indicate dermatological, renal, reproductive, and hepatic non-cancer health effects may be 

associated with thallium ingestion. In this analysis, multiple studies were evaluated to determine potential points of departure for 

the RfD. Doses considered ranged from 0.25 mg/kg-day (NOAEL) to 1.8 mg/kg-day (LOAEL). Potential RfDs were derived from 

studies assessing dermal, renal, hepatic, and reproductive endpoints in rodents. Application of various uncertainty factors ranging 

from 100 to 3000 to the appropriate studies resulted in potential chronic oral RfDs of 0.0002 mg/kg-day (14 µg/day for a 70 kg 

adult) to 0.0025 mg/kg-day (175 µg/day for a 70 kg adult). The proposed RfDs presented in this analysis are two- to 25-fold higher 

than the current background dietary intake of individuals in the US. 
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ABSTRACT: Aim of the project was to run a mechanistic in vivo study to assess the in vivo translatability of mitochondrial toxicity 

observed in a respective in vitro screening assay. Three tool compounds were selected: Rotenone, a complex I inhibitor, 

Amiodarone, a complex I and II inhibitor and Sorafenib, inhibiting complex I-V of the mitochondrial respiration chain. In vitro 
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mitochondrial toxicity was assessed using the so called “glucose - galactose assay” in mouse BALB 3T3 fibroblast and assessing 

effects on the activity of mitochondrial complexes I-V in vitro (abcam MitoTox™ Complete OXPHOS Activity Assay Kit). In vivo 

effects were investigated in a study in male Wistar rats, where animals (4 per group) were dosed daily for 10 days either 

subcutaneously with Rotenone (0.2, 0.7, 2.0 mg/kg/d) or orally with Amiodarone (75, 225, 725 mg/kg/d) or Sorafenib (3, 15, 75 

mg/kg/d). Terminal investigations included clinical chemistry, including lactate, and histopathological evaluation of organs. In 

addition, citrate synthase (CS) activity and mitochondrial DNA (mtDNA) content were measured in frozen tissue samples of liver, 

heart, diaphragm and hind-limb skeletal muscle. In vitro compounds showed inhibition of mitochondrial complexes and Rotenone 

and Sorafenib were identified as clear mitochondrial toxicants using the 3T3 glucose-galactose assay. In vivo Rotenone did 

increase blood lactate levels, however no apparent histopathological findings were present. mtDNA content was decreased in 

heart tissue whereas CS activity was unchanged. Amiodarone did not alter lactate levels in blood, but induced histopathological 

lesions in many organs including myodegeneration in skeletal muscle. mtDNA was decreased in the heart and to lesser extent in 

the diaphragm whereas CS activity was unchanged. Sorafenib showed no effects on lactate levels, mtDNA content or CS activity, 

but induced degenerative lesions in multiple organs. Based on the present data (blood lactate, skeletal muscle toxicity, mtDNA 

content), mitochondrial toxicity was identified for Rotenone and Amiodarone in vivo as well. A clear mitochondrial associated 

pathogenesis could however not be demonstrated for the Sorafenib induced organ manifestations. 
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ABSTRACT: Read-across can be used to fill data gaps in chemical safety assessment. Read-across starts with the identification and 

evaluation of source analogs, including assessment of the physicochemical and mechanistic similarity of source analogs. We 

describe an approach to quantitative read-across prediction of point of departure (POD) using physicochemical, in vitro and in vivo 

data, with caffeine as an example target. Thirteen analogs were identified on the basis of structural similarity. Only theophylline, 

theobromine, paraxanthine were associated with any in vitro or in vivo experimental data. Relevant physicochemical properties 

(e.g. density, MP, BP, etc.) were all within a 1 log unit. Mechanistic in vitro assay information was used to determine bioactivity 

similarity. Caffeine and its analogs were active in three assays related to blockade of adenosine receptor A1 and A2a, 

demonstrating mechanistic similarity. Caffeine was as or more potent in vitro than any of the source analogs. In vivo POD data, 

specifically lowest effect levels (LELs) were available for 2 of the analogs; theophylline and theobromine. The LELs from rat sub-

chronic studies were 75 and 250 mg/kg/day respectively. The LELs in rat chronic studies were 7.5 and 250 mg/kg/day, 

respectively. The lowest LEL value, 7.5 mg/kg/day, was taken as the read-across POD, and provides a conservative prediction of 

the LEL for caffeine (100 and 49 mg/kg/day in sub-chronic and chronic studies). A high-throughput toxicokinetics (HTTK) model 

was used as an in vitro to in vivo extrapolation approach for adenosine receptor activity (at 1 uM) which was the most 

representative assay, and yielded a POD for bioactivity of 0.1 mg/kg/day, significantly below the in vivo read-across POD. This 

value includes both human population variability and uncertainty in the kinetics, which is one reason for the low value. 

Additionally, this is the predicted dose at which desired activity occurs, as opposed to a higher dose where toxicity would be seen. 

The HTTK model is helpful in extrapolating from in vitro data, and can help to define a “safe” range for a target chemical. The 

read-across predictions derived for caffeine provide a proof of principle of this approach for using structure, physicochemical and 

in vitro data to help select read-across analogs. This abstract does not necessarily represent US EPA policy. 
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ABSTRACT: Pesticide residues in food remains a public health concern. In this regard, this study aimed to evaluate health risk and 

benefit associated with chronic consumption of fruits and vegetables by the general population of the province of Quebec, 

Canada. Individual consumption of 89 food items was calculated for 4,780 Quebecers aged 1 - 79 who completed a 24-h food 

recall questionnaire within the Canadian Community Health Survey. Combining consumption data on each food with their mean 

pesticide residue concentrations, as recorded by the Canadian Food Inspection Agency, allowed to calculate daily doses of up to 

169 different pesticides. This exposure was assumed to be representative of the population’s average chronic exposure. For 135 
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pesticides, risk quotients (RQ) could be computed as the ratio of the exposure dose over the range of relevant non-cancer 

toxicological reference value (TRV) available in the literature, for various age groups and at different percentile of exposure. The 

lifetime cancer risk due to pesticide exposure could also be calculated for the 28 substances for which a coefficient of 

carcinogenicity (q) was also available. Finally, the number of cancer cases prevented by Quebec’s average lifetime consumption of 

fruits and vegetables was estimated based on the protective effect of several food items consumed on the risk of six types of 

cancer and Quebec’s background incidence rates for those cancer. Considering the most severe pesticide-specific TRV available, 

an RQ of 0.2 or more was obtained for 20 of the 135 pesticides investigated, and only 9 exhibited an RQ > 1, for at least one 

percentile of exposure and one age group. Corresponding numbers of pesticides considering the least severe TRV were 4 and 0. 

Total lifetime cancer risk for the 28 carcinogenic pesticides was estimated to be 3,3 ×10-4. For each case of cancer estimated to be 

caused by the pesticide residues, at least 88 cases were deemed prevented by the consumed fruits and vegetables. In conclusion, 

this study suggests that chronic health risk due to the pesticide residues in fruits and vegetables of Quebecers is low and that the 

health benefits of their consumption by far outweigh the risk. However, the cancer risk estimated is not negligeable and 

uncertainties remain, thus reducing the exposure as musch as reasonably possible is desirable. 

 ___________________________________________________________________________________________________________  

ABSTRACT NUMBER: 3265 Poster Board Number: P234 

TITLE: Prioritizing and Assessing Organic Chemicals: Are PBT Criteria Still Useful Today? 

 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: J. Prindiville, C. Inglis, A. Okonski, M. Bonnell, M. Jagla. Environment 

and Climate Change Canada, Gatineau, QC, Canada. 

KEYWORDS: Regulatory/Policy; Ecotoxicology; IATA  

 

ABSTRACT: Prioritization of 23,000 substances on the Canadian Domestic Substances List (DSL) for further regulatory assessment, 

called Categorization, was completed in 2006. Ecological categorization was based on the regulatory criteria for persistence (P) 

and bioaccumulation (B) set out in the Persistence and Bioaccumulation Regulations[1] and a chosen threshold for inherent toxicity 

(iT to non-human organisms). Categorization for human health priorities was based on the greatest potential for exposure to 

humans or as having health effects of concern based on classifications by other national or international agencies for 

carcinogenicity, genotoxicity, developmental toxicity or reproductive toxicity. Experience in Canada over the last 10 years has 

revealed that <10% of organic substances captured using the ecological Categorization approach (i.e., PiT, BiT, and PBiT) during 

1999-2006, resulted in a “CEPA Toxic” risk conclusion requiring further risk management in the first two phases of the CMP (2006-

2012), including approximately 100 PBiT substances. Greater efficiency with prioritization using an Integrated Approach to Testing 

and Assessment (IATA) was thus sought for the third phase of the CMP in order to complete an assessment of the remaining DSL 

priorities by 2020. Over 600 substances were further evaluated using a new IATA-based Ecological Risk Classification (ERC)- [4] 

approach. It was hypothesized that the IATA driven ERC would better capture chemicals that matter when compared to a hazard 

criteria approach due to a high number of chemical descriptors used. When these two approaches were compared, dramatically 

different priorities emerge between them with the IATA approach yielding greater parity with human health priorities. The 

Canadian experience from Categorization and the first two phases of CMP has shown that the application of an approach based 

exclusively on criteria such as PBiT has its limitations for prioritization, primarily because it is highly susceptible to both false 

positive and false negative error for identifying chemicals that matter and from lack of direct consideration of exposure. Here we 

suggest that hazard criteria (e.g., PBT, vPvB) are best suited to identify concerns in the far field (e.g., contaminants of global 

concern) as a precautionary tool to account for the uncertainty associated with exposure quantification. 
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ABSTRACT: The epithelial-mesenchymal transition (EMT) is an important, endogenous cellular process. EMT is responsible for 

normal physiologic processes, such as wound healing. It has also been implicated in adverse health outcomes, including 

carcinogenesis. BEAS-2B, a respiratory epithelial cell line, has been used as an epithelial model extensively in the toxicology field, 

particularly in studies of toxicant induced carcinogenesis. Numerous publications of toxicant-induced malignant transformation of 

BEAS-2B have employed culture media that included fetal bovine serum (FBS). In this study, we have identified that exposure of 

BEAS-2B to 10% FBS induces a mesenchymal phenotype in the epithelial cells, which persists indefinitely during FBS exposure (at 

least 23 weeks), but is reversible within two weeks of FBS removal. Biomarkers of EMT were assessed using western blot, and 

functional characteristics of EMT were also assessed by scratch assay and soft agar assay. Following culture in FBS-supplemented 
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media, there was an 8.5-fold increase in vimentin and a 7.5-fold reduction in E-cadherin protein levels, which returned to baseline 

following FBS removal from the media. The FBS-supplemented BEAS-2B also closed defects more quickly than the serum-free 

controls in the in vitro scratch assay and exhibited 13-fold higher colony formation in soft agar assays, both of which could be 

reversed to baseline following removal of serum from the media. These data suggest that using the FBS-cultured BEAS-2B model 

in studies of toxicant-induced carcinogenesis can be confounded by the serum-induced EMT, which may itself contribute to 

carcinogenesis independently of toxicant exposure. Additionally, these data support that EMT can be induced in the BEAS-2B cell 

line in a reversible manner, which makes this cell line a valuable tool for studying the role of EMT in cellular processes of the lung. 
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ABSTRACT: Conventional environmental-health risk-assessment methods are limited in their analyses of the actual risks of 

contaminant exposure. These methods are also incapable of interpreting the different sizes of datasets, which could lead to a 

better understanding of uncertainties. Therefore, we aim to demonstrate how a performance analysis can be implemented for a 

Bayesian Network (BN) model of a dose-response relationship. Using BNs as a risk-assessment tool allows us to investigate and 

quantify the causal relationships between several interacting variables and outcomes because there is a theoretical relation 

between causality and probability. Therefore, we aim to predict the strength of relationship between True Exposure and True 

Response based on different levels of exposure and different sample sizes. We simulate several random cases for 9 potential 

combinations of strength of relationships, accuracy level, and sample size. We used Graphical Network Interface (GeNIe) software 

to simulate Bayesian models. Each case represents a hypothetical individual in a group of N that was exposed to a potential 

amount of toxicant in an environment. A “true” population is first simulated with an assumed strength of relationship (none, 

medium, or strong) and specified levels of exposure and effect measurement error (low, medium or high for each). Given multiple 

sets of random cases with each (true) specification, we use each of the case sets to update a new “blank” copy of the network and 

infer the posterior probability that the strength of relationship is none, medium, or strong. If the inferred probabilities align with 

the true strength of relationship used to generate the cases, then we conclude that the simulated study has the power to properly 

infer the strength of relationship. Our findings show that increasing actual strength of relationship increases the accuracy level of 

predicting relationship (R) classification. For example, for the actual case none, posterior P goes up from 50% prior to 75% after 

N=400. Posterior P from the actual medium rises dramatically from 50% to 100% after N=150. Also, increasing the sample size 

increases the accuracy level for the predicted R for all scenarios. Moreover, increasing the experimental accuracy level 

significantly contributes to the efficiency of R prediction and decreases the required sample size for accurate R prediction. These 

results can be applied to various contexts in toxicological and epidemiological studies. 
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ABSTRACT: Metabolic labeling techniques are powerful tools for visualizing and tracking of live cells in in vivo condition. However, 

at present, the effects of the metabolic labeling agents on cellular physiology and metabolism are not known. To address this 

question, we analyzed the effects of cells treated with Ac4ManNAz through microarray analysis and analyses of membrane 

channel activity, individual bio-physiological properties, and glycolytic flux. According to the results, 50 μM Ac4ManNAz, the 

concentration of azido-sugar recommended for cell labeling in the manufacturer’s procedure, induced the apoptotic process, 

immune response and inhibited the cell cycle, proliferation and cellular adhesion. Also, physiological and biochemical properties 

were negatively affected. Meanwhile, 10 μM Ac4ManNAz showed the least effect on cellular systems and had a sufficient labeling 

efficiency for cell tracking. Based on our results, we suggest that metabolic cell labeling for therapeutic purposes should use 10 

μM Ac4ManNAz. This work was supported by Project No. 2016M3A9B4919655. 
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ABSTRACT: The aim of this study was to develop and validate a cutting edge expert system for assessing the potential of drug 

targets safety liabilities. Our target safety assessment strategy focuses on mechanisms of toxicity underlying mode of on-target or 

off-target toxicity of candidate drug or perturbed biological pathways. We have processed and integrated into our novel 

knowledge base diverse publicly available sources covering different expression profile and binding studies, various animal models 

and clinical studies. Molecular data related to cancer were manually extracted from the public domain (PubMed articles and FDA 

reports) and processed in a unique expertise to create a database containing a complete biological network of all human proteins 

and their functions and associations to various cancer pathologies. In order to test our system, we analyzed Polo-like kinase 1 

(Plk1) as potential target for therapeutics in cancer. Plk1 plays key roles in regulating mitotic processes that are crucial for cellular 

proliferation. The differential levels of Plk1 required for the viability of cancer versus normal cells makes Plk1 an attractive target 

for anticancer drug discovery. As a benchmark, we focused on the Plk1 as potential novel target in pancreatic cancer. Pancreatic 

cancer is the ninth most common cancer in women and the fourth leading cause of cancer death in men and women in the US. 

Less than 1% survives pancreatic cancer for 10 or more years (2010-11, England and Wales). Our system reports several Plk1 

associated pathologies and diseases that are related to cancer on cellular, organ and organ system level. Furthermore, vast 

amount of processed data in our system presents the potential for generation of valuable mechanistic hypothesis. By applying 

proprietary algorithms, we were able to identify groups of different molecules that are related to pancreatic cancer and Plk1, thus 

providing a mechanistic view of the effect. Furthermore, we also noticed quite an overlap in the mechanism between the 

pancreatic and liver cancer with respect to Plk1. Analyzing pancreas carcinoma pathway provides the molecular mechanism of 

how Plk1 inhibitor BI2536, could interact with Plk1 and other partnering proteins within the pancreas carcinoma model and 

contribute to a better understanding of therapeutic potential of Plk1 inhibition in pancreatic and liver cancer. 
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ABSTRACT: According to an EMEA guideline (Guideline on the Evaluation of Control Samples in Nonclinical Safety Studies: 

Checking for contamination with the test substance (CPMP/SWP/1094/04), toxicokinetic (TK) evaluation of control groups should 

be conducted to check that contamination of control animals with the test substance has not occurred. In the case of rodents, 

these control samples are to be collected and analyzed at a timepoint at or near the Tmax of the test substance. However, in 

rodents, where a separate satellite group of animals is often used to assess TK, this requirement means adding animals to the 

study. The principle of the 3Rs (replace, reduce, refine) was developed as a framework for humane animal research. According to 

this principle, methods to minimize the number of animals used per study should be considered. To assess the need for TK 

evaluation of control groups, particularly in rodents, the number of control contamination incidents in the past three years was 

assessed. As a result of this EMEA guideline, control contamination procedures (e.g., changing gloves when going to lower dose 

groups, using different equipment when processing samples from control animals, and handling the vehicle controls separately) 

have gone a long way toward eliminating the number of control contamination incidents.  At Covance-Madison, approximately 3 

mouse, 1 hamster, and 7 rat nonclinical safety toxicology studies since 2014 had control contamination reported (<2% of studies 

had at least one timepoint in at least one animal with control contamination). Of these, none had a significant impact to the 

integrity of the study, and the exposure was approximately just an average of 1% of the lowest dose group at the same timepoint 

(range, 0.02 to 5%). Most had no root cause identified, no systematic contamination, and the contamination appeared to be 

incidental. The concentrations observed in the control animals were substantially below those in the low dose groups and were 

only marginally above the LLOQ. Additional analysis of route and type of compound could suggest criteria of when TK evaluation 

of control animals may be necessary.  We recommend reconsidering this guideline as the number of control contamination 

events, particularly in rodents, is low and does not warrant the number of animals needed per study. In combination with simple, 

but robust, control contamination procedures in the lab, not including a separate satellite group of animals would result in a 

reduction of an average of 3-6 animals/sex per study. 
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ABSTRACT: Intake of marijuana has been associated with psychotrophical and physiological end-points. However, its effects on 

the intestinal microflora have not been studied. Male albino rats (n=54) were exposed to marijuana (12.5, 25 and 50 mg/kg body 

weight) for 4, 8 and 12 weeks. Control animals (n=18) were given olive oil for the same period of time. Contents of the intestine 

(Duodenum, Jejunum, Ileum, Caecum and Colon) were collected for microbial count (Lactobacilli, Enterobacteriaceae, Total 

heterotrophic bacteria and Obligate anaerobes) and identification using standard methods. Intake of marijuana resulted in a 

significant increase in Lactic acid bacteria (LAB) counts in all segments of the intestine. At the end of 12 weeks, LAB counts in 

marijuana-exposed animals compared to the corresponding controls, ranged from 1.3 fold in the ileum to 2.27 fold in the jejunum. 

Enterobacteriaceae counts followed the same pattern as that of LAB. Total bacteria count in ileum and caecum followed the same 

pattern as LAB whereas unsystematic changes were observed in other intestinal segments. In contrast to other organisms, 

marijuana intake resulted in a dose-and time- dependent increase in obligate anaerobes in all the intestinal segments.The highest 

increase (153%) was observed in the duodenum. Microorganisms isolated in the intestinal segments include S. aureus, 

P.aeruginosa, L. plantarum, B. fragilis, E. coli, Enterobacter cloacae, C. difficile, Bacillus subtilis, K. pneumoniae. Findings of this 

study indicate that intake of marijuana resulted in altered microbial dynamics and this may be responsible for the subtle and 

insidious health effects of marijuana. 
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ABSTRACT: Bile acids, synthesized by hepatocytes, are excreted into bile by the bile salt export pump (BSEP). Genetic variation in 

BSEP has been shown to have functional consequences in humans; for example, genetically inherited BSEP mutations underlie 

Progressive Familial Intrahepatic Cholestasis type 2. A broader understanding of the impact of genetic variation may enable 

improved strategies for detecting drugs that may affect BSEP function in vivo, either directly or indirectly. In this study, we sought 

to assess the suitability of using Diversity Outbred mice (a genetically diverse population) as a pharmacogenetic model for 

discovery of gene variants that modulate drug-Bsep interactions and their downstream effects. AMG 009 was chosen as a model 

compound for this study, owing to its demonstrated inhibition of BSEP/Bsep in in vitro membrane vesicle assays. Female DO mice 

were administered vehicle or 500 mg/kg AMG 009 once daily (i.g.) for 14 days. Total bilirubin (Tbili) and total bile acids (TBA) were 

increased on Day 7 in animals administered AMG 009, with partial Tbili to full TBA resolution by Day 15 despite continued dosing. 

On Day 7, mean Tbili and TBA values in animals administered AMG 009 were 0.57 mg/dL and 28.85 umol/L vs 0.11 mg/dL and 15.0 

umol/L in controls, respectively. In contrast, less genetically heterogeneous female CD-1 mice exposed to 500 mg/kg AMG 009 for 

8 days showed no increase in Tbili (TBA not measured). DO mice in the present study demonstrated Tbili and TBA elevations in a 

wide range of variability, including mice that showed little or no elevations in these parameters and mice that showed 4 - 10x 

increases in both markers, and exposure differences did not discriminate responders vs non-responders. These data provide 

support for subsequent studies in the DO model for the purposes of identifying genetic risk factors that influence interference in 

Bsep function. Therefore, a larger GWAS study will provide an opportunity to mechanistically understand the genetics that 

underpin resistance versus sensitivity in response to treatment with a compound known to inhibit BSEP/Bsep. 
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ABSTRACT: Ab417 is a human anti-L1CAM monoclonal antibody that cross-reacts with mouse L1CAM, and is under development 

for the treatment of cancers. The purpose of this study was to identify the target tissues of Ab417 by evaluating binding in various 

human tissues using tissue cross-reactivity (TCR) techniques; the human tissue TCR profile was then compared with that of mice 

and in vivo optical imaging to determine whether mice are an appropriate species for nonclinical safety assessment studies prior 

to clinical trials. The in vitro binding profiles of Ab417 were evaluated by immunohistochemistry in human and mouse tissues, and 

in vivo binding was assessed by optical imaging of Ab417 in mice. A preclinical toxicology study was conducted to evaluate the 

safety of Ab417 in mice. Toxicological assessment included clinical observations, organ weight measurements, hematology, 

anatomic and microscopic pathology, and the examination of sciatic nerves by electron microscopy. TCR studies showed that 

Ab417 binds with minimal to moderate intensity to central nervous system tissues and to peripheral nerves in major tissues of 

humans and mice. Ab417 was also detected widely throughout the body of mice in optical imaging. However, mice injected with 

Ab417 showed no clinical signs of neuronal toxicity and no histopathological changes to tissues. Therefore, despite binding to 

neuronal tissues in human and mouse TCR studies, Ab417 does not show neuronal toxicity in vivo in mice, perhaps due to 

differences in the L1CAM target in normal neuronal cells versus pathological states tumor growth. 
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ABSTRACT:  3D bioprinted tissues seek to close the gap between in vitro and in vivo human biology. In the present study, we 

metabolically and transcriptionally characterize the Organovo ExVive™ 3D bioprinted liver relative to other human hepatocyte 

models. RNAseq transcriptome analysis was performed on Organovo liver at numerous timepoints and compared to human liver 

tissue, primary 2D hepatocytes, and HepG2 cells. CYP induction, as well as Phase I and Phase II enzyme activities were also 

assessed. We demonstrate that the Organovo 3D printed liver model has sustained metabolic capacity over time in terms of drug-

induced CYP expression, metabolite formation, and gene expression levels of relevant metabolic machinery. Transcriptome 

expression analysis revealed similarities between Organovo and human liver from donors in terms of extracellular matrix, 

vasculature, and mitosis. The ability of the Organovo model to have comparable metabolic activities to primary 2D hepatocytes 

but over a longer duration of time is an advantage for safety testing, as this can enable chronic dosing studies that could uncover 

slowly developing toxicities. 
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ABSTRACT: Polymers are complex mixtures of materials of different size and chemical compositions and with different end groups 

and structures. The determination and characterization of polymeric materials in biological matrices can be challenging due to the 

diversity of polymers and the complexity of the sample matrix. As an important analytical technique of sensitivity, selectivity, and 

speed, high performance liquid chromatography coupled to tandem mass spectrometry detection (HPLC-MS/MS) plays more and 

more an essential role for the characterization and quantitation of chemicals of interests to in support of pharmacokinetic, 

toxicokinetic, and metabolism studies. Here we present analytical method development for the determination of functionized 

polyethylene glycol (A-PEG-A) in dog plasma (K2EDTA). Plasma samples were prepared using a protein precipitation procedure 



2017 Society of Toxicology Late-Breaking Abstracts  23 

and analyzed using LC-MS/MS in MRM mode. Chromatographic separations were carried out on a Agilent 300C18 column (50 x 4.6 

mm) with mobile phases of 0.1% formic acid in water and acetonitrile [BS1] in a 4-minute gradient elution. The LC-MS/MS method 

is applicable for the quantitation of the polymeric analyte (A-PEG-A) in dog plasma from 2.00 to 500 ug/mL using 50.0 uL of 

sample volumes. Execution of the method under current regulatory designs (6 QCs at LLOQ, LQC, MQC and HQC) demonstrates 

method performance. Accuracy of the QCs range from 96.1 to 111% of target and CVs ranging from 7.96% to 13.9%. The 

calibration curve was fit with a quadratic regression (1/x2 weighting; r2 = 0.989).  The general approach of selecting a few MRM 

transitions from polymeric mass spectrum for quantitation can be extended to other polymeric materials. We have demonstrated 

a successful general methodology for the development and validation of LC-MS/MS methods for determining polymers in 

biological fluids to support ongoing pharmacokinetic and toxicokinetic studies. 
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ABSTRACT: IONIS-ANGPTL3-LRx is a LICA drug designed to reduce the production of ANGPTL3 protein, a key regulator of plasma 

lipids. LICA is a ligand technology utilizing N-Acetylgalactosamine (GalNAc3), a high affinity ligand for the hepatic 

asialoglycoprotein receptor (ASGPR), which enhances potency by increasing drug uptake in hepatocytes, thus providing improved 

therapeutic margin and tolerability. In a 3-week transgenic mouse study, IONIS-ANGPTL3-LRx demonstrated a 5-fold improvement 

in ED50 over the “parent” unconjugated antisense oligonucleotide (ASO). This was translated into a 20.2-fold improvement in ED50 

in human subjects after 6 weeks of treatment, along with significant reductions in triglycerides (TG) and LDL-C. In the preclinical 

study, IONIS-ANGPTL3-LRx was well tolerated in a 16-week monkey study. Findings were primarily observed in the top dose at 35 

mg/kg/wk, a dose which is > 200-fold the human ED50 dose at 10.4 mg/wk (0.15 mg/kg/wk), and were mostly due to the known 

effects of ASO tissue accumulation in monkeys. The exception was one monkey at 35 mg/kg/wk dose (1 of 18) with sustained 

proteinuria, hypoalbuminemia and moderate increase in ALT. No PLT decreases were observed in monkeys up to 35 mg/kg/wk in 

the 16-week study. In a 9-month chronic monkey study, IONIS-ANGPTL3-LRx was well tolerated up to the top dose at 12 mg/kg/wk. 

There were no dose-dependent changes in clinical pathology parameters by 9 months, including PLT counts, albumin, ALT, or 

urine protein. IONIS-ANGPTL3-LRx also demonstrated favorable safety and tolerability profiles in a 6-week Ph1 clinical trial with 

doses up to 60 mg/wk, achieving up to 83%, 56% and 35% mean reduction in ANGPTL3, TG and LDL-C, respectively. There were no 

serious adverse events and PLT counts were all within the normal range. Local injection site erythema was only observed in one 

subject at 20 mg/wk but not at other doses. With the NOAEL expected to be at 8 to 12 mg/kg/wk in monkeys, IONIS-ANGPTL3-LRx 

is expected to provide at least ~14 to 21-fold margin over the expected clinical doses of up to 40 mg/wk (0.57 mg/kg). These data 

suggest the LICA technology has the potential to improve the overall therapeutic margin and tolerability for liver-targeting ASOs, 

benefiting from its enhanced delivery to hepatocytes, thus requiring lower systemic doses while maintaining clinical efficacy. 
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ABSTRACT: Familial adenomatous polyposis (FAP) is a rare inherited gastrointestinal (GI) disorder caused by a mutation in the APC 

tumor suppressor gene is one of two well-described forms of hereditary colorectal cancer. In FAP, the Wnt/β-catenin pathway is 

hyperactive and contributes to intestinal polyp formation. CEQ508 is an oligonucleotide therapeutic using live-attenuated 

Escherichia coli genetically engineered to deliver β-catenin short-hairpin RNA to mediate RNA interference in the GI epithelium. 

We report the safety and tolerability of orally administered CEQ508 in patients with FAP. START-FAP is a Phase Ib dose-escalating 

study to evaluate the safety and tolerability of single daily doses of CEQ508 in FAP patients. Six patients (3 each in Cohort 1 and 2) 

were given oral CEQ508 (108 and 109 CFU/day) for 28 days. The primary objective was to establish general safety based on 

physical examinations, histology and laboratory parameters. Tissues (duodenum, ileum, colon) taken during the endoscopy 

examinations at baseline and at end-of-treatment (EOT) were immunohistologically stained for β1 integrin (receptor for CEQ508 

internalization), Ki-67 and cleaved Caspase 3 (CC3) as biomarkers for proliferation and apoptosis, respectively. Daily oral dosing of 

108 and 109 CFU of CEQ508 for 28 days was well-tolerated. Histological evaluation of polyps and normal mucosa at baseline and 



2017 Society of Toxicology Late-Breaking Abstracts  24 

EOT indicated no changes in tissue morphology or inflammation within GI tissues in CEQ508-treated cohort 1 patients. A mild 

inflammation (score of 1 at EOT) was noted in colon mucosa of cohort 2 patients. Ki-67 and epithelial CC3 staining were higher in 

adenomas than in normal mucosa. β1 integrin receptor expression for normal mucosa and adenoma was exclusively basolateral; 

less than for adenoma at baseline but higher than adenoma at EOT. Bacterial delivery of CEQ508 RNAi agent in FAP patients 

demonstrated an acceptable safety profile at the two doses tested and the MTD was not reached. In a separate report, we 

showed knockdown of β-catenin in cohort 2 patients. Therefore, without reaching the MTD, we achieved both the primary 

endpoint of safety and secondary endpoint of β-catenin knockdown. CEQ508 is now being moved into the next clinical 

development phase for eventual approval against FAP. 
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ABSTRACT: Selection of appropriate animal model in drug development is important. Use of the companion animal as a disease 

model has been shown to have practical advantages. In this respect, naturally occurring keratoconjunctivitis sicca (KCS) in dogs is 

considered to be an excellent model for human dry eye because of similarities in clinical signs, pathogenesis and treatment. In this 

study, the efficacy and safety of HL036, a tumor-necrosis factor-α blocking peptide currently under development for dry eye 

treatment, were assessed using naturally occurring KCS in dogs. Twenty-nine dogs with KCS were randomly assigned to treat with 

either HL036 (0.2 mg/mL, 1 mg/mL or 5 mg/mL) or 1% CsA. One drop of each test medications was topically administered into the 

affected eyes of the dogs by their owner twice a day with approximately 12 hours intervals, for 42 days. The Schirmer tear test 

(STT), Fluorescein corneal staining (FCS) and KCS sign score were evaluated before application and on day 14, 28, and 42 after 

treatment. A linear mixed-effects model analysis was performed to determine the differences in scores among groups over time. 

After treatment, the KCS sign and tear production were significantly improved in both 1% CsA and HL036 treated dogs, to a 

greater extent in dogs given HL036, as compared to the baselines levels. There was no severe adverse event. Our findings suggest 

that the application of topical HL036 was well tolerated by and the efficacy was comparable to that of 1% CsA in the treatment of 

naturally occurring KCS in dogs. 
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ABSTRACT: Cardiotoxicity is a major complication of many anti-cancer drugs. Acute effects on cardiac ion channels alter cardiac 

excitability and induce arrhythmias and ultimately heart failure can develop during chronic treatment. Current in vitro strategies 

for detecting these risks are minimal and often ineffective, particularly for effects that occur over the course of days or weeks. We 

aimed to validate a human cell-based assay that is fast, robust, and predictive of both acute and chronic clinical outcomes. 

Currently marketed chemotherapeutic agents were tested on the CDI-CardioECR system (CDI/Fujifilm-ACEA Biosciences). 

Cardiomyocytes were exposed for eight days to doxorubicin and various tyrosine kinase inhibitors (erlotinib, lapatinib, nilotinib, 

sunitinib, and crizotinib) at concentrations comparable to clinical plasma values. Recordings were made at multiple time points 

each day and data was analyzed using proprietary algorithms written in VSA and Matlab. Drugs with hERG channel block liability 

(lapatinib, nilotinib, sunitinib and crizotinib) showed a dose dependent delay in repolarization and an increase in dysrhythmic 

markers. Consistent with the clinical observations, cardiac contractility was decreased by crizotinib, lapatinib, nilotinib and 

sunitinib. Interestingly, the effect of erlotinib on contraction was only apparent after four days exposure which agrees with a 

previously reported animal study and human case report. Drugs (e.g. lapatinib) that block L-type calcium channels decrease the 

associated impedance signal (LTAS) with comparable potency. Time-dependent LTAS decrease beyond the initial response can be 

in principle ascribed to additional mechanisms including channel trafficking and regulation. This may be the case for sunitinib 

where concentrations of the compound that minimally block calcium channels and have no initial effects on LTAS induce 

significant decreases of this parameter after one day of exposure. The data indicates that the CDI-CardioECR system is a valuable 

tool to measure the cardiac excitation-contraction mechanisms targeted by anti-cancer drugs, and can be employed in de-risking 

strategies prior to clinical use. 
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ABSTRACT: AZD3293 (also known as LY3314814) is a non-selective, equi-potent inhibitor of human beta-site amyloid precursor 

protein-cleaving enzymes 1 and 2 (BACE1/BACE2) in Phase 3 clinical development for Alzheimer’s Disease. Inhibition of BACE1 

limits the production of amyloid-β, which appears to play a key role in the pathogenesis of Alzheimer’s Disease. Inhibition of 

BACE2 has been previously reported to result in hypopigmentation in rodents. Here, we report BACE2-dependent depigmentation 

resulting from administration of AZD3293. The nonclinical safety of AZD3293 was evaluated in toxicology studies in albino rats and 

beagle dogs. After 4 weeks of daily oral administration of AZD3293 to dogs, dose-related skin and fur discolorations were 

observed around the eyes, muzzle, whiskers (vibrissae), and back saddle. Subsequently, an additional exploratory study in 

pigmented rats was conducted. Study assessments included both macroscopic (clinical appearance) and microscopic examinations 

of skin biopsy material to characterize changes in pigmentation resulting from AZD3293, as well as to probe the potential 

mechanism by which these changes occur.  Dose-related pigmentation changes observed in dogs and pigmented rats were limited 

to decreased pigmentation in the skin, hair bulbs, and mucosa. Dogs receiving once-weekly oral administration of AZD3293 

developed a striped coloration pattern on the whiskers. The observed macroscopic pigmentation changes correlated with marked 

decrease of melanin in the epidermal and hair follicle keratinocytes and changes in the morphological appearance of melanocytes. 

The depigmentation effects were dose- and species-dependent in severity, reversible, and were not associated with degenerative 

or inflammatory changes. Microscopic (cellular) evidence of recovery was observed in the skin of both species 1 week after 

discontinuation of dosing. By the end of the 13- or 4-week recovery periods, full recovery of melanization was observed at the 

cellular level and at least partial recovery was seen in the appearance of both dogs and rats. These data were consistent with 

previously reported depigmentation effects with BACE2 inhibition, and taken together with data from other in vitro and 

nonclinical studies of AZD3293 (reported elsewhere), suggest that BACE2 inhibition appears to result in the accumulation of a 

premelanosome protein (PMEL) fragment, Mβ, and interrupts the normal production of melanin and melanocyte maturation. In 

conclusion, AZD3293 was associated with reversible hypopigmentation of skin, hair bulbs, and mucosa in dogs and rats, caused by 

BACE2-related interruption of melanocyte maturation. 
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ABSTRACT: Viloxazine was originally developed for the treatment of major depressive disorder and previously marketed in 

Europe. It is currently in late-stage development by Supernus Pharmaceuticals for the treatment of attention deficit hyperactivity 

disorder (ADHD). Viloxazine (SPN-812) is a structurally distinct, bicyclic norepinephrine reuptake inhibitor, with antagonistic 

activity at 5-HT7 and 5HT1B receptors and agonistic activity at 5-HT2B and 5HT2C receptors. It was shown to be effective in 

reducing symptoms of ADHD in Phase IIa/IIb clinical trials with good tolerability. Current investigation was undertaken to bridge 

preclinical data gaps in consideration with the intended pediatric population and regulatory requirements. Repeat dose toxicity 

studies in adult and juvenile rats are reported here. For adult rats, viloxazine was dosed orally at 0, 25, 100 or 250 mg/kg/day for 3 

months and standard toxicity measures were evaluated. Juvenile rats were dosed orally at 0, 50, 150, or 250 mg/kg/day for 8 

weeks starting postnatal day 23, continuing to adulthood. Routine toxicity, effects on reproductive and neurobehavioral 

development, plasma insulin-like growth factor 1 (IGF-1), bone length and bone density were evaluated. In adult rats, treatment-

related toxicity was limited to high dose, 250 mg/kg. At necropsy, changes in reticulocyte counts, hemoglobin distribution width, 

serum alkaline phosphatase, serum cholesterol, and serum albumin, higher kidney and liver weights, and centrilobular 

hypertrophy and midzonal vacuolation of the liver were noted. These changes completely recovered during non-dosing period and 

thus, no observed adverse effect level (NOAEL) was considered to be 250 mg/kg/day. In juvenile rats, clinical observations of 

ptosis and decreased motor activity, and slight reductions in body weight and food consumption occurred at 150 and 250 

mg/kg/day during dosing period, but fully recovered during the recovery period. Thus, the NOAEL was considered as 250  
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mg/kg/day. Taken all data together, it was concluded that the changes seen in these studies, where appropriate to compare, were 

comparable to those reported previously, bridged the data gaps to current regulatory standards and supported the safety profile 

of viloxazine for continued development of this novel molecule for new indication as proposed. 
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ABSTRACT: Cholestatic DILI in humans has been associated with bile salt export pump (BSEP) inhibition (IC50s < 25 µM); however, 

in vitro BSEP IC50 concentrations do not correlate with in vivo cholestatic DILI severity. Sandwich-cultured human hepatocytes 

(SCHH) when treated with BSEP inhibitors respond to the resulting increased intracellular concentrations of bile acids (BA), via 

activation of FXR (adaptive response). This results in decreased synthesis of BA and increased basolateral efflux of BA via OSTα/β, 

which prevents cholestatic hepatotoxicity. Therefore, BSEP inhibition alone may not be sufficient to induce toxicity. In addition to 

BSEP inhibition, inhibition of basolateral efflux and/or interference with the adaptive response (FXR antagonism) may lead to 

increases in drug-induced cholestatic bile acid hepatotoxicity. Cryopreserved, Transporter Certified™ human hepatocytes in a 

sandwich configuration (96-well format) were cultured in proprietary media with physiologically relevant concentrations of 

glucose, free fatty acids, and BAs to evaluate the cholestatic hepatotoxicity potential of 14 drugs. BSEP IC50s (vesicle assay) of 

these ranged from 0.3 µM to 64 µM. All drugs were evaluated for 24 hours on Day 5 of culture at 20X of their systemic Cmax 

concentration. Drugs in this test set included those with high incidences of clinical liver injury (troglitazone, fluvastatin, and 

amiodarone) and those with rare or no reports of clinical liver injury (pioglitazone, erythromycin estolate, and telmisartan). The 

cultures were measured for ATP content (CellTiter-Glo®) and LDH secretion (CytoTox-ONE™) following 24 hours of treatment. The 

Cholestatic DILI assay (patent pending), correctly predicted troglitazone hepatotoxicity (BSEP IC50 – 2.7 µM) and unlike using BSEP 

alone, the lower potential for cholestatic hepatotoxicity of pioglitazone, erythromycin estolate, and telmisartan (BSEP IC50– 0.3 

µM, 13 µM, and 16.2 µM, respectively) was correctly predicted. Compounds with high incidences of cholestatic hepatotoxicity, 

fluvastatin and amiodarone, but with high BSEP IC50 values (36.1 µM, and 43.0 µM, respectively) were also correctly predicted. A 

whole cell assay integrating BSEP inhibition and decreased basolateral efflux by direct inhibition (acute effect) or FXR antagonism 

(chronic effect) can more accurately predict cholestatic DILI. 
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ABSTRACT: Micro-electrode arrays (MEAs) have been widely utilized to measure neuronal activities in vitro. The MEA technology 

offers many unique advantages to investigate neuronal circuitry, interaction and models of learning and memory, development, 

aging, disease and neurotoxicity. While several high-throughput platforms have been utilized for drug screening with cultured cell 

applications in recent years, there have been limited platforms designed for acute and culture slice applications. Here we present 

the capabilities of the MED64-Quad II system, a novel medium-throughput MEA designed specifically for acute or cultured slice 

applications. Recordings were made from acute hippocampal slices from 6-8 week old male ICR strain mice and the extracellular 

signals were obtained at 16 electrodes per slice (4 slices recorded simultaneously) or 64 electrodes per slice with MED64-basic 

system. Spontaneous spikes were recorded with 4 slices simultaneously using the MED64-Quad II System. On a given experiment 

of 16 or 64 electrodes recording, spontaneous firing were recorded from hippocampal CA1 /CA3 area. The firing frequency per 

channel and the number of synchronized bursts were analyzed. Pharmacological agents bicuculline, NMDA, AP5, PTZ 

(pentylenetetrazole), and VPA (sodium valproate), phenytoin were tested on the slices using MED64 system. The synchronized 

bursts were seen following bath perfusion of bicuculline 10uM or NMDA 10uM or PTZ 5mM. APV abolished the burst discharge 

induced by NMDA. Antiepileptic drugs VPA and phenytoin reduced the burst discharges induced by PTZ. The results of this study 

indicated that the MED64-Quad II and Basic system increases throughput while maintaining high sensitivity to detect spontaneous 

spiking signals. MED64 system is a useful tool for drug discovery, target validation, compound screening for antiepileptic drug 

targets and pharmacological studies in acute brain slice applications in vitro. 

 ___________________________________________________________________________________________________________  



2017 Society of Toxicology Late-Breaking Abstracts  27 

ABSTRACT NUMBER: 3284 Poster Board Number: P253 

TITLE: Development of an Automated High-Throughput LC/MS/MS Method for the Analysis of a Neurotransmitter Panel in Mouse 

Striata 

 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: S. R. Bell, J. M. Lucarell, C. Quang, M. Herberth, L. Moran, E. A. 

Groeber. Charles River Laboratories, Ashland, OH. 

KEYWORDS: Biomarkers; Safety Evaluation; Neurotransmitters 

 

ABSTRACT:  The quantitative analysis of neurotransmitters (NTs, i.e. dopamine (DA), norepinephrine (NE), serotonin (5-HT), 5-

hydroxyindoleacetic acid (5-HIAA), 3,4-dihydroxyphenylacetic acid (DOPAC), and homovanillic acid (HVA)) in the brain as it relates 

to neurodegenerative disease is complicated by severe stability constraints. Specifically, the handling of striata tissue samples 

during the homogenization process is critical to ensuring accurate analysis as the tissue must be maintained completely frozen 

prior to homogenization, otherwise the concentration data are compromised. Hand-held homogenizers met these strict 

requirements but created a bottleneck with only 6 samples homogenized and processed per 4-hour analytical session. 

Development of a higher-throughput automated protocol capable of meeting the strict stability requirements presented multiple 

challenges. Grinding materials and parameters were investigated using simulated stability homogenate samples spiked with 

heavy�labeled NTs due to the difficulty in generating viable mouse striata. The resulting protocol includes an LC/MS/MS method 

for measure of NTs in homogenized mouse striata after dilution and filtration. Using a 2010 Geno/Grinder potential grinding 

materials were assessed for non-specific binding, oxidation/reactivity, and adequate tissue homogenization. After identifying 

viable grinding media, stability profile studies examined the effects of grinding time, grinding speed, and grinding temperature on 

the assay. Stability profiles demonstrate the chosen grinding materials and conditions can cause significant chemical and thermal 

degradation of several NTs analyzed including 100% loss of several analytes. Ultimately, an updated high-throughput procedure 

was developed using 4.0mm acid-washed silica beads grinding at 1300 rpm for one minute. Cryo-blocks during homogenization 

can extend the stability during homogenization for up to 15 minutes but also adds significant additional logistical handling time. 

Overall, the average inter-subject variability (%RSD) for the different NTs was decreased by 50.4% with values ranging from 3.6 - 

20.8% (decreased from 13.7 - 34.1%) based on the analyte. The new homogenization protocol homogenizes 24-samples in 45 

minutes for vastly increased production. Additionally, the automated process results in a more robust and precise analysis. 
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ABSTRACT: Nowadays multidrug-resistant tuberculosis strain which is unaffected by the major anti-tuberculosis drugs currently 

on the market. 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 5,6-dihydropyridazine-1(4H)-carbohydrazides and its analogs was synthesized and characterized 

spectroscopically. All the compounds were characterized and screened for in vitro anti-tuberculosis (anti-TB) activity against 

Mycobacterium tuberculosis H37Rv strains by using resazurin assay utilizing microtiter-plate method. These compounds also 

showed good antitubercular. Thus, the high level of activity shown by the compounds (7a, 7e) suggests that these compounds 

could serve as leads for development of novel synthetic compounds with enhanced anti-TB activity. After that, 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 5,000 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 rat 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: Cutaneous Adverse Drug Reactions (cADR) are among the most commonly reported adverse drug reactions (Chung 

2016), and while recent advances have been made in predictive models for cADRs (Strickland 2015; Naisbitt 2014; Uetrecht 2005), 

few methods have been able to consistently and accurately identify which chemicals will cause cADRs in which patients. The 

BioMAP Diversity PLUS panel consists of 12 human primary cell-based systems designed to model the tissue and disease biology of 

the vasculature, skin, lung and inflammation, based on quantitative measurement of biomarker activities as well as biomarker 

signature generation and comparison of biomarker signatures of reference compounds. Comparisons can additionally be made to 

8 Tox Signatures (acute toxicity, immunosuppression, skin irritation, liver toxicity, organ toxicity, skin rash [MEK-related], skin 

sensitization, and thrombosis) and 28 defined mechanistic classes. For this pilot study, 7 compounds with disparate chemistry, 

pharmacological activity, and purported mechanisms of cADR were analyzed in the BioMAP Diversity PLUS panel (acetaminophen, 

abacavir, dapsone, nevirapine, and sulmethoxazole, as well as the potential cADR-initiating metabolites 12-OH-nevirapine and 

nitroso-sulfmethoxazole), with additional analysis provided by compounds already present in the DiscoverX database. Of the three 

Tox Signatures relating to skin (skin irritation, skin rash, and skin sensitization), only the skin irritation signature aligned with a 

limited number of compounds tested (nevirapine and abacavir), while alignments were not identified with the skin rash or skin 

sensitization signatures. No specific class mechanisms were identified for the 7 listed compounds. Biomarker activity for 

compounds that had a positive association with cADRs could be categorized into one or more of the 4 following physiological 

processes: inflammation, immunomodulatory, hemostasis, and tissue remodeling, and for the analysis of parent and metabolite, 

different biomarker signatures were identified for each. In conclusion, although alignment to the 3 skin-related Tox Signatures 

were limited, information regarding the common physiological processes involved in cADRs may be elucidated using the BioMAP 

Diversity PLUS panel. 
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ABSTRACT: Mitochondrial dysfunction has become increasingly implicated in the drug-induced toxicities. To avoid mitochondrial 

liabilities, routine screens are being positioned within the drug discovery process. Different test systems offer complementary 

information from the overall assessment of the effects of a drug on the mitochondria to more specific evaluation of mechanisms. 

However, publicly available literature on the exact specificity and sensitivity, mechanistic interrogation and the utility of these 

assays in a screening cascade is currently lacking. The ‘Mitotox’ working group within IMI MIP-DILI (Mechanism-based Integrated 

Systems for the Prediction of Drug-Induced Liver Injury) consortium conducted a Ring Trial study to evaluate the utility of 

mitochondrial dysfunction test systems in drug discovery. Three mitochondria assays using HepG2 cells (Glucose/Galactose assay, 

Mitochondrial Membrane Potential assay and the measurement of oxygen consumption by ‘Seahorse’ extracellular flux analyzer) 

were compared in a multi-site project. A set of 43 reference compounds, including different mechanisms of mitochondrial toxicity, 

were selected for the studies. Results show that the Glucose/Galactose and the Mitochondrial Membrane Potential assay 

performed best as short term assays and showed good predictivity (37-61 % sensitivity, 85-100 % specificity) towards drug-

induced mitochondrial toxicity. Both assays can be used for hazard identification of mitochondrial toxicants in early drug 

discovery. When compounds are incubated for 24 h or more, these assays are no longer specific for mitochondrial toxicity. 

However, in some cases longer treatment time is needed, e.g. for mtDNA synthesis inhibitors. The Seahorse assay showed good 

predictivity of mitochondrial toxicity (64 % sensitivity, 100 % specificity) enabling a sensitive but most of all a specific secondary 

assay providing more mechanistic information. The Ring Trial also identified many points of attention of the different assays, e.g. 

issues related to physicochemical properties of the test compounds and to the cell models. 
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ABSTRACT: Cardiac safety remains the leading cause of drug development discontinuation and withdrawal of post marketing 

approvals. This has called into question the reliability of current preclinical safety-testing paradigms, which rely predominantly on 

animal models, and has led to demands for more predictive tools. To this aim, we sought to develop and validate a new ex vivo 

human-based model that uses human ventricular trabeculae, paced under tension and combined with continuous recordings of 

the exerted contraction force (Fc). We were especially interested in establishing if this strategy could provide a more predictive 

approach for assessing both inotropic activity as well as pro-arrhythmia risk. Since the T-wave recorded in ECG in the clinics marks 

ventricular repolarization and is therefore an electrical measure of the contraction’s relaxation, we used Fc parameters as markers 

to assess drug-induced inotropic effect (maximum amplitude of contraction; MAC), pro-arrhythmia (after-contraction, AC which 

has been proposed to be triggered by early-afterdepolarizations) and QT prolongation (TR70, time to 70% relaxation). We 

generated an initial round of validation data employing a reference drug set that included 1 sympathomimetic (isoproterenol), 1 

non-torsadogenic (verapamil) and 2 torsadogenic (dofetilide and sotalol) compounds. Each drug was tested separately in 5 

ascending concentrations. We found that dofetilide and sotalol had no effects on MAC, while isoproterenol increased MAC (by 

315% at 0.03µM) and verapamil decreased it (IC50=1.46µM). AC incidence with dofetilide and sotalol was observed starting at the 

free Effective Therapeutic Plasma Concentration (fETPC), while verapamil and isoproterenol did not induce any ACs even when 

tested up to 222x and 1000x of their fETPCs, respectively. Finally, concentration-dependent increase in TR70 was seen with 

dofetilide and sotalol, while isoproterenol induced a decrease in TR70. Verapamil had no effect on TR70 up to 222x the fETPC. In 

summary, these data demonstrate that this human ex-vivo tissue-based model has the potential to simultaneously predict risk 

associated with inotropic activity and QT/pro-arrhythmia. 
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ABSTRACT: Therapeutic-based monoclonal antibodies (mAbs) have a potential to induce adverse immune responses in clinic 

which includes infusion reactions, cytokine release syndrome, and immunogenicity (formation of anti-drug antibody). In this work, 

we developed a preclinical whole blood cytokine release assay (CRA) for predicting the risk of cytokine release syndrome (CRS) 

and immunogenicity by mAbs. Clinically tested mAbs with high to low levels of CRS and immunogenicity were evaluated in whole 

blood CRA. The magnitude of cytokine release in the assay was substantially different for mAbs associated with CRS versus mAbs 

associated with immunogenicity, indicating that whole blood CRA is a useful tool to distinguish between the risk of CRS and 

immunogenicity. To understand the mechanisms responsible for cytokine release in whole blood assay, we used Alemtuzumab 

(Campath) an anti-CD52 mAb which is proposed to mediate cytokine release through the Fc region of Fcγ receptors (FcγRs). Our 

results showed that most cytokines were inhibited when FcγRs were blocked with inhibitory antibodies or when Campath 

F(ab')2 was used to stimulate peripheral blood cells. Furthermore, by combining whole blood CRA and PCR-based allele specific 

restriction analysis, we identified a correlation between the high affinity FcγRs polymorphisms and the enhanced innate immune 

expression to Campath. In contrast, one cytokine showed an enhanced response to Campath F(ab')2, suggesting that the release of 

this cytokine in response to Campath could be mediated through different mechanisms. Overall, whole blood CRA is a useful 

predictive preclinical tool for immunosafety risk assessment of mAbs and a valuable tool to identify the mechanisms and cellular 

sources responsible for cytokine release. 
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ABSTRACT: It is now apparent that antigen-specific T-cells are activated in certain patients with drug-induced liver injury (DILI). 

Since cross-talk between hepatocytes and immune cells is likely to be critical in determining the outcome of drug exposure, the 

aim of this study was to profile the signals released by drug-treated hepatocytes and to characterise the impact of these 

molecules on the phenotype and function of dendritic cells. Primary human hepatocytes were exposed to three drugs associated 

with T-cell-mediated DILI (flucloxacillin, amoxicillin and isoniazid), and to the reactive metabolite nitroso-sulfamethoxazole (SMX-

NO). Hepatocyte toxicity, cytokine release and activation of oxidative stress pathways were measured. Culture supernatants were 

transferred to monocyte-derived dendritic cells, and cell phenotype and function were assessed. High-mobility group box 1 

protein (HMGB1) and lactate dehydrogenase (LDH) release as well as adenosine triphosphate (ATP) depletion occurred in a drug-, 

time- and concentration-dependent manner with SMX-NO and flucloxacillin, whereas isoniazid and amoxicillin were essentially 

non-toxic to hepatocytes. Furthermore, drug-induced activation of nuclear factor (erythroid-derived 2)-like 2 (Nrf2) marker genes 

was observed when hepatocytes were exposed to graded concentrations of test drugs. The disulphide isoform of HMGB1 

stimulated dendritic cell cytokine release and enhanced the priming of naive T cells. Incubation of dendritic cells with supernatant 

from drug-treated hepatocytes resulted in two distinct cytokine profiles. SMX-NO and flucloxacillin stimulated secretion of TNF-α, 

IL-6, IL-1α and IL-1-β. Isoniazid which did not induce hepatocyte toxicity stimulated the release of a panel of cytokines including 

the above and IFN-γ, IL-12, IL-10 and IP-10. Collectively, our study identifies drug-specific signalling pathways between 

hepatocytes and immune cells that could influence whether drug exposure will result in an immune response and tissue injury. 
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ABSTRACT: The aryl hydrocarbon receptor (AHR) is a ligand-activated cytosolic transcription factor of which physiological action 

unknown, but activated by xenobiotics. Polycyclic aromatic hydrocarbons (PAHs) are pollutants which are persistent in nature 

characterized by the presence of fused organic rings. They are formed by the incomplete combustion of organic materials and 

fossil fuels hence the most predominant air pollutant. The objective of the study was to isolate and identify AHR m RNA transcript 

in thymus, bursa of Fabricius and spleen of developing chicks and correlate with the DNA damage produced in these immune 

organs. PAH chemicals used were pyrene, fluoranthene, phenanthrene. Specific pathogen free (SPF) embryonated eggs on day 

nine of incubation were inoculated with a solution of pyrene, phenanthrene and fluoranthene dissolved in tricaprylin through the 

allantoic route at three dose levels: 0.2mg/kg, 2mg/kg and 20mg/kg. The chicks were harvested on day 21 of incubation and 

immune organs like bursa of Fabricius, spleen and thymus were collected under sterile conditions. Total RNA was isolated from 

these tissues, cleaned and quantified and reverse transcription was carried out. The concentration of Aryl hydrocarbon receptor 

was analysed by sandwich ELISA. DNA adduct produced by PAHs in immune organs were analysed by DNA adduct ELISA and DNA 

damage was assessed by comet assay. A 650 base pair product was observed by RNA extraction and reverse transcription PCR 

from thymus, bursa of Fabricius and spleen. Among the three chemicals, pyrene showed maximum potency in inducing AHR and 

DNA adducts in thymus. A significant increase in the AHR concentration and DNA adduct levels was found in thymus and bursa in 

2mg and 20mg dose levels of pyrene, fluoranthene and phenanthrene treated groups, whereas those in spleen simulated the 

value of controls. This study explains the possible mechanisms of DNA damage in immune organs by AHR activation. This is the 

first ever attempt to explore and explain the mechanism of immunotoxicity in developing chicks by PAHs. 
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ABSTRACT: Drug induced lymphopenia may be the result of drug effects on various stages of lymphocyte maturation, including 

toxicity to primitive precursors in the bone marrow or on the functional mature cell populations. Differences in toxicities between 

animal models and humans have been observed and these can cause some concerns when working from in vivo studies and 

translating the data for clinical trials. Acute and reversible toxicity may suggest a more mature cell population is being affected. 

The publication by Morris et. al. (2010), confirmed that some MAPK kinase inhibitors may have selective toxicity to lymphoid cells 

in dogs, but not in mouse, rat or cynologous monkey (cyno) models. We developed a flow cytometric-based assay platform which 

can assess drug effects on mature lymphoid (T and B) cells from multiple species, including humans. We selected a moderately 

selective MAPK kinase inhibitor (Losmapimob) and a highly selective inhibitor (VX-702) and assessed T and B cell apoptosis 

following 24 hour exposure to the test compounds. Staurosporin, which triggers apoptosis in all lymphoid populations in all 

species was used as the positive control. Test compounds were added over a broad concentration range (100 – 0.01 µM) to 

peripheral blood mononuclear cells (PBMCs) derived from mouse, rat, dog, cyno and humans. The cells were then stained with 

species-specific antibodies against T and B cells. Annexin V was included in all tests to assess apoptosis induction. The samples 

were assessed on a 13 color CytoFlex flowcytometer (Beckman Coulter), and a minimum of 25,000 cellular events were acquired. 

Staurosporin at 3 µM induced significant T and B cell apoptosis in all species. T cell populations were not affected by Losmapimod 

in any species. In contrast, B-cell apoptosis was detected in human PBMCs only in response to Losmapimod at 10, 1 and 0.1 µM. 

VX-702 had no effect on T- cell apoptosis in any species, but there was an increase in B- cell apoptosis in both human (100, 10 and 

1 µM) and cyno (100 and 10 µM) PBMCs. This specialized primary cell based platform can evaluate novel targeted therapies on 

species specific lymphoid toxicity prior to or concurrent with in vivo testing. This platform may be of use pre-clinically to identify 

potential discrepancies between human and animal models. 
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ABSTRACT: Recent Centers for Disease Control reports indicate that binge drinking in the US, with approximately 17% of adults 

(about 35,550,000 people) drinking 4 or more times per month, is much greater than alcohol dependent behavior. Alcohol 

suppresses the innate immune system resulting in an increased incidence of some diseases among alcohol abusers compared to 

moderate drinkers or non-drinkers. Chronic alcohol consumption is a known risk factor for bacterial pneumonia caused by 

Streptococccus pneumoniae (Spn). Very few studies report the effects of binge drinking on resistance to Spn in humans and there 

is no well characterized animal model to determine which aspects of binge drinking impact resistance to infection. Studies of the 

effects binge drinking on resistance to Spn in human subjects who engage in binge drinking are inconsistent with regard to effects 

on infections, but binge drinking as compared to alcohol dependence is not carefully addressed in these studies. Here, we report 

the initial development and characterization of a mouse model to study the effect of repeated binge drinking on resistance to Spn. 

Ethanol (6g/kg) or vehicle was administered by oral gavage in C57BL/6 mice once daily for 3 days, followed by a 4 day recovery 

period and a subsequent daily once per day alcohol dosing for 3 days, a repeated drinking regimen that mimics weekend binge 

drinking. Thirty minutes post last alcohol dosing, ethanol and vehicle treated groups (n=6) were challenged (intra-nasal) with 108 

CFU Spn TIGR4, a mouse virulent clinical strain, and euthanized 6 hr post challenge. Enumeration of bacterial CFUs from lung 

homogenates showed a significant difference between control (vehicle+Spn) and challenge (ethanol + Spn) groups. Ethanol 

treated mice had 4X more pneumococci in their lungs compared to the control group. These results demonstrate a decrease in 

host resistance to pneumococci in this repeated binge drinking regimen. Further characterization of this repeated binge drinking 

mouse model by evaluation of early innate immune responses by analyzing multiple cytokines/chemokines is ongoing. 

Establishment of this mouse model at the intersection of binge drinking and pneumococcal pneumonia will allow us to determine 

whether it is alcohol dose or patterns of binge drinking that determine the outcome of infections in host. This work was supported 

by NIH grant P20GM103646. 
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ABSTRACT: Millions of people are exposed to arsenic in the US and worldwide through contaminated water and food. Arsenic 

induces multiple cancers, other chronic immune-related diseases and is associated with increased infectious disease risk. In a 

unique study area in Chile, our research group found that the relative risks of adult mortality from cancer, bronchiectasis as well 

as tuberculosis (TB) are much greater when arsenic exposure occurred prenatally or in early life, compared to later-life exposures. 

This provides rare human evidence in support of the “Developmental Origins of Health and Disease” (DOHaD) hypothesis. It is 

postulated that the DOHaD hypothesis may partially explain the persistent global burden of infectious diseases. However, the 

mechanisms behind this phenomenon remain unclear. We hypothesize that early-life exposures, such as arsenic, permanently 

impact the developing immune system. Subsequent immune imbalance may then increase the risk of infectious diseases, like TB, 

later in life. For this study, we focused on macrophages, innate immune cells known to influence TB pathogenesis. We assessed 

the effects of different in vitro doses of inorganic arsenic and arsenic metabolites on mouse bone-marrow-derived macrophages 

(BMDMs). Multiplexed cytokine/chemokine profile analysis on homeostatic and activated BMDMs revealed significant dose- and 

time-dependent expression changes. Several of these cytokines/chemokines are involved in pattern recognition receptor 

pathways that are critical for innate immune response against TB. Metabolomics analysis of these BMDMs showed that arsenic 

also led to changes in pro-inflammatory signaling lipids. We observed similar metabolic and immunogenic alterations in arsenic 

exposed mice, as well as differential effects of arsenic on TB pathogenicity in vivo. We are currently validating our findings in 

human samples. Together, our data elucidates how arsenic influences infectious disease risk in exposed populations. 
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ABSTRACT: The continuous emergence of novel immunomodulatory therapeutics has brought more attention in the past decades 

to the evaluation of potential adverse effects on the immune system, and in particular for the developing immune system in the 

early life stages. A functional evaluation, such as the T-dependent antibody response is considered as most appropriate to address 

immunotoxicity in non-clinical setting; however these need to be optimized for use in younger animals. In this study we evaluated 

the primary and secondary T-dependant antibody response (TDAR) to the Keyhole limpet hemocyanin (KLH) in immunocompetent 

or immunosuppressed juvenile Sprague-Dawley rats. Male and female juvenile rats were dosed by intraperitoneal injection for 42 

consecutive days with 0, 2, 4 or 6 mg/kg/day Cyclophosphamide (CPA) starting from postnatal day (PND) 22. All rats were given 

both a primary immunization and a secondary challenge with KLH on Days 7 and 35 following the first CPA administration. Blood 

samples were collected from each animal on Days 7 (pre-KLH), 12, 28, 35 (pre-KLH) and 42. The anti-KLH Immunoglobulin (Ig) M 

response was evaluated from samples taken prior to the first KLH administration (Day 7) and on Day 12 whereas the anti-KLH IgG 

levels were measured prior to KLH immunization on Day 7 and on Days 28, 35 (primary response) and 42 (secondary response). Ig 

levels in serum samples were measured by ELISA. A primary anti-KLH IgG response was measured in all the animals. Greater IgG 

levels were observed on day 42 following the secondary challenge with KLH. CPA treatment at 6 mg/kg/day induced a significant 

inhibition of the anti-KLH IgG response at all tested occasions for both sexes. Statistically significant inhibition was achieved at a 

lower dose level (4 mg/kg/day) only for the secondary response in the females. This suggests that the secondary immunization 

provides a more sensitive assessment of immunosuppression by CPA. Anti-KLH IgM response was not detected in the vast majority 

of animals, thus, the effect of CPA administration on the IgM response could not be assessed. While a uniform T-dependent 

antibody primary response was obtained from juvenile rats 21 days following a single KLH immunization the secondary challenge 

produced a more robust antibody response. The identification of a well-tolerated dose of cyclophosphamide which induced 

statistically significant immunosuppression will support future immunotoxicology studies in juvenile rats. 
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ABSTRACT: Activation of AhR in CD4+ T cells leads to suppression of Th1-, Th2- and Th17-mediated immune responses. In allograft 

models, the first 3 days of the immune response represent a critical window for AhR activation during which significant changes in 

donor CD4+ T cells occur. However, little is known about the mechanisms that underlie this early window of CD4+ T cell sensitivity 

to AhR activation and whether limiting AhR signaling to this early window is sufficient to suppress the allograft response. We used 

a rapidly metabolized AhR ligand, 10-Cl-BBQ, to show that early AhR activation alone is indeed sufficient to suppress GVHD. Early 

activation of AhR was also sufficient to increase the frequency of CD4+ Foxp3+ T cells on day 15 of the GVH response. AhR 

activation induced an early increase in IL-2 production by donor CD4+ T cells that was responsible for the Tr1-like phenotype on 

day 2 and the Foxp3+ Treg phenotype on day 15. However, blockade of IL-2 signaling, which prevented the induction of Foxp3+ 

Tregs, failed to alter AhR-induced suppression of GVHD. Global gene expression analysis of purified alloresponding donor CD4+ T 

cells on day 2 and 3 of the GVH response revealed up-regulation of many genes associated with regulatory T cells and down-

regulation of genes involved in cell cycle progression. Reduced cell cycling was validated by reduced BrdU incorporation on day 4 

of the GVH response. These results are consistent with a model of AhR signaling during naïve CD4+ T cell activation leading to 

induction of unique AhR-Tregs that induce premature cell-cycle arrest in effector CD4+ T cells; the lack of mature CD4+ T helper 

cells prevents the maturation and differentiation of allospecific CD8+ CTL leading to suppression of GVHD. 
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ABSTRACT: The polymeric IgR (pIgR) is a central component in the transport of IgA across enterocytes and thereby plays a crucial 

role in the defense against enteropathogens and in the regulation of circulating IgA levels. The present study was performed to 

address the novel regulation of pIgR expression in intestinal epithelia insulted by ribotoxins. Insults to mucosa that led to 

ribosome inactivation attenuated pIgR expression in enterocytes. However, IFN regulatory factor-1 (IRF-1) as a central 

transcription factor of pIgR induction was superinduced by ribotoxins in the presence of IFN-γ as a result of mRNA stabilization by 

the RNA-binding protein HuR. Another important transcription factor for pIgR expression, NF-κB, was marginally involved in 

suppression of pIgR by ribotoxins. In contrast to a positive contribution of HuR in early induction of IRF-1 expression, extended 

exposure to ribotoxins caused nuclear entrapment of HuR, resulting in destabilization of late-phase-induced pIgR mRNA. These 

HuR-linked differential regulations of pIgR and of IRF-1 led to a reduced mucosal secretion of IgA and, paradoxically, an induction 

of IRF-1-activated target genes, including colitis-associated IL-7. Therefore, these events can account for ribotoxic stress-related 

mucosal disorders and provide new insight into interventions for HuR-linked pathogenesis in diverse mucosa-associated diseases, 

including inflammatory bowel disease and IgA nephritis. This work was carried out with the support by Basic Science Research 

Program through the National Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT and future Planning 

(NRF-2015R1A2A1A15056056). 
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ABSTRACT: Chronic obstructive pulmonary disease (COPD) is the third leading cause of death in the United States and 

emphysema, a subtype of COPD, is responsible for an estimated 3 million deaths worldwide. Cigarette smoke (CS) is the leading 

cause of emphysema, which is characterized by destruction of alveolar sacs, ultimately leading to gas exchange impairment. In our 

prior studies, we have demonstrated that the cytokine, macrophage inhibitory factor (MIF) is altered in human COPD and animal 
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models of CS-induced emphysema. Further, MIF is cytoprotective with the capacity to antagonize endothelial cell (EC) apoptosis 

and emphysema severity implicating it as a key regulator of CS-mediated oxidative injury in the lung. Recognizing the critical role 

of pro-oxidant and anti-oxidant gene expression in emphysema pathobiology, we hypothesized that MIF may exert its 

cytoprotective role via effects on antioxidant gene expression. The master transcriptional regulator of antioxidant gene expression 

is nuclear factor (erythroid-derived 2)-like 2 (Nrf2), thus we predict that MIF may directly or indirectly, modify anti-oxidative injury 

via Nrf2. Using lung tissue from a CS-induced emphysema model and primary human pulmonary EC in vitro, we tested the effects 

of MIF on Nrf2 stability and transcriptional targets. CS-induced up-regulation of Nrf2-dependent transcripts, NQO1 and GPX2, is 

lost in vivo in the absence of MIF despite increased tissue reactive oxidant species, implicating MIF as an obligatory regulator of 

Nrf2 signaling in the lung. Cullin3 (CUL3), part of the CUL3-Keap2-E3 ligase, is an established regulator of Nrf2 stability. MIF’s 

binding partner, JAB1, is a recognized modifier of CUL3, activity via post-translation modification (PTM) to alter the activity of the 

ligase. Thus, we predict that MIF may modify Nrf2 via effects on JAB1 and CUL3. In support of this, JAB1 expression and the PTM 

of CUL3 are altered by MIF in CS exposure. In vitro recombinant MIF (rMIF) was sufficient to decrease ROS accumulation, drive 

antioxidant response element (ARE) activity, stabilize Nrf2 protein expression in a proteasome-dependent manner. Here, we 

provide evidence supporting a model of MIF impacting upon oxidative injury via a JAB1-CUL3-Nrf2 pathway. 
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ABSTRACT: The adulteration of pet food with melamine and cyanuric acid caused kidney failure and death of hundreds of cats and 

dogs in the US in 2007. While melamine and cyanuric acid present relatively low toxicity individually, co-exposure to these two 

compounds can result in their co-crystallization in the nephron as an insoluble complex of melamine cyanurate (MC), leading to 

obstructive nephropathy and potential kidney failure. In order to understand better the long-term consequences of this 

nephropathy, we treated groups of male and female F344 rats (10-week old; 36 rats per sex/dose group) for 90 days with daily 

separate gavages of 0 (control), 1.25, 2.5, or 5 mg/kg bw each of melamine and cyanuric acid. Groups of 12 rats/sex/dose were 

then sacrificed on days 1, 30, and 90 after cessation of dosing (recovery period). Histopathological analysis of the kidneys revealed 

a clear dose-response in the deposition of MC crystals on day 1 of the recovery period. Further analysis revealed a dose-response 

in the incidence and severity of the degeneration and regeneration of the renal tubules, lymphocyte cellular infiltration, and 

hyperplasia of the transitional epithelium of the pelvis. Although the histopathological evaluation of the kidneys of the rats 

sacrificed after 30 and 90 days of recovery revealed a reduction in the incidence and severity of these lesions, at 90 days of 

recovery there were still substantial differences in the lesions of both male and female high-dose rats versus the background 

lesions of their matching controls. Of particular note, 67% of males and 83% of females in the high dose group still presented mild 

hyperplasia in the transitional epithelium of the pelvis after 90 days of recovery versus 0% in their matching controls. The 

deposition of MC crystals was also assessed by wet-mount analysis of kidney tissue, an approach that avoids the loss of crystals in 

formalin during fixation. The wet-mount analysis revealed continued and significant crystal presence in the kidneys of the two 

highest dose groups throughout the recovery period. We note that there appears to be a clustering of the crystals towards the 

kidney pelvis, likely due to the hydrodynamics of the organ. These observations question the ability of the rat kidney to achieve 

complete remission from the injury induced by higher levels of co-exposure to melamine and cyanuric acid. 
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ABSTRACT: Fumonisins (FBs) are a group of mycotoxins produced by several species of Fusarium. These toxins induce neurologic 

adverse effects in horses known as equine leukoencephalomalacia. The aim of this study was to measure the frequency of total 

FBs concentrations in hay forage used as horse feed, and to establish the influence of storage in fumonisin accumulation. For this 

purpose we sampled hay forage in 6 horse stables from Monterrey metropolitan area (Nuevo León, México). Up to now, 2 seasons 

have been sampled (summer and autumn) and the study will run for a year. Total FBs were measured according to VICAM´s 
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fluorometric tests for fumonisins (FumoniTest VICAM, Waters, Milford, MA, USA), storage conditions were assessed using a 

questionnaire with a score sheet (ranging from 0 to 37) in order to find a correlation between the score and storage conditions. 

The results were analyzed with a correlation and frequency (for high FBs concentration values) study using SAS Studio 3.5 (SAS 

Institute Inc., Cary, NC, USA). Our investigation showed that different types of forages are used in equine feed, being Cynodon 

spp. grass the most commonly used. Additionally, we found detectable levels of FBs in forage samples from all stables during 

summer but only in one sample in autumn. This could be due to weather variation between seasons and the fact that other fungi 

species can compete with Fusarium spp. in storage conditions. No correlation was found between the degree of FBs concentration 

and different storage factors. The frequency of FBs levels above the FDA and EFSA permitted level (5 ppm) was 26.7% in summer, 

ranging from 0 to 16.75 ppm, while in autumn none of the samples showed levels above the allowed limit. This is in partial 

accordance with other studies that found high levels of fusariotoxins in July, but also during October. The results of this study 

show the presence of high fumonisin concentrations in hay forage used as horse feed and suggest that there could be other 

factors affecting the FBs content in forage. This can potentially have a detrimental effect on horse health. 
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ABSTRACT: Aflatoxin B1 (AFB1) is a class 1 carcinogen and a common food contaminant worldwide. It is also a major cause of the 

development of hepatocellular carcinoma (HCC), and is estimated to play a causative role in up to 28% of all HCC cases. Existing 

strategies to reduce AFB1 exposure are limited and thus, many people are exposed to uncontrollable levels of AFB1. Our study 

aims to 1) develop a new chemical treatment process to modify AFB1 into a non-carcinogenic form using benign, dietary reagents 

and 2) verify that these new products have reduced genotoxicity. Our treatment strategy targets the mutagenic site of the AFB1 

molecule, the 8,9-double bond, by adducting it to selected amino acids. Identification and quantification of aflatoxins was carried 

out using high performance liquid chromatography-electrospray ionization-time of flight mass spectrometry (HPLC-ESI-TOFMS). 

Optimization of AFB1 hydration was carried out by incubating in various organic acids as well as increasing temperature. Newly 

formed AFB2a was introduced to alkaline solutions containing individual amino acids to form adducts. Products were identified 

based on changes in retention times and accurate mass values. A combination of citric and phosphoric acid along with individual 

amino acids was found to be the most effective while forming a singular product. Accurate mass measurements, fragmentation 

patterns, and nuclear magnetic resonance (NMR) data of AFB2a-amino acid adducts suggest a different chemical structure than 

previously proposed. AFB2a-arginine was chosen as the top detoxification candidate due to no significant breakdown in simulated 

digestive fluids, high polarity, and a 10,000-fold decrease in its octanol-water partition coefficient compared to AFB1. Genotoxicity 

was evaluated using the SOS-Chromotest and Ames’ test in which AFB2a-arginine has shown a complete abolishment of 

genotoxicity. Additionally, interactions between these toxins and DNA were evaluated by identifying the formation of base pair 

adducts using mass spectrometry. Results show clear adduct formation with AFB1 while AFB2a-Arg was completely unreactive. 

Together the data support that when adducted to arginine, AFB1 loses its mutagenicity. In conclusion, this study has identified a 

novel structure of the AFB2a-arginine which can be formed with compounds that are safe to introduce to foods meant for human 

consumption. This process has the potential for providing countries around the world with cleaner and safer foods to consume. 
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ABSTRACT: trans-Trismethoxy resveratrol is an analog of resveratrol with methyl esters instead of three phenolic hydroxyl groups. 

It has been found to exhibit enhanced biological effects compared to resveratrol, such as reduced fat accumulation, inhibition of 

cell growth, and pro-apoptotic activities. However, the role of trans-trismethoxy resveratrol in lipid metabolism is not currently 

known. In this study, we used C. elegans , an in vivo nematode model to investigate the effect of trans-trismethoxy resveratrol on 

lipid metabolism. Treatment of trans-trismethoxy resveratrol (100 and 200 μM) for 4 days significantly reduced fat accumulation 

(14.3% and 19.7% reduction over control, respectively) in C. elegans , without affecting nematodes’ growth rate, brood size, and 

locomotive activity. Furthermore, significant effects of trans-trismethoxy resveratrol on decreased saturation index of fatty acids  
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were observed, as the ratio of oleic acid to stearic acid, compared to control. It was further determined that the trans-trismethoxy 

resveratrol downregulated stearoyl-CoA desaturase genes (fat-6 and fat-7) as determined by stearoyl-CoA desaturase genes 

deficient mutant. These results suggest that trans-trismethoxy resveratrol inhibits fat accumulation in C. elegans by 

downregulating stearoyl-CoA desaturase. 
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ABSTRACT: Chicoric acid is a naturally occurring dicaffeoyl ester that is often found in Echinacea purpurea, chicory and basil. 

Based on previous in vitro studies reporting on chicoric acid’s reduced insulin resistance in human hepatoma cells, the current 

study was to investigate the effects of chicoric acid on glucose uptake and to determine its underlying mechanisms in C2C12 

myotubes. After 6 days of differentiation, C2C12 myotubes were treated with 12.5, 25, or 50 µM chicoric acid for 24 hours with or 

without insulin stimulation. Treatment of chicoric acid (25 and 50 µM) significantly enhanced glucose uptake independent of 

insulin in this model. Consistently phosphorylation of protein kinase B (Akt) as an indicator of insulin signaling pathway was 

significantly increased with chicoric acid treatment independent to insulin treatment. Since 5'-AMP-activated protein kinase α 

(AMPKα) is known to directly activate Akt independent to insulin, we further determined the effects of chicoric acid on AMPKα. 

Treatment of chicoric acid significantly increased the phosphorylation of AMPKα and acetyl-CoA carboxylase, one of the 

downstream targets of AMPKα. Effects of chicoric acid on activation of AMPKα and Akt were abolished by co-treatment of chicoric 

acid and Compound C, which is a specific AMPKα inhibitor. These results suggest that chicoric acid promotes glucose uptake and 

Akt phosphorylation through the AMPKα mediated pathway. 
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ABSTRACT: Backyard chickens have become increasingly popular as a source of eggs. Heavy metal testing in some of these 

chickens submitted to the California Animal Health and Food Safety Laboratory System (CAHFS) for routine diagnostic work up as a 

part of California’s avian influenza surveillance program revealed occasional positives for liver lead even when no clinical signs of 

lead toxicoses were noted. One of the major concerns in lead exposed birds is transfer of lead into eggs which are subsequently 

consumed by humans. The potential public health concerns associated with lead exposure prompted us to begin systematic 

screening of liver samples from every back yard chicken submitted to CAHFS to find the true incidence of lead exposure. Since 

October 2015, we have performed heavy metal testing in 1476 birds of which 45 cases were positive (3.04%). About 40% of the 

birds had significant liver lead concentrations. Positive cases were further investigated by follow-up phone calls with the owners 

of the birds. The owners were asked a pre-determined set of questions including details of the premise (location, presence of old 

buildings), information about family members (number, gender and age group), egg consumption and general management of the 

birds. In addition to testing eggs for lead determinations to make a conservative estimate of daily exposure of family members to 

lead, environmental samples were also tested to identify a lead source. Lead concentrations measured varied from 0.095 to 0.26 

µg/g of egg. To determine lead intake, the weight of one egg was estimated to be 50 g. The maximum amount of lead in one 50 g 

egg was determined to be 13 µg based upon the highest lead concentration of 0.26 µg/g of egg. The current FDA guidelines 

suggest that the maximum allowable intake of lead by children from all sources should not exceed 6 µg per day. Thus at the 

highest lead concentration detected, ingestion of one egg per day would approximately double the allowable lead intake. In 13.7% 

of the cases soil, feed and water samples were also tested for lead to determine possible sources but a definitive lead source was 

not identified. Additionally, only 30% of owners submitted eggs and environmental samples or eggs alone indicating a lack of 

interest or financial concerns. Altogether, this study highlights the importance of the need for backyard chicken owners, 

veterinarians and public health personnel to be aware of the risk and undertake proper surveillance measures. 
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ABSTRACT: Recent concerns have been raised regarding heavy metal content in wine and its potential health implications. The 

goal of this study was to determine if lead (Pb) intake poses a health risk among adult consumers of wine. This was achieved by 

performing a literature review of studies that reported the Pb concentration in domestic and international wines, determining 

adult wine consumption rates in the United States using NHANES dietary survey data, utilizing the US EPA’s Adult Lead 

Methodology (ALM) model to estimate adult blood lead levels (BLLs) from wine consumption under various exposure scenarios, 

and comparing modeled BLLs to guidance values. Models were stratified by different exposure scenarios: average exposure (mean 

wine Pb concentration) and high exposure (95th percentile wine Pb concentration). Lead concentration data was abstracted from a 

total of 31 studies, including wine from 18 countries for a total of 472 wine samples. There was observed variance in wine Pb 

content by country of origin and grape type. The mean Pb content of international red and white wines were 33.9 µg/L (n=282) 

and 35.7 µg/L (n=118), respectively, while the mean Pb content of domestic red wine was 4.4 µg/L (n=61). All modelled BLLs were 

below the Center for Disease Control (CDC) BLL guidance value of 5 µg/dL. When stratified by wine type and location, 

consumption of white wine was associated with larger increases in BLLs than red wine. Assuming a mean baseline BLL of 1.27 

µg/dL and median NHANES wine consumption rate (approximately one-and-a-half glasses of wine per day) for all wine types, a 

wine Pb concentration of 239 µg/L was required to elevate adult BLLs to the CDC guidance value of 5 µg/dL. Assuming a mean 

baseline BLL, an individual was required to drink 10.4 glasses of wine per day (all wine types) under the average exposure scenario 

and 3.7 glasses of wine per day (all wine types) under the high exposure scenario in order to elevate their BLL to the guidance 

value of 5 µg/dL. When stratified by region, a minimum of approximately 24 glasses of wine from the United States was required 

to raise adult BLLs to the 5 µg/dL guidance value. Overall, findings suggest that Pb content in United States and international wine 

does not pose a health risk to adult wine consumers under both average and high exposure scenarios. 
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ABSTRACT: Diarrhetic shellfish poisoning (DSP) and azaspiracid shellfish poisoning (AZP) are emerging seafood safety issues in the 

US. Humans can develop symptoms including vomiting and diarrhea after consumption of seafood contaminated with DSP and 

AZP marine biotoxins,. Currently there is no official regulatory method endorsed by the US FDA to determine if these biotoxins are 

present in seafood.A liquid chromatography coupled with triple quadrupole mass spectrometry (Thermo TSQ Quantum Ultra) 

method for the separation and detection of DSP and AZP biotoxins is described in this study. Separation was achieved using a C18 

Hypersil gold column (50mm × 2mm, 1.9µm particle size) with a single run of 7.2 minutes. The mobile phase was comprised of a 

gradient acetonitrile/water containing ammonium formate and formic acid. Both positive and negative modes were used for 

multiple reaction monitoring . The limits of quantification of okadaic acid (OA), dinophysistoxin (DTX)1, DTX2, Azaspiracid (AZA) 1, 

AZA2 and AZA3 in mussels are 0.40, 0.21, 0.30, 0.31,0.49,0.34µg/kg , respectively. The recoveries of OA, DTX1, DTX2, AZA 1, AZA2 

and AZA3 in oysters are 88.6; 121; 133; 92.0; 84.0; and 87.1% respectively. The recoveries of these toxins in clams and mussels 

show similar results. Twelve Puget Sound shellfish samples including mussels, clams and oysters were provided by WSDoH. With 

no information regarding presence of toxin.Data obtained from these samples using the proposed method agree well with data 

from a different LC-MS/MS method used in harvest control by WSDoH (Y = 0.89X + 5.6; R squared = 0.998; P<0.0001). Levels of 

DTX1 in 11 samples are below the regulatory action level (160µg/kg) and range from 0.21 to 112 µg/kg. The level of total DTX1 in 

one Blue Mussel sample is 1539µg/kg, which is well above the regulatory action level.The proposed method shows sufficient 

sensitivity, linearity, and reproducibility, and could provide rapid testing for DSP and AZP biotoxins in shellfish. 
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ABSTRACT: Ochratoxin A (OTA), a naturally occurring mycotoxin, is a stable contaminant found in the production and storage of 

cereals and grains. OTA has been shown to cause kidney tumors in mice and rats, and is classified as a Group 2B carcinogen. 

Health Canada has derived a negligible cancer risk intake (NCRI) of 4 ng/kg bw/day, corresponding to a 1 in 100,000 risk level, 

based on a TD05 of 19.6 µg/kg bw/day and a safety factor of 5000. There is currently no health based guidance value for OTA in 

the US. In this analysis, we assessed the potential cancer risks associated with consumption of OTA in different grain-based 

cereals. OTA intake was estimated using the mean and maximum estimates of US cereal consumption (various age groups and all 

ages combined, as reported in the EPA 2011 Exposure Factor Handbook) and mean OTA levels in grain-based US cereals (as 

calculated from published literature). OTA intake based on mean consumption and mean OTA levels in “all cereals,” organic oat 

cereals, and conventional oat cereals was 0.112, 0.177, and 0.276 ng/kg w/day, respectively, for all ages combined. Using 

maximum reported consumption rates yielded OTA intakes of 3.770, 5.959, and 9.292 ng/kg bw/day for “all cereals,” organic oat 

cereals, and conventional oat cereals, respectively, for all ages combined. Highest OTA intake was observed in children aged 3 to 

5. Estimated OTA intake from “all cereals” in this age group was 0.411 ng/kg bw/day and 3.770 for mean and maximum estimates 

of consumption, respectively. OTA doses associated with mean cereal consumption rates are below the NCRI “negligible cancer 

risk” dose, while the OTA doses associated with maximum consumption rates approach (“all cereals”) or exceed (organic and 

conventional oat cereals) the NCRI value. We conclude that risk of cancer in the US from ochratoxin A exposure is not likely to be 

of concern based on mean estimates of US cereal consumption and mean OTA levels in grain-based cereals. Only under conditions 

of high consumption of oat cereal does the OTA intake exceed the NCRI. 
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ABSTRACT: For dietary supplements, an integral part of good manufacturing practices (GMP) is ensuring that all ingredients meet 

qualitative and quantitative specifications throughout the stated shelf-life of the product. It is often necessary to add extra 

quantities of ingredients (an “overage”) during the manufacturing process to compensate for any loss during product storage. The 

use of overages is well established for less stable vitamins. Pantothenic acid is a vitamin that has the potential to degrade prior to 

the end of the shelf-life of a product, especially for gummy supplements due its acidic matrix. The safety of pantothenic acid was 

evaluated in a multi-vitamin gummy supplement for children when formulated with an overage of this vitamin at 500% of the 

label claim. The evaluation was based on the safety assessment paradigm proposed by the Institute of Medicine in their 2005 

monograph, Dietary Supplements: A Framework for Evaluating Safety. Per the product label, the amount of pantothenic acid in 1 

gummy is 2.6 mg, and the daily serving size is 1 gummy for children age 2-3 years and 2 gummies for children age 4 years and up. 

An overage of 500% of the label claim provides a daily dose of pantothenic acid of 13 mg in children age 2-3 years and 26 mg in 

children age 4 years and older. Animal toxicity data was utilized to derive tolerable upper limits (UL) for pantothenic acid since 

clinical data are limited in children. A human equivalent dose (HED) was estimated following the US FDA guidance in estimating a 

starting dose in initial clinical trials by multiplying a NOAEL of 1,000 mg/kg/day from a 29-day dietary rat study by the Km factor 

(6) for rat, and then dividing by the Km factor (37) for a human adult to obtain a HED of 162 mg/kg. The HED was divided by 

uncertainty factors of 10 to account for intraspecies sensitivity and 3 to account for children as a sensitive population to yield an 

adjusted HED of 5.4 mg/kg. The adjusted HED was multiplied by child reference body weights to yield ULs of 70 mg/day for 

children age 1-3 years, 119 mg/day for children age 4-8 years and 216 mg/day for children age 9-13 years. The overage doses of 

pantothenic acid are well below the ULs in children by 538% for ages 1-3 years, 457% for ages 4-8 years and 830% for ages 9-13 

years. These percent differences show that daily doses of pantothenic acid from the proposed 500% overage in a gummy dietary 

supplement are safe and adequately tolerated in healthy children under adult supervision. 
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ABSTRACT: Based on experiences with infants over 50 years ago and animal studies from the same period, inorganic nitrate has 

been considered a water pollutant to be reduced and a food additive to be limited. Recent research shows that this anion is 

produced in the body, is abundant in fruits and vegetables, and may have health benefits. In fact, people who follow government-

recommended healthy diets ingest more nitrate than recommended limits. Because of the conflicting historical public health, 

food, and environmental regulations and the newer nutrition science related to nitrate, a review of its safety was conducted and a 

proposed acceptable daily intake (ADI) developed. The toxicology and epidemiology of nitrate were reviewed, including 

methemoglobinemia, cancer, teratology and thyroid endpoints. Additionally, the assumptions and risk assessment approaches 

used previously by the Joint Expert Committee on Food Additives (JECFA) and the US EPA were examined. Finally, we evaluated 

what is known about dietary intake of nitrate in healthy diets. JECFA set an ADI of 3.7 mg/kg-day in 1975 based on general toxicity 

from animal studies where the only effect was reduced body weight with no published data, and confirmed it in 2002. The US EPA 

set a reference dose (RfD) in 1991 of 7.0 mg/kg-day based on case studies of methemoglobinemia in infants. More recent data 

show that methemoglobinemia is not an endpoint of concern. The International Agency for Research on Cancer (IARC) concluded 

that there is no concern for cancer with nitrate except under ill-defined conditions for nitrosation. Our independent assessment 

involved identifying relevant studies, reviewing and scoring for reliability; a two-year rat cancer study was identified as the critical 

study. Rats were fed 2.5 and 5% sodium nitrate in the diet (dose equivalent of 910 and 1,820 mg nitrate/kg-day), and no 

carcinogenic effect was observed. Using the lower dose as the NOAEL and a methodology similar to the JECFA ADI, a safe intake 

was established at 9.1 mg nitrate/kg-day. A panel of qualified independent experts reviewed our findings. The proposed ADI 

presented in this evaluation reflects the state of the science related to dietary nitrate safety, is adequately protective of human 

health, and allows for the benefits of dietary nitrate to be realized by the consumer. 
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ABSTRACT: Fish sauces are made from fermentation of salt-preserved whole fish. During this process, free amino acid content 

increases and has the potential to produce biogenic amines, including histamine. Fish sauce may contain elevated levels of 

histamine due to poor fish storage practices. Ingesting food with high histamine levels can cause acute toxicity, such as vomiting, 

flushing, and headaches. Fish sauce is used daily as a condiment in Asian-American diets, particularly those of Southeast Asian 

descent, whose population size was estimated at approximately 11 million in the 2010 census. As Asian foods are quickly gaining 

popularity with other groups in the US, an even greater number of Americans are likely to consume fish sauce. The US FDA 

considers a fish sample to be “adulterated” if histamine levels are greater than 50 ppm for some fish (e.g., tuna and mahi-mahi) or 

greater than 500 ppm for all other fish species; however, a histamine level at which fish sauce is “adulterated” has not been 

established by US FDA. Additionally, no further guidance on tolerable levels of histamine in fish or fish products has been 

provided. However, the Food and Agriculture Organization (FAO) has published a risk characterization that identifies 200 ppm as 

the level of histamine in fish that would not cause an adverse effect, and the methodology is well-described. This level was 

derived using a NOAEL of 50 mg for histamine, which was based on a human dose-response assessment performed by the 

European Food Safety Authority (EFSA) where headache, flushing, and urticaria were identified as critical effects for acute 

histamine toxicity. Additionally, the exposure level was set as a single serving of 250 g fish based on global consumption data. 

Using the FAO method and fish sauce exposure data from the National Health and Nutrition Examination Survey (NHANES), the 

safety of a batch of imported fish sauce containing samples with levels up to 600 ppm histamine was evaluated. The results 

showed that an adverse reaction would not be expected at up to 1,500 ppm histamine in fish sauce, demonstrating that 

consuming fish sauce containing up to 600 ppm histamine is expected to be safe and adequately tolerated in the general 

population. However, more research, namely resolution of the discrepancy between US FDA and FAO tolerable histamine levels 

and additional data on fish sauce consumption habits in the US, is needed before a maximum tolerable level for histamine in fish 

sauce can be identified. 
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ABSTRACT: A procedure was developed to make use of REACH data for identification of potential chemical risks in food. For this 

purpose, 100 data-rich registered substances and four positive controls were evaluated. The procedure consisted of a multi-step 

selection process following a sequence of selection criteria. The evaluation criteria took into account parameters related to 

exposure (tonnage information, environmental release, biodegradation, potential for bioaccumulation) and toxicity endpoints 

(repeated dose toxicity, reproductive and developmental toxicity and genotoxicity). All substances were scored for each 

parameter grouped into six blocks of parameters. Bioaccumulation was estimated using ACC-HUMAN steady software. 

Experimental REACH data could be extracted in principle, but this encountered several problems, both in relation to the extraction 

itself and to the subsequent evaluation steps. Overall, a good level of differentiation between the percentage of high and low 

scores was achieved (potential exposure or potential toxicity). Several weighting scenarios were developed to aggregate the 

parameters related to exposure with those related to toxicity endpoints and to enable a quantitative ranking of the 100 data-rich 

substances. Additional analyses compared the scores derived from experimental data with those derived from predicted (in silico) 

data for the same set of 100 substances. This will allow to adapt the approach also to data-poor substances of potential concern. 

The critical point in the scoring system is that all individual scores are kept separately allowing further differentiation in the 

possible scenarios. In conclusion the procedure developed allowed the identification of chemical substances of potential concern 

for the food chain and could be adapted using a tiered approach to screen the entire dataset currently registered under the 

REACH regulation. 

 ___________________________________________________________________________________________________________  

ABSTRACT NUMBER: 3312 Poster Board Number: P282 

TITLE: Cyathula Prostrata: Toxic Effect of Its Orally Administered Ethanolic Extract on Some Metabolites and Blood Pressure in 

Wistar Rats 

 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. B. Ojekale1, C. T. Onwordi2, M. Aina1, S. Rafiu1, M. Lasisi1. 1Lagos 

State University, Ojo, Lagos, Nigeria; 2University of the Western Cape, Cape Town, South Africa. 

KEYWORDS: Natural Products; Kidney; Dose-Response; Cyathula Prostrata 

 

ABSTRACT: High blood pressure and hypertension are generally on the increase globally with attendant minimized mobility/ 

fatalities consequent upon stroke, heart attack, heart failure etc. The Nigerian population is not excluded in the above, and its 

peoples employ the use of western medicines and medicinal plants like Cyathula prostrata in the management of hypertension. 

This study was designed to evaluate the effect consequent upon the oral administration of Cyathula prostrate on lipid profile, liver 

and kidney biomarkers. Male albino rats (90-120 g) were divided into nine different treatment groups of four rats each. 

Adrenaline was administered to induce elevated blood pressure, after which graded doses of 50 and 150mg/kg/body weight of 

the ethanolic leaf extracts of Cyathula prostrata was given orally. Some of the groups of the animals were administered with these 

two concentrations of the extract before inducing high blood pressure, in others, high blood pressure was not induced. Nifedipine 

(10mg/kg) was used as a positive standard. The administration of the extract caused a reduction in blood pressure, lipid profile, 

significant reduction (p < 0.05) in albumin and creatinine concentrations and a significant increase (p < 0.05) in total bilirubin 

concentration. Serum alanine and aspartate transaminase, albumin and creatinine concentrations showed variations in their 

effects in groups treated with the extracts. Result from histological analysis revealed damages done to kidney and liver from the 

experimental animals treated with 150mg/kg body weight. The results from this study suggests antihypertensive and 

hepatoprotective potentials of Cyathula prostrata leaf extract (CPLE). However, nephrotoxicity present at higher doses suggests 

dose selective toxicity of C. prostrata ethanolic extract when consumed for a prolonged time on a daily basis. 

 ___________________________________________________________________________________________________________  
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ABSTRACT: Matrix metalloproteinase (MMP) plays an important role in the invasion and metastasis of cancer cells. Agents 

suppressed the MMPs could inhibited the cancer cells migration and invasion. Moutan cortex (MC) is a traditional Chinese 

medicine with diverse biological effects. In this study, we examined the inhibitory effect of AP on phorbol myristate acetate 

(PMA)-induced MMP-9 expression in HT-1080 human fibrosarcoma cells. MC significantly suppressed PMA-induced MMP-9 

expression in HT-1080 cells. Furthermore, as evidenced by MMP-9 promoter, MC specifically inhibited MMP-9 gene expression by 

blocking PMA-stimulated activation of NF-kB. In addition, MC suppressed PMA-induced phosphorylation of ERK1/2, upstream 

factors involved in NF-kB pathways. These results suggest that the suppression of MMP-9 expression, at least in part, contributes 

to the antitumor activity of MC. Therefore, the inhibition of MMP-9 expression by MC might have therapeutic potential for 

controlling the growth and invasiveness of cancer cells. 
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ABSTRACT: Alkannin is the major components of root extracts of the Chinese medicinal herb (Lithospermum erythrorhizon; LE) 

and widely distributed in several folk medicines. Population studies have revealed that treatment with alkannin is significantly 

associated with reduced cancer risk, but its mode of action in cancer has not been elucidated. In this study, we investigated the 

inhibitory effects of alkannin on tumor invasion and migration and the possible mechanisms involved using human fibrosarcoma 

HT-1080 cells. Alkannin reduced PMA-induced activation of matrix metalloproteinase-9 (MMP-9) and further inhibited cell 

invasion and migration. Alkannin suppressed PMA-enhanced expression of MMP-9 protein, mRNA, and transcriptional activity. 

Moreover, the phosphorylation of extracellular signal-regulated kinase (ERK)1/2 in PMA-stimulated HT-1080 cells was 

concentration-dependently suppressed by alkannin. Alkannin inhibited NF-kappaB activation by prevention of the degradation of 

inhibitory factor-kappaB and p65 level in nuclear fractions induced by PMA. Alkannin therefore has the potential to be a potent 

anticancer drug in therapeutic strategies for fibrosarcoma metastasis. 

 ___________________________________________________________________________________________________________  

ABSTRACT NUMBER: 3315 Poster Board Number: P285 

TITLE: The Bioactivity of the Acetone Extract of Cola Acuminate 

 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: B. J. Thomas, C. Telles. Southern University A&M College, Baton 

Rouge, LA. 

KEYWORDS: Natural Products 

 

ABSTRACT: The mechanism by which medicinal plants kill bacteria is certainly an important topic that merits further research. 

Cola acuminate, also known as obi or Bizzy nut to the Ettu people of Jamaica, is a “cure-all” herbal medicine. Cola acuminate (Bizzy 

Nut), possesses a variety of bioactive compounds which exhibit important inhibitory activities against the growth of certain 

mammalian cell lines, bacteria, and fungi. However, the specific chemicals responsible for this bioactivity have not been identified. 

Thus, we hypothesized that the solid-liquid extraction of Bizzy Nut, followed by antimicrobial screening would lead to the 

identification of active antimicrobial agents present in Bizzy Nut. As an initial step in testing our hypothesis, finely ground samples 

of Bizzy nut were sequentially extracted in a Soxhlet apparatus using 100% hexane, ether, acetone, methane, or water to produce 

five independent extracts of unique polarity. The antimicrobial activity of the acetone extract was carried out using 

Staphylococcus aureus and Pseudomonas aeruginosa, as test organisms. Our results show that the acetone extract (Biz- 3) 

possesses antimicrobial activity in Staphylococcus aureus at concentrations as low as 40 ppm. There was a dose-dependent 

increase in the zone of inhibition from 8.5±0.30mm at 40ppm to 11.7±0.1 mm at 120ppm. To purify this antimicrobial activity, we 

have used Solid–liquid extraction (SPE) coupled with high-performance liquid chromatography (HPLC) to generate three unique  
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fractions of the acetone extract. The antimicrobial screening, (Minimum Inhibitory Concentration, MIC), of each of the SPE 

fraction will be discussed. Our conclusion from this work is that the acetone extract of Cola acuminate (Bizzy Nut), contains 

putative antimicrobial bioactivity compounds that is effective against gram positive bacteria. 
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ABSTRACT: Exposure to air pollution has been associated with increased risk of developing and exacerbating cardiovascular 

disease. We have previously shown that after an 8-week exposure to particulate matter less than 2.5 µm (PM2.5), ApoE-/- mice, 

which are susceptible to developing atherosclerosis, develop atherosclerotic plaques and show changes in heart rate variability 

(HRV), a measure of cardiac autonomic control. However, particles are coated with adsorbed semi-volatile organic compounds 

(SVOC). We have shown that when SVOCs are removed, no changes to HRV and less atherosclerosis occurs in mice, but we have 

not determined the effects of exposure to SVOCs alone. ApoE-/- mice were implanted with electrocardiogram (ECG) monitors and 

exposed 4 days per week for 8 weeks to either PM2.5 concentrated ambient particles (CAPs), clean air, or Particle Free Organics 

(PFO) which were volatized from CAPs using a thermodenuder operating at 120C and exposed to mice in the vapor phase. 

Ambient particles were concentrated using a Versatile Aerosol Concentration Enrichment System. An Aerosol Mass Spectrometer 

was used for chemical characterization of the CAPs atmosphere. Ambient polycyclic aromatic hydrocarbons (PAH), a class of 

SVOCs, were collected and analyzed from polyurethane foam and XAD-2 polystyrene resin. PAHs are known contributors to the 

toxicity of PM. Particle phase PAHs were also collected on a Teflon filters and subsequently extracted for analysis using high 

performance liquid chromatography. Several measures of HRV were calculated from ECG data collected during the 8 weeks and 

averaged daily over the 5 hours in the afternoon immediately post-exposure to show the acute response over time. Average HR 

decreased from baseline for all groups, however PFO and Air groups held the same rate whereas CAPs-exposed mice had a greater 

response over time. Exposure to CAPs and PFO increased both high frequency HRV, and the root mean squared of sequential 

differences in RR intervals (RMSSD), which are representative of rapid beat-to-beat changes in heart rate. These changes are 

thought to be related to parasympathetic control of the heart and represent a defense response to the toxic insult in the lungs. 

Similar trends of higher parasympathetic response in both CAPs and PFO groups implicate the volatile organics in changes to HRV 

immediately after exposure to the ambient air pollution fractions. 
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ABSTRACT: As a renewable fuel, with a reduced greenhouse gas emissions profile, biodiesel is considered a “greener” alternative 

to petroleum diesel fuel. However, little is known regarding the health effects of exposure to “real world” biodiesel particulate 

matter (PM) generated by heavy duty diesel (HDD) nonroad engines. The composition of biodiesel and diesel PM can include 

transition metals, and polar and nonpolar organic species, which can induce production of Reactive Oxygen Species (ROS) and 

inflammatory cytokines in human lung cell lines. This study compared the differences in ROS, IL-6, and IL-8 produced in BEAS-2B 

cells exposed to biodiesel and diesel PM extracts. Biodiesel and diesel PM were collected in the breathing zone of the equipment 

cabin of a HDD front loader operated at a rural recycling center. ROS were determined both via intracellular (ROS Oxiselect™ 

Intracellular Assay Kit) and acellular (via DTT assay) methods; IL-8 and Il-6 were determined via ELISA. Additionally, the PM water 

soluble organic content (WSOC) was analyzed (as a surrogate for polar organic species) to investigate relationships between ROS 

and WSOC. Exposure of diesel PM extracts to BEAS-2B cells elicited higher levels of IL-6 and IL-8 cytokines compared to biodiesel 

PM extracts. There was no difference in intracellular ROS levels between fuels, yet DTT consumption was 21% higher for diesel 

PM. WSOC appeared more strongly correlated with diesel PM. Overall, results suggest diesel PM may be more harmful to human 

health than biodiesel PM, but the links between exposure, composition and toxicity are not straightforward. Continued research 

of “real world” PM composition and toxicological endpoints is important to evaluate the health impact of commercially purchased 

renewable fuels used in nonroad engines. 
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ABSTRACT: This study was aimed at investigating the genotoxic potential of single formaldehyde (FA) and acrolein (Acr) as well as 

their interaction in human bronchial epithelial BEAS-2B cells using the γH2AX assay. IC20 of FA (110.8 μM) and Acr (7.0 μM) 

estimated by CCK-8 assay showed that Acr is more toxic than FA. FA (20, 50, 80 and 110 μM ) and Acr (1, 3, 5 and 7 μM) were 

applied alone or in commination of these concentrations for 24 h in BEAS-2B cells. Genotoxicity of FA to BEAS-2B cells was 

concentration dependent, while Acr had no significant dose-dependency. Significant increase of γH2AX frequency was noted upon 

exposure to 20 μM of FA, 1μM of Acr alone and all FA + Acr combinations. Interaction of FA and Acr on the induction of γH2AX 

was significant (p<0.0001) based on analysis of Two-Way ANOVA. Significant synergistic effects were observed at 5 μM Acr + 110 

μM FA and 7 μM Acr + 20 (50, 80 and 110) μM FA. Additive effects were founded at 1μM Acr+20 (50, 80 and 110) μM FA and 5 μM 

Acr + 20 (50) μM FA. However, significant antagonistic effects were observed at 3 μM Acr + 20 (50, 80 and 110) μM FA. Combined 

aldehydes showed additive, antagonistic and synergistic effects on DNA damage in BEAS-2B cells. To some extent, combined 

exposure to FA and Acr in subcytotoxic concentrations through inhalation intake could induce DNA damage contributing to the 

carcinogenicity in animal and human in some specific mixtures. 
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ABSTRACT: Benzo-a-pyrene (BP) is an environmental pollutant produced by incomplete combustion of organic matter. Several 

studies showed that exposure to BP can trigger atherosclerosis. Atherosclerosis is an inflammatory cardiac disorder caused by 

endothelial cell injury but, the underlying mechanisms are unclear. BP-1,6-quinone is a BP-derived metabolite. This study 

demonstrated that BP-1,6-quinone at concentrations of 0.1, 0.3 and 1 micromolar significantly increased cellular and 

mitochondrial reactive oxygen species (ROS) in EA.hy926-endothelial cells. Dicumarol, an inhibitor for NAD(P)H:quinone 

oxidoreductase 1 (NQO1), was found to significantly block BP-1,6-quinone-meditated ROS production suggesting that NQO1 may 

play an essential role in redox activation of BP-1,6-quinone. The results from this study, collectively may help to further 

understand the role of BP-1,6-quinone in development of atherosclerosis. 
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ABSTRACT: Polycyclic aromatic hydrocarbons (PAH) are a family of compounds commonly produced in the burning of wood, coal, 

or grilled meats. Several PAH members have been classified as carcinogenic; however, other risk factors include asthma and 

inflammation. The concentration of these compounds in plasma have been found to bein nanomolar to the micromolar range. 

Previous studies by our laboratory foundalterations to the following metabolic pathways in the sera of individuals with elevated 

benzo-a-pyrene: linoleate, drug, cysteine and methionine metabolisms, among others.The purpose of this study was to evaluate 

the effects of 3 PAH’s, naphthalene (NAP), anthracene (ANT), and benzo-a-pyrene (BaP) on metabolism and cellular function in 

A549 lung epithelial cells. The A549 cells were grown until 90% confluency in complete culture media (10% FBS) and then 

incubated in low serum media (0.5% FBS) overnight before treatment with vehicle, 3 µM BaP, 8 µM NAP, 18 µM ANT or 

combination of the 3 compounds for 24h. Treatment at these concentrations were calculated to be approximately 3 times higher 

than the highest concentration observed in human plasma. The cells were then lysed in 150 μL extraction buffer including 14 

interna lstandards and extracted samples were analyzed by Q-Exactive mass spectrometer with C18 column under negative ion 

mode and the data was extracted by following the workflow for high-resolution metabolomics reported in our previous study. The 

results show that of 5137 m/z features that were detected, 1583 metabolic features were significantly different (p o 0.05) after 
BaP treatment compared to control. Mummichog pathway analyses on 1583 metabolic features, 26 metabolic pathways were 
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significantly affected by BaP, which included amino acid, TCA cycle, and fatty acid metabolisms. These metabolic pathways are 
consistent with the results from our previous study. Significant metabolites changed in their abundance include arginine, 
glutamine, anddeoxyribose just to name a few. NAP and ANT treatment also showed significant changes to the TCA cycle and 
amino acid metabolism, similar to BaP, and unique metabolic changes to ascorbate and purine metabolism. Together, the results 
suggest that acute exposure of A549 cells to PAH’s elicit perturbations to multiple metabolic pathways that are critical to lung 
physiology and health. Further studies on metabolic responses to PAH’s by dose and time-dependent exposures are warranted to 
improve our understanding of mechanism and metabolism associated lung diseases by PAH exposure. 
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ABSTRACT: An increasing number of neuroinflammatory-related diseases have been associated with exposure to elevated levels 
of particulate matter (PM) during early life stages. To evaluate this vulnerable exposure period, timed-pregnant B6C3F1 mice and 
their neonates were exposed throughout gestation (6hr/d) and during a 10-day postnatal period (2hr/d) to either concentrated 
fine-sized (≤ 2.5 μm) ambient particulate matter (CAPs; ~ 149 ug/m3) or filtered air (FA). Offspring were sacrificed at 10-wk-of-age 
and sections of the hippocampus and olfactory bulb were collected for comparison between exposed and non-exposed groups. 
Subsequent behavioral testing in adult male and female offspring demonstrated that social behaviors were significantly altered by 
CAPs exposure. Effects on social behavior were supported by altered inflammatory gene expression observed in the hippocampus 
of male and female offspring. Notably, relative expression of Il6 and Tnfa was increased in the hippocampus region of female 
offspring after CAPs exposure. Taken together, these results indicate that developmental exposure to PM alters 
neuroinflammatory profiles and has persistent effects on offspring behavior. The observed sex-specific alterations illustrate the 
gaps in previous developmental studies that focused only on PM2.5-induced effects in male offspring. This study strengthens the 
link between early life environmental air pollution exposure and the induction of neurodevelopmental disorders. March of Dimes 
and NIEHS center grant ES000260. 
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ABSTRACT: Air pollution is classified as carcinogenic to humans by IARC and WHO estimated that 6% of deaths due to air pollution 
are attributed to lung cancer. One group of air pollutants which play an important role in causing lung cancer are polycyclic 
aromatic hydrocarbons (PAHs). Environmental PAHs are found as mixtures, making risk assessment a challenge. To overcome this 
whole mixture potency evaluations have been suggested. Moreover there is a major need for reliable in vitro based testing and 
assessment systems. To address these concerns we investigated if activation of DNA damage signaling in vitro could be an 
endpoint for developing whole mixture potency factors (MPFs) for airborne PAHs. To first validate the approach, in vitro potency 
factors were determined for seven individual PAHs, including the reference benzo[a]pyrene (BP). Applying Hill-equation dose-
response modeling of phosphorylation of Chk1 and H2AX in HepG2 cells we showed that the obtained in vitro-based potency 
factors were in very good agreement with established potency factors based on in vivo cancer data. To determine in vitro MPFs 
we used two air PAH whole mixture samples collected in Stockholm city representing urban background and traffic sources. Dose 
response modeling showed that the urban and traffic samples were 487- and 1094-times more potent than BP, in inducing 
signaling through Chk1, respectively, suggesting high carcinogenic potency. Applying these in vitro-based MPFs in air quality 
modeling and cancer risk assessment suggested that airborne PAHs in Stockholm cause 45.4 cancer cases per year, corresponding 
to about 6% of the yearly lung cancer cases in Stockholm. This number is in very good agreement with numbers from Cancer UK 
stating that 8% of all lung cancer cases are caused by air pollution in the UK. Using levels of B[a]P alone, an established approach  
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for assessing air quality and health risks, resulted in <0.1 cancer case per year which is far from expected levels. We conclude that 
our in vitro based approach for establishing MPFs is a reliable and simple method to assess potencies of whole mixture samples of 
airborne PAHs. Furthermore, applying MPFs in cancer risk assessment we obtained more reliable number of cases compared to 
current methods. 
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ABSTRACT: Trigeminal nerve fibers in the upper respiratory tract (URT) protect the organism from inhaling hazardous chemicals 
by various defense mechanisms. In toxicology, this process is called sensory irritation and the avoidance of this endpoint is highly 
relevant. By using Fura-2-AM based Ca2+ imaging of isolated trigeminal ganglion (TG) neurons of CD1 mice (PND5) we recently 
showed that transient receptor potential ankyrin 1 (TRPA1) and vanilloid 1 (TRPV1) ion channels, but also yet unknown G protein-
coupled receptor (GPCR) are involved in neuronal processes underlying sensory irritation. Various irritants used in the working 
environment exclusively activated one of these receptors. 2-ethylhexanol (2-EH) activated both TRP channels as well as GPCR. In 
human volunteer studies, we observed that 2-EH caused time-dependent sensitization across controlled 4h exposures. By treating 
our TG neurons for 4h with a low concentration of 2-EH we tried to translate this process of sensitization into our in vitro model. 
The number of responding neurons and their mean response amplitudes to 2-EH were measured before and after the 4h 
incubation and served as endpoints for a possible sensitization. The 4h incubation with 100 µM 2-EH caused a significant decrease 
of the percentage of responding neurons from 20 to 13%. Since the sensitization observed in humans was accompanied by 
neurogenic inflammation we simulated this additional processes by adding inflammatory mediators (e.g. bradykinin, PGE2) during 
the 4h incubation. By adding these molecules, we observed a significant increase of responding neurons to 32% indication 
sensitization of chemoreceptors like the TRP channels. Recent experiments confirmed that bradykinin might be the driving force 
and that the sensitivity of the TRPA1 channels is upregulated during the incubation. These in vitro data suggest that sensitization 
by irritants may only occur if molecules from the immune system are simultaneously released to the target site. 
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ABSTRACT: Phosgene (CG, COCl2) is a highly reactive industrial chemical produced in many manufacturing processes. It was used 
as a chemical warfare agent in WWI and, with no known medical countermeasures, continues to be a threat via accidental or 
intentional release. This study examined the effectiveness of therapeutics against CG-induced lung injury in mice. Male mice (25-
30 g) inside a sealed chamber were exposed to CG gas delivered at 8-10 ppm for 20 min (200 ppm × min) measured by FTIR. For 
initial treatment evaluation of 24 h survival, three different doses of seven test compounds were administered after CG exposure. 
Sildenafil (50 mg/kg, po at 1 h postexposure [PE]) and captopril (60 mg/kg, ip, at 2, 5, 8 h PE) statistically increased survival 
(p<0.05) compared to untreated controls. No other compounds provided significant survival benefit. Compounds with significant 
survival were further evaluated. Mice were exposed to either air or CG (8-10 ppm) for 20 min and either received no treatment or 
were treated with the previously determined effective doses of sildenafil or captopril. Mice were euthanized at 4, 8, 12, and 24 h 
for analysis of several endpoint markers. Sildenafil significantly reduced the amount of edema formation at 12 h PE compared to 
the CG untreated group. Pulmonary function measured with whole body plethysmography showed that both test compounds 
improved parameters indicative of airway constriction/obstruction. Additional endpoints (histopathology, genomics, 
immunohistochemistry, etc.) are still being evaluated. Based on survival and preliminary results, sildenafil and captopril show 
promise as potential therapeutics for CG exposure. 
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ABSTRACT: Lung spirometry data from three working-class industry populations were analyzed using logistic and linear regression 
to evaluate the effect of seasonality on pulmonary function outcomes. Populations included emergency responders, utility 
workers, and shipwrights. The data was segregated into allergy and non-allergy seasons using NOAA meteorological data. The 
American Thoracic Society gold standard criterion was used for determining impaired lung function (FEV1/FVC > 0.80). Linear 
regression was performed to evaluate the effect of seasonality on %predicted values and logistic regression was performed to 
determine if seasonality impacted a determination of fitness for respirator use. It was found that allergy season imparted a slight 
negative linear effect on the %predicted values of FEV1 and FVC with -6.79 %predicted (p=0.0003) and -6.62 %predicted 
(p=0.0002), respectively. However, seasonal differences were not substantial enough to impact fitness to wear a respirator as 
demonstrated by non-statistically significant odds ratios produced through logistic regression. 
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ABSTRACT: New human estimates for the lethal effects of phosgene inhalation were derived from a review and statistical analysis 
of existing mammalian lethality data. The estimates are expressed as a function of exposure duration for healthy subpopulations 
and the general population. Median lethal dosages and quantal response data were analyzed for 10 species: mouse, rat, guinea 
pig, rabbit, cat, goat, sheep, swine, horse, dog and monkey. A total of 155 median lethal dosages and 31 probit slopes were 
compiled from some 42 studies/sources dating back to World War I. Resulting human estimates (via allometric modeling) were 
expressed via the toxic load model, L(Cnt)50 = k, where n = 1 with C in mg/m3 and t in minutes (thus following Haber’s Rule). The 
LCt50 equals 1,500 and 1,100 mg-min/m3 for military (healthy subpopulation) and general populations, respectively. The revised 
healthy subpopulation estimate is lower than World War II era military estimates, but it is in exact agreement with more recent 
analyzes by government researchers in the United States and the United Kingdom. The general population estimate is lower than 
previous estimates reflecting a more robust estimate with inclusion of non-human primate data (from WWII era research at the 
University of Chicago Toxicity Laboratory and other sources) that was generally unavailable to non-military organizations. The 
base 10 probit slope (concentration) is estimated at 9.5 (healthy subpopulation) and 7.0 (general populations). 
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ABSTRACT: Thrombospondin-1 (TSP-1) is a glycoprotein that plays a role in extracellular matrix (ECM) remodeling. In the present 
study, we investigated the effect of MWCNT on TSP-1 and microRNA-1 (miR-1) in the regulation of TGFβ in ECM remodeling using 
alveolar epithelial A549 cells. A549 cells were treated with MWCNT (20 or 50 µg/ml) for 6 or 24 h and the expression of TSP-1 and 
miR-1, and the exogenous miR-1 effect on cell morphology were analyzed. MWCNT induced in a time- and dose-dependent 
manner the expression of TSP-1. miR-1 was suppressed by MWCNT after 6 or 24 h of treatment regardless of the dose. TSP-1 and 
miR-1 negatively correlated with each other, r = -0.58. Exogenous administration of miR-1 induced alveolar epithelial cell 
morphology changes including cell clustering, whereas inhibition of miR-1 induced less cell to cell contact, cell rounding, and 
cellular projections. IntAct molecular network interactions analysis revealed that TSP-1 interacts with 21 molecular factors 
including ECM genes, and molecules. These results indicate a relationship between that TSP-1, MWCNT and TGFβ, and suggest 
TSP-1 may play a role in MWCNT-induced TGFβ and ECM remodeling. Moreover, these data also suggest an inverse relationship 
between TSP-1 and miR-1 and a potential role of miR-1 in MWCNT-induced fibrotic signaling. 
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ABSTRACT: Although the flavor and fragrance industry is about 150 years old, the use of synthetic materials started more than 
100 years ago, and the awareness of the respiratory hazard presented by some flavoring substances emerged only recently. In 
2001, the US NIOSH identified for the first time inhalation exposure to flavoring substances in the workplace as a possible 
occupational hazard. In this sensitive context, MANE opened its facilities to an intensive measuring campaign with the objective to 
better estimate the real level of hazardous respiratory exposure of workers. In this study, exposure to 27 hazardous volatile 
substances were measured during several types of handling operations, 430 measurement results were generated, and were 
exploited to propose an improved model derived from the well-known ECETOCTRA model. The quantification of volatile 
substances in the working atmosphere involved three main steps: adsorption of the chemicals on a solid support, thermal 
desorption, followed by analysis by gas chromatography-mass spectrometry. Our approach was to examine experimental 
measures done in various manufacturing workplaces and to define correction factors to reflect more accurately working 
conditions and habits. Four correction factors were adjusted in the ECETOC-TRA to integrate important exposure variation factors: 
exposure duration, percentage of the substance in the composition, presence of collective protective equipment and wearing of 
personal protective equipment. Verification of the validity of the model is based on the comparison of the values obtained after 
adaptation of the ECETOC-TRA model, according to various exposure scenarios, with the experimental values measured under real 
conditions. After examination of the predicted results, 98% of the values obtained with the proposed new model were above the 
experimental values measured in real conditions. This must be compared with the results of the classical ECETOC-TRA system, 
which generates only 37% of overestimated values. As the values generated by the new model intended to help decision-makers 
of the industry to implement adapted protective action and information, and considering the high variability of the working 
environments, it was of the utmost importance to us not to underestimate the exposure level. We wish to propose the present 
method as an improved monitoring tool to improve respiratory health and safety in the flavor and fragrance manufacturing 
facilities. 
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ABSTRACT: Neodymium, a rare earth metal, have been used in extremely high power applications, various other substrate 
crystals, optical glasses, component of magnets. Neodymium is not found naturally in metallic form, and it is usually refined for 
general use. For many reasons, occupational handler in the workplace can be exposed from several routes. This study was 
performed to evaluate the effects of neodymium oxide after 4 weeks inhalation exposure in Sprague-Dawley (SD) rats. Male SD 
rats were divided into 4 groups (0 mg/m3, 0.5 mg/m3, 2.5 mg/m3 and 10 mg/m3) of 8 animals each group. Test animals have been 
exposed to neodymium oxide aerosols for 4 weeks (6 hours a day, 5 days per week) in the nose-only inhalation chambers. 
Particles size was measured by optical particle counter (OPC) during exposure. Mortality, clinical observations was made and body 
weight was recorded weekly during exposure period. At the end of study, the rats were subjected to necropsy and hematology, 
biochemistry parameters, tissue contents of neodymium, bronchoalveolar lavage fluid (BALF) analysis and histopathological 
findings of lungs were examined. The mass median aerodynamic diameter (MMAD) and geometric standard deviation (GSD) were 
0.27 μm and 1.75, respectively, for the low (0.51 ± 0.03 mg/m3) group, 0.43 μm and 1.56, respectively, for the middle (2.55 ± 0.07 
mg/m3) group, 0.67 μm and 1.53, respectively, for the high (10.09 ± 0.18 mg/m3) group. No test substance-related clinical 
symptom and unusual change of mean body weight were observed during exposure period. Plus, there was no test substance-
related change of hematology and biochemistry parameter analysis. The contents of neodymium in the lung were 8.6 ± 2.6 μg/g, 
59.0 ± 19.2 μg/g, and 183.0 ± 25.9 μg/g of low, middle and high exposure group respectively. The cell damage and inflammatory 
effect indicators including total cells, polymorphonuclear leukocytes (PMNs), lactate dehydrogenase (LDH), albumin, interleukin-6 
(IL-6) and tumor necrosis factor alpha (TNF-α) values in the BALF were increased in the low and/or to high exposure group 
compare to the control group. In histopathological findings, the frequency of alveolar proteinosis, infiltration of inflammatory cells 
in alveolar/perivascular of lung was increased in the low to high exposure group compare to the control group. Based on these 
results, 0.5 mg/m3 might be suggested as lowest observed adverse effect level (LOAEL). 
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ABSTRACT: Ethyl formate (CAS No. 109-94-9) is an ester formed when ethanol reacts with formic acid. This substance is used as a 
solvent for nitrocellulose, fungicide, larvicide, cereals, dried fruits and in organic synthesis etc. Although previous studies on ethyl 
formate have revealed some toxicity, studies on the inhalation toxicity are not common. The inhalation toxicity of ethyl formate is 
particular concern to ensure the health of workers. Accordingly, this study was performed to evaluate the toxicity of ethyl formate 
after 13 weeks inhalation exposure in Sprague-Dawley (SD) rats. Male and female rats were divided into to four groups (10 rats in 
each group); control, low-dose group (66 ppm), middle-dose group (330 ppm), and high-dose group (1320 ppm). Test animals 
have been exposed to ethyl formate for 13 weeks (6 hours a day, 5 days per week) in the whole body inhalation chambers with 
liquid vapor generator. Mortality, clinical signs, body weight, food consumption, urinalysis, eye examination were observed. At the 
end of study, the rats were subjected to necropsy and hematology, blood biochemistry, organ weights and histopathological 
findings were examined. The concentrations of ethyl formate were 66.4 ± 2.05 ppm, 331.1 ± 6.19 ppm, 1345.8 ± 24.30 ppm of 
low, middle and high exposure group respectively. There were no significant unusual clinical signs, urinalysis values changes, eye 
examination changes, hematology, blood biochemistry values related test substance. However, the body weight and food 
consumption of male and female of high exposure group were significantly decreased compare to the control group. In 
histopathological findings, degeneration of olfactory epithelium and/or squamous metaplasia of olfactory epithelium were 
observed in the middle and high exposure group. Other organs were examined for histopathological findings but it was confirmed 
that there were no dependency on dosage or on test substance. Based on these results, 66 ppm might be suggested as no 
observed adverse effect level (NOAEL). 
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ABSTRACT: Phosgene (COCl2) is a toxic industrial chemical (TIC) used in the manufacturing of plastics, pesticides, pharmaceuticals, 
and dyes. During World War I, phosgene was used as a chemical warfare agent during trench warfare as phosgene gas is heavier 
than air. Inhaled phosgene causes acylation of proteins, leading to inhibition of energy metabolism-related enzymes and 
compromise of the air-blood barrier. Although general mechanisms of phosgene toxicity have been identified, the molecular 
mechanisms responsible for the observed acute lung injury are not clear. In this study, the genomic responses in the lung 
following exposure to phosgene were examined to identify molecular mechanisms of toxicity and therapeutic targets for medical 
intervention. Conscious male mice were exposed to phosgene at 2, 4, and 8 ppm for 20 min in a whole-body exposure chamber 
and euthanized at 1, 4, 8, 12, or 24 hours post-exposure. Total RNA was isolated from lung tissue and processed for hybridization 
to Affymetrix mouse genome 430 array plates. After robust multiarray averaging (RMA) for normalization, principal component 
analysis (PCA) was used to identify major sources of variation in the data. ANOVA (analysis of variance) was then applied to 
identify phosgene-induced changes in gene expression over time (p-value ≤ 0.05; fold change ≤ -1.5 or ≥ 1.5). Identified genes 
were imported into Ingenuity Pathways Analysis software to identify canonical pathways, biological functions, disease states, and 
gene networks affected by phosgene exposure. In addition, upstream analysis was used to identify potential therapeutic 
compounds for future testing. At early time points post-exposure phosgene-induced gene expression changes mapped to 
canonical pathways involved oxidative stress and protein degradation. At later time points post-exposure canonical pathways 
mapped to hypoxia signaling, inflammatory and vascular responses. Functional analysis commonly linked the altered gene 
expression profile to neurological disease from 1-8 hours post-exposure, which then transitioned to an inflammatory response 
from 8-12 hours post-exposure. Upstream analysis identified several kinase inhibitors, a few antioxidants, and the previously 
evaluated drugs valproic acid and metformin as potential therapeutic compounds. In addition, the relaxin pathway was altered at 
the 12- and 24-hour time points and has been identified as a possible therapeutic target. 
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ABSTRACT: Inhalation of sulfur mustard (SM, 2 (bis-chloroethyl) sulfide), a bifunctional alkylating agent, is known to cause severe 
debilitating lung injury in humans. In the present studies we developed a rat model of SM inhalation exposure to investigate 
inflammatory mechanisms of lung injury. Spontaneously breathing male Wistar rats were anesthetized, intratracheally intubated 
and exposed to 0.06, 0.2 or 0.6 mg/kg SM by vapor inhalation. Animals were sacrificed three days post-exposure and 
bronchoalveolar lavage fluid (BAL) and lung tissue collected. Exposure of rats to SM resulted in pulmonary toxicity, including focal 
ulceration and detachment of bronchial epithelia from underlying mucosa, thickening of alveolar septal walls and increased 
numbers of inflammatory cells in the tissue. This was correlated with dose dependent increases in BAL cell and protein content, 
and expression of heme oxygenase-1 indicating damage to the alveolar-epithelial barrier and oxidative stress. SM exposure also 
resulted in increased numbers of lung macrophages expressing cyclooxygenase and inducible nitric oxide synthase, proteins 
important in generating mediators involved in inflammatory lung injury. This was more prominent at the higher doses (0.2 and 0.6 
mg/kg) of SM. An increase in profibrotic Ym-1+macrophages was also observed 3 days post SM. These data demonstrate that our 
rat inhalation model closely resembles the pathogenic response of humans exposed to SM; these data will be useful in 
understanding the mechanism of action of SM and in the development of potential countermeasures to treat lung injury. 
Supported by NIH Grants U54AR055073, R01ES004738, and P30ES005022. 
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ABSTRACT: Adverse pulmonary effects have been reported in military personnel returning from deployment to the Middle East. 
Epidemiological studies to establish links between the reported effects and exposure to environmental particulate matter (PM) or 
emissions from burning solid waste (SW) in open air burn pits have been inconclusive. Male Sprague-Dawley rats were exposed to 
clean air, respirable PM, burn pit emissions (BPE), or a combination of PM followed by BPE. Rats were exposed to PM collected 
from Camp Victory, Iraq, for 20 h/day, 5 d/wk over a 4 wk span. The PM aerosol was respirable with a mass median aerodynamic 
diameter (MMAD) of 2.3 µm and average mass concentration of 4 mg/m3. BPEs were generated from combustion of SW in a 
model burn pit for 6 h/day over 5 days. The burn pit aerosol had an MMAD of 0.4 µm and a concentration of 0.8 mg/m3. 
Necropsies were conducted 4, 32, and 90 days after the last exposure. Basic toxicology results were reported previously. Lung 
histopathology showed mild to minimal changes. Animals exposed to sand showed evidence of foreign material in the lung such as 
particles seen within alveolar macrophages. Other histopathologic observations included histiocytic infiltration that was more 
pronounced in the sand-exposed animals, and neutrophilic infiltration that was observed in the BPE exposed animals. Portions of 
the lung and brain were analyzed for various elements using inductively-coupled plasma optical emission spectroscopy. Copper, 
iron, magnesium and zinc were observed in lung tissues and in brain tissues regardless of the exposure group. Aluminum and 
silicon components of sand were seen in the lungs of sand-exposed, but not controls or BPE animals. Arsenic, cadmium, 
chromium, manganese, molybdenum, lead, and titanium were detected in lung or brain tissues, but not in an exposure group-
related manner compared with controls. Metabonomic, proteomic and miRNA biomarker analyses are being conducted in blood, 
bronchial alveolar lavage fluid (BALF), and tissue samples. Preliminary results of the principal component analysis of metabolites in 
urine shows a pattern indicative of sand exposure. Exposure-specific miRNA molecules have been tentatively identified. 
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ABSTRACT: Cigarette smoke contains a wide group of harmful chemical constituents. The balance of intracellular oxidative stress 
would be disturbed once the tissues are exposed to cigarette smoke. Persistent oxidative stress causes damages to DNA, proteins 
and lipids, so it is considered as a primary pathogenetic mechanism of smoking-related diseases. The aim of this study was to 
investigate the oxidative stress in Human lung cells induced by cigarette smoke and to evaluate the differences with cigarettes of 
different tar yields. Condensates of four cigarettes (3-11 mg) had been prepared under ISO smoking regime using a smoking robot. 
Total particulate matters (TPM) of the cigarette smoke were collected with a Cambridge filter pad and then extracted with DMSO 
to a final concentration of 10 mg/mL for later experiments. The cigarette smoke condensates were investigated for the cytotoxic 
effects and effects of cellular oxidative stresses (ROS and GSH: GSSG ratio) on BEAS-2B cells after 3-hour exposure in 10 
concentrations ranging from 10-100μg/mL TPM for cytotoxicity and 5 concentrations ranging from 10-50 μg/mL TPM for the 
others .Results showed that all the cigarette smoke condensates exhibited cytotoxicity (i.e. less than 70% viable cells vs. negative 
control) when the TPM concentrations were higher than 100 μg/mL. However, ROS and GSH: GSSG ratio assays are sufficiently 
sensitive to describe clear oxidative stresses (i.e. less than 70% or more than 130% value vs. negative control) when the 
concentrations were only higher than 30μg/mL TPM. At the concentration of 40μg/mL TPM, ROS fluorescence intensity increased 
to 155.3.0%, 157.3%, 147.4% and 156.0%, and GSH: GSSG ratio decreased to 68.8%, 50.4%, 73.4% and 43.4% compared to the 
negative control. These cigarettes gave clear dose-response relationships in these in vitro assays and the ROS and GSH: GSSG ratio 
results showed slightly different toxicities of these cigarettes with the same TPM concentrations. However, if the results were 
normalized to the oxidative stress per cigarette, the ranking of the in vitro responses represented as ROS and GSH: GSSG ratio 
generally followed the order of tar yields of each cigarette. Thus, these data suggested that cigarette smoke condensates will 
induce oxidative stresses in human lung epithelia cells. These oxidative stress assays are important and sensitive for evaluating the 
cigarette smoke toxicity. 
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ABSTRACT: The intrauterine environment is particularly vulnerable to environmental exposures. We previously established a 
mouse model that provided evidence for pregnancy complications in response to Aroclor 1254 (A-1254). Importantly, in utero 
exposure to A-1254 resulted in impaired spiral artery remodeling angiogenesis, placental insufficiency, polyhydramnios, and 
preterm birth with growth restriction in IL-10-/- mice. IL-10 is a pregnancy compatible cytokine with potent anti-inflammatory and 
vascular characteristics. To determine the mechanism(s) by which PCBs activate vital anti-angiogenic pathways to cause vascular 
deficiency at the maternal-fetal interface and ensuing adverse pregnancy outcome. We used complementary cellular and 
molecular approaches to investigate the effects of A-1254 on VEGF and Notch-Dll signaling pathways in the placenta of wild type 
or IL-10-/- mice, and human HTR8 trophoblast cells. Anti-angiogenic effects of PCBs were evaluated by studying endothelial cell 
(HUVEC)-mediated trophoblast invasion in nude mice, in vitro three-dimensional capillary tube formation involving HUVEC and/or 
HTR8 trophoblasts, and aortic ring endothelial cell sprouting. Taken together, our data suggest that PCBs act as potent anti-
angiogenic agents. Importantly, we show that treatment of pregnant IL-10-/- mice with A-1254 resulted in placental activation of 
the Notch/Delta-like ligand (Dll) pathway, a master regulator of cell-cell interaction and vascular patterning. Similar results were 
obtained with HUVEC and HTR8 trophoblasts. Rescue of A-1254-induced disruption of HUVEC-based tube formation by γ-
secretase inhibitor L1790 confirmed the critical role of the Notch/Dll pathway. Our data suggest that PCBs impart pregnancy 
disruptive functions by activating the Notch/Dll pathway and by inducing anti-angiogenic effects at the maternal-fetal interface. 
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ABSTRACT: Uncontrolled dumping and inappropriate recycling of e-waste in the vicinity of aquatic ecosystems is a major 
environmental concern in developing countries. This is because the release of pollutant mixtures from e-waste could constitute 
serious threats to human health and other ecological receptors. This study assessed the risks associated with the levels of 
Polychlorinated Biphenyls (PCBs) in e-waste leachate, surface water, sediments and aquatic fauna (Tilapia guineensis, Callinectes 

amnicola and Cardiosoma armatum) from two aquatic ecosystems adjacent to e-waste dumpsites in Lagos and Osun States, 
South-west Nigeria using Gas Chromatography Electron Capture Detector (GC ECD) Agilent 7820A. From the results, ∑hexa-PCBs 
and ∑tetra-PCBs accounting for 21% and 24% dominated the 28 PCBs congeners detected in all examined samples. Relatively 
higher ∑- PCBs levels observed in the wet season was significantly higher (p˂0.05) in edible biota when compared to water, 
sediment and leachates. The sum of the coplanar PCBs (19.4% - 20.2%) and the concentration of total indicator PCBs 
(∑<sub>7</sub>PCBs) in sediment samples (4.19 µg/kg to 8.58 µg/kg) exceeds the Canadian sediment quality standard threshold 
effect level (TEL) of 0.03 µg/kg and the NOAA (TEL) levels for fresh and marine sediments. Moreover, the estimated toxic 
equivalent quotient (TEQ) for fish (3.7 and 4.4) and the levels of the non-ortho- substituted coplanar PCBs (CB-77, CB-81, CB-126, 
and CB-169) in examined fishes which were higher than the NOAA fish toxic equivalence factor (TEF) indicated the potential for 
adverse effects in human consumers. This study emphasizes the health and ecological risks associated with e-waste in the aquatic 
environment and the needs for stringent and effective policies to address this concern. This research was self-funded. 
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ABSTRACT: This study simulated the plankton food chain in order to understand the bioaccumulation and distribution of polycyclic 
aromatic hydrocarbons (PAHs) in phytoplankton and zooplankton over different amounts of exposure time. The plankton food 
chain was using phytoplankton (Tetraselmis chuii), rotifers (Brachionus sp.), and copepods (Apocyclops sp.) cultured in a gas 
purging system with a steady supply of PAHs for 7 days in this study. The results show that PAH accumulation in plankton can be 
roughly divided into three sections: 0.2-1 hours, 1-24 hours, and 24-168 hours. The PAH concentrations in plankton varied greatly 
over the 0.2-1 and 1-24 hour time intervals, then approached study-state at 24-168 hours exposure. The low molecular weight 
PAHs (ACN, AC) were found at significantly higher levels in copepods than in rotifer and phytoplankton, but the high molecular 
weight PAHs (FA and PY) were found at significantly higher levels in phytoplankton, indicating that plankton might have selectivity 
towards PAHs. In principal component analysis (PCA), the plankton could be separated significantly into phytoplankton and 
zooplankton. Parts of the PAH accumulation found in rotifers and copepods were similar, demonstrating that PAH composition in 
plankton might be affected by trophic levels. All PAHs demonstrated significantly linear relationships between bioconcentration 
factor (BCF) and PAH hydrophobicity (Kow) in plankton, however the different linear regression slopes of log BCF and 
log Kow between phytoplankton, rotifer and copepod, suggested that the plankton have different pathways of PAH accumulation. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: Dioxins are highly toxic and both environmentally and biologically persistent. Dioxin or other dioxin-related 
compounds cause multiple toxic effects to human, including cancer induction and developmental alternation of the nervous, 
immune and reproductive systems and etc. Among them, the issue of investigating the side effects of dioxin in the nervous system 
is emerging in last decade. Evidence suggested a possible impact of dioxin on neuromuscular system. A current understanding 
suggests that PNS (neuromuscular system) may be one of the possible target sites of dioxin, based on the evidence of paralytic 
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symptoms upon dioxin exposure.  Acetylcholinesterase (AChE) is a critical enzyme responsible for hydrolysing the 
neurotransmitter acetylcholine for inducing muscle contraction process at the neuromuscular junction. In this work, we 
investigated the effect of 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD) on cultured neuronal cells and muscle cells. We found that 
low-dose TCDD treatment caused suppression of AChE activity by down-regulation of AChE mRNA level in cultured neuronal 
cells [1]. Meanwhile, low-dose TCDD treatment caused dose-dependent-suppression of AChE mRNA level during myogenic 
differentiation of cultured C2C12 cells, which implied that the differentiation profile of AChE expression was changed after TCDD 
treatment. The underlining mechanism needs further investigations to explain the toxicity of TCDD on neuromuscular junctions. 
References: [1] H.Q.H. Xie, H.M. Xu, H.L. Fu, Q. Hu, W.J. Tian, X.H. Pei, B. Zhao, AhR-Mediated Effects of Dioxin on Neuronal 
Acetylcholinesterase Expression In Vitro, Environmental Health Perspectives, 121 (2013) 613-618. 
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ABSTRACT: Telomeres are DNA-protein complexes found at the ends of chromosomes that help protect the genome from 
degradation and interchromosomal fusion. Telomere length can be affected by various factors, including age and increased 
oxidative stress. Telomeres that are too short or too long have been associated with higher risks for several types of cancer and 
other adverse effects. Exposure to polychlorinated biphenyls (PCBs) has been shown to cause neoplastic and non-neoplastic 
effects in the liver and lungs of animals, as well as a number of other serious non-cancer effects. The National Toxicology Program 
(NTP) completed two year studies exposing female Sprague Dawley rats to various doses of 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD), the dioxin-like compounds (DLCs) PCB 126 and PCB 118, and the non-DLC PCB 153. At the conclusion of the study at two 
years and at intermediate time points, the rats were sacrificed to allow for extensive pathology evaluation of neoplastic and non-
neoplastic responses in the liver, lung, and other organs. It is hypothesized that relative telomere length (RTL) will be a biomarker 
that is associated with neoplastic and/or non-neoplastic responses observed with chronic exposures to PCBs. DNA was initially 
isolated from liver tissue obtained from these NTP studies and RTL was assessed by qPCR. The Ct values for the telomere 
sequence were normalized using the reference gene, 36B4. Ct values and the fold change in RTL between exposure groups was 
calculated using the ΔΔCt method. The data obtained will be compared with the extensive pathology reports to determine 
correlations between RTL in liver and lung and the different variables tested during the NTP study, including compound, dose, 
length of exposure, and liver and lung pathology. Relative to time-matched vehicle controls, the RTL increased 20% and 16% in the 
liver of rats receiving TCDD (100 ng/kg/d) for 13 and 52 weeks, respectively. Similarly, the RTL increased 13% and 14% in the liver 
of rats receiving PCB 126 (1,000 ng/kg/d) for 13 and 52 weeks, respectively. In contrast, RTL decreased 4% and 3% in the liver of 
rats receiving PCB 153 (1,000 µg/kg/d) for 13 and 52 weeks, respectively. The results suggest that RTL is altered by PCB exposures 
in a congener-specific basis that is associated with the toxicological activity of PCB congeners. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: Polychlorinated biphenyls (PCBs) are a toxic class of persistent organic pollutants that are ubiquitous in soil and 
groundwater, bioaccumulate within the food chain, and have been associated with a variety of pathological processes. Current 
methods for specific remediation are lacking, and therefore, there is a need to develop materials that can decrease PCB-induced 
toxicity, possibly through specific pollutant capture. Recently, our group has developed biomimetic iron oxide nanoparticles 
coated with plant-derived polyphenolic polymers (curcumin, quercetin, etc.) and demonstrated these as a novel platform to 
capture PCBs. The objectives of this study were to determine polyphenols that may be used for PCB 126 capture and to further 
increase the affinity and specificity of these materials to PCB 126 in contaminated systems, and we hypothesized that it may be 
possible to further enhance affinity and specificity of nanoparticles to PCBs by using molecularly imprinted polymers (MIPs). By 
using our novel polyphenolic crosslinkers (e.g. biphenol multiacrylate, curcumin multiacrylate, quercetin multiacrylate, etc.), 
unique MIPs and non-imprinted polymers (NIPs) were prepared. Preliminary data showed imprinted polymers had a greater 
affinity for PCBs in contaminated systems compared to non-imprinted polymers, by increasing binding capacity 3.2-fold of PCBs 
for the biphenol multiacrylate crosslinked polymers. Our MIP systems are expected to have applications in environmental and 
biological settings for selective capture and removal of environmental pollutants such as PCBs. Hence, these materials may be 
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utilized in a dual-purpose manner to remediate PCB contaminated environments, while also providing therapeutic means to 
decrease PCB-induced toxicity and body burden.  Supported in part by NIEHS/NIH P42ES007380 and T32ES007266. 
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ABSTRACT: Exposure to environmental pollutants, including Polychlorinated Biphenyls (PCBs), is correlated with the occurrence of 
liver disease, hypertension and metabolic disorders. The liver is crucial for xenobiotic metabolism and energy homeostasis. 
Previously, our group demonstrated that PCB126 (4.9mg/kg) disrupted energy homeostasis and worsened steatohepatitis in a 
compromised liver mouse model. The purpose of this study was to examine the effects of a lower dose of PCB126 on energy 
homeostasis and metabolic parameters, over a longer time-course. Male C57Bl/6 mice (n=10) were fed either an amino acid 
control diet (CD) or a methionine-choline deficient diet (MCD) in this 14-week study. Mice were exposed to PCB126 (0.5mg/kg) via 
oral gavage. The chronic and low dose of exposure was designed to mimic human PCB exposure patterns. Body weight, fat 
composition, glucose uptake, and blood pressure (BP) were assessed. Future studies will look at histology and tissue analysis for 
metabolic endpoints. The MCD diet decreased body weight (~8% loss) while co-exposure to PCB126 exacerbated this body weight 
loss (~12%). The % fat composition was measured using Echo-MRI and the MCD group showed a ~1.5 fold decrease in % body fat 
composition while the MCD+PCB126 group had a ~2.1 fold decrease. The MCD+PCB126 group also exhibited decrease basal blood 
glucose levels (fasted and non-fasted) while there was no effect in the CD+PCB126 group. Interestingly, the MCD+PCB126 group 
also displayed a trend towards higher systolic blood pressure versus its CD counterpart when measured on Week 8. In terms of 
glucose metabolism, the CD+PCB126 group showed a higher Area Under the Curve (Glucose tolerance test) versus the MCD 
groups, indicating resistance to glucose metabolism. This was counterintuitive to our pervious study utilizing a higher dose and a 
shorter time-point. PCB126 at the dose used exacerbated effects of wasting as demonstrated by body weight and fat composition. 
PCB126 also appeared to disrupt glucose metabolism irrespective of the liver state and these effects were time- and dose- 
dependent. These current findings will enable us to further elucidate the metabolic and toxic effects of PCBs, particularly coplanar 
congeners, in humans. The current study is supported by the NIEHS/NIH grant P42ES007380 and NIGMS/NIH grant 8 P20 

GM103527-06. 
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ABSTRACT: The objective of the study was to evaluate the translational utility of the rabbit ventricular wedge (RVW) assay with 
NVS001-induced QTc interval prolongation observed from jacketed telemetered dogs at comparable drug exposure levels. NVS001 
is a potent antiviral for treating certain common viral infections. RVW: The ventricular wedge from male New Zealand White 
rabbit was arterially perfused with Tyrode's solution containing 4 mM K+ buffered with 95% O2 and 5% CO2. Each wedge 
preparation was exposed to escalating concentrations of NVS001 at 5, 15, 45 and 90 µM. ECG parameters (QT, Tp-e, and QRS 
intervals) and transmembrane action potential were measured following each concentration. Jacketed telemetered dogs: Male 
beagle dogs fitted with telemetry jackets received escalating doses of NVS001 orally at 15, 50, 150 and 450 mg/kg. Telemetry data 
were continuously recorded for 2 hours predose and 24 hours post dose. ECG parameters (PR, QRS, and QTc intervals) and heart 
rate were continuously measured. Blood samples were collected at 0.5, 1, 3, 7, and 24 hours post dose for drug plasma 
concentration determinations. RVW: NVS001 produced concentration-dependent QT and Tp-e prolongation with increases of 24, 
55, 104, and 113 msec for QT and of 9, 19, 31, and 40 msec for Tp-e after 5, 15, 45, and 90 µM, respectively. Jacketed telemetered 
dogs: NVS001 produced dose-dependent QTc interval prolongation with maximum increases of 25, 32, 46, and 49 msec after 15, 
50, 150, and 450 mg/kg, respectively. The effects on QTc interval peaked at approximately 5-19 house post dose. The mean 
plasma concentrations (free Cmax) were 4, 16, 57, and 70 µM after 15, 50, 150, and 450 mg/kg, respectively with Tmax of 7-13 
hours post dose. At comparable drug exposures, NVS001 produced QT/QTc interval prolongation in both RVW and jacketed 
telemetered dogs. The findings suggest that RVW can be used as a primary screening tool for efficiently predicting QTc interval 
prolongation in in vivo safety pharmacology studies. The utility of RVW assay in detecting potential arrhythmic liability earlier 
during drug development can not only be conducted with small amounts of testing material, but significantly reduce the numbers 
of large animals used for preclinical safety assessment. 
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ABSTRACT: It has been reported that cigarette smoke disrupts angiogenesis and alters gene expression and protein levels in 
systemic arteries of neonates, whose mothers were exposed to cigarette smoke. This study examines the effects of total 
particulate matter (TPM; the particulate phase of cigarette smoke) on cardiovascular development. Specifically, the study focuses 
on angiogenesis; an essential process during pregnancy and fetus development. While the study of neonatal angiogenesis in 
mammalian models is time- and labor-intensive, and complex, several studies regard zebrafish as a useful model to study the 
effects of cigarette smoke on early development, including angiogenesis. It has been shown previously that exposure of zebrafish 
to TPM leads to several adverse physiological aberrations, including heart deformities and improper vessel formation. 
Consequently, this study investigated the effects of TPM on cardiovascular development in zebrafish embryos. Embryos were 
exposed to TPM0.1, TPM0.5, and TPM1.0 (corresponding to 0.1, 0.5, and 1.0 μg/mL equi-nicotine units) from 6 h post fertilization 
(hpf) up to 72 hpf. We show that TPM exposure increases the incidence of cranial hemorrhage, pericardial edema, and string 
heart in a dose-dependent manner. Moreover, TPM exposures were performed in transgenic Tg(Flk1:eGFP) embryos that express 
GFP in endothelial cells. Thus, we monitored the temporal formation of vessels at 24, 48, and 72 hpf. We demonstrate that TPM 
exposure adversely impacts angiogenesis in a dose-dependent manner, especially in the zebrafish brain. Notable changes in vessel 
structure occurred as early as 24 hpf. This study demonstrates the adverse effects of TPM on early vascular development and 
further supports the use of the zebrafish model for the study of cigarette smoke toxicity. 
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ABSTRACT: Egotism is a common problem in Saskatchewan’s livestock that is currently on the rise. Chronic exposure to low levels 
of ergot alkaloids is known to causes severe arterial vasoconstriction and gangrene through the activation of adrenergic and 
serotonergic receptors on vascular smooth muscle cells. The acute vascular effects of high level exposure to ergot alkaloids remain 
unknown and are examined in this study. Twelve adult female sheep were randomized into control (Ctl) and exposure (Exp) 
groups (n = 6/group). A diet containing ergot alkaloids 45,000 total ergot) was orally fed to the exposure group while the control 
group received a regular diet. After euthanasia the pedal artery from the left hindlimb from each animal was carefully dissected 
and mounted in an isolated tissue bath. The vascular contractile response to phenylephrine (PE, α1 adrenergic agonist) was 
compared between the two groups before and after terazosin (TE, α1 blocker) treatment. The vascular contractile response to 5-
hydroxytryptamine (5HT also known as serotonin) was also assessed.  Acute exposure to ergot alkaloids resulted in a significant 
increase in PE contractile response compared to control (Ctl EC50 = 1.746 e-006; Exp EC50 = 1.079e-006, p = 0.0462). Surprisingly, 
blocking α1 receptors using TE in the exposure group resulted in a significant decrease in PE contractile response compared to 
control (Ctl EC50= 1.80e-005; Exp EC50 = 6.98e-005, P<0.0001). No significant differences were found in 5HT contractile response 
between the two groups (p> 0.05).  Similar to chronic exposure, acute exposure to ergot alkaloids results in increased vascular 
sensitivity to contractile agents. TE is significantly more potent in blocking the PE contractile response in sheep exposed to ergot 
alkaloids compared to control. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: Imaging enables in vivo evaluation of a multitude of physiological and/or pathological processes and has the power to 
provide highly accurate data regarding organ/system structure and function, earlier than traditional methods such as biochemistry 
and histology. Longitudinal monitoring of a pathological condition in an individual animal may help to reduce the number of 
animals required on study and imaging permits evaluation of functional parameters (e.g. blood flow, oxygen and glucose 
consumption in a tissue) that cannot be measured non-invasively by any other methods. As there are various imaging modalities, 
we sought to assess which would be best for evaluation of cardiac function in mice: PET-CT or MRI? PET-CT and MRI images of the 
heart of nine female CD-1 mice were compared; parameters such as end diastolic volume (EDV), end systolic volume (ESV) and 
percent ejection fraction (%EF) were recorded. All animals were experimentally naïve, healthy, 6-7 weeks of age and weighed 
between 23.8 and 29.1g. MRI and PET-CT scans were performed while under the same anesthesia. MRI was performed using a 7 
Tesla small-animal scanner equipped with 205/120 Magnex gradient coils and a 63 mm volume coil (Varian, Palo Alto, CA, USA). 
PET-CT was performed using a small-animal PET scanner with a 7.5 cm axial field of view, an isotropic spatial resolution of 1.2 mm, 
and an energy window setting of 250-650 keV (LabPET/- Triumph; Gamma Medica, Northridge, CA, USA). The CT is integrated 
within the Triumph PET scanner and was conducted with a 60 kVp energy window, 1 frame 512 projections and a 2 minute 
acquisition time. Cardiac parameters measured were as follows (mean MRI/ mean PET, respectively): End diastolic volume (EDV) 
60.75 µl / 32.13 µl, end systolic volume (ESV) 22.25 µl / 14.05 µl, percent ejection fraction (%EF) 64.31% / 59%. Good correlation 
was seen between cardiac function parameters obtained by PET-CT and MRI (R<sup>2 </sup>= 0.7366 and r = 0.86). Though both 
modalities can be used to assess cardiac function, depending on cardiac assessment objectives, PET-CT presents advantages in 
providing metabolic information whereas MRI provides better structure/function diagnostic. These modalities were considered 
particularly useful to characterize adverse effects of molecules in early stages of development or as tools to refine selection of 
lead candidates. 
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ABSTRACT: The Comprehensive In Vitro Proarrhythmia Assay (CiPA) encompasses a multifaceted effort to use an increasingly 
detailed understanding of molecular triggers of arrhythmia, and rapidly-evolving cellular models and phenotypic screening tools to 
better predict arrhythmic disposition of compounds in pharmaceutical development. In a pilot phase study, human stem cell-
derived cardiomyocytes (hSC-CM) from multiple sources predicted risk of arrhythmias associated with a small number (8) of well-
characterized compounds when spontaneous beating was monitored by field potential on multielectrode arrays (MEA). An 
enabling factor was development of multiwell MEA plates in which multiple compounds and doses could be screened 
simultaneously, and which are compatible with automated plate handling. For phase 2 of CiPA, the greatly expanded compound 
test set (28 compounds, 4 doses, n=5) provided incentive and context for a 2-site evaluation of a newly-developed system for 
automated CM seeding, maintenance, dosing, and recording in 96-well MEA plates (Axion Biosystems). Cross-site comparison of 
baseline beat properties of hSC-CM (iCell CM2; Cellular Dynamics) suggests that nominally identical automated cell plating and 
maintenance procedures yield highly-reproducible field potential metrics: duration corrected for beat rate (FPDc, Fridericia’s 
correction) = 379 ± 29 vs. 370 ± 37 ms at site 1 vs 2: beat period = 1.6 ± 0.14 s vs 1.59 ± 0.14 s: depolarization spike amplitude = 
2.7 ± 0.8 vs 2.6 ± 1.1 mV: mean ± SD for N=768 wells). Although CiPA compound identities were blinded at time of submission, 
combined data for encoded compounds and doses showed strong cross-site correlation coefficients for effect on FPDc (0.91; 
p<0.001), and fraction of wells displaying arrhythmias (0.75; p<0.001). Effects on FPDc of the non-blinded reference compounds 
nifedipine and dofetilide, using standard lots of iCell CM2, confirmed variability between replicates, sites, and cell lots was 
generally smaller than effects of compounds. The increased throughput of the described approach makes it compatible with 
cardiac safety counterscreening in discovery phase drug development, where test sets are generally larger than in regulatory 
safety studies. 
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ABSTRACT: Well plate microfluidic devices have been demonstrated to provide a physiologically relevant environment to model 
the human vasculature. Here, we utilized the BioFlux™ microfluidic technology in conjunction with human aortic endothelial cells 
(HAECs) to observe the development of TNFα induced platelet and monocyte adhesion to endothelial cells (i.e., thrombosis). HAEC 
monolayers were grown in microfluidic channels and were then exposed to a range of TNFα concentrations (5-100 ng/mL) for 5 
hours under gravity flow. This was followed by perfusion through the microfluidic channel with whole blood (pre-incubated with 
TNFα for 1 hour) at 5 dyn/cm2 for 5 minutes or THP-1 cells (activated with TPA) at 1 dyn/cm2 for 1 minute followed by 0.5 
dyn/cm2 for 10 minutes. Whole blood and THP-1 cells were pre-labeled with Calcein AM to aid quantification of cell binding 
(percentage channel area) with BioFlux™ Montage software. We demonstrate that both platelets and monocytes (THP-1) are able 
to bind to HAECs in microfluidic devices after exposure to TNFα and furthermore we have shown that this trend appears to 
increase in a dose-responsive manner before plateauing in both whole blood and THP-1 experimentation. We believe that these 
microfluidic devices have the potential to evaluate pro-inflammatory compounds and mixtures that may be relevant to 
cardiovascular diseases such as atherosclerosis. 
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ABSTRACT: Vanoxerine was initially developed as a dopamine transporter antagonist for use in the treatment of cocaine addiction 
but has more recently advanced in clinical trials for the treatment of arrhythmia caused by atrial fibrillation. It’s development as a 
cocaine addiction treatment was halted because it was found to be a potent hERG blocker. It was determined to be a 
multichannel inhibitor which also blocked Cav1.2 and Nav1.5 which were believed to counteract the hERG effects. This 
multichannel block was also the reason that it was proposed to be effective in terminating atrial fibrillation. In a phase III study, 
although vanoxerine was found to be effective in 69% of patients for treatment of atrial fibrillation, the trial was halted due to the 
development of torsades de pointes in 11.5% of patients. Identification of these liabilities much earlier in the drug development 
process would save significant money and would also protect patients from these liabilities. To this end, a consortium was 
established to evaluate a battery of in vitro assays called the Comprehensive In Vitro Proarrhythmia Assay (CIPA). The CIPA 
initiative is a 3 tiered approach: Test activity in selected cardiac ion channels, predict the effects of these ion channels with in silico 
computer modeling, and then test the compounds in human stem cell derived cardiomyocytes on an electrophysiology platform 
such as an MEA. This compound was tested for its ion channel effects and was determined to be safe using the in silico models 
which suggests that additional assays may be required to identify these liabilities. Here we show that with addition of the third 
assay, the MEA assay with iPSC derived cardiomyocytes, a liability could have been flagged. Cells were treated with concentrations 
of 0.01, 0.032, 0.1, 0.32, and 1µM, within the range of the total Cmax. The compound extended the Field Potential Duration (FPD) 
at all concentrations tested to varying degrees with rounding and flattening of the T-wave above 0.1µM suggesting hERG 
inhibition. The Na amplitude and slope decreased in a dose dependent manner with ~35% remaining at 1µM. Other than Na 
amplitude, the effects were maximal for all of the endpoints at 0.316µM including arrhythmias. This compound also appears to 
have a slower action than many hERG inhibitors, with arrhythmias and maximal responses occurring after 3 hours of treatment. 
These results suggest that the use of stem cell derived cardiomyocytes in physiological based assays can improve the prediction of 
cardiac liabilities. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: Malignant mesothelioma is a cancer of the mesothelium, the thin layer of tissues surrounding the internal organs, and 
is most often caused by occupational exposure to asbestiform fibers. Disease latency from first exposure to asbestiform fibers to 
malignant mesothelioma diagnosis usually is considered to range from 20-40 years. Despite actions that regulate occupational 
exposure, potential exposures of workers' family members may still exist in the United States, especially in the construction 
industry, during maintenance operations and remediation of buildings containing asbestos. Overall malignant mesotheliomas in 
women that are attributable to work-related exposure is wide (23-90%, AJIM 43:461-482). To examine industry and occupation 
associated with malignant mesothelioma mortality among women, we analyzed multiple cause-of-death records for 1999-2014 
for persons aged 25 years and older. Malignant mesothelioma deaths were identified using International Classification of 
Diseases, 10th Revision codes C45.0-C45.2, C45.7, and C45.9. During 1999-2014, 8,579 cases of malignant mesothelioma occurred 
among women. Industry and occupation information was available from 367 death certificates for decedents reported from 23 
states for 1999, 2003, 2004, and 2007. Most frequently reported deaths were among unemployed or non-paid workers (n=116). 
Malignant mesothelioma deaths among women were most frequently associated with educational services (n=35) and health care 
(n=33) industries. By industry, the significant proportional mortality ratios were for legal services (3.8; CI=1.5-7.8), insurance 
carriers and related activities (2.4; CI=1.1-4.5), and elementary and secondary schools (1.5; 1.0-2.2). By occupation, the significant 
proportional mortality ratios were for accountants and auditors (2.9, CI=1.2-5.9), sewing machine operators (2.3, CI=1.1-4.3), and 
elementary and middle school teachers only (2.0, CI=1.3-3.0). These results are consistent with previous findings that most 
women with malignant mesothelioma had an indirect exposure to asbestiform fibers at work or through household contact with 
asbestos workers. 
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ABSTRACT: Non-small cell lung cancer (NSCLC) is the predominant form of lung cancer in the United States, with only limited 
options available for patients diagnosed late in their disease process. This laboratory has identified aberrant expression of the 
Long interspersed nuclear element-1 (L1) as a critical event in the acquisition of malignancy. L1 is an abundant genetic element 
that mobilizes via retrotransposition using L1-encoded ORF1p and ORF2p proteins. Its activity is typically silenced in somatic 
tissues with reactivation serving as a powerful oncogenic stimulus via insertion mutagenesis and changes in chromatin structure 
gene expression. The cellular mechanisms that promote aberrant L1 expression in lung cancer are unclear. Here, using RT-PCR and 
immunoblotting analysis, we show that the tobacco carcinogen benzo(a)pyrene (B[a]P) increases expression levels of L1, TGF-β1 
and Snail 1 in non-malignant BEAS-2B cells and in lung cancer cell lines NCI-H460, NCI-H520, and NCI-H1993. BaP-mediated L1 
expression was inhibited by siRNA knock down of transforming growth factor-β1 receptor 1 (TGFBR1/ALK5) and Snail 1. These 
data suggest that BaP regulates L1 expression via activation of the TGF-β1/Snail1 signaling pathway. Because L1 may contribute to 
lung cancer initiation and progression, identification of this novel regulatory control mechanism may be targeted 
pharmacologically for therapeutic intervention. 
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ABSTRACT: Mechanistic results (particularly high throughput screening (HTS) data) for key characteristics of chemical carcinogens 
(Smith et. al Env Health Perspect 124:713-721, 2016) are increasingly being used in expert judgement-based hazard evaluations. 
The objective of this investigation was to determine whether HTS results for key characteristics of carcinogens can distinguish 
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chemicals classified as not likely to pose a carcinogenic risk to humans from probable/likely human carcinogens. Extensive 
statistical analyses and modeling examined the potential of the key characteristics, alone or in combination, to predict 
carcinogenic hazard. ToxCast™ results were available for 7 of the 10 key characteristics [1) electrophilic or can be metabolically 
activated; 2) genotoxic; 3) induces epigenetic alterations; 4) induces oxidative stress; 5) induces chronic inflammation; 6) 
modulates receptor-mediated effects; 7) alters cell proliferation, cell death or nutrient supply] for chemicals classified by US EPA’s 
Office of Pesticide Programs as “Group B—Probable Human Carcinogen / Likely to be Carcinogenic to Humans” (54 substances; 
true positives for modeling purposes) and “Group E—Evidence of Non-carcinogenicity for Humans / Not Likely To Be Carcinogenic 
To Humans” (194 substances; true negatives for modeling purposes). With very few exceptions there were no statistically 
significant differences in bioactivity between true negatives and true positives for the 7 key characteristics. Empirical cumulative 
HTS response distributions for 4 characteristics showed no statistical differences; whereas true negatives had statistically 
significantly greater HTS activity compared to true positives for the 3 other characteristics. Modeling showed the accuracy of 
predicting carcinogenic hazard was no better than chance for HTS data for the 7 key characteristics, except for oxidative stress, 
which exhibited a threshold pattern of borderline predictiveness. In conclusion, implicit inference models based on mechanistic 
HTS results for characteristics of carcinogens lack the high scientific confidence needed for regulatory cancer hazard decision-
making. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: Styrene causes lung tumors in mice exposed for 2-years at 40, 80 and 160 ppm. MOA studies support the role of 
mouse-specific CYP2F2 metabolism in lung toxicity. Our work assessed both MIEs and MOAs for styrene by evaluating gene 
expression using Affymetrix whole genome HT_MG430_PM Titan arrays in male C57BL/6 mice exposed both for single exposures 
and for longer duration exposures, i.e., 1, 4 or 26 weeks (6hr/day, 5days/week). Concentrations in the 1-day exposures were 1, 5, 
10, 20, 40 and 120 ppm. In the 1-day exposures, significant increases in gene expression, measured in homogenates of whole 
lungs, were already seen at 5 ppm with the numbers of genes differentially expressed (using both FDR<0.05 and |FC|>1.5 
filtering) increasing to over 10,000 at 120 ppm. Enrichment at the two higher concentrations at 1-day were primarily in pathways 
for metabolism of lipids and lipoproteins, cell cycle and mitotic M-M/G1 phases. In the 1 and 4 week studies , the exposures were 
40 and 120 ppm (only 120 ppm was carried through to 26 weeks). The numbers of genes differentially affected at 40 and 120 ppm 
decreased continuously over time - 1,087 and 10,213 at 1-day, 512 and 727 at 1 week, 23 and 88 at 4 weeks. Only 13 genes were 
differentially affected at 26-weeks. Among the genes with highest fold-change at all the longer times were key transcription 
factors (TFs). Nr1d1, Nr1d2, Dbp, Tef, Hlf, Per3 and Bhlhe40 were up-regulated; Npas, Arntl, Nfil3, Nr4a1, Nr4a2, and Nr4a3 were 
down-regulated. This pattern of altered TF genes persisted out to at least 26-weeks, primarily with enrichment for circadian clock 
pathways at these later times. Based on the 1-day exposures, the MIE for styrene appears related to mitogenic responses from 
CYP2F2 generated ring-oxidized metabolites activating Nr4a signaling; the longer-term MOA includes downregulation of Nr4a1, 
Nr4a2 and Nr4a3 genes with co-ordinate, adaptive changes in circadian clock genes and their linkage to cellular metabolism 
through D-box proteins (Dbp, Tef, Hlf and Nfil3). Genomic responses from styrene in mouse lung across these various exposure 
durations are consistent with a non-genotoxic, primarily mitogenic MOA for styrene lung tumorigenicity.  Funding was provided by 

the Styrene Information and Research Center. 
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ABSTRACT: The biological actions of estrogens are mediated mainly through two estrogen receptors (ERs), ERα and ERβ, which 
function as transcription factors. ER dimerization is an essential step regulating transcription. ERα and ERβ can form homo- or 
heterodimers, which regulate gene expression by binding to their cognate response element on target genes. Although both 
receptor subtypes bind 17β-estradiol (E2), the predominant endogenous estrogen with high affinity, they exhibit different 
affinities for many estrogenic compounds. Bisphenol-A (BPA) is an industrial compound used in the production of beverage and 
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food storage containers, cosmetics, dental sealants, and thermal receipt papers, among others. Human exposure to BPA occurs 
through the use these materials as well as through dust particles and BPA is linked to adverse health effects including 
reproductive and metabolic diseases. BPA is known to cause endocrine disruption by mimicking estrogen activity. As men age they 
are prone to developing benign prostatic hyperplasia (BPH), a disease characterized by an enlarged prostate which can associate 
with lower urinary tract symptoms such as increased urinary frequency. It is known that estrogen is increased in aging men and is 
implicated in BPH. Our lab has demonstrated that estrogen signaling is known to play a role in BPH in C57BL/6 mice treated with 
testosterone (T) + E2 and have found that T+ BPA can have a similar effect in these animals. Therefore our goal was to investigate 
the molecular effects of BPA on ER signaling in prostate cells by determining the effects of BPA on 1) the ER dimerization though 
the use of bioluminescent resonance transfer (BRET) assays 2) transcriptional activation through the use of ERE-luciferase reporter 
assays, and 3) endogenous ER target gene activation by PCR. Our results show that doses of BPA in the nanomolar range and 
above can induce all three ER dimers i.e. ER α/α homodimers, β/β homodimers, and α/β heterodimers as well as transcriptional 
activation of an ERE-luciferase reporter. We also show that BPA can induce transcription of ER target gene EGR3 as well as BPA 
target gene STAT3.This work implicates the effects of BPA on ER signaling in prostatic disease. 
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ABSTRACT: The antioxidant glutathione (GSH) is important in scavenging electrophiles, reducing reactive oxygen species, and as a 
substrate for glutathione S-transferase-mediated detoxification. Glutamate cysteine ligase (GCL; the rate-limiting enzyme for GSH 
synthesis) is composed of catalytic (GCLC) and modifier (GCLM) subunits, both of which are regulated by the redox responsive 
transcription factor Nrf2. Our lab developed a glutamate cysteine ligase modifier null (Gclm-/-) mouse with compromised GSH 
levels, by replacing Exon 1 of the Gclm gene with β-Geo, a β-galactosidase (β-gal) and neomycin phosphotransferase fusion gene. 
β-gal catalyzes the hydrolysis of x-gal to form an oxidized insoluble chromophore. Thus, x-gal activity is a reporter 
of Gclm promoter activity and Nrf2 activation in Gclm-/- mice. Immortomouse® (IM; Charles River), a transgenic mouse with a SV40 
large T-antigen fused to H-2Kb (MHC Class 1 antigen), can be used to produce immortalized primary cell lines. We bred IM mice 
to Gclm-/- and Gclm+/+ mice and established immortalized hepatocyte cell lines from IM/Gclm-/- and IM/Gclm+/+ mice. We refer to 
these cell lines as IM/KO and IM/WT, respectively. Importantly, IM/KO cells have 8.4% of the GSH levels of IM/WT cells, and have 
increased expression of the Nrf2 regulated proteins, CBR3 and GCLC. We previously showed that hydroquinone (HQ) caused 
oxidative stress in mouse hepatocytes (Hepa1) but Hepa1 cells with increased GCL activity are protected from HQ. Based on those 
results we treated both IM/KO and IM/WT cells with different doses of HQ. After 24 hr, cell viability was assessed (MTT assay). In 
parallel studies cells were imaged with an iCys laser scanning cytometer to quantify β-gal activity. HQ caused a statistically 
significant, dose-dependent increase in cell death and in x-gal staining in IM/KO cells treated with HQ compared to control IM/KO 
cells. IM/WT cells showed minimal cell death and no increase in x-gal (negative control for background β-gal activity). Taken 
together these results show the utility of this system for investigating chemically induced oxidative stress, glutathione-dependent 
cell viability, and Nrf-2 activity. Since Gclm-/- mice are known to exhibit glutathione-dependent alterations in chemical sensitivity, 
these immortalized hepatocytes will also serve as a convenient system for in vitro to in vivo extrapolation in mechanistic studies. 
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ABSTRACT: Skin barrier function and integrity can be impaired as a result of exposure to environmental stressors including 
industrial pollutants, heavy metals and metalloids, and solar ultraviolet (UV) radiation. Therefore, there is a need to find effective 
and safe strategies to boost cellular stress responses and damage repair. The redox-sensitive transcription factor NRF2 (nuclear 
factor-E2-related factor 2) has recently emerged as a promising molecular target for the prevention of human skin pathologies 
resulting from exposure to environmental toxicants. We tested the feasibility of enhancing NRF2-dependent skin protection using 
the apocarotenoid bixin, an FDA-approved natural food colorant from the seeds of the achiote tree (Bixa orellana) native to 
tropical America and consumed by humans since pre-Columbian times. SKH-I Nrf2+/+ and Nrf2−/− hairless mice were treated with a 
topical bixin formulation or a bixin dietary supplement before acute exposure to UV light. Mouse skin tissues were harvested 24 h 
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later and analyzed by immunohistochemistry and immunoblotting. Topical and systemic administration of bixin activated 
cutaneous expression of NRF2 and its target genes, and limited acute photodamage in Nrf2+/+ but not in Nrf2−/− mice. These results 
suggest that bixin-based interventions may be safe and effective for NRF2-dependent skin protection against environmental 
insults in human patients. 
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ABSTRACT:  Misfolding and aggregation of serum wild-type (wt) and mutant transthyretin protein (TTR) is the cause of 
Transthyretin Amyloidosis (ATTR), a severe and fatal disease characterized by abnormal deposits of TTR as amyloid in the body’s 
organs and tissues. Currently new drugs are being developed that suppress TTR production to potentially slow or stop disease 
progression.Thus, quantitation of TTR levels in serum is crucial to monitor the efficacy of therapeutic measures. Conventional 
immunoturbometric TTR assay in clinical cannot differentiate wt and mutant TTR. Here we report the development and 
qualification of an LC-MS assay that enables simultaneous identification and quantification of wt and mutant TTR in human serum. 
Intact wild-type and mutant TTRs were co-extracted from human serum by Thermo TTR MSIA D.A.R.T’s. TTRs were reduced by 
TCEP, separated by HPLC and detected by high resolution mass spectrometer. Quantification of wt and mutant TTR was achieved 
by extracting the 8 most abundant isotope ions at charge state +10 with molecular weight determination by deconvolution 
software.  Our established LC-MS assay has a dynamic range from 7.5 to 480 µg/mL of TTR in human serum. The coefficient values 
of calibration curves (n=6) were ranged from 0.9927 to 0.9995 with QC accuracy between 102.0 and 107.2% and an overall CV less 
than 9.1%. Carryover, selectivity and stability were evaluated and all met the acceptance criteria. Serum samples from 12 patients 
with different TTR mutation genotypes were analyzed and a clear differentiation between wt and mutant TTR was observed. Total 
TTR concentrations of a subset of patients determined by LC-MS method were compared to data from immunoturbometric TTR 
assay, the most commonly used clinical assay, with a high correlation (R2 = 0.93). An efficient LC-MS assay was developed and 
qualified to achieve simultaneous quantitation and identification of wt and mutant TTR in human serum. The application of TTR 
MSIA D.A.R.T’s allows a high throughput approach in sample preparation and HRMS intact protein analysis enables fast and 
reliable TTR mutant identification and quantitation. 
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ABSTRACT: The liver-specific miRNA, miR-122, appears to be a promising biomarker of hepatocellular injury, supported by pre-
clinical and clinical studies in the context of drug-induced liver injury, viral hepatitis, and autoimmune hepatitis. Based on this, we 
set out to explore the performance of miR-122 to evaluate its utility to monitor liver function in a clinical setting. A qRT-PCR based 
assay to detect miR-122 and 80 other miRNAs in circulation was developed and qualified based on a fit-for-purpose approach for 
exploratory biomarkers. Briefly, miRNAs were detected in human serum utilizing commercially available reagents and kits with 
minor modifications to original protocols. Assay linearity, dynamic range, precision, and accuracy were assessed accordingly. 
Circulating levels of miR-122 were measured in serum from normal human volunteers (N=91) and patients from clinical trials 
(N=36, 556 samples). Relative expression of miR-122 was determined based on normalizing its expression levels to the sample 
average among several endogenous miRNAs selected from the larger panel using an adaptive algorithm. A 95% reference interval 
of miR-122 relative expression in serum, calculated using normal volunteer data, showed high inter-subject variability of 175-fold 
dynamic range. In clinical trial samples, patients with reported severe hepatic adverse events had elevated expression of miR-122 
in serum, although for some of these patients the increased miR-122 expression levels fell within the 95% reference interval. We 
then assessed the performance of miR-122 within a patient to determine the extent of intra-patient variability and its contribution 
to the movement of this miRNA. Accordingly, miR-122 levels in serum within a patient varied 3- to greater than 2000-fold from 
baseline (e.g. patient screening) levels, however most samples again fell within the 95% reference interval. These findings support 
that there was high intra-patient variability in relative expression of miR-122 in serum, in addition to high inter-patient variability 
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across a population. Based on these findings, a longitudinal study of miR-122 expression in normal human volunteers was 
initiated. In conclusion, miR-122 is unlikely to be a useful prospective biomarker of liver injury in humans due to the observed high 
inter- and intra-subject variability. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: When developing treatment options for lower gastrointestinal tract diseases it is important that one considers the 
potential impact on the intestinal barrier. As in diseases like inflammatory bowel disease or colorectal cancer a disturbed 
intestinal barrier function can be an initiating or exacerbating event in disease development. Classical toxicology endpoints are not 
sensitive enough to detect early barrier changes and, therefore, additional biomarkers are needed. The goal of this project was to 
identify translational safety biomarkers to detect early changes in colorectal permeability prior to histopathological changes, and 
to implement these in early discovery and early development toxicology studies. For this purpose, rats were dosed intracolonically 
via the rectum with sodium caprate or ibuprofen, causing functional or morphological changes. Doses were selected to cause clear 
or none to minimal histopathological effects. A large number of potentially translational biomarkers/tracers were evaluated using 
a wide range of techniques, including immunoassay, targeted metabolomics and highly sensitive UPLC-MS and MS/MS. The most 
promising results indicating increased barrier permeability were observed by detection of administered tracer molecules. A 
cocktail of lactulose/mannitol/sucralose had changes of approximately 40-fold and for fluorescently labeled FITC-dextran 4000, 
more than a 100-fold increase was observed. At low dose levels of ibuprofen or sodium caprate, significant fold changes could still 
be detected without any relevant histopathological changes. In addition, several cytokines (GRO/KC, IP-10, MCP-1 and MIP-1α) 
and α2-macroglobulin showed potential as inflammatory biomarkers, but a more extensive evaluation is required. Other 
biomarkers tested such as LPS, calprotectin, and prostaglandins did not show any changes, and a panel of metabolic molecules 
only showed a small response, disqualifying them as direct safety biomarkers to assess colorectal permeability changes. To 
conclude, several translational biomarkers were identified that can be implemented in future toxicology studies to evaluate 
colorectal barrier integrity at an early stage, prior to histopathological findings. This can aid in preclinical risk assessment and the 
design of a clinical biomarker plan. 
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ABSTRACT: Increased calcium (Ca2+) mobilization is central to leukocyte signaling and for regulation of immune responses. 
Although evidence suggests that cigarette smoking affects several biological functions including inflammatory responses, how the 
use of combustible (cigarette) and smokeless tobacco regulates Ca2+ mobilization and consequently inflammation is unclear. We 
evaluated the effects of several Tobacco Product Preparations (TPPs) including total particulate matter (TPM) from 3R4F reference 
cigarettes, phosphate buffer extracts of 2S3 moist snuff (as a representative of smokeless tobacco (ST)) and nicotine on 
Ca2+ mobilization in Human Leukemic HL60 cells. HL60 cells were initially loaded with Flow-3, a Ca2+ indicator dye and then treated 
with different equi-nicotine units of TPM (1, 5, 10, and 20µg/mL) or ST (100, 150, 200 and 250µg/mL), or nicotine (0, 10, 50, and 
100µg/mL). Intracellular Ca2+ mobilization (Ca2+)I was measured using flow cytometry. TPM treatment significantly increased 
(Ca2+)I in a concentration dependent manner, but not treatment with ST or nicotine. The induction of TPM-mediated 
(Ca2+)I occurred at lower nicotine equivalent units compared to ST or nicotine. Experiments using Thapsigargin (TG) for depletion 
of Endoplasmic Reticulum (ER) Ca2+ stores suggested that TPM-mediated (Ca2+)I induction occurs through multiple Ca2+ stores 
including ER stores. Assessment of extracellular Ca2+ mobilization (Ca2+)E using CaCl2 in intact or TG treated cells for depletion of ER 
Ca2+ stores indicated that TPM-can mobilize CaCl2 as an extracellular source of Ca2+ and induce (Ca2+)E. These results, for the first 
time, demonstrate that combustible TPPs, such as TPM, trigger both intracellular Ca2+ release and also elicit (Ca2+)E by capacitative 
(in depleted ER stores) and non-capacitative (in intact ER stores) Ca2+ mobilization. On the other hand, Ca2+ mobilization was 
unaffected by ST or nicotine treatment under the experimental conditions. In conclusion, our results suggest that TPM drives 
intra- and extracellular Ca2+ mobilization which may activate signaling pathways potentially leading to altered inflammatory 
responses in leukocytes. 
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ABSTRACT: OECD Guidelines 421, 422 and 443 and US EPA require an evaluation of thyroid function to be performed in relevant 
reproductive toxicology studies and as a consequence, there is a regulatory need for the analysis of circulating levels of thyroid 
hormones in adult rats, fetuses and juveniles on reproductive toxicology studies. Whilst the currently published immunoassay and 
LC-MS/MS techniques are sufficient for the determination of T3 and T4 in adult rats, it is generally insufficient for fetuses and 
juveniles on reproductive toxicology studies due to their lack of sensitivity (low pg/mL required), selectivity and/or large sample 
volumes required for analysis. A study involving qualification experiments on control dams, pups, and fetuses was conducted 
which was the basis for selecting the concentration range to be validated. A method with a lower limit of quantification (LLOQ) of 
5 pg/mL for T3 (final range 5 to 1500 pg/mL), and a final range of 70 to 70000 pg/mL for T4 was developed and validated. The 
range was designed for sufficient detection of levels in control samples (fetuses in particular) and test item related increases or 
reductions in hormone levels and to minimize repeat analysis arising from high concentration samples. The CV (precision) and RE 
(accuracy) for both T3 and T4, determined at each quality control concentration level during validation were ≤20% (25% for the 
LLOQ) for both within- and between (overall)� batches. Linearity was demonstrated over at least 3 separate batches using a linear 
regression (weighting of 1/x), with a coefficient of determination (r2) >0.99. A sensitive, precise and accurate method was 
successfully validated to determine T3 and T4 in rat serum samples, originating from rat fetuses to adults confirming the suitability 
of the method. Using this novel method involving analysis by high end LC-MS/MS, the use of a low sample volume of 50 µL was 
achieved which allows repeat analysis on rat pups and fetal samples in particular, where 0.4 ml of blood is generally taken to 
generate approximately 165 µL of serum. 
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ABSTRACT: Persistent organic pollution (PoPs), including the dioxin family, are known to resist degradation, persist in the 
environment, and adversely affect the health of aquatic animals. This study focused on methods for the degradation of PoPs and 
how to evaluate the efficiency of these methods. FePWC3N4 is a recyclable, carbon nitride super-molecular hybrid with highly 
photocatalytic activity due to the production of highly reactive hydroxide radicals under mediation of H2O2. It has been shown to 
degrade organic dyes pollutants in water under natural sunlight, making it an ideal candidate for PoP degradation and toxicity 
testing. We tested the efficacy of FePWC3N4 in degrading 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), a known teratogen, by using 
a zebrafish embryo toxicity assay. Embryos were exposed to either 1 ppb TCDD alone or 1 ppb TCDD-treated by FePWC3N4 with 
visible light. By 72hpf, embryos exposed to either of the treatment groups had higher occurrences of pericardial edema compared 
to controls. However, FePWC3N4 treated TCDD caused 13.1% fewer of these occurrences than its untreated counterpart. 
FePWC3N4 treated water also eliminated all instances of homeostasis in the tail observed with TCDD exposure. These results 
indicate that FePWC3N4 is successful in degrading TCDD; although the extent of it requires further study. These results indicate 
that this compound has Po Premediation potential and warrants further investigation. ǂ Equal Contribution (Anti Wang and Zhiyu 
Wang). 
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ABSTRACT: Cis-diamminedichloroplatinum (II) (cisplatin) has been widely used for the treatment of a broad range of human 
malignancies including head and neck, ovarian, and testicular cancers. However, its mechanisms of action are not fully elucidated. 
In this research, we studied the anti-cancer potential of cisplatin at 1µM, 2 µM or 3 µM using HL60 cells as a test model. We 
investigated cisplatin effects at the molecular level using RNA sequencing, cell cycle analysis, and apoptotic assay after 24, 48, 72, 
and 96 hour treatment. The results show that many genes responsible for molecular and cellular functions were significantly 
altered. Cisplatin treatment also caused the cells to be arrested at the DNA synthesis phase and as the time increases the cells 
gradually accumulated at the sub G1 phase. Also, as the dose increases, a significant number of cells entered into the apoptotic 
and necrotic stages. Altogether, the data show that the low doses of cisplatin significant impact the viability of HL60 cells, through 
modulation of gene expression, cell cycle and apoptosis. 
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ABSTRACT: Although recurrent prostate cancer is initially sensitive to hormone therapy, over time most patients progress to a 
hormone insensitive form of prostate cancer classified as hormone refractory prostate cancer (HRPC). At this stage, the median 
survival rate is less than 12 months and therapeutic options have shown little effect on the progression of the disease. Therefore, 
novel treatment strategies and drugs are urgently required for HRPC. The current project explored the cytotoxic effects and 
anticancer mechanism of new curcumin analogues towards HRPC in vitro. Androgen-independent prostate cancer cell lines PC-3 
and DU 145 were treated with a series of curcumin analogues at 0-10 µM and cytotoxicity was determined by the sulforhodamine 
B (SRB) assay. RL118 and RL121 were found the most potent analogues with EC50 values of 0.50 and 0.58 µM in PC-3 cells and 
EC50 values of 0.76 and 0.69 µM in DU 145 cells, respectively. Mechanistic analyses demonstrated that RL118 and RL121 
significantly induced G2/M-phase cell cycle arrest and apoptosis. Both analogues increase the number of cells on the G2/M phase 
of the cell cycle and led apoptosis as determined by flow cytometry. Specifically, treatment of PC-3 cells with both analogues (1 
µM for 24 h) significantly increased the proportion of cells in G2/M phase by 41.6% and 86.1% over control, respectively. 
Moreover, Western blotting results demonstrated that RL118 and RL121 modulated the expression of key cell signaling proteins 
involved in cell proliferation and cell death. Thus, our findings provide evidence that RL118 and RL121 have potent anticancer 
activity in HPRC cells and both analogues warrant further examination in vivo. 
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ABSTRACT: Drug hypersensitivity involves the activation of T-cells in an HLA allele-restricted manner. Since the majority of 
individuals who carry HLA risk alleles do not develop hypersensitivity, other parameters must control development of the drug-
specific T-cell response. Thus, we have utilized a T-cell priming assay and nitroso sulfamethoxazole (SMX-NO) as a model antigen 
to investigate (1) the activation of specific T-cell receptor (TCR)Vβ subtypes, (2) the impact of PD-1, CTLA4 and TIM-3 co-inhibitory 
signalling on activation of naïve and memory T-cells and (3) the ability of Tregs to prevent responses. An expansion of the TCR 
repertoire was observed for nine different Vβ subtypes, while spectratyping revealed that SMX-NO-specific T-cell responses are 
controlled by public TCRs present in all individuals alongside private TCR repertoires specific to each individual. Blockade of PDL-
1/CTLA4 signalling dampened activation of SMX-NO-specific naïve and memory T-cells, while blockade of TIM-3 produced no 
effect. PD-1, CTLA4, and TIM-3 displayed discrete expression profiles during drug-induced T-cell activation and expression of each 
receptor was enhanced on dividing T-cells. As these receptors are also expressed on Tregs, the role of inhibitory signals during 
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Treg-mediated suppression of SMX-NO-induced T-cell activation was investigated. Tregs significantly dampened the priming of T-
cells. In conclusion, our findings demonstrate that distinct TCR Vβ subtypes, dysregulation of co-inhibitory signalling pathways and 
dysfunctional Tregs may influence predisposition to hypersensitivity. 
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ABSTRACT: High-throughput screening (HTS) efforts such as the Tox21/ToxCast program aim to identify human and environmental 
health impacts of chemicals using primarily in vitro assays to probe toxicity. While many of these assays have been assigned as 
targeting specific genes, assessing the disease-relevance of a set of assays remains challenging. Database integration presents a 
promising avenue for resolving this question by providing additional context to individual assay results. We tested the value of this 
approach for assessing HTS coverage of cancer hallmark processes by integrating: assay data from Tox21/ToxCast; chemical, gene, 
disease, and exposure data from the Comparative Toxicogenomics Database (CTD); and assay information from PubChem’s 
Bioassay Database. Information across databases was linked by mapping across common assays, genes, and chemicals. We found 
that more than 80% of canonical genes associated with each cancer hallmark process were not covered by HTS assays. Considering 
only the subset of chemicals in CTD that overlapped with chemicals tested in ToxCast assays, we found that the union of these two 
databases significantly increased coverage of either alone, with less than 10% overlap of direct chemical-gene linkages. We then 
searched the PubChem Bioassay Database for assays that could augment current coverage if added to future HTS assay sets. This 
approach revealed 70 specific assays that would significantly (p < 0.01) reduce the coverage gap from 80% to approximately 50% 
across hallmark processes. Finally, CTD pathway information was used to corroborate screening data results and assess the 
network connectivity of genes, revealing that only a fraction of the additional candidate assays would be required to probe highly-
connected nodal genes. Thus, using cancer hallmark genes as an example pathway, we demonstrate that database integration 
could add valuable, evidence-based assessment of disease coverage by HTS assays. Moreover, we can integrate additional data to 
suggest optimal additions to assay sets. 
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ABSTRACT: Cr(VI)is a potent industrial toxicant with well-established links to cancer. While it is known that exposure to Cr(VI) 
either predisposes or causes cancer in the exposed individual, long-term effects of Cr(VI) exposure on the progeny of the exposed 
individual is not known. This is in part due to the absence of a reliable model system to study trans-generational effects of 
exposure to environmental toxicants. Here, using Drosophila KrIf-1eye phenotype readout assay system, we show that exposure of 
flies to Cr(VI) results in developmental defects in the progeny which have never been exposed to Cr(VI), thereby establishing a 
genetically tractable fruit fly as a model system to study trans-generational effects of exposure to environmental insults. Using 
single-fly whole genome sequencing we found that there are no new genetic mutations in the flies with phenotype variations 
proving that Cr(VI)-exposure-dependent trans-generational developmental defects are due to epigenetic variations rather than 
genetic mutations. Mechanistically, we show that Cr(VI) exposure leads to over-expression of TGFβ ligand daw in the ovary and 
that RNAi knockdown of daw leads to significant rescue of phenotype variations in the progeny. Based on this, we conclude that 
one of the plausible mechanism by which K2Cr207 exposure leads to trans-generational phenotypic variations is via derailment of 
TGFβ signaling. Based on these results, we propose that progeny of Cr(VI)-exposed parents are sensitized (epigenetic instability) 
and that secondary mutations acquired during adult life of the progeny act upon this epigenetic instability leading to 
developmental defects. To further investigate this proposal, we checked if Cr(VI) exposure leads to cancer predisposition in the 
progeny. Using an ey-Gal4 > Delta based cancer model, we show that exposure of mother to Cr(VI) leads to cancer phenotypes in 
the progeny. We also show that cancer predisposition is fixed in the population to at least three generations after initial exposure 
to Cr(VI). These findings provide novel insights into cellular mechanisms of Cr(VI) toxicity and show for the first time that Cr(VI) 
exposure does not only affect the exposed individual, but also pre-disposes the progeny to developmental defects and diseases 
like cancer. 
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ABSTRACT: Polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) have been detected in Bohai Bay,in 
northern China. We used the zebrafish (Danio rerio) model to determine whether dioxin-like compound contamination exists off 
the coast of northern China. Five sediment samples from each of 2 locations (factory A and factory B) were collected and sediment 
extract was produced. Zebrafish embryos were exposed to either sediment extract or 1 ppb 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD) from 4 hpf to 72 hpf. During their development, we evaluated morphological changes of pericardial cavity, length of lower 
jaw, and blood circulation in the tail. Following exposure,antibody staining was used to localize CYP1A mRNA expression. When 
exposed to sediment extract from either location, embryos developed severe pericardial edema, changes in length of lower jaw, 
and blood flow failure in the tail; additionally, there was significant induction of CYP1A in the liver of exposed individuals. Embryos 
exposed to TCDD showed similar changes, suggesting that these locations may be contaminated by dioxin-like compounds.Studies 
are underway to collect and chemically characterize samples from river, sediment, and pollution discharge sites to determine 
levels and responses in zebrafish embryos. 
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ABSTRACT: In order to evaluate the toxicity of nicotine in a dose which could induce nicotine dependence in rats, a nicotine-
dependent rat model with conditioned place preference (CPP) apparatus was established by subcutaneous injection of nicotine in 
a comparable level with the nicotine intake of cigarette smokers. Blood parameters, blood biochemistry, and histopathology of 
several organs (heart, liver, spleen, lung, kidney, thymus) were evaluated. CPP data indicate that dose of 0.2 mg/kg nicotine could 
induce stable nicotine-dependence in rats, which comparable with actual daily nicotine intake in Chinese smoker. The results of 
blood parameters and blood biochemistry indicate that nicotine could influence some index level (EOS, GGT, TBil) which related to 
inflammatory cell and liver damage in that dose. Histopathology results indicate that nicotine could cause mild edema in liver and 
kidney of rats compared with control group. It shows obvious pathological damage in lung mainly dominated by inflammatory 
injury. However, only lung injury in nicotine-dependent rats has significant difference compared with the control group (p=0.03) 
by using Chi-square analysis. It is concluded that nicotine could cause inflammation in lung in nicotine dependent rats. 
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ABSTRACT: The feasible sublingual volume for practical application was measured in rats, rabbits, and dogs utilizing up to 
3/sex/species. The sublingual space was dried prior to assessment and tinted water was administered into the sublingual space at 
a measured pace in restrained animals. The oral cavity was assessed continuously and the volume recorded when spillover was 
noted. Measurements were taken 3 times daily for 3 days in dogs and rats, and on a single day in rabbits. The average feasible 
sublingual administration volumes, for females and males, respectively, were 2.98 to 3.51 mL in dogs, 50 to 70µL in rats, and 50µL 
in rabbits. 
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ABSTRACT: Effect-based assays designed to address specific endocrine mechanisms, such as activation or inhibition of nuclear 
receptor mediated effects, are applied as rapid biodetection screening tools. While such assays enhance our understanding of 
receptor modulating potential, they also rely on an underlying cellular viability which may also be susceptible to test-substance 
exposure. Although rarely performed, the inclusion of cytotoxicity testing, then, is of paramount importance to the proper 
interpretation of reporter gene and other cell-based in vitro assay results. To remedy this, we assessed the suitability of 
multiplexing a commercially available cell viability assay onto the CALUX® transcriptional activation test for anti-androgenicity. 
This addressed the relevant issue of whether a decrease in transcriptional activation represented a true antagonistic effect or is 
undetected cytotoxicity. Tests of both well-characterized anti-androgens and cytotoxic compounds demonstrated the suitability of 
this approach for discerning between the molecular mechanisms of action without altering the nuclear receptor assay; though 
some compounds were found to be both cytotoxic and anti-androgenic. The new multiplexed assay protocol was then applied to 
an uncharacterized set of compounds from the polycyclic aromatic hydrocarbon and polycyclic aromatic nitrogen heterocyclic 
families. The results better characterized the mode of action and the classification of effects. 
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ABSTRACT: As for the pharmaceutical companies, the ocular toxicity is critical for the drug development programs. In general, the 
wider margins of safety are needed for the drug with ocular toxicity in the viewpoint of risk management. In 1998, Omri et al. 
reported lck was present in the mouse retina neurons and lck -/- knockout mice induced retinal fold and rosette formation. On the 
other hand, there are a lot of lck inhibitors which does not show ocular toxicities both clinically and nonclinically. Purpose of the 
present study is to elucidate whether the lck inhibitor might induce ocular toxicity or not using zebrafish and rat. In the zebrafish 
experiment, we administered A-770041 (10μmol/L) on zebrafish at 5 dpf to 72 dpf. As the result, no morphological changes were 
observed in eyes of A-770041-treated zebrafish. In the rat experiment, we administered A-770041 (30 and 100 mg/kg/day, bid) on 
SD rat for 2 weeks. As the pathological study result, no ocular toxicities including retinal fold or rosette formation were observed 
in the A-770041-treated rat. A-770041 showed remarkable effects on immunological organs such as thymus, spleen. 
Hematological study showed low numbers of peripheral leukocyte cells. These changes are considered as on-target effects of lck 
inhibitions. Toxicokinetics study showed A-770041 was detected in eyes of both species. These data supports the idea that lck 
inhibition does not cause ocular toxicity both in zebrafish and rat. Further studies should be needed to clarify whether lck 
inhibition might affects the ocular toxicity or not more precisely. All animal experiments were approved by the Animal Ethical 

Committee of Ono pharmaceutical Co., Ltd. and performed in accordance with the institutional animal care guidelines. 
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ABSTRACT: Our laboratory is interested in understanding the regulation of fatty acid biosynthesis in Perkinsus marinus. Previous 
work has shown that this parasite is capable of synthesizing its own fatty acids, a property that is unique among parasites, which 
usually require the acquisition of certain essential fatty acids from their host. Fatty acid synthesis occurs in the cytosol from Acetyl 
CoA, which is derived from carbohydrate metabolism via citrate. In the cytosol, citrate can be cleaved into oxaloacetate and Acetyl 
CoA, or be converted to isocitrate by cytosolic aconitase. We are investigating the role of cytosolic aconitase as a potential branch 
point in this process, as we have evidence for phosphorylation of this enzyme in favoring citrate production. No one to our 
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knowledge has delineated the role of cytosolic aconitase in fatty acid biosynthesis. We have performed differential mRNA gene 
expression in P. marinus, in which cells were starved of lipids for 11 days, as compared to lipid replete cells. Our results show that 
cytosolic aconitase was not differentially regulated at the level of mRNA expression, although citrate synthase was up regulated by 
approximately 3-fold. In addition, acetyl CoA carboxylase-2 (ACC-2) was down regulated 2 fold, although ACC-1 (which catalyzes 
the committed step of fatty acid synthesis) remained unchanged. In addition to this, we found that both polyketide 
polyunsaturated fatty synthase and delta 5/ delta 6 fatty acid desaturase were upregulated by approximately 2-fold. These 
enzymes are both involved in fatty acid biosynthesis. This data indicates that both beta-oxidation and fatty acid synthesis and are 
operating simultaneously during lipid starvation. Future work will explore the hypothesis that fatty acid synthesis for membrane 
production relies on de novo synthesis, whereas that present in lipid droplets is used for the TCA cycle. We will also be examining 
the phosphorylation of cytosolic aconitase to asset whether phosphorylation has a role in promoting fatty acid synthesis. 
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ABSTRACT: Progressive hepatic fibrosis develops from a series of complex and cumulative interactions among resident and 
recruited cells making it a challenge to replicate using standard in vitro models. Previous work demonstrated utility of bioprinted 
liver tissue (ExVive™ Human Liver, Organovo) to model fundamental aspects of fibrotic injury as a result of physiologically relevant 
exposures to methotrexate (MTX). In the present study, objectives were to: 1) further optimize/expand the exposure regimen to 
understand the relationship between injury and fibrotic response across two tissue lots and 2) evaluate the role of Kupffer cells 
(KCs) in modulating this outcome. Delayed initiation of treatment resulted in a similar dose-dependent elevation in the general 
injury marker LDH, peaking at 2.5-fold at the highest concentration of MTX (10 µM) despite a ~70% reduction in baseline IL-8 and 
IL-1β levels and ~65% reduction in LDH. A rapid dose-dependent release of the hepatocyte-specific injury marker ALT was also 
observed, peaking at 15-fold on treatment Day (Tx) 3 for 10 µM MTX. While the magnitude of response differed, patterns of LDH 
and ALT release were consistent across two donor tissue lots. Indicators of mild injury were accompanied by progressive, dose-
dependent increases in collagen deposition suggesting the extent of injury impacts the magnitude of fibrogenic outcome. 
Furthermore, trends in the expression of fibrogenic genes at Tx14 support the temporally regulated expression of ACTA2 (early 
marker of HSC activation) and COL1A1 (marker of collagen deposition as a result of HSC activation). Expansion to a continuous 28-
day exposure to the LC20 and LC50 resulted in similar LDH profiles and fibrogenic response during the first 14 days of treatment. 
Incorporation of KCs did not significantly impact LDH release at early time points, however, we observed a shift in the timing of 
peak cytotoxic response beyond Tx9 (Tx13-Tx15) and narrowing of the injury window (Tx9-Tx19). Preliminary evaluation of 
collagen deposition suggests KCs may limit fibrogenic activity early on but exacerbate the outcome with persistent MTX exposure. 
Our results demonstrate the utility of this model to mimic the onset and progression of injury and suggest bioprinted human liver 
tissues are well-suited to systematically evaluate fibrogenic events in vitro. 
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ABSTRACT: Three regulatory accepted in vitro assays were evaluated in a proof-of-concept project to determine skin sensitization 
potential of electronic cigarette liquids (e-liquids). These assays measure molecular initiating events and initial cellular responses 
prescribed in the OECD Integrated Testing Strategy (ITS) describing key events in the adverse outcome pathway (AOP) leading to 
skin sensitization. Briefly, DPRA measures ability of materials to bond with proteins (lysine and/or cysteine), KS determines 
keratinocyte activation, and h-CLAT determines dendritic cell activation potential by measuring CD86/CD54 surface markers. Two 
e-liquid base formulations [1:1 ratio glycerol:propylene glycol ± nicotine (6% w/w), without flavors] were tested to confirm assay 
compatibility and sensitization potential in DPRA and KS. Base formulations, both determined as non-sensitizers in DPRA and KS, 
were spiked with a known sensitizer, cinnamic aldehyde (CA), at 1% w/w to determine whether these assays can identify spiked 
formulations as sensitizers. For DPRA, the initial test with 1% CA was negative, but two higher CA concentrations (10% and 50%) in 
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subsequent assays were confirmed as sensitizers. For KS, the CA spike concentration of 1% was identified as a sensitizer, but two 
lower CA spike concentrations of 0.1% and 0.01% were not identified although, the 0.1% CA approached a 1.5-fold induction 
threshold. The responses of both e-liquids (± nicotine) were similar in DPRA and KS. The h-CLAT experiments are ongoing. The 
initial results of spiking experiments indicate that potential skin sensitizers in e-liquid formulations might be identified in these in 

vitro assays. Based on these results, further efforts are warranted to test additional known sensitizers, accurately establishing the 
sensitivity of these assays, and formulating an efficient testing strategy (e.g. establishing optimal spike concentrations for each 
assay) leading to a robust in vitro sensitization testing program for possible new flavorings in e-liquids. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: As part of the Department of Defense, one of the Edgewood Chemical Biological Center’s missions is to develop 
accurate in vitro models for assessing human toxicity and to reduce the total number of animals used for toxicological screening. 
Although monolayer cell cultures have been traditionally used for toxicity testing, three-dimensional (3D) cell models more closely 
represent human physiology and demonstrate a closer resemblance to in vivo responses to toxic compounds. In recent years, 
high-content analysis has been used as a method for assessing chemical toxicity. The purpose of this study was to utilize high-
content analysis of a 3D human liver model exposed to known hepatotoxic compounds, and for the further development of this 
model to be used for screening of potentially toxic compounds. HepG2 cells, a human hepatocellular carcinoma cell line, were 
seeded into specialized spheroid microplates at 700 cells per well. After 4 or 5 days in culture, the spheroids were exposed for 24 
hours to the known hepatotoxic compound, acetaminophen (APAP) at doses of 2.5, 10, 20, 30, 40, 45, and 50 mM. After exposure, 
the spheroids were stained with MitoTracker® Orange, Toto®-3, and Hoechst 33342. A Thermo Cellomics Arrayscan® VTI HCS 
Reader was used to image the stained spheroids and provided high-resolution images and quantitative results to measure percent 
viability compared to our cytoxicity control, methanol. Our model produced a dose-dependent cytotoxic response to APAP with an 
IC50 of 42.5 mM. These results suggest that this 3D human liver spheroid model, combined with high-content imaging and 
quantitative analysis may be a useful tool for determining human chemical toxicity and also may be considered as an alternative 
to animal testing. 
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ABSTRACT: The Endocrine Disruptor Screening Program (EDSP) is transitioning from traditional testing methods to ToxCast/Tox21 
high throughput screening (HTS) assays and computational tools to identify chemicals with potential endocrine activity. The 
human H295R adrenocarcinoma cell line is used in the EDSP Tier 1 battery with a recombinant human aromatase inhibition assay 
for the identification of chemicals with the potential to disrupt steroidogenesis and alter the levels of androgens and estrogens. A 
ToxCast HTS H295R assay has been developed to facilitate the screening of large number of chemicals for their effects on 
steroidogenesis. This HTS H295R version could provide alternative data for the current Tier 1 steroidogenesis assays used for 
screening potential endocrine activity. However, the performance of these novel screening methods must be demonstrated 
against reference chemicals. Herein, we describe an approach for identifying candidate in vitro reference chemicals that act on 
steroidogenesis and affect the levels of androgens and estrogens synthesized. Candidate reference chemicals were identified from 
a review of H295R and gonadal in vitro assays used in method validation and published in the scientific literature. The positive 
candidate reference chemicals were selected based on the fulfillment of five criteria reviewed by ICCVAM, which included positive 
results in three or more studies, at least one of which conducted in H295R cells with both solvent and cytotoxicity controls, and 
demonstration of a concentration response effect in a H295R or gonadal study with cell viability control. A total of 29 chemicals 
affecting androgens and estrogen levels satisfied the five criteria for positive reference chemicals, while an additional set of 21 
and 15 chemicals fulfilled four of five criteria for positive chemicals for androgens and estrogens, respectively. The identified 
candidate reference chemicals include pesticides, pharmaceuticals, industrial and naturally-occurring chemicals with the capability 
to increase or decrease the levels of the sex hormones in vitro. Additionally, 14 and 15 compounds were identified as potential 
negatives for steroidogenic disruption of androgens and estrogens, respectively. These candidate reference chemicals will be 
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informative for performance-based validation of the HTS H295R assay and other steroidogenesis models. The views expressed 

herein do not necessarily reflect the views or policies of the US EPA or OECD. 
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ABSTRACT: In vitro assays have become an integral part of screening formulas for eye hazards for product stewardship, as they 
reduce animal use and have come to be looked upon favorably by many regulatory agencies. Recently, an oxidizing cleaning 
product sold as a concentrate and diluted prior to use was re-evaluated to determine the dilution at which the product has a 
balance of efficacy and can be safely used without the need for personal protective equipment. In vivo studies conducted 
according to OECD Guideline 405 several years ago with various dilutions of the product noted severe eye effects at relatively low 
dilution and minor eye effects at higher dilution with an unknown steep response curve at dilutions in between those tested. The 
prospect of using in vivo assays to evaluate the irritancy of a potentially high number of formulated products at different dilutions 
was deemed untenable from an animal welfare perspective. Therefore, the decision was made to utilize in vitro assays to evaluate 
eye hazard. Based on previous test results for the diluted product, an assumed reasonable dilution was selected as a starting point 
for evaluation. The diluted product was evaluated in the Bovine Corneal Opacity and Permeability (BCOP) assay, the 
Chorioallantoic Membrane Vascular Assay (CAMVA), and the Porcine Corneal Opacity and Reversibility Assay (PorCORA). In the 
BCOP, the screened dilution had a mean scores of 5.00 for corneal opacity and 0.013 for permeability, for a calculated in 

vitro irritation score (IVIS) of 5.20. In the CAMVA, the RC50 was determined to be 3.0%. The PorCORA revealed complete corneal 
clearance by study day 7, indicating reversible eye irritation and non-corrosivity. The interpretation of the combined studies points 
to a mildly irritating formula. The BCOP was the preferred assay and was considered most heavily because the product has an 
oxidizing formulation, following the current EPA guidance. The results of this work demonstrate that in the absence of animal 
testing, current in vitro assays for eye irritation provide a strong alternative for products to eliminate the need for animal testing, 
while maintaining a high level of confidence and accurately evaluating the eye hazard. Given the increased regulatory acceptance 
of these assays, this approach is likely to continue to expand for product testing, especially in cases where the potential exists for 
a large number of different formulations to be examined exists. 
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ABSTRACT: VX and VM are chemical warfare agents categorised as nerve agents. The main route of absorption of liquid VX and 
VM into the body is percutaneous penetration. The purpose of the current in vitro study was to determine the penetration rate of 
VM through guinea-pig and pig skin, and whether the presence of the agent VX affected the percutaneous penetration rate of the 
agent VM and vice versa. Penetration of the agents both alone and in combination were assessed using skins from two species 
(the pig and guinea pig). In addition to this, penetration of the agents was assessed both as a neat application and as a diluted 
application within an isopropyl alcohol (IPA) solution.  Radiolabelled (14C) VX or VM were placed onto skin surfaces within Franz 
type diffusion cells. Each lower (receptor) chamber was filled 50% aqueous ethanol (v/v). Donor chambers had an available 
surface area of 2.54 cm2.The skin surface within each diffusion cell was maintained at a temperature of 32°C. As 14C-VX and 14C-
VM were used, each study was run twice, first to allow quantification of 14C-VX penetration (used in combination with unlabelled 
VM) and second to allow quantification of 14C-VM penetration (used in combination with unlabelled VX). The results from the two 
studies were combined to allow quantification of the combined 14C-VX and 14C-VM penetration rate. In all cases agent 
combinations were applied as discrete 10 µl droplets onto the surface of each skin with the composition of each 10µl droplet 
varying according to study type. Following application of the agent, samples (50 µl) of receptor chamber fluid were removed at 
regular intervals up to 24 h post exposure.  This in vitro study has shown that the presence of VM did not alter the penetration 
rate of 14C VX (or vice versa) through either guinea pig or pig skin whether or not the VX/VM mixture was applied neat or diluted 
within IPA. The study also determined the penetration rate of 14C VM through pig and guinea pig skin in vitro for the first time. It 
was interesting to note that 14C VX and 14C VM had similar penetration rates and 24h dose distributions indicating similar 
penetration mechanisms for the two chemicals alone and from a mixture. 
© Crown copyright (2016), Dstl. This material is licensed under the terms of the Open Government Licence except where 
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otherwise stated. To view this licence, visit http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3 or write 
to the Information Policy Team, The National Archives, Kew, London TW9 4DU, or email: psi@nationalarchives.gsi.gov.uk 
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ABSTRACT: Chemical warfare nerve agents like sarin (GB) and VX cause severe peripheral and central nervous system effects. The 
most devastating effect on the central nervous system is repetitive seizures. In a civilian nerve agent exposure situation, children 
would likely be among the worst casualties as they are more susceptible than adults to seizures (Haut et al., 2004; Rakhade & 
Jensen, 2009; Sidell et al., 2008). The current study compared the anticonvulsant efficacy of midazolam and diazepam in male and 
female pediatric and adult rats. We determined the median effective dose (ED50) and the incidence of seizure at one and four 
hours post-treatment to inform future clinical treatment of nerve agent-induced seizures across age groups. Female and male 
postnatal day (PND) 21, 28, and 70 rats were implanted with electroencephalographic (EEG) electrodes to monitor seizure activity. 
Animals were exposed to the nerve agents sarin (GB) or VX and then treated five minutes after seizure onset with either 
midazolam or diazepam. The up-down method (Dixon & Massey, 1983) was used to determine the anticonvulsant ED50 for each 
sex, agent, and age group. Based on the ED50 confidence intervals, the results indicate that PND21s exposed to VX had lower 
midazolam and diazepam ED50 values than adults. There were no clear age differences in animals exposed to GB, but the results 
suggest that PND21s had a lower ED50 value for diazepam. Our results also indicated a significant change in incidence of seizure for 
animals treated with midazolam between one hour (41.2%) and four hours (51%), χ2(1) = 5.56, p = .031, OR = 3.5 [95% CI: 1.15, 
10.63]. This was seen most frequently in PND21s, although no significant differences between the age groups were found. In 
conclusion, animals treated with midazolam had a smaller dose range between age groups, which suggests that a similar 
treatment dose may be effective across all age groups. Because there was a greater variability in the doses of diazepam across age 
groups, midazolam may be the better treatment option for nerve agent-induced seizures to be used in a mass casualty situation 
involving both pediatric and adult populations. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: Nerve agents cause peripheral and central nervous system effects. Rodents have carboxylesterase in their blood, 
which binds with and detoxifies nerve agent, but is absent in humans. The presence of this bioscavenger makes mice and other 
rodents a poor model for finding treatments for nerve agent poisoning. However, knocking out the Es-1 gene in C57Bl/6 mice 
prevents the production of serum carboxylesterase, resulting in a more human-like model. This study compared the behavioral 
effects of the nerve agent soman (GD) on Es-1 knockout (KO) and wild type (WT) mice. WT and KO mice were exposed to GD and 
behavioral testing was conducted using an Open Field to test mobility on days 7 and 11 post exposure. The mice were then 
euthanized and the brains examined for neuropathology. A Fisher’s exact test revealed no significant difference between KO and 
WT groups in percent of mice that developed neuropathology. Using the pathology results, the KO and WT groups were 
reclassified into “pathology” (WT, n=10; KO, n=8) and “no pathology” (WT, n=4; KO, n=9) groups. A 3-factor, repeated measures 
ANOVA revealed a significant difference between the groups on Open Field activity; mice with pathology traveled a greater 
distance than mice with no pathology. There was also a significant interaction of day and pathology; there was no difference 
between the two groups in distance traveled in the Open Field on day 7, but mice with pathology traveled a greater distance on 
day 11 than mice with no pathology. No significant effect of genotype in activity levels was observed. It was also noted that some 
mice failed to use nesting materials following GD exposure. A Fisher’s exact test revealed that mice with pathology failed to use 
nesting materials, while mice with no pathology nested normally. Regardless of genotype, mice that failed to develop pathology 
following GD exposure showed lower activity levels in the Open Field, displayed reduced activity (habituation) on day 11 relative 
to day 7, and used nesting materials in a normal fashion. In contrast, mice that developed pathology showed higher activity levels, 
failed to display a habituation effect from day 7 to day 11 in the Open Field, and failed to use nesting materials provided. Results 
of this study show that Es-1 KO mice behaved similarly to WT mice. This research provides further evidence to support the use of 
Es-1 KO mice as a better human-like model for nerve agent testing. 
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ABSTRACT: Status epilepticus (SE) is a major cause of morbidity and mortality in organophosphate (OP) poisoning. The current 
standard of care treatment for OP-induced seizures is a benzodiazepine, but such agents produce incomplete seizure control, 
particularly when administered at a delayed time after onset of seizures. Allopregnanolone is a neurosteroid that acts as a positive 
allosteric modulator of synaptic and extrasynaptic GABA-A receptors. We have found that allopregnanolone acts synergistically 
with benzodiazepines, such as midazolam, to potentiate GABA-A receptors and to control seizures. In the present study we 
examined the combination of allopregnanolone and midazolam in the treatment of SE induced by the OP diisopropyl 
fluorophosphates (DFP). Because OP seizure are believed to be dependent in part on glutamate-induced excitation, we studied 
the triple combination with perampanel, an antagonist of AMPA-type ionotropic gluamate receptors. SE was induced in male 
Sprague-Dawley rats with a SQ injection of 4 mg/kg DFP. Atropine (2 mg/kg) and 2-PAM (pralidoxime; 25 mg/kg) were 
administered IM 1 min after DFP. Continuous video-EEG monitoring was carried out from permanently implanted cortical 
electrodes before and for at least 5 hours following the DFP injection. Combination therapies with midazolam (1.8 mg/kg), 
allopregnanolone (6 mg/kg), and perampanel (2 mg/kg) were administered IM 40 min after the DFP injection. DFP induced a 
robust SE within minutes of injection, which is associated with high mortality. Administration of midazolam (1.8 mg/kg) alone was 
ineffective in terminating SE. The dual combination of allopregnanolone and midazolam terminated behavioral seizures and 
resulted in persistent normalization of the EEG in 83% of animals; the remaining animals had continuous spikes and ictal activity 
following a brief termination of SE. Triple therapy with midazolam, allopregnanolone and perampanel stopped continuous 
behavioral and EEG seizure activity in 100% of animals within a few min of administration. Sedation was observed with both the 
dual and triple combinations. There was no mortality in any of the treated groups. The double and especially the triple therapy 
were highly effective not only in preventing lethality but also in suppressing EEG seizure activity. We conclude that the double and 
triple combinations are a promising approach to the treatment of OP-induced SE. 
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ABSTRACT: Allopregnanolone (5α,3α-P) and its synthetic 3β-analog ganaxolone (GNX) are positive allosteric modulators of 
synaptic and extrasynaptic GABAA receptors that exhibit antiseizure activity in diverse animal seizure models, including models of 
status epilepticus (SE). The objective of this study was to compare the PK properties and antiseizure efficacy of 5α,3α-P and GXN 
in the treatment of SE induced by the chemical threat agent tetramethylenedisulfotetramine (TETS) administered intramuscularly 
(IM). 5α,3α-P and GXN were administered at a delayed time after SE onset when mice are refractory to standard-of-care 
treatment. Solutions of 5α,3α-P (3 mg/ml) and GNX (1.5 mg/ml) were made in sulfobutylether-β-cyclodextrin sodium salt 
(Captisol®) in 0.9% saline. SE was induced in mice with TETS (0.2 mg/kg, IP) followed by riluzole (10 mg/kg, IP), which prevents 
rapid lethality and permits persistent SE. 5α,3α-P and GNX were delivered 40 min after the first myoclonic body twitch. Mice were 
observed for 1 h to assess seizure termination and scored for lethality up to 72 h after dosing. Plasma and brain levels were 
determined by LC-MS. 5α,3α-P and GNX (each 3 mg/kg) terminated SE in 92% and 75% of animals and prevented mortality in 85% 
and 50%, respectively. Time to cessation of persistent behavioral seizures was 172 ± 16 s (n=12) and 447 ± 52 s (n=6) for 5α,3α-P 
and GNX, respectively. At 2 min following dosing, plasma levels of 5α,3α-P and GNX were similar (566 ng/ml and 560 ng/ml) 
whereas brain levels of 5α,3α-P were 2.2-fold greater than those of GNX (350 ng/g and 161 ng/g). Higher GNX doses (6 and 12 
mg/kg) were more effective in terminating SE and preventing mortality but there was no increase in the speed of action. Our 
results demonstrate that IM 5α,3α-P rapidly terminates TETS-induced behavioral and electrographic seizures and is highly 
effective in enhancing survival. GNX is also effective but its action is more delayed. The enhanced speed of seizure termination by 
5α,3α-P reflects more rapid entry into the brain. Support: NINDS CounterACT Program (grant U54 NSS079202). 
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ABSTRACT: OP nerve agents and pesticides exert their acute biological effects by irreversibly inhibiting acetylcholinesterase 
(AChE), the essential enzyme that hydrolyzes the neurotransmitter acetylcholine in the central and peripheral nervous systems. 
This inhibition leads to accumulation of acetylcholine (ACh) in the synaptic cleft and overstimulation of muscarinic and nicotinic 
receptors, resulting in seizures and peripheral neurotoxicity. Using Ellman’s assay the OPs diisopropylfluorophosphate (DFP), 
parathion (PS), paraoxon (PO), chlorpyrifos (CPF) and chlorpyrifos-oxon (CPFO) were shown to inhibit AChE activity in PN1 rat 
cortical cultures (IC50 = 1.7, >100, 0.022, >100 and 0.007 µM, respectively). Using Fluorescence Imaging Plate Reader (FLIPR) DFP 
was shown to mimic alterations in synchronous Ca2+ oscillations (SCOs) observed with addition of ACh, but only at concentrations 
≥30-fold than the IC50 for AChE inhibition. While 1 μM atropine, a muscarinic ACh receptor (mAChR) antagonist, could mitigate the 
effects on Ca2+ dynamics produced by ACh and pilocarpine, a mAChR agonist, it failed to normalize the reduction in SCO frequency 
elicited by DFP. Moreover, PS and CPF were weak AChE inhibitors but alter Ca2+ dynamics, whereas their AChE-active metabolites 
(PO and CPFO) had no observable effects. These data demonstrate that although PN1 cultures express mAChR, it is not 
responsible for alterations in Ca2+ dynamics elicited by OPs. In support, perinatal neurons lack detectable responses to nicotinic 
cholinergic receptor (nAChR) agonists or antagonist. We therefore hypothesized that seizure-like activity of DFP requires neuronal 
culture models that express functional nAChR synapses. To these ends we cultured PN60 adult neurons and demonstrate their 
responsiveness to nicotine (10 µM) and DFP. Acute exposure of adult neuronal cultures to DFP (30 µM) produced a persistent 
Ca2+ rise (plateau) that was attenuated by the nAChR noncompetitive antagonist mecamylamine (10 μM). We conclude that PN1 
neuronal cultures, although a predictive model of seizurogenic chemicals that block GABAAR function as we previously 
demonstrated, are inadequate for assessing acute excitotoxicity of AChE inhibitors, in particular OP nerve agents that trigger 
seizure. Our data indicate that expression of function nAChR synapses is essential in developing a predictive in vitro model of 
acute OP intoxication. 
Supported by NIH 1U54NS079202. 
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ABSTRACT: In our prior studies dimethyl trisulfide (DMTS) was found to have better antidotal efficacy than the Cyanokit and the 
Nithiodote therapies that are presently used against cyanide intoxication in the US. In developing methods for analytically 
determining DMTS from blood, recoveries of DMTS from spiked blood were low, and the recovery of DMTS was 20-times lower 
from 5-day old blood samples than in equivalently spiked 4-month old blood samples. Additionally, the color of the blood was 
observed to darken when spiked with DMTS. It was hypothesized that DMTS oxidizes hemoglobin (Hb) in the red blood cells. UV-
Vis, and solid phase microextraction gas chromatography investigations were designed to study the reaction of DMTS with Hb 
isolated from red blood cells, and with Hb in blood. The design of these experiments and preliminary results are presented. The 
preliminary results show that the addition of DMTS induces changes in the Hb absorption spectrum that closely match those 
induced by the known metHb former sodium nitrite, but that the kinetics of the reaction with DMTS are slower than those of the 
reaction with sodium nitrite. 
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ABSTRACT:  Sulfur mustard vapor (SM) penetrates the skin quickly inducing a delayed injury. We have established a Gottingen 
minipig model for SM dermal wounds, however, we needed to establish a comparator “standard of care” treatment for upcoming 
GLP studies. The objective of this study was to determine if 1% silver sufadiazine cream (SSD) applied to gauze on a SM wound 
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would be a good comparator for those future studies. This study utilized a moderate-depth dermal SM injury (in eight Gottingen 
minipigs (MP, Marshall Farms) weighing ~11 kg and ~5 months of age. Each of eight sites (4 sites per side of the dorsal midline) 
per MP was exposed to SM vapor caps at an exposure time of 90 min. Wounds were debrided with either Sciton 2940 nm Er:YAG, 
saline, or mafenide acetate, then 1% SSD on gauze was applied for 30 days. Photos, Modified Draize scores, colorimetry, TEWL, 
and histopathology of wounds were assessed in the study. Silver ion analysis of blood, dermal application site, and target organs 
were also determined. Saline wet to wet debridement results were comparable to those for mafenide acetate. TEWL and 
colorimetry values were consistent between the three debridement methods with 1% SSD on gauze by the end of the treatment 
period. Histopathology indicated that all three methods of debridement followed by 1% SSD application on gauze resulted in 
healing of SM wounds after a 30 day application period. 1% SSD application resulted in silver ions detected not only in skin at 
application site, but also in blood, liver, kidney and spleen. Application of 1% SSD on gauze to dermal SM wounds was optimized 
for future GLP studies. 1% SSD applied on gauze to SM dermal wounds results in healing after a 30 day application, however, silver 
ions are detected systemically in skin, blood, and target organs. It appears that 1% SSD will be a good comparator for other silver 
bandages or silver containing treatments in this MP model. 
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ABSTRACT: Cyanide is a highly toxic, widely available metabolic poison, capable of halting ATP synthesis by inhibiting Complex IV 
of the electron transport chain. A rapidly bioavailable, nontoxic, easy-to-administer CN medical countermeasure would improve 
morbidity/mortality in a mass CN exposure emergency. Current candidate cyanide countermeasures are being developed that act 
as sulfur donors or cyanide scavengers and can be given through the intramuscular route. Traditionally, evaluation of cyanide 
medical countermeasures, including the sulfur donor dimethyl trisulfide (DMTS), has been conducted in models in which animals 
are injected or infused with cyanide salts. This type of model, while convenient and allowing for tight control of exposure 
parameters, is not reflective of a real-world exposure. Additionally, acute cyanide exposure models typically require the animals to 
be anesthetized. Anesthetics can reduce heart and respiratory rate, which would not reliably exemplify a realistic situation and 
can confound results. For these reasons, we developed a model of acute cyanide inhalation intoxication, using the Highly Toxic 
Agent System from CH Technologies, in unanesthetized mice. This model was used to support the development of DMTS as a 
candidate countermeasure for cyanide poisoning by providing a model of acute CN exposure that better represents a real-world 
mass casualty scenario. Furthermore, we show that a newly developed and more concentrated formulation of DMTS is efficacious 
in two lethal mouse models (KCN and HCN) and is highly effective by intramuscular injection. Within the HCN model, we 
demonstrate efficacy of DMTS in both a continuous and discontinuous exposure model. Clinical signs and survival are described in 
the presence and absence of DMTS using both injection and inhalation exposure models. Opinion disclaimer: The experimental 

protocol was approved by the Animal Care and Use Committee at the United States Army Medical Research Institute of Chemical 

Defense and all procedures were conducted in accordance with the principles stated in the Guide for the Care and Use of 

Laboratory Animals, and the Animal Welfare Act of 1966 (P.L. 89-544), as amended. This work was supported by the CounterACT 

Program, National Institutes of Health Office of the Director, and the National Institute of Allergy and Infectious Diseases, 

NIH/Department of Defense Interagency Agreement, AOD16026-001-0000. 
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ABSTRACT: Electronic-waste has become a major environment problem. Extensive recycling of the electronic-waste has caused 
serious contamination of the soil, air, and water. Rivers and ponds in the recycling town, Guiyu, in south China have been 
contaminated by high concentrations of heavy metals, PCBs, PBDEs, and other chemicals discharged from the recycling industry. 
Anabas testudieus, a native fish of south China can live in the heavily contaminated water environment while any other fish 
species were almost extinct. Thus, Anabas testudieus is a good model to investigate the high concentration multi-toxicant effects 
on aquatic organisms We cloned and functionally characterized AHR and related genes. In the luciferase reporter gene assay, we 
co-transfected different combinational pcDNA 3.1 expression constructs, and found the predominant role of AHR2a and ARNT2 in 
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inducting the reporting construct. Further research on the tolerance of contaminated environment may focus on these genes of 
AHR pathway. To determine the response of AHR pathway, fish were dosed with elevated concentration of 2, 3, 7, 8-TCDD. 
Expression level of AHR pathway related genes were determined. In liver, CYP1A, CYP1B, AHRRb were significantly up-regulated in 
accordance with the elevation of dosage. AHR1a, AHR2a, AHR2b were down-regulated in 1ppm and 10ppm group, no significant 
change was recognized in other dosing groups. ARNT1 was 1.25-2.64 fold up-regulated in all the dosing groups, while ARNT2 was 
0.19-0.69 fold down-regulated. It is recommended that future studies analyze the correlation of contamination levels and the 
expression regulation networks. Also, genotyping of functional genes in different contaminate sites should be performed to 
explain the tolerance phenomenon. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: Microbeads, BPA and titanium dioxide (TiO2) are novel particulate contaminants found in surface waters. Nano-TiO2 is 
commonly used in numerous pharmaceutical and personal care products (PPCP) ranging from make-up to pill casings, and is an 
additive in food and household products. Micro plastics are common in surface waters as a result of fragmentation of larger 
plastics or prevalence of micro-beads in PPCPs. Many of these contaminants are not able to be effectively filtered out of 
wastewater treatment plants and have continuous inputs from landscapes. Despite the commercialized use, increased presence in 
surface waters, and toxic effects on stream organsims, little information exists on how micro-contaminants affect stream 
ecosystems as a whole. We examined the effect of various concentrations of nano-TiO2 , BPA, and microplastics on stream 
ecosystems by measuring the response of algal and microbial communities to acute (12 hr) and chronic (22 day) exposures. We 
measured gross primary production (GPP), community respiration (CR), and chlorophyll a (chl a) concentrations on intact algae 
from a local tributary of the West Branch Susquehanna River. We expected metabolic function of both algal and microbial 
components of the benthic biofilm to decline with exposure due to sensitivities to metal oxides and BPA leaching from plastics. 
BPA most strongly decreased biofilm chl a. Chl a was not significantly affected by microbead exposure (though it declined) and 
there was an increase in chl a with exposure to nano-TiO2. We found exposure to any of the concentrations of nano-TiO2 tested 
caused CR to decrease compared to controls, but, GPP either increased or stayed the same as our controls. We found algal chl a 
concentraions to increase in the high exposure treatment. Since nano-TiO2 had a negative effect on the microbes, we 
hypothesized that either autotrophs were released from microbial competition and increased chl a production, or that shading 
from TiO2 particles may have caused increased chl a production. Additional studies investigating the effects of higher 
concentrations and longer exposure times to these compounds are warranted. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: The daily consumption of cosmetics results in constant presence of their ingredients in the environment. Many of 
these substances are present in freshwater, seawater, sediment, soil and have been classified as “contaminants of emerging 
concern”. The USEtoxTM model has recently been developed to quantify the ecotoxicological impacts associated to the daily 
introduction of a chemical in a certain environmental compartment, and it may be an alternative to support the industry in the 
prioritization of ingredients based also on ecotoxicity aspects. Objective 1. To assess the ecotoxicological risk of 10 ingredients 
with the USEtoxTM model based on environmental concern; 2. Understand these outputs in terms of comparative risk assessment 
to guide good decisions. Methodology ingredients selected: Preservatives: Triclosan, Chloromethylisothiazolinone (C-MIT) and 
polyglyceryl-3-caprylate, UV Filters: Benzofenone-3 (BF-3), Zinc Oxide (ZO), Octocrylene, Surfactants: Sodium Laureth Sulfate 
(LESS), Cocamidopropyl betaine (CAPB), Silicon: D5 and the anti-oxidant: BHT. All the input parameters required by USEtox were 
collected at scientific literature or technical databases. The model calculated the characterization factors (CFs) for freshwater 
ecotoxicity and impact scores (IS). The CF (hazard) was derived from the product of three matrices including: effect factor, 
exposure factor and fate factor; the first one represents the freshwater ecotoxicity, the second one represents the bioavailability, 
and the last one reflects the persistence in freshwater. The impact score (risk) was calculated by the integration of CF to the total 
mass (consumed on 2013) of these ingredients. Results Triclosan and C-MIT presented the highest hazard (5.4 and 4.3 
PDF.m3.day/kg emitted). Polyglyceryl-3-caprilate, used by Natura to replace the use of triclosan presented the lowest hazard (0.8 
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PDF.m3.day/kg emitted). However, when the total mass was included on USETOX, the top 4 contributors of risk became the 
surfactants CAPB (IS=7.6) and LESS (IS=7.6), D5 (IS=7.3) and Triclosan (IS=7.3). USETOX has the advantage to integrates physical-
chemical and ecotoxicity data to the mass emitted. The results show the importance of considering the total mass for estimating a 
more realistic impact on environment. This study provided an interesting alternative for a comparative risk assessment. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: Chemoinformatics tools allow for the investigation and mining of chemical inventories linked to toxicological data and 
effects. This study has characterized inventories of cosmetics ingredients associated with repeat-dose toxicity data. The purpose 
was to identify overlaps and areas of unique chemical space between inventories to determine toxicologically data-rich areas to 
facilitate data mining and read-across. Three cosmetics inventories available through COSMOS DataShare Point were 
characterized, namely the US Cosmetics Ingredient Review (CIR), CosIng (European Union) and Korean Cosmetics Industry Institute 
(KCII). After removing botanicals and polymers, over 7,000 unique chemical structures were analyzed for chemical and biological 
activity space based on physico-chemical properties and ToxPrint chemotypes. Data-rich regulatory inventories of food-related 
chemicals from the European Food Safety Authority (EFSA), US FDA’s Priority-based Assessment of Food Additives (PAFA) and the 
Registered Substance Database of European Chemicals Agency (ECHA), in addition to the toxicity data from COSMOS DB v2, were 
projected onto the chemical space of the three cosmetics inventories. Chemical space was analyzed with Principal Component 
Analysis (PCA) and 2-D clustering for grouping and visualization. Analyses identified areas of overlap between the cosmetics and 
the data-rich inventories. Although the cosmetics inventories showed significant overlap, only 10% of the structures appeared in 
all three inventories. Therefore, the geographical dependence of chemical space could be leveraged to expand the general data 
profile. Data-rich, with regard to repeat-dose toxicity data, chemical space increases confidence in techniques such as read-across, 
as common drivers to organ-level toxicity may be observed. There are clear advantages in bringing together inventories of 
cosmetics ingredients, especially when the underlying toxicity data are available, as they increase the number and quality of data 
points. The analysis also demonstrated the need to include information on bioavailability in a more comprehensive manner to 
support read-across predictions. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: Safety pharmacology screening against a wide range of targets using in vitro assays is a standard practice in the 
pharmaceutical industry. With the increasing demand for early in vitro assays, ligand- and structure-based virtual screening 
approaches have been evaluated to optimize the early safety profiling process. Here we present a case study of screening 
antagonistic activity against adenosine receptor 2A (A2a), to evaluate the utilization of ligand-based 3D pharmacophore approach 
in safety sciences. A series of pharmacophore hypotheses and QSAR models were generated by training with structurally diverse 
compounds. The test set compounds that were structurally related to training set were then used to evaluate the model. The best 
models were selected based on statistically significant R2, Q2, SD, and RMSE. The best models were then deployed to screen 1,832 
known drugs from DrugBank and an additional 65 known A2a ligands (agonists and antagonists). The 1,897 drugs are substantially 
different in chemical structures from 268 compounds used to build the models, hence creating a “real world” challenge faced in 
early drug development. Within the space of new chemo types, one model exhibited the best performance, as demonstrated in 
the specificity and sensitivity when predicting activity against the structurally distinguished subset of 75 A2a ligands. This model 
could also differentiate between agonists and antagonists, providing values in the “Safety by Design” approach. Overall, the study 
presented an in-depth analysis on the appropriate utilization and the limitations of virtual screening in safety sciences. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: Recent advances in targeted RNA-Seq technology allow researchers to efficiently and cost-effectively obtain whole 
transcriptome profiles using picograms of mRNA from human cell lysates. Low mRNA input requirements and sample multiplexing 
capabilities has made time- and concentration-response studies of whole transcriptome changes in human cells cultured in 384-
well microtiter plate format feasible and practical as a high-throughput bioactivity screen. As proof-of-concept, human MCF7 
breast adenocarcinoma cells were selected as a model system and workflows for expansion from cryogenic stocks, microtiter 
plate culture, dosing using an acoustic dispenser and generation of cell lysates were optimized. Cell lysates were analyzed using 
the TempO-SeqTM human whole transcriptome assay. To reduce sample costs and enable screening applications, attenuation of 
highly-expressed genes may be necessary to ensure maximal usage of available read space at a specified read depth. To determine 
the need for attenuation, MCF7 cells cultured in DMEM+10% HI-FBS or phenol red-free DMEM+10% CS-HI-FBS (intended to 
minimize estrogen receptor activation) were lysed at 30, 36 or 48 hr post-plating or, alternatively, dosed with 1 µM of an HDAC 
inhibitor (Trichostatin A) or vehicle (DMSO) for six hours prior to lysis. Samples were sequenced to average read depth of 3e6. The 
data demonstrated a wide dynamic range in raw read counts with approximately one-third of the detector oligos (DOs) registering 
>10 counts in each sample. In each sample, 50% of available read space was occupied by ~200-300 DOs, many of which 
overlapped between samples suggesting that attenuation would be a viable strategy to increase virtual read depth across multiple 
experimental conditions. As a follow-up, MCF7 cells cultured in either media type were treated with varying concentrations (8 
points, 0.03 - 100 µM) of 44 chemicals selected from the ToxCast ph1 and ph2 libraries for either 6, 12 or 24 hours. The chemicals 
set spanned a broad range of biological activity and included groups of chemicals with mechanistic redundancy. The resulting data 
demonstrates the ability of TempO-SeqTM for use in high-throughput chemical screening. The data was used to develop HTTr 
analysis workflows and to inform the design of larger chemical screening studies. This abstract does not necessarily reflect US EPA 

policy. 
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ABSTRACT: Chemical quality control (QC) analysis is an indispensable process to ensure the link between the screening chemical 
and the observed activity. The Toxicology in the 21<sup>st</sup> Century (Tox21) program runs and evaluates chemical-activity 
potential in high throughput screening (HTS) assays, although most of these analyses have not incorporated chemical QC. About 
5457 chemicals have been analyzed for identity and purity after being exposed to room temperature for 0 and 4 months (T0 and 
T4). For each chemical at T0 or T4, one out of 14 different QC grades is reported. The grade represents stratified chemical purity 
and concentration information in the well. Understanding how much purity and concentration change of a chemical could affect 
its assay activity is important for characterizing the chemical-assay interaction. In one of the Tox21 assays (p53), the same Tox21 
chemicals (n = 10496) have been screened at T0 and T4, providing a resource to investigate the link between chemical quality and 
activity. The data were analyzed using the Curvep pipeline and weighted area under the curve (wAUC) was used to quantify the 
amount of activity. In total, 1064 chemicals were found to show activity using at either T0 or T4. The difference in activity (T0 to 
T4) for the chemicals active at either of time points, was quantified by the absolute value of the difference of log10 transformed 
wAUC. We found that chemicals with 5 to 30% decrease of expected concentration (mean = 0.41, sd = 0.22, n=11) did not have a 
significant increase (p = 0.161, Welch's t-test) in the activity variation compared to chemicals with higher than 30% of expected 
concentration (mean = 0.34, sd = 0.29, n=888). Of note, activity variation in the group of chemicals with the change of purity to 
incorrect/no identity, or with <5% decrease of expected concentration (mean = 0.56, sd = 0.34, n = 15) was significantly higher (p = 
0.01), when compared with the group of chemicals with the correct identity, but with varying levels of change in purity (mean = 
0.34, sd = 0.29, n = 1034). The latter finding suggests that chemicals with “incorrect/no identify”, or “< 5% of expected 
concentration” can be confidently redacted. Although activity may be assay-specific or even condition-specific, this analysis 
provides a general best-practice guideline for interpreting the Tox21 assay results in the context of chemical quality. 
 ___________________________________________________________________________________________________________  



2017 Society of Toxicology Late-Breaking Abstracts  77 

ABSTRACT NUMBER: 3394 Poster Board Number: P365 
TITLE: iSafeRabbit High-Accuracy QSAR to Predict the Skin and Eye Irritation/Corrosion Potential of Individual Constituents and 
Mixtures 
 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: F. Sahigara1, C. Charmeau-Genevois2, P. Bicherel1, M. Perea2, S. 
Sarang3, C. Eadsforth4, T. Austin4, P. Thomas2. 1KREATiS, L’Isle d’Abeau, France; 2CEHTRA, L’Isle d’Abeau, France; 3Shell 

International, Houston, TX; 4Shell International, Manchester, United Kingdom. 
KEYWORDS: QSAR; Predictive Toxicology; Alternatives to Animal Testing 
 

ABSTRACT: Academia, industry, and regulatory authorities are engaged in minimising the use of animal testing by developing 
alternative approaches such as QSARs and Read-Across approaches. The REACH regulations, EU ban on animal testing for finished 
cosmetic products, along with the validation of alternative approaches has led to a reduction in animal testing. Currently, skin and 
eye irritation is determined by in vitro methods, but if inconclusive it is followed by OECD Test Guidelines 4041 and 4052 in vivo 
studies, for skin and eye irritation, respectively. To date, QSARs have not been completely successful in determining skin and eye 
irritancy of a substance. The QSARs Mix Challenge3 under the NC3Rs CRACK-IT programme was aimed at developing a reliable 
QSAR model to accurately predict skin and eye irritation potential of individual constituents and mixtures. The Challenge was 
completed in March 2016 with the development and validation of the Skin Irritation module of “iSafeRabbit” - the High Accuracy 
QSAR (HA-QSAR) . The iSafeRabbit models determine if the input chemical is able to cause cytotoxicity, thereby inducing erythema 
and/or oedema in the case of skin model, and corneal opacity for the eye model. The version 1.1 of iSafeRabbit HA-QSAR have 
been so far validated for 15 chemical families and its predictions have a true positive/negative rate of 95% using validated 
experimental data as reference. iSafeRabbit HA-QSAR satisfies the five recommended OECD principles for the QSAR models 
making them fit for regulatory purposes. When compared to several other existing QSARs able to predict skin or eye irritation, 
iSafeRabbit results were found to have the highest predictive power on the validation set. This poster will outline the model 
development and validation strategy of the iSafeRabbit HA-QSARs. Funding for this project was provided by UK NC3Rs CRACK-IT 
program. References: 1. OECD (2002). Test No. 404: Acute Dermal Irritation/Corrosion, OECD Guidelines for the Testing of 
Chemicals, Section 4, OECD Publishing, Paris; 2. OECD (2012). Test No. 405: Acute Eye Irritation/Corrosion, OECD Guidelines for 
the Testing of Chemicals, Section 4, OECD Publishing, Paris; 3. NC3Rs CRACK-IT QSARs Mix Challenge - 
https://www.crackit.org.uk/challenge-19-qsars-mix. 
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ABSTRACT: Drugs entering the regulatory pipeline may require non-clinical evaluation of their potential to cause developmental 
and reproductive toxicity (DART), which is performed through a standard battery of in vivo assays described in International 
Conference on Harmonisation (ICH) guidance. These in vivo assays include the assessment of male and female reproductive 
toxicity in rodents, and behavioral abnormalities and fetal dysmorphogenesis in rodent offspring, and are intended to provide an 
assessment of the potential effects on human fertility, reproductive viability, as well as effects on the fetus in female patients 
exposed to the drug through clinical use. Quantitative structure-activity relationship (QSAR) models may be used as early 
screening tools during drug development or to support regulatory safety decisions when experimental data are limited or 
unavailable. An earlier generation of QSAR models was developed for DART endpoints based on predominantly negative training 
data. The datasets contained only 10-30% positives, yielding models with high specificity and negative predictivity, but low 
sensitivity. In this study, we describe new models utilizing a novel downsampling method to improve sensitivity while maintaining 
structural coverage. To test the approach, a dataset of 895 female rat fertility findings was used, where 768 were negative and 
127 were positive. First, a structural similarity filter was used, retaining only chemicals with similarity >0.3 to the nearest neighbor. 
Second, random downsampling of the negatives was performed to achieve a 1:1 positive to negative ratio. The final model 
consisted of 226 compounds and demonstrated bootstrap cross-validated sensitivity (SE) of 82%, 73% specificity (SP), 83% positive 
predictivity (PP), and 69% negative predictivity (NP). The remaining compounds (14 positive, 655 negative), were used to create a 
supporting dataset to resolve “out of domain” calls produced by the final model. An external validation using a balanced set of 40 
compounds gave 81% SE, 85% SP, 87% PP, 79% NP, and 73% coverage—an improvement over the earlier-generation unbalanced 
model. Overall, combining a similarity-based downsampled QSAR model and a supporting database of additional chemicals 
provides more sensitive predictions of reproductive toxicity, without the loss of structural coverage. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: Toxicological tipping points occur at chemical concentrations that overwhelm a cell’s adaptive response leading to 
permanent effects. We focused on retinoid signaling in differentiating endoderm to explore developmental pathways for tipping 
point analysis. Human induced pluripotent stem cell (iPSC)-derived endodermal cells (Allele) were exposed to 0.1% DMSO 
(vehicle-control) or five concentrations (0.001 - 10 µM) of all-trans retinoic acid (ATRA) renewed daily (Vala Sciences). Total RNA 
samples were collected at 6 hours (h), 4 days (d), and 8 d and prepared for RNA sequencing (Cofactor Genomics). Log2(RPKM+1) 
values were used for differential gene expression analysis (ANOVA) and filtered using a conservative false discovery rate (p < 
0.00001; -2 > fold-change > 2), resulting in a list of 6033 genes. Pathway analysis resulted in eight highly enriched pathways (p-
values < 0.0001), including protein digestion and absorption, which foreshadows differentiation of endodermal tissues. This list 
included Foxa2, an endoderm-specific biomarker for which protein expression was confirmed via high-content imaging. Based on 
the Foxa2 transcript and FOXA2 protein, endodermal differentiation occurred between 6 h and 4 d, and ATRA first suppressed 
differentiation at the 0.1 µM concentration. Forty-one of the 376 genes comprising the top eight pathways were differentially 
expressed in response to ATRA exposure only at 4 d. For example, the Plxna1 expression profile was sensitive to all concentrations 
of ATRA but returned to control levels below 0.1 µM. Additional candidate biomarkers were identified by stage-specific analysis of 
ATRA-responsive genes, which returned two highly enriched pathways associated with 4 d ATRA exposure driven by increased 
expression of 29 histone-encoding genes. Overall, gene expression effects were consistently observed in a time-dependent 
manner following 1 µM exposure, which elicited effects on the expression of several genes with roles in development, including 
Foxa2, Wnt6, Shh, and Hand1. Taken together, iPSC-derived endoderm may be a suitable human cell-based platform for high-
throughput screening to identify toxicological tipping points in a differentiating system. This work was conducted under EPA 

contract EPD13054 but does not represent US EPA policy. 
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ABSTRACT: Threshold of Toxicological Concern (TTC) is one of the promising exposure−based approaches to evaluate poten�al 

risks for systemic toxicity without animal testing. From historical point of view, this concept has been developed and validated for 
single substance, not for the chemical mixture. In the cosmetics fields, various botanical extracts are used for some biological 
functions and imaging, though there are limited information. Thus some reports recommended for performing chemical 
characterization such as HPLC, LC/GC−MS, NMR for the extracts, so that it can be assessed as each chemical components. 
However, the approach needs the resource of expert technics and instruments for characterization, and sometimes too time 
consuming for day−to−day work. While EFSA/WHO and Health Canada recommended to apply Cramer III−TTC (90 µg/day) for the 
mixture, the evidence for human health is still unclear. In the present study, we evaluated the novel TTC value for botanical 
extracts. From literature-based survey including over 188 papers, over 144 No−Observed−Adverse−Effect−Level (NOAEL) were 
corrected determined by animal experiments using botanical/plant/herbal extracts as mixture. These NOAELs were divided by 
uncertainty factor (UF) of 100 used for cosmetics. In addition, we multiplied additional safety factor depending on the test 
conditions (i.e. using mouse: 1.75, < 90 days: 3). Comparing the lowest 5percentile value derived from adjusted NOAEL as novel 
TTC value for botanical extracts and classical Cramer III−TTC value, novel TTC was adequately conserva�ve. This result indicates 

that the risk for systemic toxicity is negligible if the exposure level of botanical extracts is below Cramer III−TTC. This abstract does 

not reflect the policy of Kao Corporation. 
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ABSTRACT: Chemical structures and their properties are important for determining their potential toxicological effects, 
toxicokinetics, and route(s) of exposure. These data are needed to prioritize thousands of environmental chemicals, but are often 
lacking. In order to fill data gaps, robust quantitative structure-activity relationship (QSAR) and quantitative structure-property 
relationship (QSPR) models are routinely used in risk assessment for both well-known and new chemicals. However, all QSAR and 
QSPR models are limited in part by the training-set of data available for model development. In order to both calibrate and inform 
the scope of currently available QSPR models, physicochemical measurements were attempted for 200 chemicals selected for a 
mix of both those with previously measured physicochemical properties as well as chemicals with moieties that were expected to 
be challenging to existing models from the U.S. EPA DSSTox database. Among the properties measured were octanol:water 
partitioning coefficient (Kow), vapor pressure (VP), water solubility (WS), Henry’s law constant (HLC), and acid dissociation constant 
(pKa). The numbers of chemicals successfully measured for each property were: 176 (Kow), 168 (VP), 129 (WS), 110 (HLC), and 100 
(pKa). An analysis was performed comparing these measurements against previous experimental and prediction data, which 
includes those from ACD Labs, EPI SuiteTM, OPERA, and NICEATM. Results demonstrate that VP, WS, and Kow have relatively similar 
predictive accuracies for chemicals with successful measurements across all databases. Case studies are presented in order to 
demonstrate the impact of the new data on various models that depend on them. This abstract does not necessarily reflect US EPA 

policy.  
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ABSTRACT: Fluorometric Imaging Plate Reader (FLIPR) membrane potential dye (FMP-Red-Dye) is a useful tool for accelerating 
basic discovery and high throughput drug screening with cell lines that express specific receptor subtypes. Here we optimize and 
validate this potentiometric approach for cells expressing defined GABAA receptor (GABR) subtypes, identifying several strengths 
and limitations of the method for defining structure-activity relationships among GABR positive allosteric modulators (PAM). 
GABR-expressing cells equilibrated FMP-Red-Dye are modestly depolarized compared to respective GABR-null cells, and can be 
normalized by GABR block with picrotoxin, bicuculline or TETS, indicating that FMP-Red-Dye enhances basal GABR inward 
Cl- current consistent with its barbiturate -like chemistry. Never-the-less, cell lines expressing specific GABR subunits show 
differential sensitivity to GABA-triggered depolarization with extra-synaptic (α4β3δ) > synaptic (α1β3γ2) >>> β3 homopentomer 
(EC50= 6 ± 1 nM , 40 ± 11 nM, > 18 mM, respectively) consistent with results from voltage-clamp experiments, whereas respective 
GABR-null cells are unresponsive to GABA. Using the optimized FMP-Red-Dye assay, neurosteriods are capable of directly 
depolarizing cells in a GABR-dependent manner, effects blocked by PTX or TETS. Of 20 neurosteroids tested, allopregnanolone, XJ-
42, pregnanolone, tetrahydrocortexone, and ganaxolone show the highest potency (EC50<100nM), but exhibit differential 
activities toward synaptic and extra-synaptic GABR. Cells expressing b3 homopentomer are depolarized relative to GABR-null cells, 
which can be with PTX or fipronil or further depolarized with high (>10µM) allopregnanolone. The FMP-Red-Dye based assay 
provides a sensitive and quantitative approach to investigate functional interactions with GABR subtypes mediated through the 
GABA site and neurosteroid PAM site and may be useful for anticonvulsant drug screening. 
 ___________________________________________________________________________________________________________  

 

  



2017 Society of Toxicology Late-Breaking Abstracts  80 

ABSTRACT NUMBER: 3400 Poster Board Number: P372 
TITLE: Myotoxicity Evaluation Using High Content Analysis (HCA) 
 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Perrier, H. Aerts, A. Licznar, B. Postic, M. Martins, N. Bécourt-Lhote, 
N. Claude. Servier Group, Gidy, France. 
KEYWORDS: Muscle Toxicity; In Vitro and Alternatives; Cell Culture 
 

ABSTRACT: Hepatotoxicity and cardiotoxicity remain major causes of attrition during drug development. Therefore, research has 
been focused in elucidating such toxicities at early stages of drug discovery, helping decision making process, reducing late 
attrition, animal use and drug development costs. Depending on the candidate, other targets, such as the skeletal muscle, may 
show limitating toxicity and no or few specific screening tests are available for early selection. For that reason, we developed in 

vitro tests for muscular toxicity, focusing on mitochondrial toxicity and phospholipidosis.  Fifteen reference compounds (Enzo Life 
Science myotoxic library) with known toxicities and various mechanisms on human skeletal muscle (global toxicity, mitotoxicity, 
phospholipidosis) and negative controls were tested on human iPSC myoblasts. Global toxicity, mitotoxicity and phospholipidosis 
were evaluated with appropriate stainings and quantified using High Content Analysis (HCA, Thermofisher Cellomics) after 24 h or 
72 h of exposure to 8 concentrations of each compound. A compound signal was considered as positive when it exceeded the 
extreme value of the non-treated controls. The compounds’ effects were then classified as TP (True Positive), FP (False Positive), 
TN (True Negative) or FN (False Negative) in order to qualify the myotoxic HCA tests in terms of Sensitivity (Sens), Specificity 
(Spec), Positive Prediction Rate (PPR), Negative Prediction Rate (NPR) and Accuracy (Acc).  At 24 h of exposure, the global 
cytotoxicity test qualification was as followed: Sens, 1.00 ; Spec, 0.40 ; PPR, 0.77 ; NPR, 1.00, Acc, 0.80. The mitochondrial toxicity 
test qualification was as followed : Sens, 0.75 ; Spec, 1.00 ; PPR, 1.00 ; NPR, 0.78, Acc, 0.87. At 72 h of exposure, the 
phospholipidosis test qualification was as followed: Sens, 0.80 ; Spec, 0.70 ; PPR, 0.57 ; NPR, 0.88, Acc, 0.73. Under the conditions 
of this first data set, these data were considered as suitable for detecting the three evaluated end-points, at 24h or 72h of 
exposure. Therefore, HCA on human iPSC myoblasts can be used as a screening tool for the selection of candidates or as a 
mechanistic tool to document a muscular toxicity emerging during drug development. 
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ABSTRACT: The currently recommended treatment for carbon monoxide (CO) poisoning is 100% oxygen delivered via hyperbaric 
chamber or at ambient pressure via non-rebreather mask at a high flow rate until either arterial or venous carboxyhemoglobin 
falls below a threshold presumed to be safe, usually under 3 to 5% for non-smokers and 5 to 10% for smokers. While three 
Cochrane Reviews since 2000 have compared the relative effectiveness of hyperbaric and normobaric oxygen in preventing 
delayed neurological sequelae (DNS), none compared these methods with older CO treatments used before the 1970s or 
treatments developed since.  We review the history of CO poisoning treatments promoted since the 1800s. These have changed 
significantly: from therapeutic phlebotomy and the “Rest Cure” in the gas light era through World War I, to portable carbon 
dioxide (CO2) mixtures from the 1920s to 1960s, and 100% hi-flow oxygen since the 1970s. Pros and cons of these methods are 
compared side-by-side with those of newer methods including drugs, light and blood transfusions. We find that phlebotomy 
provides the fastest CO excretion from blood and tissues, followed by breathing CO2 mixtures. Treatment with 100% oxygen at 
both hyperbaric and normal pressures actually raises CO in tissues and carries a 5 to 10-fold higher risk of causing the DNS that 
oxygen is meant to prevent. Oxygen does this by displacing CO from hemoglobin into arterial plasma, raising the partial pressure 
of free CO and causing more CO to diffuse from there into tissues. In contrast, older CO2 treatments—unlike oxygen—accelerate 
CO excretion primarily by increasing minute ventilation. Improved results compared to treating with 100% oxygen alone also have 
been reported for seven non-respiratory CO treatments but only in one or two studies each. Sufficient evidence exists to warrant 
randomized clinical trials testing the effectiveness of phlebotomy (with and without transfusions) and breathing CO2 mixtures 
compared to breathing 100% oxygen at accelerating CO excretion and reducing the risk of DNS. Regardless of method, we 
recommend that clinicians treat CO survivors until the level of CO coming out of tissues in veins no longer exceeds the arterial 
level going in. While this requires repeating measurements of arterial and venous CO, both can now be done non-invasively at 
bedside in less than minute via breath gas analysis or transcutaneous pulse CO-oximetry. 
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ABSTRACT: The US FDA Center for Food Safety and Applied Nutrition (CFSAN), Office of Food Additive Safety (OFAS), Division of 
Food Contact Notifications (DFCN) performs infant lifestage-specific safety assessments for food packaging intended to contact 
human milk or infant formula. Safety assessments involve DFCN’s review of developmental and reproductive toxicity (DART) 
studies that employ laboratory animals to identify potential hazards for the infant population. In DFCN, dose range finding studies 
(DRFs) are commonly recommended to inform the dose selection of a DART study and provide preliminary information regarding 
potential target organs or adverse effects related to the test article (Redbook Ch IV.C.9). DFCN is conducting research on the utility 
of various DART protocols for infant safety assessment, including the juvenile animal study (JAS) approach used in non-clinical 
safety evaluation of pediatric drug products. In order to increase our understanding of the approaches used in juvenile animal 
studies, CFSAN/OFAS partnered with the US FDA Center for Drug Evaluation and Research (CDER), Office of New Drugs (OND) to 
identify drug applications seeking pediatric indications that contain JAS. DFCN initiated a pilot assessment of 30 drugs that were 
evaluated in 43 JAS studies. Many of these JAS were preceded by a preliminary DRF. These JAS-DRF pairs allow analysis to 
determine what factors enhanced the ability of the DRF to adequately target the dose levels to be used in the comprehensive JAS. 
We harvested specific metrics associated with each protocol design, comparing the test duration, age of animals at treatment 
initiation, dose regimen, treatment-related effects, and points of departure across studies. We identified cases where DRFs led to 
appropriate dose selection in the JAS, based on the elimination or reduced severity of adverse effects in the JAS as compared to 
DRF. These findings suggest that DRFs can be essential for the dose selection of comprehensive JAS. However, there were a few 
cases where animals in the comprehensive JAS exhibited signs of severe toxicity (e.g., death, severe clinical signs), even when 
preceded by a DRF. This highlights remaining challenges regarding appropriate starting dose selection in juvenile animals. 
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ABSTRACT: Safety (OFAS), Division of Food Contact Notifications (DFCN) performs infant lifestage-specific safety assessments for 
food packaging intended to contact human milk or infant formula. DFCN may assess developmental and reproductive toxicity 
(DART) studies in laboratory animals to identify potential hazards for the infant population. DFCN is evaluating the utility of DART 
protocols for use in infant-specific safety assessments of food packaging. CFSAN/OFAS partnered with the US FDA Center for Drug 
Evaluation and Research (CDER), Office of New Drugs (OND) to assess available juvenile animal studies (JAS) submitted in support 
of pediatric drug indications. While food chemicals often exhibit different physico-chemical characteristics than pharmaceutical 
chemicals, DFCN still considered it valuable to evaluate the performance of these protocols in detecting juvenile toxicity, which 
may reveal elements useful for infant-specific safety assessment. To this end, we harvested metrics associated with protocol 
design, endpoints measured, and test-article related effects. We initiated a pilot assessment of 30 drugs studied in JAS. We 
focused our analysis on rat JAS data since they represented the majority of JAS (77%), corresponding to 39 JAS that covered 24 
drugs. Many drugs were tested in both a preliminary (dose range finding) as well as comprehensive JAS. This abstract focuses on 
observations from the comprehensive, not preliminary, JAS. Rat JAS were commonly initiated on postnatal (PN) day 7 or 21 and 
lasted a total of 28, 49, or 70 days. We noted that 1) reproductive toxicity occurred in 28% of JAS [36% of drugs studied], 2) 
histopathological lesions were noted in 46% of JAS [56% of drugs studied], 3) sex-specific effects occurred in 74% of JAS [80% of 
drugs studied], 4) 76% of drugs studied had target organ effects, commonly targeting the brain, bone, or stomach, and 5) the most 
commonly observed effects at the study lowest observed adverse effect level were changes in body weight, motor activity, or 
clinical signs. Together, this study provides an overview of the most common protocol designs for JAS and highlights some trends 
regarding the frequency of reproductive toxicity, histopathology, sex-specific effects, and target organ effects. 
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ABSTRACT: Evaluation of implantation site (metrial glands or spots after delivery) and histopathology evaluation of the uterus are 
parameters measured during the conduct of OECD Test No. 416: Two-Generation Reproduction Toxicity study. The 1% Ammonium 
Sulfide [(AS) Group 1], 10% AS (Group 2), and Evans blue solution (Group 3) staining methods (with variations in the duration of 
staining time) for detecting uterine implantation sites were compared with counting implantation sites without staining in 
Sprague Dawley rats on lactation Day (LD) 7 and LD 21. Naive male and female Sprague Dawley rats (n = 14) were mated for up to 
14 days. Vaginal smears from females were performed daily until insemination was confirmed via the presence of sperm and/or 
an internal vaginal sperm plug. Remaining females were presumed pregnant after 14 days. Dams were allowed to give birth and 
litter size, pup sex, and pup death on post natal day (PND) 0-4 were assessed. Dams were sacrificed either on LD 7 or LD 21 and 
uterine implantation sites counted prior to and following staining in 1% or 10% AS. Dams in Group 3 were injected intravenously 
with 1% Evan’s blue, sacrificed on LD 21 and uterine implantation sites were counted. Following the implantation site count, uteri 
were fixed in 10% neutral buffered formalin (NBF) and the impact of subjecting uteri to 1% AS or Evans blue stain prior to tissue 
fixation were compared with tissue fixed following routine histology procedures.  Of the three staining methods, 10% AS staining 
for 4 minutes achieved the best contrast and was the simplest to perform. Histopathology evaluations indicated that, post-
staining fixation of the tissue still allowed for histopathologic interpretation. Overall, based on our experience, staining did not 
increase the number of implantation sites that were visible at either time point. Therefore, the decision of “to stain or not to 
stain” uteri for counting implantation sites can be made depending upon the training and experience of personnel performing 
these procedures in the laboratory. 
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ABSTRACT: Regulatory decisions on pesticide classification by hazard may be challenged by the fact that daily exposure to multiple 
pesticides acting by dissimilar modes of action occurs throughout a person′s lifetime as a rule rather than an exception. The 
persistent nervous system alterations caused by exposure to one pesticide during critical periods of early development may be 
potentially attenuated or exacerbated by concurrent exposures to other pesticides. There is little data available to estimate 
pesticide threshold levels for developmental neurotoxicity (DNT) after coexposure to relevant combinations of insecticides. In this 
work we assessed several landmarks of postnatal development after gestational exposure to the carbamate insecticide carbaryl 
(CBL) as part of an ongoing project on DNT of complex pesticide mixtures.  0.5-3 mg CBL/kg was daily administered to pregnant 
rats from gestational day (GD) 2 to 20. These doses were below CBL NOAEL estimates for maternal toxicity in rat, and above its 
ADI (0.01-0.1 mg/kg/day; WHO-USEPA). A stock solution of CBL in acetone was used to prepare dosing solutions of CBL in water. 
Dose volumes were adjusted as pregnant dams became heavier to maintain the target daily dose scheme. Three litters per 
treatment have been evaluated to date. The offspring was monitored for body weight (bw) and developmental landmarks such as 
eye opening, fur appearance, anogenital distance (AGD) and righting reflex. Pups were then evaluated using an associative-spatial 
learning assay with circling velocity as a motor endpoint (Circling Training Test, CTT) at adolescence to assess enduring effects on 
fine nervous system function. There were no evident alterations observed in dams during gestation. CBL-treated pups showed a 
trend for a dose-related decrease in AGD and bw gain at the highest dose. Moreover, CBL treated pups showed suboptimal 
performance in the righting reflex test. Last, no marked difference between treatment groups was evident in the CTT. Thus, the 
selected CBL dose scheme appears adequate for low-dose DNT studies using environmentally relevant combinations of 
insecticides and herbicides (work in progress). 
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ABSTRACT: Blood sampling from the jugular vein in rats is considered a new promising method for blood collection as it does not 
require anesthesia. In addition, multiple blood samples can be obtained from one animal making it a suitable method for sampling 
for toxicokinetic (TK) assessment as it provides one TK profile per rat. However, a high degree of competence is required for this 
technique. As default, satellite animals (~6/sex/group) are added for TK evaluation to toxicology studies. The reason for this is 
two-fold: 1) multiple blood samples (usually 0.3 mL x 6 time points per 24 hours) from the rat will impact hematological endpoints 
that are routinely assessed in repeated dose studies, and 2) multiple occasions of anesthesia are considered to affect the general 
health of the animal. As hematological parameters are not assessed by default in embryo-fetal development (EFD) studies and 
when using jugular vein blood sampling no anesthesia is required, it was hypothesized that blood collection from the jugular vein 
would not affect maternal and developmental toxicity, and therefore no satellite animals would be needed anymore in this type of 
study. To explore this hypothesis, time-mated female rats (Crl:WI(Han, outbred, SPF-Quality) were used (N=22/group) to collect 
blood (0.3 mL) by jugular vein sampling on Days 6 and 17 post-coitum. This was done at three time points per occasion for one 
group and at six time points per occasion for another group. The samples were checked visually for quality and quantity. Water 
was administered once daily by oral gavage from Days 6 to 17 post-coitum. To reduce the number of animals in this study, results 
from the control group of another study that ran in the same period were used for comparison, in addition to historical control 
data. Female rats were checked daily for the presence of clinical signs. Food consumption and body weight were determined at 
periodic intervals. On Day 21 post-coitum the females were sacrificed to examine all macroscopic abnormalities. The fetuses were 
weighed, sexed and examined for external, visceral and skeletal malformations and developmental variations. For both groups 
(i.e. 3 and 6 blood sampling time points) no maternal or developmental toxicity was noted; strongly suggesting that satellite 
animals will no longer be needed in EFD studies in the rat when TK blood samples are collected from the jugular vein. This will 
reduce the number of animals in a standard EFD studies for pharmaceuticals with 20%. 
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ABSTRACT: Previously, we have reported the involvement of oxidative stress and prostaglandins including thromboxane and 
prostacyclin after the activation of aryl hydrocarbon receptor (AHR) type 2 (AHR2) and AHR-associated transporter type 1 (ARNT1) 
signaling in early edema (pre-cardiac edema) caused by 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). In the present study, we 
compared pre-cardiac edema and some other toxicological endpoints including deduced cardiac output, blood flow and 
hemorrhage caused by TCDD at around or before 55 hpf. TCDD (1.0 ppb) caused pre-cardiac edema and circulation failure at vena 
cava in the central trunk region with the similar time course from 42 to 54 hpf, while the same concentration of TCDD did not 
affect aortic circulation in the central trunk region and cardiac output significantly. Concentration dependence of TCDD (0 - 2.0 
ppb) on pre-cardiac edema at 55 hpf was comparable with that on blood flow through vena cava but not with those of cardiac 
output and blood flow in aorta. The latter effects were significant only with 2.0 ppb TCDD. TCDD also caused hemorrhage around 
and outside the heart with concentration dependency similar to that in pre-cardiac edema. TCDD evoked extravasation of Evans 
blue that was intravascularly injected with bovine serum albumin. Knock downs of AHR2 and ARNT1, ascorbic acid, an antioxidant, 
NS398, an inhibitor for cyclooxygenase type 2 and ICI-192,605, a thromboxane receptor blocker markedly reduced both pre-
cardiac edema and hemorrhage but did not significantly or slightly prevented the reduction of cardiac output in eleutheroembryos 
at 55 hpf exposed to 2.0 ppb TCDD. These results suggest the involvement of increased vascular permeability in early edema 
evoked by TCDD before cardiac failure in early zebrafish larvae. 
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ABSTRACT: Naphthalene (NA) is a respiratory toxicant and possible human carcinogen. The aim of this study is to examine how 
developmental biology and the maturation of key biotransformation enzymes drive NA toxicity in neonatal (7d) and juvenile (3w) 
mice, compared to adult mice. Male and female C57BL/6 mice (7d, 3w, 8w) were exposed to NA vapor (5 or 10 ppm) via whole 
body inhalation for 4 h. Neonatal pups were exposed with the dam. Animals were sacrificed 24 h after the end of the exposure, 
and tissue was collected for gene expression and histology analyses. Additionally, plasma and lung tissue were collected within 10 
min of the end of the exposure to determine delivered dose. Age-matched, unexposed control mice were included for 
comparison. Site-specific analysis of gene expression for Cyp2f2, Gclm (glutamate-cysteine ligase modifier subunit), and Ephx1 
(microsomal epoxide hydrolase) was conducted using laser-capture microdissection and PCR. Histologic samples were examined 
for toxicity using high-resolution light microscopy and quantitative morphometry. Adult male terminal bronchioles had more 
abundant Cyp2f2, Ephx1 and Gclm expression than all other groups (female terminal bronchioles, male and female proximal 
airways and males at younger ages). Male adult terminal bronchioles are a classic target of NA toxicity; however, the differences in 
the gene expression profiles indicate that this site, sex, and age may not be representative. Further, there is evidence to support 
atypical maturation of these enzymes in the female airways, where proximal cells may be maturing later than terminal cells. 
Damage was observed following NA inhalation in every age group, but was most severe for juvenile female proximal airways. A 
lower expression (by 1.8 fold) of Glcm may contribute to the increase in toxicity in this group (vs. males of the same age). This 
juvenile group also has 2-fold lower Ephx1 expression than adult female proximal airways. In summary, these data suggest that 
site-specific, developmental NA toxicity is related to the expression of key metabolic enzymes. Funded by R01 ES020867, T32 

ES007058-33 and P30 ES023513. 
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ABSTRACT: Despite falling smoking rates, other forms of tobacco usage in the United States continues to be a focus of concern in 
public health initiatives. Pregnant women struggling with nicotine addiction often turn to so-called harm reduction tobacco 
products (HRTPs) that are marketed as safer tobacco alternatives. One such product—Snus smokeless tobacco—has gained 
attractiveness as a harm reduction product due to a reported reduction in cancer risk compared to conventional cigarettes. 
However, initial studies suggest that snus use during pregnancy does not reduce the risk of fetal abnormalities and may impart 
adverse effects on the developing skeleton. While the developmental toxicity associated with conventional tobacco product use 
has been widely accepted by health professionals, the biological processes underlying how Snus affects early bone development 
remains unclear in its entirety. Here we provide the first evidence that Snus is teratogenic to the developing skeleton using 
embryonic stem cell (ESC) and mouse models. ESCs were induced to differentiate into osteoblasts with concurrent Snus treatment 
to assess in vitro embryotoxicity. Snus exposure decreased osteoblast differentiation at subtoxic levels. Mouse embryos exposed 
to Snus in utero during the early stages of skeletal development demonstrated abnormal development of the craniofacial skeleton 
and long bones. Teratogenic Snus doses increased reactive oxygen species levels and also decreased nuclear levels of FOXO1 and 
FOXO3, transcription factors responsible for free radical scavenging enzymes. Investigation of upstream signaling kinases that 
target FOXOs identified elevated AKT activation following Snus exposure while co-administration of AKT inhibitor was found to 
rescue osteogenesis. Follow up assessment with phospho-specific protein microarray assays identified potential targets in the AKT 
signaling pathway, which may have a concurrent role in Snus embryotoxicity. Overall, our results suggest that Snus exposure 
during development drives aberrant upstream kinase signaling and subsequent oxidative stress, resulting in the disruption of 
normal skeletal development. 
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ABSTRACT: Developmental toxicity studies are conducted to assess compound-related effects that occur during prenatal 
development for agrochemicals as well as pharmaceuticals. Two outbred rat strains, Sprague Dawley (SD) and Wistar Han (WH), 
are the most common rat strains used in developmental toxicity studies. Detailed assessment of fetuses is conducted via external, 
visceral, and skeletal evaluations to determine changes that occur due to treatment with a test compound. Although concurrent 
control data are the best comparator to assess compound-related changes, availability of a robust laboratory-generated historical 
control database (HCD) remains extremely useful. In our laboratory, over the course of 2 decades, developmental toxicity studies 
were conducted in SD and WH dams and fetal evaluations were performed. We mapped the trends of spontaneous skeletal 
variations and malformations occurring in SD or WH rats in blocks of ~5 year intervals. We evaluated for: 1) changes that are 
spontaneous and reoccurring at a rate that could be considered background, 2) obvious strain differences, and 3) changes 
observed over an extended length of time; a possible indication of genetic drift. Data were collected from 1993-2016 from ~5610 
fetuses and 423 litters of SD rats and ~3462 fetuses and 337 litters of WH rats used as concurrent controls. Results of our 
evaluations indicated that some variations (primarily related to incomplete ossification) occur at a high incidence across one or 
both strains, demonstrating these findings are expected at this stage of development, which indicates the ‘normal’ observation for 
these bones may need to incorporate a lower level of ossification. The overall incidence of malformations is comparable between 
strains. Due to low incidence (less than 1%) of many malformations, it is important to maintain an extensive long-term HCD to 
allow for these highly rare occurrences. Lastly, our assessments indicate the importance of periodic update/review of the HCD to 
ensure accurate inter-observer evaluations and sporadic rate of increases in a particular observation. 
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ABSTRACT: It has been shown that in utero tobacco exposure increases offspring risk for obesity, but the mechanisms responsible 
are not well understood. Chemerin is an adipokine that regulates adipocyte differentiation and is elevated in individuals who 
smoke, but its levels have not been measured in neonates born to smoking mothers. We proposed to examine chemerin gene 
expression and DNA methylation in skin from babies born to smokers versus nonsmokers. Further, we utilized primary dermal 
foreskin fibroblasts as a functional measure of adipogenesis in living cells. Foreskin dermal tissue from babies born to smoking and 
non-smoking mothers were snap frozen following circumcision. Quality RNA (n=46) and DNA (n=73) from neonatal tissue was 
isolated and chemerin mRNA expression and DNA methylation assessed. Further, an additional 16 foreskins (n=8/group) were 
collected from babies of smoking and non-smoking mothers and primary dermal fibroblasts were isolated and grown in culture. 
Cells were stimulated with an adipogenic cocktail, mRNA was isolated from cells after 14 days, and chemerin gene expression was 
measured via real-time PCR. Chemerin mRNA was elevated in both whole tissue and primary fibroblasts collected from infants 
born to smoking mothers. Correspondingly, chemerin DNA methylation was reduced in whole tissue of offspring born to smokers, 
which could contribute to the increased gene expression. Neonates born to mothers who smoke during pregnancy exhibit distinct 
changes as a response to in utero smoke exposure which are likely regulated in part by epigenetics. 
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ABSTRACT: Early life exposure to tobacco smoke has important consequences for health and behavior but has been studied 
primarily in the context of maternal exposures during pregnancy. Such exposures prior to conception might have negative impacts 
on maturing gametes that could be carried forward to the embryo. This may alter the profile of the gamete epigenome and be 
particularly pertinent for males, who continuously produce sperm throughout adult life. Our objective was to determine if adult 
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exposure to tobacco smoke alters DNA methylation (DNAm) in spermatozoa. Male Sprague Dawley rats were exposed to 0.2 
mg/kg/day tobacco smoke extract (TSE) or vehicle via osmotic mini pumps for 14 days (N=12 per group). Male zebrafish were 
exposed to 0.1% TPM tobacco smoke condensate or vehicle in tank water for 14 days (N=6 per group). Animals were sacrificed 
and sperm collected immediately following exposure. DNAm was quantified using reduced representation bisulfite sequencing. 
Example differentially methylated regions (DMRs) in zebrafish sperm included those associated with iriquois homeobox 3b (irxb3, 
neurodevelopment and embryonic pattern formation; p=0.005; 51% lower in exposed versus controls), forkhead box j3 (foxj3, 
mitochondrial biogenesis; p=0.002; 48% higher), and connexin 47.1 (cx47.1, central myelination; p=0.009; 46% higher). In rat 
sperm, example DMRs included two of histone deacetylase macro domain-containing 1 (Macrod1; FDR less than 1.0X10-11 for 
both; one 47% higher and the other 47% lower in exposed versus controls), matrix remodeling associated 8 (Mxra8, blood-brain 
barrier establishment; FDR=6.3X10-7; 47% lower) and LIM zinc finger domain containing 2 (Lims2, cell adhesion and signaling; 
FDR=1.2X10-5; 62% lower). Our results support that a relatively short pre-conceptional exposure to TSE is associated with 
substantial alteration of DNAm in zebrafish and rat sperm. Intergenerational transmission of such changes in zebrafish are 
predicted to be detrimental to the offspring, who acquire their methylation profiles from the male parent. In mammals, retention 
of altered methylation through post-fertilization DNAm reprogramming may have a substantial impact on the resultant offspring 
phenotype. Further work will be required to address these possibilities. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: Solid synthetic polymers, or ‘plastics’, can be combined with additives that condition the physical properties, stability, 
and durability of the material, but the biocompatibility of those additives is not well known. Our hypothesis was that the plastics 
used for in vitro culture or long term storage have an influence on the integrity of the living cell or tissue. Specifically, the present 
study aimed at characterizing the impact of polystyrenes (containing zinc stearate - a common additive) used for long term in vitro 
culture of endometrial cells. Adult cat uteri were collected from routine sterilization procedures (n = 3-5 uteri per replicate; 10 
replicates). Endometrial cells then were isolated and cultured in medium supplemented with 3% Matrigel for 2 weeks (at 38.5°C, 
5% CO2) using culture dishes designated as: NZ (no zinc stearate), Z (with zinc stearate), or NZ+ (with zinc stearate added) that 
were first analyzed for molecular structure and elemental composition. Within each replicate and treatment group, three-
dimensional structures and cell morphologies were measured and categorized after 2 weeks according to their shape (circular, 
elliptical, elongated, and irregular). Overall viability, proliferation, differentiation status, and cell polarity then were assessed by 
immuno-staining. All indicators were compared between treatment groups. Both NZ and Z dishes were confirmed as being of 
polystyrene by Raman and FTIR spectroscopies, and the presence of zinc verified by X-ray fluorescence. Regarding the 
morphology, the median of length, width, or area between categories (circular, elliptical, elongated, irregular) did not vary 
significantly (P>0.05) between the three treatment groups. Mean percentages of viability, proliferation, and epithelial cells also 
were not affected (P>0.05) by the dish type. However, the variation in proliferation percentages was lower with NZ+ than with Z 
and NZ dishes (P<0.01). Using current indicators, data suggest that trace amounts of zinc stearate in polystyrene did not affect the 
structure and viability of endometrial cells cultured in vitro for 2 weeks. Further investigations focusing on gene expression and 
epigenetic patterns are ongoing. Eventually, these biocompatibility assays will be used to evaluate a variety of plastics and 
additives that are in contact with biomaterials for longer periods of time. 
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ABSTRACT: In a classical model of latent hormonal carcinogenesis, exposing mice on neonatal days 1-5 to the synthetic estrogen 
diethylstilbestrol (DES; 1 mg/kg/day) results in high incidence of uterine carcinoma. However, the biological mechanisms driving 
DES-induced carcinogenesis remain unclear. We previously showed that the sine oculis homeobox homolog 1 (SIX1) oncoprotein 
was aberrantly expressed in the uteri of mice exposed neonatally to DES, persisted with age, and localized to abnormal uterine 
basal cells within all neoplastic lesions. Here, we investigated if SIX1 is necessary for uterine basal cell differentiation and 
carcinogenesis in mice exposed neonatally to DES. We used a conditional knockout mouse model in which Six1 is deleted in the 
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uterus using the progesterone receptor-cre transgene. We confirmed that Six1 is effectively deleted in this model and not induced 
by neonatal DES exposure. At 6 months of age, uterine carcinoma was observed in 40% of DES-exposed wildtype mice (4/10) and 
78% of DES-exposed Six1 conditional knockout mice (7/9) but not in controls. All cancers showed basal cell differentiation, as 
indicated by cytokeratin (CK) 14 expression. However, DES exposure resulted in &gt10-fold higher CK14-positive basal cells in 
endometrial glands of wildtype mice compared to Six1 conditional knockout mice. Absence of SIX1 did not alter DES effects on 
luminal cell numbers, as indicated by CK18 expression. These data indicate that SIX1 expression is not required for DES-induced 
carcinogenesis in the uterus but rather serves as a key differentiation factor for aberrant basal-type progenitor cells. This abstract 

does not reflect US EPA policy. 

 ___________________________________________________________________________________________________________  

ABSTRACT NUMBER: 3415 Poster Board Number: P387 
TITLE: Placental Transfer Investigation of a Monoclonal Antibody in the Pregnant Mouse Using Microsampling-Coupled Bioanalysis 
 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: C. Pique1, S. Salgado-Pires2, R. Zorrilla2, R. Nelson2, A. Hoberman3, E. 
Marsden1. 1Charles River Labs France SA, St. Germain-Nuelles, France; 2Novimmune SA, Geneva, Switzerland; 3Charles River Labs 

Horsham, Horsham, PA. 
KEYWORDS: Reproductive and Developmental Toxicology; Exposure Assessment; Microsampling 
 

ABSTRACT: Microsampling-coupled bioanalytical techniques are becoming more common in pre-clinical studies and are 
particularly useful in rodent studies to reduce or eliminate the need for satellite animals. An intravenous (bolus) repeat dose 
pharmacokinetic investigation was performed in the mouse with a monoclonal antibody (mAb) to confirm placental transfer and 
compare exposure between the dam and the fetus. Serial blood microsamples (50 μL each) were taken via the saphenous vein 
from the non-anesthetized dams using a restraining tube. The vein was punctured using a 26G needle and blood was drawn into 
EDTA Minivette® tubes by capillary action. A total of 5 microsamples were taken at specific time points from each female between 
gestation days (GD) 6 and 18. Following terminal sacrifice of the dams (on GD 18), a microsample of blood was taken from the 
fetuses (approximately 30 µL each) via a jugular vein without anesthesia. The vein was punctured using a 20G needle and blood 
was drawn into EDTA Minivette® tubes by capillarity. For this investigation, fetal blood was pooled by litter (but individual plasma 
samples of 10 µL are possible). Adult and fetal plasma (approximately 20 μL per female and 80 µL per litter) were obtained by 
centrifugation. Pharmacokinetic assessment of mAb levels was performed by immunoassay, with a bioanalytical assay optimized 
and validated such that analysis required only 2 µL of plasma. The quality of the sampling technique allowed quantification of mAb 
levels in all samples tested. Maternal exposure increased with repeat dosing (concentrations up to 4179 µg/mL after the last dose 
on GD 14). On GD18, the mAb was present in foetal plasma of all dose groups, confirming placental transfer. At this time point, 4 
days after the last dose, fetal exposure was higher than maternal exposure (fetal/maternal ratios up to 8.7). We conclude that 
microsampling techniques are possible in the adult mouse and fetus providing an important contribution towards our 3R 
objectives. This experiment further demonstrates that microsampling-coupled bioanalytical techniques can be applied, not only 
for small molecules, but also for biologics. It can be envisaged that this technique may also be used for sampling of preterm 
fetuses to further characterize the timing of placental transfer of large molecules during gestation in the mouse. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: An increasing body of evidence supports that environmental factors during early development influence the 
individual’s sensitivity to diseases later in life. Thus, it is of interest whether and how individual genotype interacts with the 
environmental impact, and leads to variable susceptibility during development. Fetal exposure to diethylstilbestrol (DES), a potent 
synthetic estrogen, is associated with an increased risk of both male and female reproductive tract defects including vaginal 
cancer, testicular cancer, cryptorchidism, and infertility in human populations. In the present study, a panel of inbred mouse 
strains was treated with relatively low dose of DES (2 µg) on postnatal days (PND) 1-5. These strains include several from the 
Collaborative Cross, a mouse genetic reference population that contains most existing natural genetic variation in mice. The 
changes in male reproductive phenotypes and functions in response to DES exposure were examined at the age of 12 weeks. 
Neonatal exposure to DES is associated with the reduced testis weight, epididymis weight, seminal vesicle weight, and decreased 
sperm counts in mice. Some mice exposed to DES also exhibited a mild to severe degeneration of spermatogenic cells in the 
seminiferous tubules compared to controls, including vacuolization, impaired spermatogenesis, germ cell depletion, Sertoli-cell-
only tubules, and testicular atrophy. Importantly, the severity of DES-induced abnormality in male reproductive tracts varies 
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among genetically diverse strains. These observations demonstrate that genetic diversity substantially contributes to DES 
susceptibility. Our results establish the CC as an ideal platform to identify specific gene by environment interactions in mice. 
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ABSTRACT: Environmental arsenic (As) exposure is a global health concern. Chronic exposure to high levels of inorganic arsenic 
(iAs) is associated with many adverse health effects including cancer, skin disorders, vascular diseases and type 2 diabetes. There 
is a growing body of evidence that early life exposure to As from drinking water can have serious long-term health implications. 
Recently, many studies have showed that developmental exposure to environmental toxicants can promote transgenerational 
inheritance of abnormal phenotypes through epigenetic mechanisms. Arsenic is an endocrine disruptor. However, very little is 
known about the transgenerational effects of As on male reproduction. Therefore, we hypothesized that prenatal exposure to iAs 
negatively affects reproduction in subsequent generations of male mice. Pregnant CD-1 (F0) mice were treated with drinking 
water containing sodium arsenite at up to 85 ppm As from days 8 to 18 of gestation and male offspring were bred with untreated 
female mice until the F3 generation was produced. Our results revealed that a transient exposure of the F0 generation gestating 
female to iAs can produce decreased sperm quality and histological abnormalities in testes of male offspring in the F1 and F3 
generations. Transgenerational inheritance of iAs toxicity appears to be mediated through the male germline, thus mRNA 
expression and epigenetic alterations of imprinted genes Igf2 in testicular tissue were evaluated. The relative mRNA expression 
levels of Igf2 in As exposed males were significantly higher than that of the control males in both F1 and F3 generations. The 
overall methylation status of Igf2 was significantly lower in As exposed group than that of the control group in both F1 and F3 
generations. Taken together, this study provides evidence that ancestral exposure to As may produce transgenerational 
inheritance of an increased susceptibility to reproductive disease, which involved in epigenetic alteration and abnormal Igf2 
expression. Supported by National Natural Science Foundation of China (No.81302390) and China Postdoctoral Science Foundation 

(2016T90210). 
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ABSTRACT: The contribution of environmental toxicant exposure to adverse pregnancy outcomes such as preterm birth and 
preeclampsia is a significant public health concern. Phthalate esters (PEs) are environmental toxicants used as plasticizers in a 
wide array of consumer products and human exposure is ubiquitous. Although epidemiology studies have found associations 
between exposure to PEs and preterm birth and preeclampsia, the exact role that PEs play in the etiology of these adverse birth 
outcomes is unclear. In order to elucidate potential mechanisms of PE toxicity in female reproductive tissues, we utilized a 
metabolomics based approach to identify responses in a placental cell model (BeWo) after treatment with a PE metabolite 
commonly found in human blood and urine samples (MEHP). BeWo cells were cultured for 24 hours in the presence of vehicle 
control (DMSO) or MEHP (90 or 180µM). Cell media and cells were then collected and analyzed using untargeted metabolomics 
analysis via liquid chromatography/mass spectroscopy. Analysis revealed that metabolites associated with glutathione metabolism 
(ascorbic acid), amino acid metabolism (2-methylmaleic acid, acetoacetic acid) and vitamin B deficiency (methylmalonic acid) were 
significantly altered by MEHP treatment (ANOVA, p<0.05). These initial findings offer new insight into potential mechanisms of 
phthalate toxicity in the placenta and provide a promising direction for future research. This research is supported by the National 

Institute of Environmental Health Sciences of the National Institutes of Health: Superfund Research Program PROTECT Center 

(P42ES017198) and Environmental Toxicology and Epidemiology Training Grant (T32ES007062). 
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ABSTRACT: Glyphosate (GLY) is the most heavily used herbicide in the US. GLY is a known endocrine-disruptors and suspected to 
affect pregnancy outcomes. However, there are currently no published estimates of GLY exposure in US pregnant women to 
establish whether environmental levels of GLY are safe for fetuses. Therefore, we designed a prospective and cross-sectional birth 
cohort study to measure GLY exposure in pregnant women and evaluate its association with birth outcomes. Urine and drinking 
water samples were obtained from 69 pregnant women with singleton births in Midwestern US. The mean age of women was 29 
(range 18-39) and 65 (94.2%) pregnancies were Caucasians. Clinical variables and pregnancy outcomes, questionnaires relating to 
food and water intake and other demographic and maternal risk factors were also collected. Urine and water samples were 
measured for GLY in ng/mL with liquid chromatography-tandem mass spectrometry (Agilent LC 1260- AB Sciex 5500 Triple 
Quadrupole MS). Linear models were used to assess relationships between GLY levels and determinants of adverse pregnancy 
outcomes (Gestational age, and Gestation-adjusted birthweight). 91% pregnancies tested positive for GLY. Mean GLY was 
3.44ng/mL (range 0.5-7.2ng/mL). The GLY level was found negatively related to gestation age (r= -0.25, p=0.0352) and gestation-
adjusted birth weight (r= -0.24, p=0.045) respectively. In addition, GLY levels were found higher in women who lived in rural areas 
(means of GLY 4.21 vs. 3.30, p=0.004). All drinking water samples tested negative for GLY. Our study provides first direct measure 
of GLY exposure in US pregnant women and its association with shorter gestational length and lower birth weight. Since water 
samples tested negative, food ingestion is assumed to be the main route of exposure, however, the contribution of inhalation 
route needs to be evaluated. These preliminary evidences are alarming, and more research is warranted to determine the critical 
window of exposure, key metabolites, and underlying toxicity mechanism for better characterization of fetal risk. 
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ABSTRACT: Environmental pollutants are increasing at an exponential rate and many of them pose a potential health risk. Among 
these contaminants, pesticides are one hazardous class of contaminants used around the world. Owing to their xenoestrogenic 
nature, Organochlorine pesticides (OCPs) disturb the normal estrogen-progestrone balance, which is important in the 
maintenance of pregnancy. Preterm delivery (PTD) is the largest cause of prenatal death, neonatal morbidity and mortality and 
adult illness. Exposure to environmental chemicals and their improper metabolism is one of the factors causing excessive 
oxidative stress and cytokines imbalance during pregnancy. The root cause of many adverse pregnancy outcomes are not well 
understood but there is growing evidence that many of them might arise from the complex interaction between genes and 
environment. Hence, the present was designed to assess the risk of PTD by analyzing blood OCPs level, gene environment 
interaction between OCPs levels and mRNA expression of inflammatory and antioxidant genes in PTD (cases, n=100) and term 
delivery (controls, n=100). Significantly higher levels of α-HCH, ϒ-HCH and p’p’ DDE were observed in maternal blood and o’p’ DDT 
and p’p’ DDE in cord blood of PTD cases. The level of pesticides were detected in maternal and cord blood indicating the placental 
transference of OCPs. It was found that mRNA expression of COX-2 gene is 3.27 times higher and SOD gene was 7.5 folds and CAT 
gene was 6.95 folds lower in maternal in maternal blood of PTD cases as compared to controls. A positive significant linear 
correlation between the birth weight (kg), period of gestation (POG) and COX-2 ΔCt was found in all subjects. A negative 
correlation between birth weight, POG and ΔCt of SOD and CAT gene in all subjects were observed. While assessing gene 
environment interaction it has been observed that there is a significant reduction in POG of 10 days when β-HCH levels are ≥ 50th 
percentile and ΔCt of COX-2 gene is < 50th percentile. A significant reduction if POG of 28 and 29 days respectively was also 
observed when the interaction was made between ≥ 50th percentile of OCPs and ≥ 50th percentile of Δ Ct of SOD and CAT genes. 
The study concludes that gene-environment interaction is one of the potent risk factor for the etiology of PTD. 
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ABSTRACT: Paternal exposure to cigarette smoke (CS) is associated with seminal and congenital anomalies, and childhood 
cancers. Cigarette smoke condensate (CSC) of CS is a germ cell mutagen and testicular toxicant. There is neither a risk-free level of 
exposure nor conclusive reports exist on reproductively tolerant limits of CSC or CS. Our recent studies using CSC revealed severe 
molecular changes in sire germ cells and phenotypic impacts on their offspring. We hypothesize here that testicular explant is a 
pilot system to determine the toxicity threshold at which CSC impairs spermatogenesis prior to in vivo validation. We developed a 
mouse neonatal testicular explant model (P5.5-11.5) and characterized the system by assessing various growth indices and cell 
type-specific markers. Our neonatal mouse model maintained structural and functional integrity of in vivo testis. The growth 
response of the explants varied differentially according to CSC dosage along with accumulation of cotinine and decrease in 
testosterone production. The toxicity threshold of CSC in vivo mimicked DNA damage, apoptosis, and oxidative stress of ex vivo 
explants. Partial and complete exposure of the neonatal window of spermatogenesis to CSC in vivo has long-term consequences in 
adult fertilizing ability and its offspring development. Thus, this report indicates that the neonatal exposure to CSC will affect 
spermatogenesis, and fertility during adulthood, and developmental defects in their offspring. 
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ABSTRACT: Chemical-mediated disruption of steroidogenesis in vivo results in adverse reproductive and developmental outcomes. 
The primary objectives of the current work were to use a new statistical analysis to increase the specificity of predictions for 
chemicals that might perturb steroidogenesis, and to use patterns in the hormone response data to identify putative mechanisms 
of steroidogenesis disruption. ToxCast data from a high-throughput H295R (HT-H295R) human adrenocortical carcinoma model of 
steroidogenesis are available for over 2000 chemicals with quantified effects on 13 steroid hormones including progestogens, 
glucocorticoids, androgens, and estrogens. All chemicals were screened at a single high concentration, limited by the presence of 
at most 30% cytotoxicity. Subsequently, 575 chemicals that showed an effect on at least 4 hormone levels (compared to DMSO 
controls) were retested in concentration-response (Karmaus, et al. 2016). One hundred four chemicals were tested at least twice 
(i.e., as replicates). The new statistical analysis creates a single index for disruption of steroidogenesis across the seven most 
reliable hormone measurements using Mahalanobis distance to account for statistical dependencies among hormone 
measurements and differences across hormones in the variability of measurements. This may improve sensitivity over previous 
methodologies, based on counting ‘hit calls’ for individual hormones, because chemicals that may not produce hit calls for 
multiple individual hormones may yet be identified using this unified measure. Twenty-five of the replicated chemicals resulted in 
mixed calls. Of the remaining 550 chemicals, about 75% (410/550) of the chemicals analyzed in concentration-response format 
were flagged as potential steroidogenesis disruptors using this methodology, as compared to about 78% (411 / 524) having hits in 
at least one hormone (Karmaus et al., 2016). Concentration-response patterns for individual hormones suggest that when 
chemicals disrupt steroidogenesis, multiple enzymes in the pathway may be affected. Furthermore, response patterns resulting 
from treatment of the HT-H295R system with steroid hormones suggest mechanisms operating that have not been included in 
current kinetic models built using a similar H295R system (Saito et al., 2016). This abstract does not necessarily reflect US EPA 

policy. 
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ABSTRACT: Thyroid-stimulating hormone (TSH) regulates thyroid hormone (TH) production via binding to its receptor (TSHR). The 
roles of TSHR in human pathologies including hyper/hypothyroidism, Grave’s disease, and thyroid cancer are known, but it is 
currently unknown whether TSHR is an important screening target to identify chemicals that may perturb THs. The Tox21 
collaboration enabled testing of the null hypothesis that TSHR is not targeted by environmentally-relevant chemicals. The TSHR is 
a G protein-coupled receptor that, when agonist-bound, activates adenylate cyclase with a resultant increase in cyclic adenosine 
3’,5’ monophosphate (cAMP) that upregulates TH production. Commercially-available HEK293-TSHR cells were used in a 1536-well 
assay format to demonstrate agonism or antagonism of the TSHR, using cAMP as a marker of TSHR activation. A wildtype control 
was used to identify confounders, e.g. nonspecific modulators of cAMP. Homogeneous time-resolved fluorescence technology 
was used to quantify cAMP using a competitive immunoassay between native cAMP and dye-labeled cAMP. In agonist and 
antagonist mode optimization, TSH demonstrated signal-to-background ratios of 3.8 and 2.6, Z-factors of 0.75 and 0.53, and CVs 
of 3.6 and 5.7%, respectively, and an EC50 = 0.28 ng/mL. The Tox21 library (9667 chemicals) was tested in concentration-response 
in triplicate, and data were normalized by plate and plotted as %control, with the greater of a 20% change or 6baseline median 
absolute deviation as the activity cutoff. Candidate agonists (493) and antagonists (340) were identified, with >70 chemical hits 
flagged as potentially nonspecific based on activity in wildtype cells, including cytotoxic organometallic compounds, 
autofluorescent or dye compounds, and cAMP upregulators active through other receptors or mechanisms. Potency (EC50/IC50) 
values ranged from 1e-5 to 150 µM for agonists and 1e-3 to 170 µM for antagonists. These chemicals have been prioritized for 
further screening as TSHR modulators using orthogonal assay technologies. This abstract does not necessarily reflect the policy of 

the US EPA. 
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ABSTRACT: The central goal of the Human Toxome Project is to use complementary ‘omics approaches to map and annotate 
pathway(s) of toxicity (PoT) for a defined set of endocrine disruptors. The transcriptomics team at Georgetown University has 
carried out a series of studies to assess estradiol and endocrine disruptor-induced changes in gene expression, and compared the 
estrogenic effects of endocrine disruptors with that of estradiol (E2). We performed microarray and Ingenuity Pathway analysis to 
elucidate estrogen signaling pathways that were activated/regulated by E2 and endocrine disruptors. In this study, we assessed 
three well-characterized endocrine disruptors, Bisphenol A (BPA), Diethylstilbestrol (DES), and Genistein (GEN). The global gene 
expression profiles of BPA, DES and GEN treatments showed that BPA and GEN treatments induced time-dependent gene 
expression changes in MCF7 cells, while DES treatment did not induce either time-dependent or dose-dependent gene expression 
changes. Meanwhile, when cells treated with DES at 10pM or 10nM for 24h, about 95% and 91% of DES up-regulated genes were 
also up regulated by E2, respectively. This observation suggested that DES has a very similar effect on up-regulation of genes as 
that caused by E2 treatment. To elucidate estrogen signaling pathways that were activated/regulated by E2 and endocrine 
disruptors, datasets containing genes that were significantly altered by at least 1.7-fold in each treatment were subjected to 
Ingenuity Pathway Analysis to find potential pathways that were specific for each agent. By comparing enriched canonical 
pathways in each treatment, we observed the similarity and the difference between E2 and endocrine disruptors. The pathway 
analysis result suggested that BPA and GEN bind to the G-protein coupled receptor, GPR30, of MCF7 cells to regulate protein 
kinases, which in turn can modulate STMN1 phosphorylation, microtubule stability and ultimately control cell cycle. In conclusion, 
microarray combined with pathway analysis showed that BPA and GEN can bind to GPR30 and activate GPR30 mediated signaling 
pathway, while E2 and DES did not activate GPR30 signaling pathway under current experimental conditions. 
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ABSTRACT: Thifensulfuron methyl and Tribenuron methyl are structurally related active substances belonging to the sulfonylurea 
herbicide chemical class. In the two-year rat studies conducted for both these actives, an increase in the incidence of mammary 
tumors was observed. IN-A4098 is a co-metabolite of both substances and the hypothesis that it might be responsible for the 
tumors has been proposed by some regulatory agencies. These actives along with metabolites were evaluated for endocrine 
modulation potential related to the observation of mammary tumors in rats. In order to address the possibility of endocrine 
modulation several investigations were undertaken and the results are presented: new in silico analysis and information from 
QSAR evaluation of thifensulfuron methyl, tribenuron methly and metabolites for potential endocrine activity; in vitro data 
available from the US EPA EDSP program for endocrine endpoints for thifensulfuron methyl and tribenuron methyl; new in vitro 
studies available for estrogen receptor binding or dopamine receptor binding of thifensulfuron, tribenuron methyl and the triazine 
metabolite IN-A4098; and in vivo data available regarding the potential for thifensulfuron methyl to affect estrogenic and 
prolactin mediated endpoints. These data indicate a lack of activity at receptors involved in mechanisms related to mammary 
tumor incidence in rats. Therefore, the weight of evidence from these in vitro, in silico, and in vivo analyses support that there are 
no significant concerns with thifensulfuron methyl, tribenuron methyl or their metabolites for estrogen, androgen, or 
dopaminergic mediated activities. The absence of estrogenic and dopamine antagonistic activities, the most common modes-of-
action for mammary tumor induction in Sprague-Dawley rats, is consistent with the view that neither thifensulfuron methyl nor 
tribenuron methyl or any of their metabolites are likely to induce mammary tumors in rats or humans. 
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ABSTRACT: During development, the diverse cells of the pituitary gland arise from a common progenitor cell, which proliferates 
and eventually becomes fated to one of three lineages in the anterior pituitary. The NR5A1 lineage leads to the gonadotrope cells 
involved in reproduction, the PIT1 lineage leads to the lactotropes, somatotropes, and thyrotropes involved in lactation, growth, 
and metabolism, and the TPIT lineage leads to the corticotropes involved in the stress axis. Critical windows of development are 
often more sensitive to endocrine disruption. The murine pituitary gland has two critical windows of development: embryonic and 
neonatal. During embryonic development, one environmentally ubiquitous endocrine disrupting chemical (EDC), bisphenol A 
(BPA), has already been shown to alter pituitary development leading to increased proliferation and differentiation to the 
gonadotrope lineage. However, exposure during the neonatal period, in which the pituitary may be more sensitive due to the 
increased establishment of endocrine axes, was not examined. Therefore, in this study, we dosed pups during the neonatal 
period, from postnatal day (PND) 0 to PND7 with 0.05, 0.5, and 50μg/kg/day BPA, environmentally relevant doses, or 50μg/kg/day 
estradiol (E2). Mice were collected at PND7 and five weeks to look at immediate effects and consequences of neonatal exposure 
on hormone cell dynamics. At PND7, we found no effect of BPA or E2 on proliferation. BPA also had no effect on the gonadotrope 
markers Nr5a1 or Lhb mRNA whereas E2 increased Nr5a1 mRNA in females and decreased Lhb mRNA in males and females. Pit1 
mRNA expression was decreased with 0.05 and 0.5μg/kg/day BPA in males however no corresponding changes in PIT1 protein 
expression or Prl, Gh, or Tshb mRNA were found. Pomc mRNA expression was decreased at 0.5μg/kg/day BPA and E2 in males and 
0.5, 50μg/kg/day BPA, and E2 in females, interestingly, this effect on Pomc mRNA was found to occur directly at the level of the 
pituitary, however, there was no noticeable corresponding change in protein expression by western blot analysis or POMC cell 
number by immunohistochemistry. The majority of mRNA effects seen at PND7 were not present at five weeks. These data 
demonstrate that the pituitary has mRNA changes in response to BPA exposure during the neonatal period, however, the lack of 
noticeable change in protein or cell number suggests that this critical period of pituitary development may be less sensitive to 
endocrine disruption than the embryonic period. 
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ABSTRACT: Glyphosate (N-phosphonomethyl-glycine) is a non-selective systemic herbicide widely used worldwide. The purpose of 
this study is to determine if glyphosate alone or in formulation with Roundup can affect granulosa cell proliferation and steroid 
production. Ovaries were collected from cattle at a local slaughterhouse and follicular fluid was aspirated from small follicles (1-5 
mm) to isolate granulosa cells. Granulosa cells were cultured for 2 days in 10% fetal bovine serum-containing medium followed by 
2 days in serum-free medium containing 500 ng/ml of testosterone (as an estradiol precursor) and 30 ng/ml of follicle stimulating 
hormone (FSH) or FSH plus insulin-like growth factor 1 (IGF1; 30 ng/ml) with glyphosate (0 or 10 µg/ml) alone or with glyphosate 
(0, 1 or 10 µg/ml) in Roundup formulation. This experiment was replicated with three independent pools of cells and treatments 
applied in triplicate for each pool. Data were analysed as a 2 x 4 factorial ANOVA. IGF1 significantly increased cell numbers (by 2.8-
fold) and estradiol (by 17.8-fold) and progesterone (by 6.1-fold) production. Glyphosate at 10 µg/ml alone had no significant effect 
on FSH-induced (i.e., basal) or FSH plus IGF1-induced cell numbers, estradiol or progesterone production. However, glyphosate at 
10 µg/ml in Roundup formulation significantly inhibited FSH plus IGF1-induced cell numbers, estradiol and progesterone 
production by 65% - 91%. In conclusion, the present study demonstrates that significant toxicological effects of glyphosate in 
Roundup formulation<sub> </sub>are observed in a bovine granulosa cell model and suggests that glyphosate may have the 
potential to impair reproductive function in cattle. 
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ABSTRACT: Glucocorticoids (GCs) are hormones secreted in response to psychological stress. GCs have systemic effects on the 
endocrine, metabolic, cardiovascular, immune, reproductive, and central nervous systems. The physiological effects of GCs are 
mediated by the glucocorticoid receptor (GR), which is expressed in nearly every cell of the body. In humans, the predominant GC 
produced is cortisol. Excess cortisol production is associated with a number of diseases (e.g., hypertension, diabetes, and 
depression). Therefore, environmental chemicals that disrupt GR signaling and/or cortisol homeostasis may adversely affect 
human health. A major challenge in identifying environmental chemicals that alter GR signaling in humans is a lack of adequate 
screening methods. To address this, we constructed a novel cell-based bioassay that measures GR activity and screened a library 
of 176 structurally diverse environmental chemicals at concentrations up to 10μM in the presence of cortisol (100nM). Through 
this approach we identified several novel agonists (isopropyl-N-[m-chlorophenyl]carbamate, 3,4,4'-trichlorocarbanilide, 2-(4-
chlorophenyl)-benzothiazole) and antagonists (rotenone, chlordane, endrin) that significantly influenced GR activity (>50% 
difference and p<0.05). Cypermethrin, a chemical previously shown to reduce GR reporter activity, modestly reduced GR activity 
in our bioassay. In addition to screening chemicals, we also optimized this bioassay to measure total glucocorticogenic activity in 
human serum using samples collected from 12 healthy individuals at four equally-distributed time points over a year with an 
average intra-assay CV of 4.6% and inter-assay CV of 6.8%. Serum total glucocorticogenic activity estimates were highly correlated 
with a cortisol enzyme-linked immunosorbent assay (r=0.93). Notably, the between-person variability for these subjects was much 
greater than the within-person variability. These results demonstrate that this GR bioassay can be used to identify environmental 
chemicals that modulate GR activity and to screen serum samples for differences in total glucocorticogenic activity. 
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ABSTRACT: Trichloroethylene (TCE) is an important organic solvent widely used in industrial applications and has been found in 
multiple environmental media. Research studies show that exposure to TCE results in subfertility and abnormal sperm 
parameters. However, the potential underlying mechanisms of these adverse outcomes remain unknown. Several studies have 
shown that elevated estrogen levels are associated with male reproductive problems. Therefore, we hypothesized that TCE affects 
male reproduction through an alteration of estrogen and androgen levels causing an imbalance in the estradiol/testosterone ratio 
required for normal male reproduction. We conducted a cross-sectional molecular epidemiological study of male workers 
occupationally exposed (n=57) to TCE and compared them to age matched unexposed control workers (n=29). Our study 
eliminated significant potential confounding factors and bias by using personal monitoring data that provided TCE exposure 
measurements and the workers had negligible or no other detectable chemical exposures. We utilized sensitive estrogen receptor 
(ER) and androgen receptor (AR) Chemical Activated LUciferase gene eXpression (CALUX) bioassays to determine if TCE exposure 
disrupts the levels of total serum estrogenic and androgenic activity. Results showed a 1.5-fold increase in total serum estrogenic 
activity in exposed workers compared to controls (p=0.012). However, there was no significant difference in total serum 
androgenic activity between exposed workers and controls (p>0.05). Our findings suggest elevated total serum estrogenic activity 
serves as a possible mechanism for TCE-induced adverse male reproductive outcomes. 
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ABSTRACT: Environmental factors, including unhealthy diet habits, have huge effects in shaping the development of Type II 
diabetes. Specifically, pancreatic β cell dysfunction induced by diet with high fat contents stands as a key event during the disease 
developing process. Akt proteins, a type of serine kinases, are key components of insulin signaling. However, how these proteins 
involve in high-fat-diet induced β cell dysfunction remains unclear to us. This study investigates how excessive high-fat-diet causes 
β-cells dysfunction and diabetes. Based on the data we collected, a protein kinase, Akt1, plays an important role in mediating high 
fat diet induced β cell ER-stress and cell death. Wild-type and genetic modified mice were fed with high-fat-diet (60% fatty acids) 
for either 8 weeks or 16 weeks. Metabolic indexes were recorded. Pancreas samples of these mice were collected and studied 
using immunohistology. Isolated islet samples were used for western-blot analysis and RNA-sequencing. Upon 8 weeks of high-fat-
diet feeding, β cells in AKT1 deficient mice presented lower proliferative capability. This phenotype was also observed in mice 
treated with 16 week high-fat-diet. Furthermore, we discovered disrupted ER function in high-fat-diet fed mice with intensified 
cell death and this phenomenon was more severe in AKT1 deficient β cells, indicating the essential role of AKT1 in maintaining 
healthy ER. In vitro experiments also identify AKT1 mediates a healthy ER by affecting eif2 signaling. Also, RNA-sequencing data on 
isolated islets indicates a panel of gene regulations happened in relation to high-fat-diet, which could potentially contribute to 
diet induced β cell death.  Long-term, excessive fatty components in diet could serve as a toxic factor for β cells. We identified 
AKT1 as a key molecule mediating high-fat-diet induced β cell ER-stress and cell death. 
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ABSTRACT: 1,3-Butadiene (BD) is a widely used industrial chemical and ubiquitous environmental contaminant. Although 
genotoxicity is an established mechanism of BD carcinogenicity, it does not explain the tissue-specific tumorigenicity observed in 
mice. Previous studies have shown that epigenetic alterations may contribute to tissue-specific toxicity in mice exposed to BD. In 
the present study, we investigated whether or not the epigenetic effects of BD are also sex-specific. We tested the hypothesis that 
short term exposure to BD will result in sex-specific effects on the epigenome. BD genotoxicity and epigenotoxicity were 
evaluated in both male and female mice in liver, lung, and kidney tissues. Female and male C57BL/6J, A/J and CAST/EiJ mice were 
exposed to 0 or 425 ppm of BD by inhalation (6 hr/day, 5 days/week) for 2 weeks. Genotoxicity was evaluated by measuring THB-
Gua adducts and bis-N7G-BD crosslinks. We observed that exposure to BD resulted in similar levels of THB-Gua adducts and bis-
N7G-BD crosslinks in liver, lung, and kidney tissues in male and female mice. In order to investigate the epigenetic effects, histone 
modifications were analyzed. Specifically, trimethylation of histones H3K9, H3K27, and H4K20, all marks of condensed 
heterochromatin, exhibited differences between sexes in the kidneys and livers of BD-exposed mice. The presence of sex 
differences in histone lysine methylation levels and DNA damage prompted further investigation of gene expression levels of 
histone and DNA methyltransferases along with DNA repair enzymes. In liver tissue, DNA repair as well as histone and DNA 
methyltransferase gene expression was downregulated after BD exposure in both male and female mice. We conclude that BD 
effects on the epigenome are sex-specific. 
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ABSTRACT: Neuroblastoma (NBL) is one of the most common childhood cancers, which originates from the immature nerve cells 
of sympathetic system mostly in the adrenal gland, although it can arise in the neck, abdomen, chest, and spinal cord. Common 
treatment options for NBL patients include surgery, radiotherapy, and chemotherapy, which often lead to poor outcomes leading 
to relapsing tumors. Cannabinoids, which are ingredients found in marijuana, are often used to treat the side effects of 
chemotherapeutic agents, have shown great potential as therapeutic agents against a variety of cancers. We tested the effect of 
cannabidiol (CBD), a non-psychoactive cannabinoid, on NBL human cell lines, SHSY5Y and IMR-32. CBD was able to effectively 
induce apoptosis in neuroblastoma cells at a 5 uM/L dose, and its effect is augmented with increasing doses and exposure time. 
We found that CBD was acting through over-expression of PTEN (a tumor suppressor gene that is downregulated in most cancers) 
resulting in inhibition of Akt signaling necessary for cell survival and proliferation. The overexpression of PTEN is post-
transcriptional, mediated by downregulation of miR-4529-3p, miR-26a-5p, miR-1269a, miR-130, miR-148a, miR-338-3p as well as 
miR-21 which was previously shown to enhance cancer cell proliferation and migration. NBL cell morphology changes within 6 
hours of exposure to CBD, and significant apoptosis can be seen within 18 hours. Interestingly, the effect of CBD on the cancer 
cells cannot be blocked by CB1 or CB2 receptor antagonists, but can be effectively blocked using 5-hydroxytryptamine receptor-1 
antagonist. Apoptosis induced by CBD cannot be reduced by caspases-2, -8, or -9 inhibitors, although we saw significant decrease 
with a caspase-3 inhibitor. Furthermore, CBD was able to significantly reduce the proliferative ability of NBL cells, as well as their 
ability to migrate. In addition, the mitochondrial basal oxygen consumption rate by NBL cells was significantly reduced within 6 
hours of treatment with CBD, which was accompanied by compensatory increases in glycolysis. Thus, we concluded that CBD may 
be a promising drug in treatment of neuroblastoma tumors in children in the future. Supported in part by NIH grants 

P01AT003961, R01AT006888, R01ES019313, R01MH094755, P20GM103641, and R01AI129788. 
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ABSTRACT: Metabolism of environmental chemicals to DNA damaging moieties, and consequent DNA damage and mutagenesis 
are crucial genotoxic molecular initiating events leading to cancer. In addition to inducing genetic changes, diverse chemical 
carcinogens alter the cellular epigenetic state. Importantly, epigenetic reprogramming has been proposed as an integral part of 
genome instability, an enabling characteristic of cancer cells. Our recent studies with a classical genotoxic carcinogen 1,3-
butadiene identified changes in chromatin accessibility and transcriptional response in the mouse lung. While lung is a target 
tissue for 1,3-butadiene-induced carcinogenesis, we sought to determine whether epigenetic reprogramming and chromatin state 
changes are also observable in other target (liver) and non-target (kidney) tissues. We measured DNA damage, mRNA expression, 
and chromatin accessibility genome-wide in both target (lung and liver) and non-target (kidney) tissues from two genetically-
divergent inbred mouse strains, C57BL/6J and CAST/EiJ, at baseline and in response to 1,3-butadiene exposure 600 ppm, 6 h/day, 
5 days/week for 2 weeks). We found that unexposed CAST/EiJ and C57BL/6J mice have very different chromatin organization and 
transcription profiles across all three tissues. Importantly, in unexposed CAST/EiJ, which is more resistant to 1,3-butadiene-
induced DNA damage, we see increased transcription around genes involved in Phase II Metabolism pathways. Upon exposure to 
1,3-butadiene, chromatin is significantly remodeled in the more susceptible C57BL/6J around these genes to more closely 
resemble that of CAST/EiJ. These results suggest that strain-specific epigenetic reprogramming in response to chemical exposure 
in fact “compensates” for underlying genetic-driven inter-individual differences in baseline epigenetic and transcriptional state. 
This work represents a new paradigm of how future chemical and environmental exposures need to be evaluated to understand 
gene-by-environment interactions and what role chromatin response plays in determining susceptibility or resistance to disease. 
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ABSTRACT: ISO 10993, “Biological evaluation of medical devices” is intended to protect humans from potential biological risks 
associated with the use of medical devices. Medical devices used in vivo must undergo a battery of biocompatibility assays based 
on the nature and duration of anticipated contact with the device. When device manufacturers launch new production sites, they 
are challenged with repeating costly biocompatibility testing to confirm that a new site does not alter the biocompatibility of a 
previously approved medical device. A change in manufacturing site may impart potentially toxic chemicals such as cleaning 
solvents, lubricants, or injection molding release agents. Deviations in extractable profiles between production sites may warrant 
additional biocompatibility testing. The efficacy of a comparative risk framework to establish the safety of devices manufactured 
at new manufacturing sites is demonstrated by comparing extractables profiles for a permanent implantable device, in 
conjunction with assessing cytotoxicity and haemocompatibility. Extractables testing was conducted following ISO 10993, Part 18 
to generate extractables profiles for a permanent implantable device manufactured at two sites. GC-MS, LC-MS, and ICP-MS scans 
were performed on extractables sampled from each test device. Twelve chemicals unique to the device assembled at the new 
production site were identified, including chemicals of concern such as the biocide o-hydroxybiphenyl and multiple heavy metals; 
however, all extractables had MOS values > 1. Following ISO 10993, Part 17, MOS values > 1 indicate that the extractables are 
unlikely to change the biocompatibility of the device. Cytotoxicity and haemocompatibility test data for the device assembled at 
the new site confirmed that the device is non-cytotoxic and non-hemolytic, providing additional assurance of biocompatibility. 
This project demonstrates the utility of a comparative risk assessment approach when assessing biocompatibility of a medical 
device manufactured at new production sites. 
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ABSTRACT: Chemical characterization is commonly conducted in the biological evaluation of medical devices. These test results 
may be impacted by laboratory-specific variables, including equipment sensitivity and the available chemical library. The objective 
of this testing is to investigate inter-laboratory variations related to compound identification and quantitation. In this study, two 
materials (polyurethane and polyisoprene) and a medical device were analyzed; these selected test articles are each known to 
generate a number of extractable chemicals. Test articles were extracted under exaggerated extraction conditions (50 °C, 72 
hours) and analyzed at three test laboratories in a battery of analytical tests (NVR/FTIR, GC-MS, and LC-MS: water and isopropyl 
alcohol extracts; ICP-MS: water extract only). Disparity in the number of reported compounds was observed among the three 
testing laboratories (e.g., for ICP-MS on the polyurethane water extract, the reported number of compounds ranged between 0 
and 12 for the three labs; for GC-MS on the polyisoprene isopropyl alcohol extract, the reported number of compounds ranged 
between 12 and 156 for the three labs). The similarities between the reported compounds varied greatly depending on the test 
extract, where 0-75% of compounds identified by one laboratory were also identified by one of the other two laboratories; 
confidence in compound identification also varied, depending on the test laboratory. The inter-laboratory comparisons revealed 
considerable quantitative and qualitative differences among testing laboratories. These results highlight the importance of 
consistency in test laboratory selection in the identification of design- or process-related changes for individual materials or 
devices, as well as in the evaluation of potentially equivalent materials. 
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ABSTRACT: A case study is presented which illustrates the use of an exhaustive extraction protocol for the characterization of 
leachable nickel in an implantable medical device made up of a PEF-coated nitinol. To address the leachability of nickel from the 
nitinol frame of the device, the test article was subject to repeated, consecutive 24-hours extractions with purified water at 50°C 
until the nickel was at a level that was <10% of the initial detected level. This criterion for exhaustive extraction was not met after 
10 consecutive 24-hours extractions, nor after three consecutive week-long extractions. Moreover, a substantial decline in the 
extractable amounts of nickel could not be verified and it was therefore assumed that the nickel release could continue on a daily 
basis for an indefinite period. A Toxicological Risk Assessment (TRA) of the nickel release failed to rule out potential risks with 
these assumptions regarding the releasable nickel, although exposure estimates only marginally exceeded a Permissible Daily 
Exposure (PDE) for parenteral exposures (22 µg/day) established by ICH and an acceptance criterion for chronic nickel release of 
35 μg/day, which has been applied to the evaluation of implanted cardiovascular devices. However, the estimated exposures, 
even as an internal dose would be unlikely to substantially contribute to normal nickel intakes, as evidenced by observed blood 
levels. Blood levels are the result of a regular background dietary intake of nickel that is typically in the range of 82−406 μg/day, 
but which can be as high as 3900 μg/day according to the World Health Organization. The potential (estimated) daily exposure to 
nickel from the test article is much lower than the normal daily dietary intake and unlikely to influence blood nickel levels typically 
found in the US. In summary, estimated nickel exposures based on levels observed in aqueous extracts were below levels that 
would be expected to elicit a toxicological risk. The no-risk determination by the risk assessment was consistent with the 
observation of no positive results from ISO 10993 compendial tests, which supported the biocompatibility of the device for its 
intended use. 
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ABSTRACT: A case study is presented for a toxicological risk assessment of the trace chemicals released from a respiratory gas 
humidifier, which has an intended use for neonatal patients. Data from an air pathway analysis for volatile organic compounds 
(VOCs) as per ISO 18562 were compared against data from an extractable/leachable (E/L) analysis as per ISO 10993-18 and a 
headspace gas analysis of VOCs. Trace levels of VOCs, SVOCs, NVOCs were identified by these analyses and the data from the 
three analyses were compared to understand how differences in the analytical approach, along with chemical/physical properties 
of the analytes, may affect the resulting estimates of release. Cyclohexanone is a typical mid-weight VOC and was found at 5 ng/L, 
or a cumulative amount of 25 ng (0.025 µg) in the first sampling period (hour 1) of air flow sampling. Nearly all detectable VOCs 
were declined substantially by the second (3—4 hour) sampling period, with cyclohexanone being undetectable, indicating a 
reduction of 50% per hour of gas flow. The headspace gas analysis of VOCs was carried out at 90°C for 60 minutes. Cyclohexanone 
was released at a level of 133 µg/device (sum of 12 components), a release that was 1000X greater than that estimated via air 
pathway analysis, which was carried out at ambient temperatures. For the E/L analysis, the test article was extracted in an 
ethanol/water solution at 50°C for 72 hours. Average cyclohexanone release was 469 µg/device, which exceeded the headspace 
gas amount by a factor of 3X. E/L analysis requires immersion of all device components in an extraction medium and unavoidably 
included surfaces that were outside the air pathway. As per ISO 18562, exposure includes the inhalation (and subsequent 
ingestion) of condensate within a breathing circuit and recommends that 1 ml of condensate may be ingested per day. The 
relevant leachable concentration of cyclohexanone was 0.278 µg/ml, which yielded an intake estimate of 0.278 µg/day from 
condensate. Based on the E/L data for cyclohexanone, exposure via the ingestion of condensate was of much greater than 
exposure from inhalation of airborne cyclohexanone. Methodological differences are likely to be a considerable influence on this 
difference. Exposure via direct inhalation can be more directly measured and more easily modeled, while exposure via oral intake 
of condensate is more complex and involves greater uncertainty. Other attributes of the three data sets will be discussed with 
respect the overall model of exposure. 
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ABSTRACT: The Ramapough Nation Turtle Clan has serious health and environmental concerns as a result of dumping of 
thousands of tons of paint sludge between the 1960’s and 1970’s, near where they live and work in Ringwood, NJ and Hillburn, 
NY. Members of the Turtle Clan feel that exposure to the toxic chemicals on the land they use to hunt, fish and grow food has 
given the approximately 3,500 members of the tribe higher rates of disease and health problems. The NYU NIEHS Community 
Outreach and Engagement team has worked with the leaders of the Ramapough community to create a health perception and 
environmental concerns survey. A total of 185 surveys were completed; 95 Natives and 67 respondents who did not identify as 
Native American. Those who self-identified as Native American were more likely to have lived near a Superfund site in their 
lifetime and 4-times more likely to have played/recreated near dumpsites as children. More Natives had high blood pressure 
(62.1%) and heart disease (30.5%) compared to non-Native Americans (21% and 13.4%) and more cumulative incidence of asthma 
(54.7), thyroid disease (20%) and COPD (14.7%) then non-Native Americans. Native Americans reported a higher incidence of 
possible exposure to contaminants due to eating food grown in contaminated areas at some point in their lifetime (73.7%) and 
history of eating what they hunt (27.4%) and fish (36.8%) on nearby possibly contaminated lands. Native Americans felt strongly 
about preserving the ability to grow and hunt their own food (72.6%) and felt it was important for a healthy, active lifestyle. 
Results of this initiative provide a glimpse into the current and past history of illness in the community, as well as identify their 
greatest concerns and areas where educational gaps need to be filled. The results of the survey inform three areas: community 
education and awareness, need for scientific involvement, as well as, inform the community’s leader’s policy and advocacy for 
environmental justice. Supported by NYU NIEHS Center of Excellence Grant # 5 P30 ES000260-52. Judith Zelikoff, PhD; Susan 

Cataldo; Nicholas Lawrence; Vincent Mann; Vivian Milligan; Kathleen Moskin 
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ABSTRACT: Knowles (1980) discussed the science of adult learning, “androgogy”, by proposing underlying assumptions about 
adult learners. This is an examination of androgogy and the application of learning activities to distinct fields - clinical toxicology 
and teratology. Underlying assumptions of androgogy include: self-directedness, experiential reserves, role acquisition, problem-
centered approaches, and internal motivation. Implications for practice include: a cooperative climate, learner interests, 
sequential activities, and evaluation. The fields of application and participants were drawn from teratology - a study of deviation 
from the developmental norm; and clinical toxicology - the study of adverse effects with clinical significance on living organisms. 
Learning sessions were arranged on topics chosen by learners from a poison control center and a teratogen information service. 
The topics selected reflected an intersection of shared interests, based on learner roles in practice, and problem-centered 
approaches to contemporary and clinical issues. These included: 1. Zika and insecticide exposure in pregnancy; 2. Carbon 
monoxide exposure in pregnancy; and 3. Lead poisoning in pregnancy.  Each learning session was a “Journal Club,” to review 
scientific literature on a select topic. Further, a presentation accompanied the review with related and timely information. For 
example, the discussion on Zika included surveillance on outbreaks, insecticides, and a risk assessment review. The carbon 
monoxide session included a retrospective review of pregnancy-related calls to the poison center; and the topic on lead included a 
presentation on lead in drinking water in Flint, Michigan. Discussion of opportunities for collaborative learning and practice 
evolved. Sequential activities were employed using lecture, individual article review, and group discussion. Evaluation was by 
qualitative input and a group decision to continue participation in future learning activities. Recommendations include formalized 
assessment of cognitive knowledge for individual topics and evaluation of whether or not the learning was transformative, based 
on behaviors in practice. Thus, application of adult learning theory has the potential to benefit interdisciplinary cognition and 
collaboration, through individual and group-directed learning on topics of interest to clinical toxicology and teratology. 
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ABSTRACT: Cells adapt to their environment via homeostatic processes that are regulated by complex molecular networks. Our 
objective was to learn key elements of these networks in HepG2 cells using ToxCast High-content imaging (HCI) measurements 
taken over three time points (1, 24, and 72h) and across 10 concentrations (0.39-200µM) for 309 chemicals. Cell states were 
monitored via phospho-p53 (p53), phospho-c-Jun (SK), phospho-Histone H2A.x (OS), phospho-Histone H3 (MA), phospho α-
tubulin (Mt), mitochondrial membrane potential (MMP), mitochondrial mass (MM), cell cycle arrest (CCA), nuclear size (NS) and 
cell number (CN) endpoints. We used Boolean Networks (BNs) as a simple coarse-grained representation of biological regulatory 
networks. First, measured endpoints were standardized and then discretized into perturbed/unperturbed values based on a noise 
threshold (z0=1.28) and dynamic trends. Second, we inferred the best Boolean functions and constructed a set of 125 BNs for 
2,193 trajectories with at least 1 perturbation using uniform sampling. The accuracy of initial 274,125 BNs was estimated as the 
number of errors between predicted and observed trajectories. 205,663 BNs with the smallest error, defined by the baseline 
error, were tested across analyzed trajectories. We defined “coverage” as the number of trajectories predicted by each BN with 
an accuracy ≤ to the baseline error. We found 610 BNs that covered all trajectories. The BN with the greatest coverage explained 
1,446 trajectories, where: p53 and SK activation influences MA, NS, and CN, and OS in conjunction with NS regulate MM. These 
1,446 trajectories were produced by low treatment concentrations that we believe represent cellular recovery processes. 
Trajectories produced by high concentration treatments that resulted in cell death were predicted by a diverse set of BNs. Our 
findings illustrate the utility of BNs for learning mechanisms from time-course data that may differentiate between cellular 
programs involved in adaptation versus injury. This abstract does not necessarily reflect US EPA policy. 

 ___________________________________________________________________________________________________________  

  



2017 Society of Toxicology Late-Breaking Abstracts  100 

ABSTRACT NUMBER: 3441 Poster Board Number: P413 
TITLE: Advancing the Development of Quality AOPs Submitted to OECD’s AOP Knowledge Base (AOP-KB) and the AOP-Wiki 
 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: R. S. DeWoskin1, J. L. DeWoskin1, C. E. Willett2. 1etioLogic LLC, 

Durham, NC. 2The Humane Society of the United States (HSUS), Boston, MA. 

KEYWORDS: Predictive Toxicology; Systems Biology; Biological Modeling 
 

ABSTRACT: Developing high quality adverse outcome pathways (AOPs) for risk assessment research and regulatory decision-
making is a top priority to achieve TT21C objectives. As of early January 2017, there were a total of 174 AOPs, 861 key events 
(KEs), 984 KE relationships, and 231 stressors entered into OECDs AOP-Wiki. Currently, training on the development of high quality 
AOPs submitted to the AOP-Wiki is being provided with 1-2 day specialized classroom workshops or individual presentations. To 
compliment these trainings, the Human Toxicology Project Consortium (HTPC) and the US Humane Society (HSUS) sponsored the 
development of a widely accessible, online eLearning course. The online course is intended for researchers, scientists, risk and 
hazard assessors from a broad array of government, public and private sectors who are generating data that can be used to 
develop AOPs or who would like to submit AOPs to the collaborative AOP-Wiki. An external review beta test version of the e-
course is scheduled for release mid- to late-Spring 2017. Summary metrics on the AOP-Wiki will be monitored to assess the rate of 
increase in AOP numbers and quality resulting from participation in the eLearning course. The course includes a stand-alone 
module on the history and importance of the pathway approach, the OECD AOP Programme, general principles on the 
development and use of AOPs, and the quality criteria used to evaluate AOPs. This module can also be included in a graduate or 
advanced undergraduate curriculum. A second module provides a detailed and technical step-by-step instruction on the 
information needed to develop and submit quality AOPs to the AOP-Wiki site. A third module introduces additional AOP-KB tools 
currently under development (Effectopedia, AOP Xplorer and Intermediate Effects Database). The course is designed to: 1) be a 
consolidated, centralized repository of current and core AOP training materials and resources; 2) increase the number and quality 
of vetted AOPs available for advanced research on network perturbations as well as regulatory decision making; and 3) support 
progress towards achieving the goals of the 3Rs - Replace/Reduce/Refine the use of animals in laboratory testing and education. 
Further information about the AOP e-course, and access to the beta test version will be made available via SOT, OECD and other 
professional association news and blog sites. 
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ABSTRACT: In human studies it is difficult to study lifestyle exposure gene interactions because human populations contain 
complex substructures derived from social, racial, and regional differences. The Collaborative Cross (CC) mice were created to 
represent a genetically heterogeneous population covering all possible genotypes. We hypothesize that the variability in 
susceptibility derived from genetic diversity can be modeled in mice by combining the CC model with the 1,3-butadiene (BD) 
exposure model. BD is metabolized by CYP2e1 to three epoxides that form protein adducts. The BD-derived protein adducts are 
suitable biomarkers for BD uptake, metabolic activation, and detoxification. Mice form 60 CC inbreed stains were exposed to 0, 2, 
20, and 200 ppm BD, for 10 days. N-terminal valine adducts N-(2-hydroxy-3-buten-1-yl)-valine (HB-Val), N,N-(2,3-dihydroxy-1,4-
butadiyl)-valine (pyr-Val) and 2,3,4-trihydroxybutyl-valine (THB-Val) were quantitated by mass spectrometry. CPY2E1 activity in 
liver microsomes were determined using P-nitrophenol as substrate. The mean of all N-terminal valine adducts showed a biphasic 
and saturation-like dose-response relationship. The distribution of N-terminal valine adducts were 5, 17, and 87% for HB-Val, pyr-
Val and THB-Val, respectively. The variability in formation of N-terminal valine adducts was highest at the lower exposures. For 
example, variability in HB-Val formation was 435-fold after 2 ppm BD, and only 47-fold after 200ppm BD. For individual exposure 
groups, CYP2e1 activities initially decreased and then increased with exposures (1.73, 0.43, 0.76, 1.14 nmol/min/mg protein). In 
contrast to the protein adducts, variation in CYP2E1 actives were less dramatic, and ranged from 5.4 to 13.25-fold. Together, 
these results provide evidence for up to 13.25-fold variation in CYP2E1 activity based solely on genetic diversity, which can 
translate in an up to 435-fold difference in formation of reactive metabolites. Thus, a small difference in baseline activity can be 
expected drive the risk phenotype. Analysis of the CYP2E1 activity and protein adduct dose-response-relationships of individual 
strains allowed the classifying of individual strains into strains with linear, saturate, and protective metabolic phenotype, which 
may be useful in determining differential phenotypic responses resultant of genotypic differences. 
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ABSTRACT: We demonstrate the “ToxMatrix”; a method to characterize the mechanism by which a toxicant kills cells and the 
cellular response to the toxicant. ToxMatrix uses toxicant-by-drug matrix screening to identify drugs with known targets that 
protect or sensitize cells from a toxicant. A quantitative high-throughput screening (qHTS) format was used to identify drugs that 
shift each toxicant’s IC50. First, SH-SY5Y neuroblastoma cells were treated with 32 toxicants at 11 concentrations and cytotoxicity 
data were fitted to the Hill equation to determine an IC50 for each toxicant. Toxicant:modulator synergies were identified by 
treating SH-SY5Y cells with each of 70 modulator drugs prior to these 32 toxicant treatments. We identified 20 modulator drugs 
that showed synergy (sensitized or protected cells from a toxicant) with one or several of 13 toxicants in SH-SY5Y cells. The target 
of each modulator drug that sensitized or protected cells from a toxicant suggested a mode of toxicant action, or a mode of 
adaptation. Oxidant scavenger N-acetyl-cysteine protected cells from toxicant 4-(methylamino) phenol hemisulfate, for example, 
whereas a suppressor of TNF action called necrostatin 7 increased malachite green oxalate-induced cytotoxicity. In secondary 
screening, we tested selected modulator-toxicant pairs from SH-SY5Y for interactions in both undifferentiated and differentiated 
cells of three human cell lines: SH-SY5Y, LUHMES conditionally-immortalized dopaminergic neurons, and human Neural Stem Cells 
(hNSC). Several toxicant-modulator pairs produced stronger synergies in differentiated LUHMES and hNSC cells than in 
undifferentiated cells. Additional testing confirmed that several modulator drugs acted through their intended targets, i.e. DMPS 
protected LUHMES neurons from four toxicants by metal chelation, and BSO sensitized cells to 6-OHDA by blocking glutathione 
synthesis. Thus, the ToxMatrix platform is a tool that identifies mechanisms of toxicity and cellular adaptation. 
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ABSTRACT: A standard 3x3 Rubik’s Cube (RC) has approximately 43 quintillion possible configurations [8 corners - 3 colors each, 
12 edges - two colors each; 38 x 8! x 212 x 12!/(3 x 2 x 2) = 43.25 x 1018]. Yet the current world record time to solve a 3 x 3 cube is 
4.9 seconds, held by a 14-year old! How is this possible? And are there lessons from an analysis of how the RC is solved that might 
help biologists understand and rank perturbations to normal biological networks for criticality? Solutions to the RC require three 
fundamental components: 1) a stepwise pattern recognition, 2) strategies for a progression of patterns towards a final desired 
outcome, and 3) algorithms that rearrange specific edges and corners to produce the pattern changes needed at each step. As the 
RC progresses toward the solved state, algorithms become increasingly specific (i.e., fewer choices) and can temporarily disrupt 
the order achieved by previous algorithms. As a result, missteps in late stage algorithms can lead to major pattern disruptions 
often requiring a return to previous steps in the overall strategy, sometimes even to the starting point! How is this applicable to 
understanding and ranking disruptions to normal biological networks for criticality with respect to adverse effects? One can ask: 
What biological algorithm(s) are available in a biological network (or an adverse outcome pathway) to advance to the next step in 
a normal progression of patterns. For example, a large adverse effect to many biological processes caused by a single rare genetic 
variant (like cystic fibrosis and loss of function for the CFTR protein) can be understood in terms of disruption to a late stage 
biological step in a complex network with “limited alternative algorithms” to achieve that step, and limited ability of the system to 
recognize and accommodate the resulting “dysfunctional” pattern. A chemical that specifically disrupts the CFTR protein in this 
network (i.e., as a molecular initiating event) would have similar multiple negative effects, and be ranked high in terms of 
potential hazard. Conversely, if a chemical disrupts a step in a biological network that can be remedied with a variety of 
algorithmic alternatives, or with an adaptive change that “recognizes” the altered pattern, and compensates for the perturbed 
pattern (e.g., stress and oxidative damage), then that perturbation will likely have a less severe or varied impact upon the system, 
and be ranked accordingly. The RC metaphor thus highlights the importance of network robustness and resilience to rankings for 
potential hazard. 
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ABSTRACT: Grape (Vitis vinifera L.) is one of the most popular and widely consumed fruit in all over the world. It has delicious 
taste and some health benefits. Grape molasses, one of its products, is a dark colored, sweet and viscous material produced by 
either modern or traditional techniques. The trace element and heavy metal content of food stuffs is important for healthy life. In 
the present study, heavy metal (Pb, Cd, As, and Al) and trace element (Fe, Cu, Zn, Mn, and Mg) content of grape molasses either 
traditionally produced (TGM) or produced with modern technique (MGM) were studied with atomic absorption 
spectrophotometer. Fe and Cu level in some TGMs were above the Turkish Food Codex limits. Heavy metal levels were in the 
following ranges: Pb (16.99-178.5 ng/ml for TGM samples & 21.06 - 33.42 for MGM samples), Cd (1.87 - 9.58 ng/ml for TGM 
samples & 2.45 - 3.06 ng/ml for MGM samples), As (18.53 - 331.50 ng/ml for TGM samples & 47.23 - 66.38 for MGM samples), 
and Al (1190 - 3015 ng/ml for TGM samples & 450 - 1609 ng/ml for TGM samples). Consequently, the trace element and heavy 
metal content of grape molasses were different between two types of grape molasses. The production technique and equipments, 
environmental conditions, soil type which the grapes are grove up can change the element content of products. Their metal 
content should be monitored carefully. This study was produced from a project which is supported by TUBITAK (215S651). 
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ABSTRACT: Exposure to heavy metals, such as cadmium, have been implicated in human cancers, including prostate cancer. Heavy 
metals are a known environmental contaminant in soil, surface and ground water on Long Island (LI). Geographical Information 
Systems (GIS) data from the National Cancer Institute (NCI) regarding prostate cancer incidence on LI and LI superfund site maps 
were correlated with state parks in Nassau County on LI to generate a new GIS map showing a relationship between superfund 
sites, prostate cancer incidence and state parks. Soil and surface water grab samples were collected from various LI state parks 
and were assayed for effects on prostate cancer cell growth. Treatment of DU145 prostate cancer cells with increasing 
concentrations of surface water samples taken from several state parks identified via our GIS map significantly increased DU145 
prostate cancer cell growth. Those water samples which significantly stimulated DU145 cell proliferation were analyzed for 
cadmium using inductively coupled plasma mass spectrometry (ICP-MS) as there have been several reports of cadmium being 
found in the groundwater of LI. DU145 cells were then treated with cadmium chloride at doses below the EPA limit of 0.005 PPM 
(mg/L) and cadmium concentrations equivalent to what was identified in state park surface water samples by ICP-MS. Doses of 
cadmium representative of levels determined by ICP-MS in surface water significantly increased DU145 cell proliferation (p<0.05). 
Strikingly, doses of cadmium at the EPA upper limit permitted in drinking water significantly (p<0.05) increased the activity of 
human BRF2, a known oncogene in a variety of human cancers. Additional experiments are necessary to determine the 
mechanisms by which BRF2 activity is stimulated by cadmium in prostate cancer. 
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ABSTRACT: Manganese (Mn) is an essential nutrient important for many biological functions, however excess Mn can be toxic and 
often leads to a Parkinson’s-like disorder. Mn toxicity is observed in the context of chronic liver disease, occupational exposures in 
mining and welding, and administration of total parenteral nutrition. Effective treatment of patients with Mn toxicity requires a 
better understanding of the molecular mechanisms by which systemic Mn levels are regulated. SLC30A10 deficiency is the first 
known inherited cause of Mn excess providing a unique opportunity to study mechanisms of Mn homeostasis. Mutations in this 
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Mn efflux transporter are linked to hypermanganesemia, Parkinsonism, dystonia, polycythemia, and chronic liver disease. As this 
disease represents a novel tool to study Mn homeostasis, we have developed mice with global and tissue-specific Slc30a10 
deficiency to investigate the role of SLC30A10 in Mn homeostasis and prevention of Mn toxicity. We hypothesize that Slc30a10 is 
essential for hepatobiliary Mn excretion, the main route of Mn excretion, therefore Slc30a10 deficiency will result in impaired Mn 
excretion and systemic Mn excess. Our preliminary data suggests that the global Slc30a10-deficient mouse develops phenotypes 
similar to those observed in SLC30A10-deficient patients, however phenotypes of our hepatocyte-specific mouse model are 
minimal compared to the global Slc30a10-deficient mouse. Through qPCR analysis, we confirmed that livers of our hepatocyte-
specific Slc30a10 deficient mouse were deficient in Slc30a10 RNA expression, supporting the use of this model as a liver-specific 
knockout. Therefore, a minimal phenotype in the hepatocyte-specific Slc30a10 deficient mouse suggests that SLC30A10 
expression in the liver may not be essential for Mn excretion. Slc30a10 RNA analysis in wild-type mouse tissues revealed abundant 
Slc30a10 expression in other tissues possibly involved in excretion, most notably the gallbladder and regions of the 
gastrointestinal tract. The role of Slc30a10 expression in these tissues is currently being explored. Elucidating the fundamental 
mechanisms of mammalian manganese homeostasis through studying this novel disease of inherited manganese excess will 
provide a better understanding of Mn toxicity. Furthermore, SLC30A10 may represent a potential target for development of novel 
therapies for Mn toxicity. 
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ABSTRACT: Hexavalent chromium (Cr (VI)) compounds are toxic and carcinogenic on humans. Our previous studies have 
demonstrated that chronic exposure of human bronchial epithelial BEAS-2B cells to low dose of Cr(VI) causes malignant cell 
transformation and the Cr(VI)-transformed BEAS-2B cells are tumorigenic. The present study compared the transcriptome profile 
between Cr(VI)-transformed cells and their passage-matched normal BEAS-2B cells using RNA-sequencing. 1 µg of RNA was used 
to generate RNA-Seq cDNA libraries following the TruSeq RNA sample Prep Kit v2 protocol. Sequencing of 100 bp paired-end reads 
was performed using Illumina HiSeq 2500 Rapid Run. Differentially expressed (DE) genes between these two groups were 
identified by EBSeq analysis using RSEM package. The generated gene list was submitted to ENRICHr for a gene ontology 
enrichment analysis. This analysis was divided into 6 categories: cellular component, molecular function, biological process, 
transcription factors, pathways, and cancer cell lines. A total of 24412 DE genes were found. The results from enrichment analysis 
show that DE genes were associated with 16 of cellular components, including mitochondria (Overlap genes 891/1269), 
mitochondrial membrane (328/457), cytosol (1782/2529), nucleus (776/1051), and other cellular compartments associated with 
cell shape and adherence. Both molecular functions including ATP binding and kinase activity were involved. 12 of biological 
processes were detected, including the control of cell cycle (347/481), DNA repair (295/403), translocation (204/264), protein 
localization to organelle (293/396), and regulation of cellular response to stress (292/404). 188 of transcription factors were 
identified, such as FOXO3A (444/813), NRF1 (875/1356), and others cancer-associated transcription factors. The human cancer 
(279/397) and endocytosis (193/259) pathways were observed. Finally, the transcription profile of Cr(VI)- transformed cells was 
similar to that of 17 cancer cell lines, for example, NCI h460 (151/187) and NCI H226 (405/587), two human lung cancer cell lines. 
In summary, majority of the DE genes are related to the mitochondrial regulation and function, indicating the key role of 
mitochondria in the process of malignant cell transformation induced by Cr(VI). 
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ABSTRACT: Seafood provides essential nutrients, but is also contaminated with methylmercury (MeHg). Current risk assessments 
for ingested MeHg assumes it is 100% bioavailable in the human gastrointestinal tract. However, recent studies on MeHg 
bioavailability suggest otherwise. These studies were mostly performed outside of North America, on seafood not commonly 
consumed in North America, and focus almost exclusively on bioaccessibility (digestive processes) rather than bioavailability 
(cumulative digestive + absorptive processes). We aimed to evaluate both MeHg bioaccessibility and bioavailability from edible 
tissue of the top 10 most consumed types of seafood in the United States, identified by a previous survey; as well as assess the 
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role of the colon in MeHg bioaccessibility and bioavailability. We used an in vitro model of human digestion including gastric and 
small intestinal phases; some digestions also included a colonic phase. Bioaccessible MeHg was measured in the soluble fraction 
resulting from these digestions. Soluble fraction was added to a Caco-2 Transwell assay to assess MeHg bioavailability. After 
gastrointestinal digestion, mean MeHg concentrations ranged from 0.73 ng/g (scallop) to 527 ng/g (canned white tuna) in 
undigested seafood, from 0.73 ng/g (scallop) to 366 ng/g (fresh tuna) in bioaccessible fraction, and from 0.34 ng/g (scallop) to 266 
ng/g (fresh tuna) in bioavailable fraction. MeHg bioaccessibility ranged from 50% (canned white tuna) to 100% (shrimp, scallop), 
and bioavailability from 29% (crab) to 67% (salmon). In preliminary studies, colonic digestion of fresh tuna reduced MeHg 
bioaccessibility by 88% relative to gastrointestinal digestion only; colonic digestions conducted at pH 5.7 had 60% less 
bioaccessible MeHg than digestions conducted at pH 6.4. In conclusion, both digestive and absorptive processes seem to have a 
role in reduced MeHg bioavailability, thus suggesting that ingested MeHg is less than 100% bioavailable. More accurate estimates 
of MeHg bioavailability can help properly balance the toxicological risks and the nutritional benefits of consuming seafood, though 
additional research is needed before use in risk assessment. 
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ABSTRACT: The use of illicit drugs impairs mineral level in the body. To investigate the effects of different concentrations of 
marijuana (MAR) extracts on the levels of macro and micro nutrients in the blood and organs (testis and brain), twenty – four (24) 
male albino rats (100-150g) were divided into four groups of 6 rats each. Group 1 serving as control were administered olive oil, 
Groups 2, 3 and 4 received 12.5, 25 and 50 mg/kg marijuana extract respectively and were all treated for 7 weeks. Blood samples 
and organs were harvested, digested with concentrated HNO3 and analyzed for calcium, magnesium, iron, copper and zinc using 
Atomic Absorption Spectrophotometry. The blood calcium of 12.5 and 25 mg/kg MAR extract were significantly lower (P < 0.05) by 
23% and 5% respectively and the testis mean calcium value for 25 and 50 mg/kg were 11% and 19% lower than the control. A 
similar trend was observed for magnesium. A significant reduction (P < 0.05) in the level of zinc was also recorded in 12.5 and 
25MAR extracts. While a significant increase (P < 0.05) was observed in the level of brain Fe, Cu and Zn of 25 MAR treated group 
compared with control and a lowering significant difference (P < 0.05) was recorded for Ca and Mg, the metal levels showed no 
significant difference at12.5 MAR. The results showed that the effect of marijuana intake begins to manifest at 25 MAR 
concentration. The findings of this study indicate that exposure to different concentrations of marijuana extract alters the status 
of metal nutrients in the blood and organs of albino rats. 
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ABSTRACT: Arsenic is a confirmed human carcinogens. Nuclear transcription factor E2-related factor 2 (Nrf2) is key transcription 
factor that regulates antioxidant proteins to neutralize ROS and restore cellular redox balance. Nrf2 plays dual roles in the 
different stages of carcinogenesis. Recent studies have demonstrated that inducible Nrf2 in normal cells is anti-oncogenic at the 
early stage of arsenic-induced carcinogenesis (cell transformation) via up-regulation of antioxidants to decrease ROS. In contrast, 
constitutively expressed Nrf2 in malignantly transformed cells is oncogenic at the late stages (tumorigenesis and metastasis) by 
inducing resistance to apoptosis, creating an inflammatory microenvironment, and activating angiogenesis. The present study has 
observed that somatic mutations in the coding region of Nrf2 in arsenic-transformed BEAS-2B cells, resulting in aberrant cellular 
accumulation of Nrf2. Multidrug resistant protein 1 (MRP1) is upregulated in arsenic-transformed cells, leading to resistance to 
cell death induced by chemo-therapeutics 5-FU and cisplatin. Inhibition of Nrf2 by its shRNA reduces MRP1 expression, causing 
restoration of sensitivity to cell death induced by those chemo-therapeutics. Further investigation demonstrates that binding of 
Nrf2 to antioxidant response elements (AREs) in the MRP1 promoter region is elevated in arsenic-transformed cells. Consistent 
with in vitro findings, our in vivo study show that chronic exposure of animals to arsenic via drinking water causes upregulations of 
Nrf2 and MRP1 in lung and skin tissues. In summary, the present study indicates that constitutive activation of Nrf2 upregulates 
MRP1, leading to resistance to cell death induced by chemotherapeutics, promoting survival of arsenic-transformed cells. 
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ABSTRACT: Epidemiological and animal data suggest that the development of adult chronic disease is influenced by early-life 
exposure-induced changes to the epigenome. Previously, we observed that perinatal lead (Pb) exposure results in effects on food 
intake, body composition, and insulin response, which persist across the murine lifecourse and vary by sex (Faulk et al., PLoS One 
2014). Using phylogenetic and DNA methylation analysis, we have also identified novel retrotransposons displaying regions of 
variable methylation as candidate loci for the evaluation of toxicoepigenetic effects (Faulk et al., BMC Genomics 2013). Given the 
widespread distribution of intracisternal A particle (IAP) murine retrotransposons and their effect on nearby gene expression, 
understanding the impact of exposures on these elements is essential to elucidating the mechanisms underlying the 
developmental origins of disease. Here, we evaluate brain and kidney DNA methylation profiles of 4 representative IAPs in adult 
(10 mos of age) mice perinatally exposed to human physiologically-relevant levels of Pb. Mice underwent exposure via maternal 
drinking water with 0 (control), 2.1 (low), 16 (medium), or 32 (high) ppm Pb-acetate two weeks prior to mating through lactation. 
Mean maternal blood lead levels at weaning, were below the limit of detection for controls, and 4.1, 25.1, and 32.1 µg/dL for low, 
medium, and high Pb groups. When IAPs across the genome were evaluated globally, average (sd) DNA methylation levels were 
92.84% (3.74) and did not differ by dose, tissue, or sex. By contrast, when 4 individual IAPs were evaluated, tissue-specific Pb and 
sex effects were observed. Medium Pb exposed mice had 3.62% less brain DNA methylation at IAP 110 (p<0.0001) and 0.93% less 
at IAP 1259 (p=0.04), while high Pb exposed mice had 2.63% less brain DNA methylation at IAP 236 (p=0.01) and 1.37% less at IAP 
506 (p=0.05). No effects of Pb exposure were observed for kidney IAP DNA methylation (p>0.2). Interestingly, DNA methylation at 
IAP 110 for all female mice relative to all male mice was 1.57% less in the kidney (p=0.02) and 1.98% less in the brain (p=0.007). 
Thus, our recently identified IAPs display tissue specific environmental lability as well as sex specific differences and these data 
support an epigenetic link between early exposure to Pb and later health outcomes. 
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ABSTRACT: The prenatal period represents a critical window of susceptibility to iAs exposure. Importantly, inter-individual 
differences in pregnant women’s metabolism of inorganic (iAs) during this time period are a risk factor for adverse birth 
outcomes. One carbon metabolism (OCM), the nutritionally regulated pathway essential for supplying methyl groups in the body, 
plays a role in arsenic (As) metabolism and is understudied during the prenatal period. In this cross-sectional study from the 
Biomarkers of Exposure to ARsenic (BEAR) pregnancy cohort in Gómez Palacio, Mexico, we assessed the relationship between 
maternal biomarkers of OCM indices (OCMI) (e.g. serum B12, folate, cysteine (Cys), and homocysteine (Hcys)), and levels of iAs 
and iAs metabolites in both maternal urine and neonatal serum. Interestingly, 99% of the women were folate sufficient with 
serum folate levels greater than 9 nmol/L. However, 74% of the women displayed a deficiency in B12 with serum levels < 148 
pmol/L. In spite of this, B12 deficiency was not associated with iAs metabolism in the pregnant women as determined by 
percentages of the urinary arsenic metabolites, represented by un-metabolized inorganic arsenic, and monomethylated and 
dimethylated arsenicals (%iAs, %MMAs, and %DMAs, respectfully). Women with lower B12 levels displayed higher total arsenic 
levels in urine (U-tAs), as did women with both lower B12 and lower folate levels combined. These data suggest that higher B12 
during pregnancy is associated with lower U-tAs excretion. The results from this study support that OCMI should be considered in 
the analysis of the effects of iAs exposure during the prenatal period. 
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ABSTRACT: Hexavalent chromium ((Cr(VI)) compounds are confirmed human carcinogens. Our previous studies have 
demonstrated that chronic exposure of human bronchial epithelial BEAS-2B cells to low doses of Cr(VI) are able to cause 
malignant cell transformation. The present study observed that those Cr(VI)-transformed cells exhibit increased migration, 
invasion, and angiogenesis. It has been reported that neural precursor cell expressed developmentally down-regulated protein 9 
(NEDD9) is a key regulator in cancer cell migration, invasion, and metastasis. The results from the present study showed that 
NEDD9 was upregulated in Cr(VI)-transformed cells compared to that in passage-matched normal cells. Knockdown of NEDD9 by 
its shRNA inhibited migration and invasion of Cr(VI)-transformed cells. Inhibition of NEDD9 in Cr(VI)-transformed cells reduced 
hypoxia inducible factor 1 (HIF-1) and matrix metalloproteinases (MMPs)-2, -9, and -14, leading to decreased angiogenesis. In 
summary, the present study has demonstrated that NEDD9 plays an important role in migration, invasion, and angiogenesis, 
contributing the tumorigenesis of Cr(VI)-transformed cells. 
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ABSTRACT: Hexavalent chromium (Cr(VI)) compounds are established human lung carcinogens. Solubility plays a key role in the 
carcinogenicity of Cr(VI), with the most potent carcinogens being the particulate Cr(VI) compounds; however, their carcinogenic 
mechanism remains poorly understood. Cr(VI)-induced tumors are characterized by frequent genomic instability markers but 
show few mutations in key tumor suppressor genes and oncogenes. Little is known about the chromosomes in Cr(VI)-induced lung 
tumors but lung tumors in general are characterized by severe chromosome instability. Thus, the mechanistic model that best fits 
for particulate Cr(VI) appears to involve genomic instability, however; little is known about the ability of particulate Cr(VI) to 
induce chromosome instability. We exposed human lung cells to low concentrations of particulate zinc chromate continuously for 
6 months. We found that Cr(VI) induced a growth delay in the first 25 days of exposure with all concentrations lagging behind the 
control. The two lower concentrations (0.0125 and 0.025 ug/cm2) remained slower than or equal to the control for the entire 
length of treatment. Interestingly, 0.05 ug/cm2 initially caused growth arrest, but was fully recovered and surpassed the control 
cells by day 70 of treatment. However, by day 120 another growth arrest was observed which remained through the rest of the 
exposure. We also found that prolonged exposure to particulate Cr(VI) induced significant amounts of chromosome damage 
including both structural and numerical changes at all concentrations. At the 180 day time point chromosomes were harvested 
and examined for their karyotype. We found that the control cells showed normal chromosomes while 0.0125, 0.025 and 0.05 zinc 
chromate induced 20, 80, and 80 percent of cells with abnormal karyotypes. Significant aneuploidy was observed in 40% of all 
cells examined. These data further support a hypothesis that Cr(VI) may induce cancer by disrupting chromosome stability. 
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ABSTRACT: In Colombia, the working conditions in artisanal gold mining are poor. There is minimal education, if any, of workers 
regarding to occupational risk exposure and proper wearing of personal protection. Moreover, workers are chronically exposed to 
mercury vapor and they also lack of health insurance to protect them from potential health consequences. However, so far as we 
know, there is no description in scientific literature of worker´s risk perception and its occupational behaviors in artisanal gold 
mining. Our aim was to describe the association between occupational behaviors and the risk of exposure to mercury in workers 
involved during the phases of amalgamation and burning within the production chain of artisanal gold mining and small-scale 
mining in 7 municipalities of Antioquia, Colombia. After obtain its informed consent, seventy-one miners were given a clinical 
survey, basic neurological assessment and responded a questionnaire to quantify the risk exposure and risk perception. Urine 
samples were obtained to quantify the mercury concentrations. Data analysis included chi-square, Fisher´s exact test and 
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quantitative Spearman´s rank correlation. Population distribution included 87% males and 13% females with ages ranging from 18 
to 66 years. The majority of miners (66%) studied were engaged in gold shop activities that included amalgam burning to 
evaporate the mercury and obtain gold. The other 34% of the surveyed population work in amalgamation and only 3.2% used the 
retort technique to recycle mercury. Additionally, 87% of the surveyed population work without occupational risk insurance. We 
found a significant correlation between exposure and risk of burning activity in the shop (p-value=0.0009). Urinary mercury levels 
of > 20 mcg/g of creatinine were present in 69% of all population surveyed. However, there was no association between signs or 
symptoms of neurological toxicity, risk perception, risk exposure and urinary mercury levels. In general, as workers need the 
artisanal gold mining to obtain money and they are not perceiving any direct impact on their health, there is not any reason for 
them to avoid the exposure or change behaviors working in artisanal gold mining. This study contributes to understand how poor 
working conditions may explain in part the high risk of exposure to mercury and the high levels of urinary mercury in artisanal gold 
mining workers in Colombia. 
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ABSTRACT: Mitochondria are centers of metabolism and signaling whose function is essential to all but a few eukaryotic cell types. 
General dysfunction of these organelles is implicated in a wide range of disease pathologies including environmental arsenic 
exposure induced cellular dysfunction and tissue injury. However, the specific alterations that underlie mitochondrial dysfunction 
following exposure to arsenic are most often poorly defined, and are nearly always impervious to therapeutic intervention. As 
such, clearly defining the pathogenic mitochondrial alterations that underlie exposure to arsenic, and devising new therapeutic 
strategies represent principal challenges in mitochondrial medicine in environmental toxicology. Emerging evidence have revealed 
that mitochondrial proteins are replete with post-translational modification sites that change dynamically between health and 
diseased states. These data suggest that post-translational modifications (PTMs) of mitochondrial proteins are widely important in 
regulating mitochondrial physiology, and that aberrant levels of these modifications may be among the relevant alterations 
underlying arsenic induced pathophysiology. However, our understanding of their role in arsenic induced mitochondrial 
physiology remains in its infancy. This substantial knowledge gap prevents us from understanding how cells use PTMs to 
manipulate mitochondrial function in response to arsenic, and reduce our ability to exploit this information for potential 
therapeutic benefit. As a first step in this process of filling this knowledge gap, we have initiated a broad investigation of post-
translational modifications of the mitochondrial proteome and to assess the impact of these modifications in arsenic toxicity. Here 
we show that exposure of mice to arsenic alter post-translational modification of mitochondrial proteome. Further, we 
demonstrate that such modifications alter mitochondrial function that contributes to arsenic associated oxidative stress and 
cytotoxicity. 
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ABSTRACT: Methylmercury is an environmental pollutant that induces serious neurological damage in the brain of humans and 
animals, as is observed in patients with Minamata disease. One of the most important characteristic of methylmercury-induced 
pathological changes of the cerebrum is the localization of the damage; the lesions are localized around the deep sulci and fissures 
in the cerebrum cortex. This localization may be a result of edematous change occurred in the white matter. Our previous study 
suggested that vasogenic edema in vascular tissue after exposure to methylmercury is caused by activation of the VEGF-system in 
pericytes and endothelial cells (Hirooka et al., J. Toxicol. Sci., 38, 837-845, 2013). In this study, we examined the molecular 
mechanisms of the edema from the viewpoint of the toxic effects of methylmercury on the VEGF-system in cultured human brain 
microvascular pericytes. Methylmercury significantly increased the secretion of VEGF protein from pericytes with elevation of 
VEGF mRNA expression in pericytes. The induction of VEGF by methylmercury disappeared in the presence of forskolin or 
PGE1 that increase the intracellular cyclic AMP. Additionally, SQ22536 and H89, an inhibitor of adenylate cyclase and protein 
kinase A, respectively also suppressed the induction of VEGF by methylmercury. Moreover, methylmercury increased the release 
of PGI2 and PGE2 from pericytes in a dose-dependent manner. At that time, induction of COX-2 expression by methylmercury was 
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confirmed. On the other hand, the induction of VEGF by methylmercury was suppressed in the presence of a COX-2 inhibitor 
NS398. These results suggest that methylmercury induces the expression of VEGF through activation of the cyclic AMP-dependent 
pathway via induction of COX-2 that promotes the PGI2 and/or PGE2 synthesis in cultured human brain microvascular pericytes. 
This mechanism may contribute to the progression of edematous changes in the brain of patients with Minamata disease. 
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ABSTRACT: Epigenetic modifications such as DNA methylation are key regulators of gene expression and gene-environment 
interactions. Changes in DNA methylation have been studied in lead (Pb) exposed humans and animals but little information exists 
on the influence of Pb exposure on methylation of specific genes associated with learning and memory. Using a fear conditioning 
paradigm, dynamic DNA methylation in the hippocampus (HIPP) and prefrontal cortex (PFC) are important for forming and 
maintaining memories. We have reported that Pb-exposed rats have deficits in memory consolidation and recall in a trace fear 
conditioning test. The current studies examined the extent to which developmental Pb exposure may alter dynamic and persistent 
changes in DNA methylation of genes in HIPP and PFC associated with normal learning and memory. Long Evans dams were fed 
Pb-containing food with or without added Pb acetate (150ppm) prior to breeding and stayed on the same diet through weaning at 
postnatal day 21 (perinatal exposure group (PERI)). Other animals were exposed to the same Pb level but exposure started on 
postnatal day 1 and continued through weaning (early postnatal exposure group (EPN)). Both male and female pups were studied. 
Beginning at postnatal day 55, some animals were habituated to and tested in the fear conditioning apparatus while others were 
studied as behaviorally naive. Conditioning trials (CS tone-US shock pairings) were repeated six times during an 18 min acquisition 
period. Freezing behavior was measured during the 20 sec trace interval between the US and CS. Some animals were euthanized 
1, 24 hrs, and 10 days after acquisition; 1 hr after 24 hr retention testing and 1 hr after 10 day retention testing. CA1 of the HIPP 
and dorsomedial (DM) PFC were dissected for analysis. DNA was extracted from samples, processed for Methylation-Dependent 
Immunoprecipitation (MeDIP) with qPCR. Genes of interest included reelin, calcineurin, and BDNF (exon IV, exon IX). As we have 
seen for other measures, effects of Pb on methylation of these genes varied by sex, brain region, and Pb exposure paradigm. Pb 
tended to cause resting state hypermethylation and interfered with dynamic changes during memory formation. BDNF exon IV 
and calcinerin were particularly affected by Pb exposure. These results show that DNA methylation status of genes in HIPP and 
PFC involved in learning and memory can be adversely affected by developmental Pb exposure. Supported by NIH grant ES015295. 
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ABSTRACT: Cadmium (Cd) is a heavy metal with a long biological half-life in humans, and has been recognized as one of the most 
toxic environmental and industrial pollutants. Cd is a potential neurotoxicant and epidemiology studies suggest its exposure is 
associated with impairments of cognition and olfaction in humans. However, there is no direct evidence show that Cd exposure 
can impair hippocampus-dependent memory and olfaction. Adult neurogenesis occurs in the subgranular zone (SGZ) of the 
dentate gyrus in the hippocampus and the subventricular zone (SVZ) along the lateral ventricles in adult mammalian brains. It 
plays an important role for hippocampus-dependent memory and olfaction. The effect of neurotoxicants on adult neurogenesis is 
just beginning to be elucidated. The goal of our study is to investigate the effects of Cd on cognition and olfaction with a focus on 
its effects on adult neurogenesis in an animal model. We exposed adult male C57BL/6 mice (8 weeks old) to low-level (3mg/L) Cd 
through drinking water for 13 weeks, which yielded blood Cd levels (2.25 ± 0.96 μg/L) relevant to human exposure, and found that 
in vivo Cd exposure decreased the total number of adult-born cells in the SGZ and olfactory bulb. Meanwhile, another group of 
adult male mice were exposed to the same concentration of Cd (3mg/L) through drinking water for behavior tests. Different 
behavior tests were conducted to investigate the effects of Cd on hippocampus-dependent memory and olfaction during and after 
Cd exposure. We found that in vivo Cd exposure impaired hippocampus-dependent spatial memory and contextual fear memory 
in adult mice. In addition, we also found that Cd treated mice had impaired short-term olfactory memory. Our data suggest that 
Cd exposure impairs adult neurogenesis in the SGZ and olfactory bulb in vivo, and provide direct evidence that Cd exposure at 
toxicologically relevant levels impairs hippocampus-dependent memory and short-term olfactory memory. These data provide 
new insights concerning Cd neurotoxicity and the underling mechanisms of Cd neurotoxicity. 
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ABSTRACT: We previously showed that chronic exposure of mice expressing the human Cu2+/Zn2+ superoxide dismutase 1 (hSOD1) 
gene mutation (hSOD1G93A; G93A), a mouse model for amyotrophic lateral sclerosis (ALS), to MeHg accelerated the onset of ALS-
like phenotype. To test if gene-MeHg interactions contribute to the development of ALS-like phenotype, we examined the effects 
of MeHg on neuronal excitability and synaptic transmission in hypoglossal motorneurons (MNs) in brainstem slices of G93A, 
hSOD1wild-type (SOD1hWT) and WT mice using whole cell patch-clamp recording techniques. Bath application of 20 µM MeHg 
significantly increased the threshold for evoking repetitive action potential firing and reduced the frequency of repetitive firing in 
hypoglossal MNs from G93A mice in response to injections of 1500 ms of long-pulse currents from -60 pA to +180 pA, leading to 
changes in the input-output curves. Under similar recording conditions, MeHg did not appear to alter the threshold for initiating 
repetitive firing in hypoglossal MNs of SOD1hWT and WT mice although MeHg also suppressed the frequency of repetitive firing in 
these MNs. MeHg did not affect the maximum firing frequency in MNs of any of the three strains. In addition, MeHg also initially 
stimulated then suppressed spontaneous synaptic excitatory postsynaptic currents (sEPSCs) in hypoglossal MNs of all three mouse 
strains. However, it appears that sEPSCs in WT MNs were more resistant to MeHg-induced block than were those of G93A mice. 
Thus, these results suggest that gene-MeHg interactions may potentially contribute to the development of ALS-like phenotype. 
Supported by NIEHS grant ES024064 and NIEHS ES007255027. 
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ABSTRACT: Manganese (Mn) plays an essential role in many cellular processes by serving as a cofactor for various enzymatic 
activities. Altered Mn biology can have neuropathological consequences, requiring appropriate homeostatic regulation to avoid 
toxicity. Excessive Mn intake from environmental exposure can cause manganism, an irreversible parkinsonian-like syndrome. 
Disrupted Mn handling is also implicated in Huntington’s disease as selective deficits in brain Mn biology have been shown. 
Beyond several non-selective transporters, and a recently identified Mn efflux transporter, SLC30A10, the signaling network for 
regulating neuronal Mn homeostasis is poorly understood. Previously, 41 small molecules (SMs) capable of significantly altering 
intracellular Mn levels were identified in a high-throughput screen utilizing a murine striatal neuron cell line (wild-type 
StHdhQ7/Q7). To gain insight into the Mn regulatory pathways targeted, we explored the functional epistatic relationships of these 
SMs using intracellular Mn levels as a readout. SM pairs versus SMs, at a >EC50 concentration of 4uM each, were assessed for an 
additive or epistatic relationship following a simultaneous 3h small molecule and 125uM Mn co-incubation paradigm. We 
identified four SMs that function in a hierarchical manner to alter Mn levels. These molecules were organized into a pathway with 
the most epistatic molecule, VU0057971 placed downstream, which increased Mn levels by approximately 2-fold alone and when 
combined with each other SM. This molecule was followed by VU0243195, VU0028386, and lastly VU0244366, which altered Mn 
levels by approximately 0.5-fold, 1.5-fold, and 0.7-fold respectively, compared to no SM control. Additionally, the Mn decreasing 
effects of VU0243195 were dominant over six additional Mn-increasing SMs, suggesting that multiple pathways may branch 
upstream from this Mn-regulating step. Ultimately, we delineated an extensive step-wise chemical biology pathway regulating 
intracellular Mn. Our data provide novel insight into Mn trafficking and homeostasis and can be used as a foundation to improve 
understanding of Mn-dependent functions at a cellular level. Supported by NIH RO1 ES010563 and T32 ES07028. 
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ABSTRACT: Tetramethylenedisulfotetramine (TETS) is a potent convulsant that increases electrical activity and spontaneous 
Ca2+ oscillations in neural networks by blocking GABAA receptors. Acute exposure to TETS (≥ 3 µM) significantly increases 
spontaneous Ca2+ oscillations (SCO) amplitude and decreases SCO frequency. Since neurosteroids and benzodiazepines are 
positive allosteric modulators (PAMs) distinct mechanisms at GABAA receptors, we tested 27 neurosteroids and 2 benzodiazepines 
singly or in combination for their potency to mitigate TETS-triggered SCO abnormalities. SCOs were measured in vitro using mouse 
hippocampal neuronal cultures loaded with Flo-4 using FLIPR Tetra (Molecular Devices) high-throughput fluorescent cellular 
screening system. The SCOs were measured from mature networks at 12-15 days in vitro. Acute challenge to TETS rapidly altered 
the amplitude and frequency of SCOs and neurosteroids and benzodiazepines were tested for their ability to normalize SCO 
patterns. The most potent candidates/combinations were also tested for their ability to normalize TES-triggered neuronal network 
electrical activity using multi-well micro electrode array (MEA, Axion) technology. Our results suggested that of 27 neurosteroids 
screened in hippocampal neuronal cultures, allopregnanolone, ganaxolone and XJ-42 are the most potent, and more potent than 
the benzodiazepines midazolam and diazepam. The combination of neurosteroids and benzodiazepines at low concentrations 
significantly reversed the effect of TETS and proved synergistic. High throughput screening using FLIPR and MEA to monitor SCO 
patters and Ca2+ dynamics is a potentially useful approach for identifying novel therapeutic agents that mitigate hallmarks of 
seizurogenic activity in vitro. 
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ABSTRACT: Due to their effectiveness in pest control, availability, and low cost, organophosphorus (OP) pesticides are among the 
most heavily used insecticides in the US and throughout the world. According to the latest EPA market estimates, malathion (MAL) 
and chlorpyrifos (CPF) are the top-ranking OP pesticides used in agricultural, industrial, commercial and government settings. In 
the US, epidemiological studies have correlated sub-acute prenatal OP exposure with disruption in the structural integrity of the 
brain and cognitive deficits in children. Cognitive impairments have also been demonstrated in rodents following developmental 
exposure to doses of CPF that do not induce overt maternal toxicity. Recently, we demonstrated that guinea pigs prenatally 
exposed to sub-acute doses of CPF present learning and memory deficits when tested in the Morris water maze. We have 
evidence that these deficits in guinea pigs prenatally exposed to CPF correlate with increased GABAergic transmission in pyramidal 
neurons of the CA1 field of the hippocampus. The current study was designed to test the hypothesis that guinea pigs prenatally 
exposed to malathion also present cognitive deficits and to determine the concentration-response relationship of malathion’s 
effects on inhibitory synaptic transmission in the CA1 field of the hippocampus. Guinea pigs were the model of choice because 
prenatal development of the brain of guinea pigs parallels that of primates. Dunkin Hartley guinea pig dams were injected 
subcutaneously with either MAL (20 mg/kg/day, 0.5 ml/kg) or vehicle (0.5 ml/kg) once daily between days 53 to 63 of presumed 
gestation. Starting around 30 days of age, guinea pigs were tested in open fields and the Morris water maze. Male guinea pigs 
prenatally exposed to MAL present significant impairment of memory retention. Inhibitory (IPSC) and excitatory (EPSC) 
postsynaptic currents were recorded by via the whole-cell patch-clamp technique from CA1 pyramidal cells in hippocampal slices 
exposed to MAL (0.1-10 µM) for 2-7 h. The internal pipette solution was such that the reversal potential of Cl- was approximately -
45 mV. Thus, IPSCs and EPSCs were isolated with voltage manipulation. Current data analysis suggests that CPF causes a significant 
increase in the frequency of IPSCs recorded from CA1 pyramidal neurons. This enhanced inhibitory tone on CA1 pyramidal 
neurons may underlie memory deficits observed in the Morris water maze following prenatal exposure of guinea pigs to MAL. 
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ABSTRACT: The organophosphate (OP) insecticide chlorpyrifos (CPF) is one of the most commonly used insecticides used 
worldwide with incidents of human exposure occurring daily. CPF elicits acute toxicity primarily through the inhibition of the 
enzyme acetylcholinesterase (AChE), leading to a toxic buildup of acetylcholine. However, developmental exposure to sub-acute 
levels of CPF has been associated with structural aberrations in the brain and cognitive deficits in children. The mechanism(s) 
underlying the neurotoxic effects of CPF in the developing brain is(are) poorly understood. Recent studies have shown that 
exposure to CPF can decrease expression of genes associated with neuronal differentiation as well as progenitor cell populations 
in the hippocampus. The current study is designed to test the hypothesis that CPF concentrations that do not inhibit AChE activity 
disrupt differentiation of SH-SY5Y (SH) into mature neuronal cells. The SH cell line is used here because it has been extensively 
studied as a model of neuronal differentiation. Using the MTS and Ellman assays, we determined a range of CPF concentrations 
causing minimal cytotoxicity and cholinesterase inhibition, respectively, in SH cells cultured under conditions that favored either 
proliferation or differentiation. Proliferating cells were more susceptible than differentiating cells to the cytotoxic effects of CPF. 
Expression of the differentiation markers GFAP (a marker of neural progenitor cells and astrocytes), nestin (a marker of radial glial 
cells), and NeuN (a marker of mature neurons) were favored premature neuronal differentiation at concentrations of CPF that did 
not affect cell viability or inhibit AChE. To identify the potential mediators of these gene expression changes, mitogen activated 
protein (MAP) kinase activation and histone acetylation and methylation are currently being analyzed. Diminished neurite 
projections are also associated with inhibition of neuronal differentiation and may be seen in SH cells exposed to CPF as well. Our 
findings suggest that, via AChE-independent mechanisms, CPF significantly disrupts neuronal differentiation. Understanding how 
sub-acute exposure to CPF affects neuronal differentiation is essential to unravel the cellular and molecular mechanisms 
underlying the developmental toxicity of this pesticide. 
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ABSTRACT: The persistent organochlorine pesticide DDT was heavily used by farmers in the US from the 1940s until the early 
1970s, when it was finally banned from use. This resulted in long-term exposure of the farmers to DDT. Banning further use of 
DDT did not eliminate potential risk of long-term adverse effects. The farmers who were exposed to DDT as younger adults are 
now in their senior years and facing potential adverse cognitive effects and increased risk for neurodegenerative diseases. Thus 
far, few studies have been conducted on long-term adult exposures to pesticides such as DDT and their later-life neurobehavioral 
effects during aging. The aim of the present study is to gain a broad understanding of the behavioral domains that may potentially 
be affected by this type of exposure, how the timing and length of exposure play into the behavioral outcome, and what neural 
pathways are involved in the behavioral dysfunction. The zebrafish model is being used to facilitate low cost gathering of 
information from relatively large numbers per exposure in a species with a complex brain and large behavioral repertoire. 
Zebrafish will facilitate rapid further neurobehavioral assessment of other pesticides and other chemicals in general. Adult 
zebrafish are exposed to DDT concentrations of 3, 10 or 30 nM in 0.001% DMSO, or to the vehicle alone over the course of weeks 
to months. Following exposure and a recovery period of 1 week, the fish are assessed in a behavioral test battery with assays for 
anxiety-related behavior, sensorimotor response and habituation, social interaction, predator avoidance, and learning. Initial data 
show that even a relatively brief exposure time of two weeks can result in significant behavioral impact evident after the end of 
exposure. Both 10 and 30 nM DDT, doses which were not seen to have adverse health effects in the zebrafish, caused significant 
(p<0.05) increases in tactile startle response as well as a producing trend toward decreased shoaling behavior in DDT exposed 
zebrafish. Other studies concerning DDT actions in a mouse model and humans are being conducted in other parts of our Virtual 
Consortium for Translational/ Transdisciplinary Environmental Research (ViCTER) project. Supported by the ViCTER project grant 

3R01ES024288-03S1, and the Leon Golberg Postdoctoral Fellowship. 
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ABSTRACT: Organophosphorous (OP) compounds are potent insecticides that inhibit cholinesterase, an enzyme crucial for 
appropriate nerve communication. Epidemiological evidence links occupational OP exposures with the development of 
neurological dysfunction, including neurodegeneration. The development of Alzheimer’s Disease (AD), the most common form of 
neurodegeneration, has also been linked to occupational OP exposures; however, no causal relationship has been identified. Here, 
we aim to characterize the relationship between occupational OP exposure and the development of AD and to identify underlying 
mechanisms for AD progression. We hypothesize that administration of the common OP insecticide, chlorpyrifos (CPF), at levels 
that model occupational exposure (ocCPF) will accelerate the severity and onset of AD-associated behaviors and pathologies in 
the transgenic rat AD model, TgF344-AD. We longitudinally measured AD pathophysiological hallmarks and associated behaviors 
at 6, 9, 12, 15, and 24 months in wild-type and transgenic groups. Results indicate that CPF exposure exacerbates age-dependent 
learning and memory deficits in WT and TgF344-AD rats both acutely and chronically with an intermediate recovery period. Acute 
effects of the ocCPF include learning and memory deficits in both male and female WT and TgF344-AD rats, as well as anxiety-like 
phenotypes in female WT and TgF344-AD rats. A distinct intermediate recovery period between 9 and 12 months shows exposed 
groups indistinguishable from control groups. However, chronic effects of the ocCPF appear at 15 and 24 months as indicated by 
learning and memory deficits in male and female TgF344-AD rats. Histological evidence suggests that cellular effects of ocCPF 
occur independently of hallmark AD Aß pathology, although it does increase neuronal damage as shown by vacuolization in the 
brains of TgF344-AD rats. Preliminary data suggests this ocCPF-dependent increase in vacuolization in TgF344-AD brains could 
derive from mitochondrial deficiencies and alterations in crucial xenobiotic metabolizing enzymes. Ultimately, results from this 
study suggest that occupational exposure to CPF exacerbates the onset of neurodegenerative pathways in AD and associated 
behaviors without affecting traditional AD pathological hallmarks and occupationally exposed individuals should therefore 
undergo early screening for neurodegenerative diseases. 
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ABSTRACT: Increased neuroinflammation contributes to the pathogenesis, and potentially the progression, of neurodegenerative 
diseases such as Parkinson’s Disease (PD). Activation of macrophage colony stimulating factor 1 receptor (CSF1R), by its cognate 
ligands macrophage colony-stimulating factor (CSF-1) and Interleukin-34, is known to induce microglial proliferation and alter 
microglial phenotype. Here, we sought to characterize CSF1R, CSF-1 and IL-34 expression in the striatum of two mouse models of 
PD: 1) an acute paradigm of the neurotoxin MPTP (4x10mg/kg) and 2) repeated exposure to the inflammogen LPS (1mg/kg once 
daily for 4 days). Quantitative PCR indicated that CSF1R gene expression was significantly increased 1 dpi (day post the last 
injection) of LPS (6-fold) and returning to less than a 2-fold increase at 15 and 32 dpi. Similarly, MPTP injection resulted in 
significantly increased CSF1R gene expression at 2 dpi, and the expression was still significantly higher than control even at 7 dpi. 
Western blot experiments supported the mRNA results, with a significant increase in the CSF1R protein observed at 15 dpi with 
LPS and 7 dpi with MPTP. CSF-1 and IL-34 gene expression were both significantly increased 1 dpi following LPS treatment. CSF-1 
expression was sustained by 2-fold through the later timepoints, whereas IL-34 returned to control levels by 15 dpi. MPTP 
treatment induced CSF-1 gene expression at 2 dpi, with expression returning to control levels by 7 dpi. In contrast, IL-34 gene 
expression showed significant reductions in the mouse striatum following MPTP treatment at both timepoints. Taken together, 
these data demonstrate that CSF1R and its cognate ligands are differentially expressed in the mouse striatum of two neurotoxin 
animal models of PD. Therefore, CSF1R signaling may contribute to the neuroinflammation observed in PD, and determining the 
role of this receptor and its cognate ligands during dopaminergic neurodegeneration could lead to new therapeutic options for 
PD. Supported in part by R01ES021800 and the Michael J. Fox Foundation. 
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ABSTRACT: Parkinson's Disease (PD) is the second leading neurodegenerative disease, which affects millions of people worldwide. 
No cure exists for this devastating disease. PD is characterized by several motor and prior onset non-motor deficits, including gait 
instability and decreased olfactory function. Molecular hallmarks of PD include protein aggregates and oxidative stress. Our 
studies evaluated a novel mechanism-based treatment for PD, using the Thy1-aSyn mouse model of PD. Carnosine, an 
endogenous dipeptide abundant in muscle, brain and the olfactory system, declines with age and pathological conditions. Recent, 
in vivo studies indicate that carnosine reduces protein aggregation and protects against oxidative stress, two features of PD. 
Therefore, we hypothesize that intranasal (IN) administration of carnosine will significantly reduce disease progression in the Thyl-
aSyn mouse model of PD. Wild-type and Thy1-aSyn mice were treated IN with 2 mg/day carnosine or sterile water (as control) for 
2 months, a regimen demonstrated to increase the concentration of carnosine in the brain. Immunohistochemistry, buried food 
pellet, and the challenging beam traversal (CBT) tests were used to evaluate alpha-synuclein (aSyn) aggregation, and sensorimotor 
functions at the beginning and end of treatment. Olfactory function and structure were preserved, and aSyn-positive inclusions 
were notably lower in the olfactory epithelium of carnosine-treated Thy1-aSyn mice compared to control Thy1-aSyn mice. 
Strikingly, in the CBT test, the number of errors per step was lower in the carnosine treated Thy1-aSyn group compared to the 
untreated Thy1-aSyn group (p<0.05; n=6/group). In addition, the maximal respiratory capacity mitochondria isolated from 
striatum was significantly increased in carnosine-treated Thy1-aSyn treated mice compared to control Thy1-aSyn mice (p=0.0005). 
Our novel findings suggest that carnosine improves mitochondria function and prevents the progression of motor deficits and 
aSyn aggregation in the Thy1-aSyn model of PD. Supported in part by P30-ES006096. 
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ABSTRACT: Parkinson’s Disease (PD) is one of the most common progressive neurodegenerative disorders affecting Americans. 
Though PD etiology can be idiopathic, genetic, or toxicant related, the common thread is the marked degeneration of 
dopaminergic (DAergic) neurons. Though extensively studied, the mechanisms underlying PD remain elusive. A common 
perspective suggested in the literature proposes that dopamine is the culprit but this remains to be substantiated. Here we 
investigate the hypothesis that dopamine is intrinsically necessary and sufficient to render DAergic neurons susceptible to genetic 
and environmental risk factors of PD. To pursue this, we took advantage of the genetically tractable Caenorhabditis elegans (C. 

elegans ) worm model and expressed green fluorescent protein (GFP), tyrosine hydroxylase (cat-2) and the dopamine reuptake 
transporter (dat-1) into ADF serotonergic neurons while removing native tryptophan hydroxylase (tph-1) and the serotonin 
reuptake transporter (mod-5). This novel approach allows us to investigate the role of DA on neurodegeneration in a completely 
different penotypic cell background in a live organism. We successfully stained for DA in these genetically altered ADF neurons, as 
well as native DAergic neurons, via formaldehyde induced fluorescence (FIF), representing our success in transforming these ADF 
neurons into pseudo-DAergic ADF neurons.1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) is a well established toxicant 
used to model parkinsonian DAergic neurodegeneration. We verified that a 1 hr exposure to 2 mM MPTP at the first larval stage 
(L1) was sufficient to cause significant degeneration in native DAergic neurons in a wildtype strain (p < .001, by one-way ANOVA). 
Wildtype ADF neurons showed no significant degeneration, confirming that serotonergic neurons are not normally sensitive to 
this neurotoxicant. Interestingly however, subjecting our pseudo-DAergic ADF neuron expressing strain to 2 mM MPTP for 1 hr at 
L1 did cause significant (p < .001, by one-way ANOVA), though not as severe, degeneration in these altered neurons. These results 
suggest that the presence of DA and its transporter can predispose a normally unsusceptible neuron to risk factors of 
neurodegeneration. 
 ___________________________________________________________________________________________________________  

  



2017 Society of Toxicology Late-Breaking Abstracts  114 

ABSTRACT NUMBER: 3471 Poster Board Number: P444 
TITLE: An In Vitro Screening Model for Gene-Environment Interactions in TDP-43-Linked Amyotrophic Lateral Sclerosis 
 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: Y. Nunez1, S. Ebstein1, S. J. Merwin1, L. Lu1, T. Obis1, N. A. Shneider1, D. 
B. Re2. 1Columbia University, New York, NY; 2Columbia University, New York, NY. 

KEYWORDS: Neurotoxicology; Neurotoxicity; Metals; Cell Culture 
 

ABSTRACT: Amyotrophic lateral sclerosis (ALS) is a rare adult-onset paralytic disorder characterized by the degeneration of motor 
neurons (MNs). ALS is mainly a sporadic condition. Several neurotoxicants have been proposed to be associated with ALS, yet 
none has been demonstrated to cause ALS. In Guam where ALS was up to 200 times more common than in the rest of the world, it 
still affects only a small fraction of the population, indicating it results from gene-environment interactions. Also some familial ALS 
causative genetic mutations, such as in TAR DNA-binding protein 43 (TDP-43), have an incomplete penetrance, indicating that 
additional genetic or environmental factors determine disease expression. Here, we report an unprecedented opportunity to 
study gene-environment interactions in ALS. We have generated two knock-in mouse models of ALS where mutated TDP-43 
(G298S and M337V) expression is at endogenous levels. However, these mice did not develop any signs of ALS. From these “silent 
ALS” mice, we have prepared embryonic stem cell-derived (ES) and primary spinal MNs to screen<b> </b>environmental factors 
previously associated with ALS by their capacity to trigger TDP-43 MN neurite and soma degeneration at doses not overly toxic to 
control (WT) MNs. We monitored MNs over 10 days in culture in control conditions or challenged by 0.01-10 µM of different 
neurotoxicants: arsenic (As), manganese (Mn), lead (Pb), chlorpyrifos (CPF) and beta-methylamino alanine (BMAA). Importantly, in 
control conditions we did not find any difference in neurite outgrowth or survival between WT and TDP-43 MNs confirming that 
these cells are also disease-silent in vitro. Overall, we found that MNs show a dose-dependent and preferential vulnerability to the 
heavy metals As and Mn as compared with other neurotoxicants. At doses non-toxic to WT MNs (0.5 µM As; 0.25 µM Mn), both 
metals are already significantly killing mutated TDP-43 MNs. Neurotoxicity to TDP-43 MN neurites is observed at even lower doses 
(0.05 µM) for both. Interestingly, when doses increase As is the neurotoxicant showing the strongest interaction with the TDP-43 
genotype. Pb and CPF were only neurotoxic at much higher doses (5 and 10 µM, respectively) while BMAA was not neurotoxic in 
our conditions. Altogether, our data indicate that exposure to As and Mn could be potent environmental modifiers of TDP-43-
linked ALS. Next, we will confirm this in vivo in our silent ALS TDP-43 mice. 
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ABSTRACT: Alzheimer’s Disease (AD) is characterized by the presence of amyloid plaques, which arise from the abnormal 
processing of the amyloid precursor protein (APP), and neurofibrillary tangles which are formed from the aberrant 
phosphorylation of the microtubule associated protein tau (MAPT). Both increased age and the presence of one or more APOE4 
alleles have been shown to contribute greatly to the increased risk of AD. However the role of environmental exposures has been 
less studied. Because of the complexity of late-onset AD, it is likely that the disease is heterogeneous, with contributions from 
multiple environmental and genetic components. Previously, we identified that serum levels of dichlorodiphenyldichloroethylene 
(DDE), the metabolite of the pesticide dichlorodiphenyltrichloroethane (DDT), were significantly higher in the serum of AD 
patients compared to age-matched controls (Richardson et al., 2014) and that DDT and DDE significantly increased APP protein 
levels in differentiated SH-SY5Y neuroblastoma cells. Here, we sought to investigate whether this increased expression is observed 
in primary neuronal cultures and if the increased levels are the result of alterations in gene expression. Primary cortical neurons 
were isolated from postnatal day (PND) 0-1 C57BL/6J mice, and cultured in neurobasal media for 7 days. Pure neuronal cultures 
were treated various doses of DDT (100 nM-2.5 μM) for 24 hours. Quantitative PCR was used to determine mRNA levels of APP, its 
cleavage enzyme B-secretase1 (Bace1), and MAPT. Data from cortical neurons indicated a significant increase in APP expression at 
all concentrations measured, with the highest increase observed with the 750 nM. Bace1 and MAPT expression were significantly 
increased by ~1.5 fold at the 100 nM and 750 nM concentrations of DDT, respectively. These data suggest that DDT exposure may 
increase APP levels through mRNA induction. Taken together with the APP data, increased Bace1 and MAPT expression further 
suggest that DDT exposure may lead to enhanced generation of amyloid and tau. Although further studies in animal models are 
required, this could represent a plausible mechanism by which DDT exposure may lead to increased risk for AD. Supported in part 

by NIH R01ES026057. 
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ABSTRACT: Endemic fluorosis has been reported in many countries such as India, China and Thailand. In addtion to the endemic 
fluorosis which has been mainly focused on dental and skeletal diseases, neurotoxic effects of fluoride on the ability of learning 
and memory have been of interest lately in the epidemiologial studies and animal experiments. In this study, we evaluated the 
neurotoxic effects of fluoride on the learning and cognitive ability of mice at low doses in the drinking water by using behavior 
tests. Pregnant ICR mice were administered fluoride in the drinking water 0, 5, 25 or 50 ppm. The mice drank water ad libitum. 
After weaning, the female F1 mice were also administered fluoride in the drinking water 0, 5, 25 or 50 ppm until 6-months of age 
(n=8-10). At six months of ages, the F1 mice were evaluated by the Y-mase, Barnes maze and elevated plus maze. The mean 
number of entries without repetition in the 5, 25 or 50 ppm group was significantly level than that in the control at the Y-maze 
test. The mean time spent in the escape box in the 5, 25 or 50 ppm group was significantly lower than that in the control at the 
Barnes maze. The mean number of entries into the open arms in the 5 ppm group was significantly lower than that in the control, 
25 ppm or 50 ppm group at the elevated plus maze. From the results of the Y-maze test and the Barnes maze, it was 
demonstrated that the exposure to fluoride via drinking water at relatively lower doses during stages from fetus and development 
induced cognitive deficit. The number of entries into the open arms at the entreated the elevated plus maze are used as index as 
open-space-induced anxiety, however, the effects of fluoride was not dose-dependent. Further studies are warranted. Since the 
doses used in this study were comparable to the current pollution of fluoride in the groundwater, the neurotoxic effects of 
fluoride should be carefully monitored. 
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ABSTRACT: The potential for environmental chemicals to produce transgenerational effects is of increasing concern. Human 
studies have reported blood DNA methylation changes in grandchildren of women exposed to lead (Pb), a pervasive neurotoxicant 
associated with cognitive deficits, suggesting that Pb exposure impacts fetal germ cells. Prenatal stress (PS), which acts on similar 
physiological systems as Pb, has been reported to produce transgenerational effects. Developmental exposure to Pb and PS each 
produce unique epigenetic changes and behavioral alterations in the F1 generation. To determine potential transgenerational 
effects of Pb, PS and the combination, F0 female mice were exposed to Pb (0 or 50 ppm in drinking water beginning 2 mos prior to 
pregnancy), PS (restraint stress from gestational days 15-18 or no stress), or to the combination. F1 and F2 offspring were 
outcrossed to unexposed mice, so that germ cell lineage could be tracked. Learning of prototypical behavior on a fixed interval (FI) 
schedule of food reward and locomotor activity were evaluated in adult F3 offspring. On the FI schedule, transgenerational effects 
of Pb were prominent in F3 females as increases in rates of responding (that do not accelerate time to or number of rewards) 
across sessions. In F3 males, increases in FI response rates were most prominent in response to PS through the male F1 line. FI 
timing behavior was altered by Pb and PS in F3 males, particularly through the female F1 line. For locomotor behavior, Pb 
increased ambulatory activity of F3 females, particularly in the female F1 line. In F3 males, ambulatory behavior was differentially 
altered by F1 line, generally increased in F1 female lines, whereas vertical activity was reduced by PS in the F1 male line. 
Correspondingly total activity counts across time were consistently lower in F3 males derived from the F1 male line. An additional 
unexpected observation was a significant increase in F3 runted litters (not used in behavioral testing) in response to combined Pb 
plus PS. Collectively, these findings demonstrate transgenerational effects of both Pb and of PS and show the importance of both 
F3 sex and F1 lineage in the determination of behavioral outcomes. While epigenetic mechanisms of transmission remain to be 
determined, the findings further indicate the persistence of CNS effects of both Pb exposure and PS. Supported by P30 ES001247 

and R01 ES021534. 
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ABSTRACT: Polychlorinated biphenyls (PCBs) are ubiquitous and persistent in the environment and assert a significant human 
health concern. Modifications in brain dopamine (DA) concentrations following perinatal PCB exposure in rats have been shown 
even after exposed animals reach adulthood and well after PCB exposure has ended. We have demonstrated in several different 
paradigms that adult rats (especially males) perinatally exposed to PCBs have altered behavioral responses to psychostimulant 
drugs that act on the DA system. Previous findings demonstrate that adult exposure to PCBs alters dopamine transporter (DAT) 
and vesicular monoamine transporter (VMAT) expression. However, less is known about the effects of perinatal PCB exposure on 
expression of these transporters. The purpose of this project was to determine the effects of gestational and lactational exposure 
to an environmentally relevant mixture of PCBs on DAT and VMAT expression in the medial prefrontal cortex (mPFC) and striatum 
in weanling rats. Long-Evans dams were orally dosed with 0, 3 or 6 mg/kg/day of an environmentally relevant mixture of PCBs 
beginning 4 weeks prior to breeding and continuing until litters were weaned on postnatal day (PND) 21. At weaning, the mPFC 
and striatum were extracted from one male and one female per litter for Western blot analysis of DAT and VMAT. It was 
hypothesized that DAT and VMAT expression in animals exposed to PCBs during the perinatal period would be reduced relative to 
non-PCB-exposed control rats. The results demonstrated a significant decrease in DAT expression and a significant increase in 
VMAT expression in the mPFC in male, PCB-exposed weanlings relative to control males. Also, PCB-exposed males had decreased 
VMAT expression in the striatum compared to non-exposed males. There were no differences in DAT or VMAT expression in the 
mPFC or in the striatum for the females. These findings suggest a possible mechanism for the differential behavioral response to 
psychostimulant drugs observed in male rats perinatally exposed to PCBs. Supported by NIEHS R00ES015428. 
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ABSTRACT: Organophosphorus (OP) insecticides are the most widely used class of insecticides. OP insecticides are more toxic to 
children as compared to adults because of their developing nervous system. Developmental exposure to OP insecticides has long 
lasting negative impacts, including decreased cognitive abilities and motor skills, manifestation of autism spectrum disorder and 
attention deficit hyperactive disorder, and abnormal emotional behavior. In this study, we mimicked childhood OP exposure by 
orally exposing male rat pups to either corn oil or 0.75 mg/kg chlorpyrifos daily from postnatal day 10 (PND10) - PND16. This 
dosage of chlorpyrifos does not alter brain cholinergic activity, which is the normal toxicological target of OPs. Once these rats 
reached adolescence (PND38), we collected the brain, isolated the amygdala, and following tissue preparation; protein expression 
was determined using a label free shotgun proteomic approach. This analysis led to identification of a total of 1128 proteins, of 
which 42 proteins were statistically differentially regulated (p≤0.05). Ingenuity pathway analysis revealed that different canonical 
pathways were affected by chlorpyrifos, including choline degradation-I, synaptic long term potentiation, synaptic long term 
depression, and protein ubiquitination pathway. These results also demonstrated that the different molecular functions like cell 
death and survival, nervous system development, cell signaling, and nervous system function were modulated by the treatment. 
We identified three top networks, which were associated with functions like behavior, neurological disease, and cell-cell signaling 
and interaction. In these networks, most of the molecules were associated with axonal guidance signaling and GABA receptor 
signaling canonical pathways. These results suggest that exposure to chlorpyrifos at low levels during early juvenile ages can 
persistently alter protein levels associated with neurological function. 
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ABSTRACT: There is a concern that chlorpyrifos (CPF), an organophosphorus (OP) insecticide, may cause developmental 
neurotoxicity in children leading to long term effects. Our laboratory has reported that developmental exposure to low levels of 
CPF inhibits the endocannabinoid metabolizing enzyme fatty acid hydrolase in the brain but does not inhibit acetylcholinesterase, 
the canonical target for CPF. Since most regulatory decisions about acceptable levels of organophosphate insecticides in the 
environment are based upon the inhibition of blood enzymes, this study determined the effect of developmental exposure to low 
levels of CPF on the activities of three serum enzymes. Ten day old rat pups were exposed orally for 7 days to either: 0.5, 0.75, or 
1.0 mg/kg CPF or to the specific FAAH inhibitor PF-04457845 (0.02 mg/kg). At 12 hrs following the last administration, serum was 
collected and the activities of cholinesterase (ChE), butylcholinesterase (BChE), and carboxylesterase (CES) were determined. All 
three enzymes were significantly inhibited by the three CPF dosages with CES activity being the most sensitive (~69, 77%, and 
82%, respectively), followed by BChE activity (58%, 72%, and 76%, respectively), and ChE activity being the least sensitive (18%, 
27%, 30%, respectively). PF-04457845 did not alter the activity of any of the enzymes. Suppression of the activity of these 
enzymes serve as markers of exposure to an OP. However, red blood cell ChE (RBC-ChE) is thought to be a more representative 
marker for effects on tissue AChE and the effects of these low dosages of CPF on RBC-ChE should be included for comparison to 
these enzymes. 
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ABSTRACT: Testing for developmental neurotoxicity (DNT) of compounds for regulatory purposes, e.g. for screening and 
priorisation, by using an in vitro testing battery is currently under discussion at the OECD level. One possibly useful method for 
such a strategy are neurospheres. These three dimensional (3D) cell clusters are gained from time-matched fetal human and 
postnatal rodent brains consist of neural progenitor cells (NPCs), which proliferate in culture and - under differentiating conditions 
- migrate and differentiate into neurons and glia cells. We have set up SOP-based protocols to reproducibly assess 
neurodevelopmental endpoints - NPC proliferation, migration, differentiation into neurons and astrocytes - with the purpose of 
developmental neurotoxicity (DNT) testing in vitro with the ‘Neurosphere Assay’. For understanding the biological application 
domain of our assay we performed ‘omics’ analyses at timepoints of ‘Neurosphere Assay’ test endpoint, 0 (proliferating), 3 and 5 
days of differentiation. Comparative gene-network analyses of these arrays between 0 and 3 days of differentiation revealed GO 
categories involved in 3D and tissue development, as well as regulation of proliferation, migration, neuronal and glia 
differentiation. Gene-protein interaction strings revealed pathways involved in these neurodevelopmental processes. Some of 
these were experimentally validated. Species comparisons revealed just a small number of genes that are commonly regulated 
between human, mouse and rat NPC. These pathway-to-function analyses provide valuable information on the ‘Neurosphere 
Assay’s‘ application domain and will thus contribute to higher confidence levels in DNT in vitro test methods. 
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ABSTRACT: Chemotherapy-induced peripheral neuropathy (CiPN) is a frequent dose-limiting adverse effect in cancer patients and 
one of the leading safety considerations in oncology drug development. Although postmortem microscopic examination of the 
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peripheral nerve and dorsal root ganglia (DRG) and behavioral assessment of allodynia/pain can be incorporated into toxicology 
studies to assess CiPN risk, more sensitive and less labor�intense endpoints are lacking. Electrophysiological tests that are used 
routinely in the clinic to evaluate the integrity of the nerve fibers are insensitive in the early stage of neuropathy in animals. In this 
study, we used 6 adult Wistar rats and 8 C57BL/6 mice administered vincristine (75 µg/kg, i.p. for 10 consecutive days for rats and 
100 µg/kg, i.p. for 11 days for mice, respectively) as the CiPN models. During the dosing phase, the animals were assessed for 
behavioral changes using the CatWalk gait analysis system. At necropsy, the sural or sciatic nerve was harvested from rats or mice, 
respectively, and assessed for biomechanical and histopathological endpoints. Nerves and DRG were collected also for microRNA 
(miR) assessments. It was found that the maximal load and the modulus of the nerves were significantly decreased in the sural 
and sciatic nerves collected from the animals dosed with vincristine compared to vehicle�treated animals (6 rats and 8 mice, P 
<0.05 & 0.01). A brain-enriched miR�338 was statistically significantly down�regulated in DRG in rats treated with vincristine (P 
<0.05), but increased (p <0.05) in vincristine�treated mice, compared to the vehicle control animals. Additionally, the gait analysis 
revealed that the paw print areas were significantly increased in mice following vincristine administration (P <0.05) but not in 
vincristine-treated rats. Other parameters, including H&E stained histopathology of peripheral nerve and DRG, and hind paw 
epidermal thickness (in rats), were not sensitive to vincristine administration. Ex vivo biomechanical properties of the peripheral 
nerves appear to be sensitive endpoints to predict CiPN. Gait analysis and nervous tissue miR biomarkers may also be useful high 
throughput tools in these pre-clinical animal models, particularly the mouse model. 
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ABSTRACT: Elucidation of predictive biochemical markers to detect and monitor chemically-induced or disease-mediated 
neurodegeneration has been a major challenge due to a lack of understanding of molecular mechanisms driving altered neuronal 
morphology, viability, and function; as well as by poor sensitivity in methods to quantify low-level biomarkers in bodily fluids. The 
current studies used 5 known neurotoxicants to profile the release of miRNAs from human iPSC-derived neurons at well-
characterized stages of decline in morphology (neurite outgrowth parameters) and viability (ATP); which may have greater 
potential for translation to human serum biomarkers than those derived from rodent cell lines or animal models. Human iPSC-
derived neurons were treated at 2 h post-plating with 0.1 to 100 µM of six chemicals (acetaminophen, A [negative control]; bis-1, 
B; colchicine, C; doxorubicin, D; paclitaxel, P; rotenone, R). At 24 h post exposure, media was processed for miRNA analysis, while 
adhered cells were analyzed using high-content imaging analysis for neurite outgrowth endpoints. In addition, ATP content was 
measured on duplicate plates. No effect on any endpoint was observed with A. Decreases in neurite count and neurite length 
were observed at ≥ 0.1 µM with C, P, R; ≥ 1 µM with D, and ≥ 10 µM with B. Whereas ATP was decreased ~25 to 100% at ≥ 10 µM 
for B, D, and R, but had little no change up to 100 µM with C or P. Based on the evaluation of these morphological and viability 
results, two concentrations of each chemical were selected for miRNA analysis (Human 750 miRNA Panels), with a low 
concentration with no/minimal effect on cell viability but with a significant decrease in neurite outgrowth, and a higher 
concentration with a significant decrease in both endpoints. The miRNA screen identified ˃30 secreted miRNAs with ≥2-fold 
change that were potentially related to a decrease in neurite outgrowth, with further clustering based on association to cell 
viability, yielding: 1) no effect, 2) significantly decreased, or 3) independent of effect; indicating a relationship of miRNAs to 
progressive stages of neurodegeneration. Further assessment of these potential biomarkers may expand our knowledge of 
mechanisms of neurodegeneration, and in the future, may provide guidance in the design of drugs, as well as translational 
biomarkers for swifter decision making in clinical trials. 
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ABSTRACT: Tetramethylenedisulfotetramine (TETS) is a seizurogenic compound and potential chemical warfare agent that poses a 
significant threat to public health. Although banned worldwide in 1991, it is still available and illegally used for intentional and 
unintentional poisonings in China and even in the United States. TETS blocks the integral chloride channel necessary to promote 
GABA<sub>A</sub>R-mediated central nervous system (CNS) inhibition, which can ultimately lead to fatal convulsive seizures and 
excitotoxicity. Our lab has shown that acute exposure to TETS dramatically alters Ca<sup>2+</sup> dynamics in primary 
hippocampal neuronal cultures; such changes can influence growth, complexity, and function of neuronal networks, which may 
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promote cognitive and memory impairments. While the neurotoxic effects of TETS on neuronal cultures have been investigated, it 
is unclear how astrocytes influence the acute toxicological endpoints associated with TETS poisoning. Using the Axion 
microelectrode array (MEA), we demonstrated that TETS (≥0.1 µM) is capable of increasing network activity in neuronal cultures, 
whereas the effects are abolished in a co-culture with astrocytes. It is well documented that astrocytes become reactive following 
CNS insult, which may initially confer a neuroprotective role; however, prolonged reactivity has been linked to promotion of 
further neurotoxicity. Therefore, our initial findings highlight a need to better understand how astrocyte activation determines 
their dualistic role of neuroprotection and neurotoxicity during prolonged exposure to TETS. To this end, we established an in vitro 
assay utilizing primary astrocyte cultures and ImageXpress high content analysis to investigate if TETS can induce astrogliosis, a 
biomarker of neuroinflammation, and/or affect cell viability. TETS (30 µM) in the absence of GABA led to increased astrogliosis 
whereas introduction of GABA mitigated the effects. However, TETS either in the presence or absence of GABA did not affect cell 
viability. The establishment of this assay will not only allow us to determine whether TETS and related seizurogenic compounds 
directly induce astrogliosis, but more importantly, present astrocytes as a novel target for therapeutic interventions following 
intoxication by TETS and other like agents. Supported by NIH 1U54NS079202, T32GM099608. 
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ABSTRACT: Insulin is transported across the blood-brain barrier by a saturable transport system. Although insulin receptors are 
distributed throughout the brain, its actions within the central nervous system are largely unrelated to facilitating glucose 
utilization. Neurodegenerative events that occur in sporadic Alzheimer's Disease are largely attributed to "insulin-resistant brain 
state.” It is well-known that insulin modifies post-synaptic alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) 
receptor levels, but it is still not known whether blocking the N-methyl-D-aspartate (NMDA) receptor with an endogenous specific 
NMDA receptor antagonist, kynurenic acid (KynA), might prevent the neuronal death due to exposure to high glucose and insulin 
resistance. The aim of this study was to investigate the effect of NMDA receptor blockade with an endogenous specific NMDA 
receptor antagonist, KynA on the mitochondrial function of high glucose and insulin exposed SH-SY5Y human dopaminergic cells. 
The total mitochondrial metabolic activity of high glucose-exposed SH-SY5Y cells were significantly reduced, while a marked 
increase in oxidative stress was occured. Insulin addition to high glucose-containing medium increased oxidative stress even more 
compared to high glucose-exposed SH-SY5Y cells only. In high glucose-exposed SH-SY5Y cells, KynA significantly reduced oxidative 
stress and increased cell viability by tightly regulating nitric oxide production. Furthermore, KynA also significantly decreased 
insulin-induced oxidative stress as a redox paradox in high-glucose containing medium. Thus, endogenous NMDA receptor-specific 
antagonist, KynA completely improved insulin resistance, mitochondrial dysfunction and neuronal damage in high glucose-
exposed SH-SY5Y dopaminergic cells. This study was supported by The Scientific and Technological Research Council of Turkey, 

214S112. 
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ABSTRACT: While neurotoxicity screening using neural networks derived from rodent tissue on microelectrode arrays (MEA) is 
now routine, data derived from human tissue is lacking. In this study, we compared the activity of neural networks comprised of 
human neurons and glia derived from induced pluripotent stem cells (iPSC) to those from rat primary cortical cells. Human cells 
were plated onto 48 well MEA plates at the appropriate density and recordings were made using an Axion Maestro and software 
after 7, 14, 21, 28 and 35 days post plating (DPP). Developmental patterns of activity in the human networks were similar to that 
in rodent networks, beginning with poorly organized, individual spikes on early DPP (7-14) that progressed to coordinated 
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network-wide bursting at later DPP (28-35). While similar in progression to activity in primary cortical networks derived from 0-24 
hr old rat pups, the ontogeny shows slower maturation in the human networks than in the rodent. To compare the effect of 
neurotoxic compounds, human and rodent networks were tested acutely (1 hr). Cell viability was tested by lactate dehydrogenase 
(LDH) release and resazurin oxidation (Cell Titer Blue) assays. The GABAA receptor blockers bicuculline and lindane each produced 
concentration-dependent increases in mean firing rate (MFR) in both networks in the absence of cytotoxicity, while tributyltin 
decreased MFR and cell viability. Deltamethrin caused concentration-dependent decreases in MFR, while permethrin caused an 
increase at low concentrations that returned to baseline at higher concentrations; neither deltamethrin nor permethrin caused 
changes in cell viability. Glyphosate was without effect on MFR or viability in rodent networks but increased MFR in human 
networks. However, this increase was not concentration-dependent. These results demonstrate that neural networks consisting of 
human neurons and glia demonstrate similar patterns of network spiking and bursting to rodent networks, but with a more 
prolonged ontogeny. Most important, the human- and rodent-derived networks responded similarly to a small set of neurotoxic 
compounds. Thus, these human neural networks are suitable for neurotoxicity screening. This abstract does not represent EPA 

policy. 
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ABSTRACT: The prediction of seizurogenic and neurotoxic compounds using microelectrode array (MEA) technology and rodent 
neuronal models has proven to be a very powerful tool. Early hiPSC derived neuronal models lacked complex burst organization, 
making electrophysiological neurotoxic prediction challenging when utilizing an MEA platform. Advancements in hiPSC neuronal 
models have addressed these disadvantages. Glutamatergic neurons were plated on 48-well MEA plates and maintained for up to 
three weeks at different densities with and without various ratios of GABAergic neurons and astrocytes. When cultured alone, the 
glutamatergic neurons demonstrate robust firing rates, burst organization and network characteristics within 2 weeks of plating. 
Spike train analyses indicate a significant maturation rate with a 100% increase in firing rate, 1200% increase in spikes that occur 
within bursts, and 200-400% increase in other burst and network organization endpoints (i.e. ISI CV, ISI Skewness) when 
comparing 5 days post plating to 15 days. Similar results were observed when glutamatergic neurons were plated with GABAergic 
neurons and astrocytes. We also evaluated these combinations for their response to the neurotoxin domoic acid, negative control 
DMSO (0.2%) and seizurogenic agents, picrotoxin, gabazine, 4-aminopyridine, SCN80 and strychnine. As expected, 10µM domoic 
acid caused a complete loss in spike activity while 0.2% DMSO caused insignificant changes in activity. 4-aminopyridine decreased 
overall activity while increasing the burst length by 100% with an overall increase in burst organization. Both strychnine and 
SNC80 caused a unique dose response pattern with changes in spike/burst rates and a deleterious effect on burst and network 
organization. The GABAA antagonists, picrotoxin and gabazine, did not have robust responses in this study and require further 
evaluation. In conclusion, hiPS cell-derived glutamatergic neurons, alone, and in combination with hiPSC derived GABAergic 
neurons and astrocytes create a robust population of cells that are ideal for evaluating developmental patterns as well as 
responses to some neurotoxic/seizurogenic compounds when tested on a multi-well MEA platform. 
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ABSTRACT: Mixtures are consistent with the human environment and low dose developmental exposure to endocrine disrupting 
chemical (EDC) mixtures has been shown to synergistically disrupt reproductive system functions. Whether such synergism 
extends to the central nervous system (CNS), a primary target of EDCs, is unknown. In fact, single EDCs, with divergent modes of 
action, have been shown to act downstream to alter brain mesocorticolimbic (MESO) neurotransmitters. Interactions between sex 
hormones and MESO neurotransmitter function are critical to the mediation of cognition and social behavior. To assess the 
influence of developmental EDCs on adult neurochemistry, pregnant female mice were exposed to near estimated reference level 
doses of four EDCs, Atrazine (ATR: 10mg/kg), Perfluorooctanoic acid (PFOA: 0.1 mg/kg), Bisphenol-A (BPA: 50µg/kg), 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD: 0.035µg/kg) and their mixture (MIX) or vehicle, daily from gestational day 7 until weaning. Our 
previous research identified unique, sex-specific endocrine and behavioral deficits, including increased testosterone at birth and 
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decreased attention, fear and sociality in MIX exposed males. Following behavior, we measured dopamine (DA), 
dihydroxyphenylacetic acid (DOPAC), homovanillic acid (HVA), norepinephrine (NE), serotonin (5-HT) and 5 hydroxyindoleacetic 
acid (5-HIAA) levels from MESO brain regions (frontal cortex (FC) and hippocampus (HP)). Sex- and region- specific changes were 
found following developmental exposure to single EDCs and the MIX, with most MIX effects occurring in males. Sex-specific effects 
were typically inversely related, with females showing increases in neurotransmitter levels and males showing decreases following 
EDC exposure, such as increased 5-HT in females and decreased 5-HT in males exposed to TCDD. In addition, MIX and BPA 
exposed males showed pronounced decreases in DA metabolites in the FC and HP following social conditioned place preference 
testing. MIX males also showed decreases in hippocampal 5-HIAA following operant behavior. Taken together, MIX exposed mice 
showed significant alterations in monoamine metabolites. Understanding the neurochemical underpinnings of these behavioral 
deficits is critical as EDCs have been implicated in the etiology of neurobehavioral disorders with sex-biased prevalence rates. P30 

ES001247 & T32 ES007026-38. 
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ABSTRACT: Multiple studies suggest that anyone working around solvents and fuels are more likely to suffer hearing deficits. In a 
recent study our colleagues observed the effects of jet propulsion fuel-8 (JP-8) with or without noise exposure in rats and found 
that not just noise was harmful to hearing, but the fuel itself. Exposures to subtoxic JP-8 levels resulted in auditory processing 
dysfunctions, via changes occurring inside the brain rather than in the ear. In several other studies, organic solvents such as 
toluene, ethyl benzene, trichloroethylene, styrene, and xylene have been shown to have ototoxic effects in experimental animals. 
These studies observed an increase in auditory brainstem response (ABR) latencies after exposures via inhalation, suggesting that 
the mechanism of ototoxicity of many solvents may be similar. Considering the neurotoxicity of these compounds, it is not 
surprising that effects are seen beyond the cochlea, along the central auditory pathway. Epidemiological data also indicate that 
humans exposed to solvents and fuels demonstrate increased auditory processing dysfunction, based on ABR measurements. 
Subjects with central auditory processing dysfunction may have a normal hearing threshold, but have difficulty deciphering and 
localizing speech, especially within a noisy background. These are also characteristic problems encountered by the elderly. With 
both solvent/fuel-induced hearing loss and age-related hearing loss (presbyacusis) there are key changes in neurotransmitters and 
receptor subtypes involved in signal transmission. Along the central auditory pathway similarities in the regulation of GABAAR α1, 
nAChR β2 and NMDAR NR1 expression levels have been noted in aged mice (24-32 months) and in rats exposed to solvents. This 
review suggests that solvents alter levels of GABAergic and glutamatergic receptor subunits in a regionally selective manner, 
which have not been measured specifically along the central auditory pathway. Therefore a similar pattern may be seen between 
fuel/solvent exposure and aging. 
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ABSTRACT: The assessment of neurotoxicity remains a major scientific challenge due to the complexity of the central nervous 
system. Current strategies to evaluate toxicity of drugs and chemicals are predominantly based on ex vivo or in vivo animal 
studies. These models have limited predictability for neurotoxicity in humans and are not amenable to high-throughput testing. In 
order to overcome these limitations we are developing a neurotoxicity model based on iPSC-derived neurons in OrganoPlates™(1, 
2). This microfluidic platform enables high-throughput screening of miniaturized organ models. A mixed population of human 
iPSC-derived neurons consisting of GABAergic and glutamatergic neurons with supporting astrocytes was cultured in 3D, closely 
representing the physiology of the human brain. As a part of the validation, proper network formation was observed by neuron-
specific immunostainings and neuronal electrophysiology was analyzed by a calcium sensitive dye indicating spontaneous 
neuronal firing. Additionally, we investigated the dose-response neurotoxic effects of methylmercury and endosulfan on neuronal 
viability. The OrganoPlate™ platform enables real time analysis of neurotoxic effects of compounds in high-throughput. This iPSC-
derived neuronal model can be used to refine animal experiments and has the potential to better predict adverse effect in 
humans and hence to improve clinical development success. References: [1] Trietsch, S.J., Israels, G.D., Joore, J., Hankemeier, T., 
Vulto, P. , Microfluidic titer plate for stratified 3D cell culture, Lab Chip, 2013 vol. 13, no. 18, pp. 3548-54 [2] E. Lucumi Moreno, S. 
Hachi, K. Hemmer, S. J. Trietsch, A. S. Baumuratov, T. Hankemeier, P. Vulto, J. C. Schwamborn, R. M. T. Fleming, Differentiation of 
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neuroepithelial stem cells into functional dopaminergic neurons in 3D microfluidic cell culture, Lab Chip, 2015, DOI: 
10.1039/C5LC00180C 
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ABSTRACT: Little is known about the safety assessment and adverse effect of tonicity of intravitreal (ITV) ophthalmic formulations 
outside of isotonic ranges. Rabbits were randomized to 8 groups (N=3 animals): 71 (hypotonic), 379 (near isotonic control), 470 
(elevated sucrose), 504 (elevated NaCl), 849 (high NaCl), 871 (high sucrose), and 1014 (elevated salt/high sucrose) mOsm/kg 
delivered by inferior ITV injection. We also tested ziv-aflibercept (ZALTRAP®), an anti-VEGF used off-label for wet age-related 
macular degeneration (wAMD) at 1063 mOsm/kg. On Day 1 an ITV dose was administered to each eye as two 50 μl injections 15 
min apart, with the exception of ziv-aflibercept, which was administered as a single 50 μl injection. Animals were monitored for 8 
days via clinical ophthalmic examinations (OEs) and intraocular pressure. Concurrent with most OEs, fundus OCT imaging was also 
performed. On Day 8 animals were euthanized and eyes were processed for histopathology examination (nine sections per eye). 
Sporadic focal subretinal opacification was noted on OEs at low incidence in hypotonic and elevated/high salt hypertonic 
formulations. Inferior retinal detachment was seen on Day 1 with the high salt formulation (6/6 eyes), high sucrose formulation 
(5/6 eyes), high salt/high sucrose formulation (2/6 eyes), and ziv-aflibercept (1/6 eyes). Retinal detachment resolved by Day 3. 
Microscopically, hypotonic or hypertonic formulations, including ziv-aflibercept, administered ITV to rabbits resulted in focal 
posterior retinal degeneration of minimal to marked severity (most severe in hypotonic group). Retinal degeneration in the ziv-
aflibercept group noted in this study contradicts a previously published report that concluded that ITV injection of ziv-aflibercept 
was well-tolerated in rabbits. Formulations of 71mOsm/kg or 849-1063 mOsm/kg may confound the safety evaluation of ITV 
therapeutics in rabbits. 
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ABSTRACT: The objective of the study was to set up an intracameral administration method along with ocular examination 
procedures that will be used for upcoming nonclinical toxicology ocular studies. Intracameral injection of saline solution was 
administered in one eye on Day 1. Intracameral insertion of a needle without injection of saline was performed in four eyes to 
serve as control. Prior to the injection, animals were sedated using intramuscular medetomidine and isoflurane prior to and/or 
during the procedure as needed. The reversal agent was administered following the procedure. Preparation of the eyes was 
achieved using povidone solution and saline solution and was performed prior to the injection. A cornea injection technique in the 
superotemporal quadrant was performed. The needle was inserted into the cornea at approximately 1 mm from the limbus and 
was aimed towards the central anterior chamber space. A dose volume of 20 μL was slowly administered in each eye. Ocular 
parameters monitored during the study included: slit lamp and indirect ophthalmoscopy examination, pupillometry, intraocular 
pressure, pachymetry, gonioscopy and non-contact specular microscopy of the right eyes. Aqueous humor collection was 
performed three days after the injection. A single bilateral intracameral administration of saline or needle insertion was well-
tolerated in the Beagle dog. Minor findings such as minor ocular discharge, conjunctival congestion and focal corneal edema at 
the injection site were noted during the study. These changes were expected following this type of dosing procedure. The post-
injection ocular parameter results were comparable to baseline values. The mean measurements of the intraocular pressure was 
23.0 ± 2.1 mmHg, the mean pupil diameter was 9.4 ± 0.71 mm and the mean corneal thickness 618 ± 51 μm. The corneal analysis 
using a non-contact specular microscope were measured 14 days after the injection and results were comparable to baseline 
values. The central cornea had a mean values of 2574 ± 70.0 cell/mm2 of cell density and 73% ± 0.7% of hexagonal cells and the 
central inferior cornea had a mean values of 2606 ± 163 cell/mm2 of cell density and 69% ± 3.5% of hexagonal cells. A sample 
aqueous humor was successfully collected and the procedure was well tolerated by each dog. In conclusion, a single bilateral 
intracameral administration, ocular examination and aqueous humor collection were performed and were well tolerated in beagle 
dogs. 
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ABSTRACT: Epithelial ovarian cancer (EOC) begins with transformation of cells that comprise the ovaries, including surface 
epithelial cells, germ cells, and the sex cord or stromal cells. A significantly high mortality of this malignancy is due to the fact that 
the disease is remain clinically silent until an advanced stage and even the initial symptoms are usually vague and non specific. The 
main etiology of ovarian cancer are: early menarche and late menopause, hormonal factor, family history, age, acquired genetic 
defects, lifestyle, inflammatory events, occupational and environmental exposure including organochlorine pesticides. In the 
present study, a total of 200 subjects were enrolled (EOC cases, n=100; controls, n=100) and their blood pesticide levels were 
estimated using gas chromatography. Genetic polymorphism in phase I and phase II metabolizing enzymes (CYP1A1, GSTM1 and 
GSTT1) and inflammatory markers (IL-6 and TNF-α) were also studied. Significantly high levels of β-HCH, endosulfan-I , endosulfan-
II, p’p’-DDT, p’p’-DDE and heptachlor was observed in cases as compare to controls. Null deletion of GSTM1/T1 and homozygous 
mutant of IL-6 and TNF-α were also found to be significantly associated with EOC risk. While performing the regression model 
testing, a significant increase in CA-125 level was observed when CYP1A1, IL-6 and TNF-α genes are polymorphic and null deletion 
of GSTM1 and GSTT1 are present with high pesticide levels. The present study concludes that there is a significant role of gene 
environment interaction in the etiology of epithelial ovarian cancer among North Indian population. 
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ABSTRACT: Pesticides and their end-use products are mostly developed for global use but are subject to country-specific 
regulations. Consequently, mammalian toxicology data packages are developed to meet the requirements of all the different 
regions for which registration is intended. Region-specific testing can greatly increase the number of animals used without 
necessarily adding value to human health risk assessments. Our review of the global toxicology data requirements has shown that 
at least 5928 animals are used for registration of a single pesticide, consisting of at least 5264 rats, 482 mice, 64 dogs, 86 rabbits 
and 32 guinea pigs. Of these, at least 394 animals are used to comply with country-specific requirements beyond what could be 
considered a global ‘core’ dataset. In addition, at least 60 additional animals are used for the registration of each end-use product. 
In recent years development of new alternative approaches for animal testing are gaining acceptance in certain geographies. For 
e.g. in the case of acute tox testing alternative approaches including calculation methods (GHS), read-across strategies, and/or 
integrated in vitro assays (EpiOcular, DPRA, and Keratinosens etc.) are now recommended by geographies like the EU and US 
which enable equivalent health protective risk management decisions. In other cases certain animal studies have been removed 
as requirements from legislation owing to the large body of evidence showing little value to risk assessment such as the one year 
dog and acute dermal tox studies. These new testing strategies are not yet harmonized and accepted globally, and therefore 
additional animal testing remains a requirement in some countries. The present analysis is used to inform: (a) Recommendations 
for best practices to implement the 3R principles within current requirements (integrated testing or calculation methods etc.), and 
(b) Highlight priorities for better global harmonisation. Such approaches enable development of short- and long-term strategies 
that will reduce unnecessary animal testing for global registration of pesticides and equivalently inform protective human health 
risk assessment. 
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ABSTRACT: Ivermectin, a member of the family of avermectins, is one of the most effective and extensively used anti-parasitic 
agents worldwide. Ivermectin acts to kill parasites and insects, primarily by binding to glutamate-gated chloride channels in nerve 
cells. Thus, neurotoxicity is the major health concern of this insecticide. However, there is limited knowledge on effects of 
ivermectin in other tissues, in particular adipose tissue. In addition, based on previous work that other insecticides promote 
adipogenesis in both cell culture and animal models, the present work aimed to investigate the role of ivermectin in adipogenesis 
using 3T3-L1 preadipocytes. 3T3-L1 preadipocytes were differentiated with or without 5 μM ivermectin. Under ivermectin 
treatment for 8 days, the differentiation of 3T3-L1 preadipocytes to adipocytes was extensively inhibited, showing significant 
reduction of triglyceride level. The addition of ivermectin as late as day 6 after the differentiation resulted in significant reduction 
in lipid content after 2 days. Additionally, the removal of invermectin resulted in partial or total recovery of triglyceride level. 
Ivermectin treatment significantly reduced the protein level of the master transcription factor in adipocyte differentiation, 
CCAAT/enhancer-binding protein α (C/EBPα), without influencing peroxisome proliferator-activated receptor gamma-γ (PPARγ). 
Based on our results, it is concluded that ivermectin inhibits adipogenesis of 3T3-L1 preadipocytes. 
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ABSTRACT: Glyphosate-based herbicides (GBH) are the major pesticides used worldwide. There is a debate on the estrogenic 
effects of their ingredients. We examined in three human breast cancer cell lines the estrogenic effects of glyphosate, two forms 
of the polyethoxylated tallowamine co-formulant (technical grade and agricultural spray adjuvant), and 4 commercial 
formulations containing different ratios of co-formulants and compared these effects to those induced by estradiol and bisphenol 
A. Cell proliferation was assessed using the E-screen assay. Estrogen receptor (ER) activity was assessed by trans-activation of an 
Estrogen Responsive Element (ERE)-luciferase reporter in T47D-KBluc cells. Gene expression was measured in hormone 
dependent MCF7 human breast cancer cells using the Affymetrix microarray platform and by RNA-seq. Quantum mechanical 
behavior of glyphosate ion interactions within the ligand binding domain (LBD) of ERα was performed using molecular dynamics 
simulations. Glyphosate (>10 mg/L) promoted proliferation of hormone dependent MCF-7 cells and increased expression of 
luciferase in the T47D-KBluc reporter assay. Addition of the anti-estrogen ICI 182,780 antagonized the activation of ER 
demonstrating dependence on ER for activation. Adjuvants and commercial formulations did not exhibit estrogenic effects. 
Although gene expression profiles of glyphosate-exposed MCF-7 cells were reflective of hormone-induced proliferative effects, 
the gene expression pattern did not significantly overlap with that of an ERα gene expression biomarker. Calculation of glyphosate 
binding energy to ERα by molecular dynamics simulations followed by ONIOM calculations revealed that the interaction between 
glyphosate and the ERα LBD is weak (−4.10 kcal mol-1) and unstable, compared to estradiol (-25.79 kcal mol-1). Thus, we 
hypothesize that glyphosate is not likely to bind to ERα and that gene activation by this compound may be through a ligand-
independent mechanism. However, further investigation is needed to confirm this hypothesis. In conclusion, our study reveals 
that glyphosate but not other chemicals in 4 major commercial formulations activate ERα. This abstract does not reflect EPA 

policy. 
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ABSTRACT: Cyantraniliprole is a new insecticide for the control of wide range of chewing and sucking pests in agriculture. The 
mode of action of cyantraniliprole is the activation of insect ryanodine receptors. Cyantraniliprole is not acutely toxic via different 
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routes of exposure, and is not a skin irritant. Short-term and long-term toxicity studies of cyantraniliprole showed that the target 
organ of cyantraniliprole toxicity is liver and thyroid gland. The dog was the most sensitive species. The relevant long-term NOAEL 
are 40 ppm for dogs. Cyantraniliprole is not mutagenic, neurotoxic or immunotoxic. On the basis of toxicological assessment of 
active substance, the ADI were recommended and approved in Ukraine. The field trials of cyantraniliprole in Ukraine were 
conducted on the fruiting vegetables and oilseeds. Insecticide residues were studied in different agroclimatic zones. Residual 
quantities of cyantraniliprole in tomatoes, cucumber, peppers, oilseeds etc. have been studied by high-performance liquid 
chromatography (HPLC), limit of quantification (LOQ) - 0,05 mg/kg. As a result of conducted experiment it was establish that 
cyantraniliprole residues in fruiting vegetables (tomatoes, cucumbers, peppers) ranged from 0,05 mg/kg to 0,79 mg/kg (after 
application). Dissipation of residues was very fast. Residues of cyntraniliprole in agricultural commodities at harvest time were less 
than LOQ. Cyantraniliprole also was not detected in air of working zone during it’s mixing, loading and application (LOD - 0,03 
mg/m3). Estimated non-dietary human exposure was below the AOEL. Use of cyantraniliprole on the studied agricultural 
commodities will not result in a consumer exposure exceeding the toxicological reference value therefore is unlikely to pose a 
public health concern. 
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ABSTRACT: Chlorpyrifos (CPF) is an organophosphorus (OP) insecticide that is applied seasonally by the Egyptian Ministry of 
Agriculture to cotton fields. The specific, urinary metabolite of CPF, trichloro-2-pyridinol (TCPy), along with inhibition of blood 
butyrylcholinesterase (BChE) and acetylcholinesterase (AChE) activities were measured as exposure and effect biomarkers in 
adolescent pesticide applicators (n=57; 12-21 years of age) and age-matched non-applicators from the same villages (n=38). Urine 
and blood samples were collected from April 2010 to January 2011, prior to, during, and after 28-31 days of CPF application. 
Applicators demonstrated significantly higher TCPy levels and greater BChE depression than non-applicators throughout the OP 
application period. Throughout this longitudinal study, large interindividual differences in exposure were observed, with peak 
TCPy levels ranging from 8.4 to 5,715 μg/g creatinine during CPF application for applicators and 8.6 -138 μg/g creatinine for non-
applicators. Elevated TCPy levels 4-7 weeks after the pesticide application ended suggests that there were sustained CPF 
exposures in the absence of spraying and/or slow metabolism of CPF. Biomarker data in the age-matched non-applicators 
mirrored that of the applicators, indicating that non-applicators received environmental CPF exposures. This suggests that similar 
environmental exposures may occur in other residents of this region during periods of pesticide application. The substantial 
interindividual variability in urinary TCPy levels, reflects highly variable exposures and supports the need for exposure biomarker 
data when assessing neurobehavioral and other health outcomes associate with pesticide exposures. Total hours applying CPF and 
body surface area were the strongest predictors of cumulative urinary TCPy in pesticide applicators. Opting to mix pesticides with 
a stick rather than by hand and bathing directly after work were also associated with lower peak and longitudinal TCPy. It is 
necessary to identify other work practices that may contribute to the high degree of variability in exposures, with the goal to 
reduce pesticide exposures. Supported by the Fogarty International Center and NIEHS R21 ES017223 and R01 ES022163. 
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ABSTRACT: A synergism study was conducted to identify the detoxification mechanism against the insecticide indoxacarb in two 
wild populations of Choristoneura rosaceana (Harris), which were collected from one commercial apple and one commercial 
cherry orchard in Kent and Newaygo Counties in western Michigan, in comparison to laboratory susceptible population. In this 
study, the combinations of indoxacarb with three common synergists piperonyl butoxide (PBO), diethyl maleate (DEM) and S,S,S-
tributyl phosphorotrithioate (DEF) were tested in a diet incorporation bioassay on 12-24h old C. rosaceana larvae with four 
treatments: indoxacarb alone, indoxacarb+PBO, indoxacarb+DEM, and indoxacarb+DEF. The synergists PBO, DEM, and DEF are 
acting as inhibitors of the three common detoxification metabolic enzymes: cytochrome P-450 monooxygenases, glutathione S-
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transferases, and esterase respectively. The LC50 values of the combinations of indoxacarb with all synergists in both susceptible 
and cherry populations were not significantly different from the LC50 value of indoxacarb alone and that indicated the absence of 
any type of resistance mechanism in both populations. In the wild apple population the LC50 values of, indoxacarb+PBO, 
indoxacarb+DEM, and indoxacarb+DEF were significantly lower than the LC50 of indoxacarb alone with synergism ratio (SR) of 22.5, 
18, and 60.3 folds respectively. That indicated a major role of the detoxification metabolic enzymes: cytochrome P-450 
monooxygenases, glutathione S-transferases, and esterase in the resistance phenomenon in the wild apple population against 
indoxacarb. The high SR value that associated with the DEF synergist treatment is unexpected results where esterase enzymes 
metabolize indoxacarb to yield the higher toxic compound DCJW, which is responsible for the lethal effect of indoxacarb inside the 
insect body, and therefore the inhibition of esterase enzymes by DEF was expected to reduce the toxicity of indoxacarb. 
Therefore, a further metabolic study has been undertaken, to track the metabolites of indoxacarb through analytical method to 
give a better understanding of the role of esterase enzymes in the metabolic pathway of indoxacarb. 
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ABSTRACT: Pyrethroids insecticides are increasingly being used in agricultural and non-agricultural environments. Studies have 
associated increased metabolite levels with neurocognitive deficits, neurodegenerative diseases, cancer, adverse reproductive 
effects, and endocrine disruption. However, few have examined changes in metabolite levels among adolescents or subsequent 
health outcomes. Adolescents may have increased vulnerability due to sensitive metabolisms, rates of growth and developmental 
state. The goal is to identify changes in metabolite levels during the application season among adolescent pesticide applicators 
and non-applicators. As part of a longitudinal study examining adolescent pesticide exposure, intervals before, during, and after 
pyrethroid application were selected to examine changes in metabolite levels. Urine samples were collected and analyzed from 
adolescents employed (n=33) and not employed (n=24) by the Ministry of Agriculture in Egypt. Negative ion chemical ionization 
gas chromatography mass spectrometry was used to analyze the samples for four metabolites: Cyhal Acid (μCA), a specific 
metabolite for λ-Cyhalothrin, cis/trans-3-(2,2-dichlorovinyl)-2,2-dimethylycyclopropanecarboxylic acid (cis/trans-DCCA), a specific 
metabolite Cypermethrin and 3-phenoxybenzoic acid (3-PBA), a nonspecific PYR metabolite. The trend observed from cis/trans-
DCCA, the Cypermethrin specific metabolite, followed the same pattern in both applicators and non-applicators of increasing from 
pre-spray to the during spray period, while decreasing during spray to the post-spray period although not achieving baseline 
levels. The metabolite levels in applicators were 2x fold that of non-applicators. With the general PYR metabolite 3-PBA, there is a 
consistent increase during each period. The trend observed from μCA, a specific metabolite for λ-Cyhalothrin, follow a similar 
pattern between applicators and non-applicators. From the pre-spray period to the during spray period there is a decrease in the 
amount of metabolite observed in the urine. From the during spray period to the post spray period there is an increase seen in the 
amount of metabolite present. Future research will examine the association of metabolite levels with neurobehavioral function. 
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ABSTRACT: Recently, dipeptidyl peptidase-4 (DPP-4) inhibitor sitagliptin, a major anti-hyperglycemic agent, has received 
substantial attention as a possible therapeutic target for cardiovascular diseases via enhancing the number of circulating 
endothelial progenitor cell (EPC). But the mechanisms and effects on endothelial progenitor cell (EPC) function remains elusive. In 
the present study, we evaluated the pro-angiogenic effects of sitagliptin in a diabetic hind limb ischemia (HLI) model in vivo and in 
an EPC culture system In vitro. db/db mice were chosen to establish diabetic hind limb ischemia model, mice were divided two 
groups, one group were pretreated with sitagliptin(25mg/kg per day) for 1 week before HLI surgery and continually treated with 
sitagliptin for 4 weeks after surgery via gavage administration, another group is vehicle. Sitagliptin treatment efficiently enhanced 
ischemic angiogenesis and blood perfusion, which was accompanied by significantly increasing circulating EPCs number. EPCs 
derived from bone marrow of normal FVB mice were treated with high glucose to mimic type 2 diabetic conditions. We found that 
glucose treatment induced EPC apoptosis, impairment in tube formation, and increased oxidative stress, which were significantly 
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prevented by sitagliptin pre-treatment. Mechanistic study found that high glucose impaired the basal autophagy of EPCs, while 
sitagliptin pretreatment restored the basal autophagy of EPCs and autophagy inhibitor abolished the protective effects of 
sitagliptin on EPCs. Furthermore, it was showed that sitagliptin restored the basal autophagy of EPCs under high glucose via 
activating AMPK/ULK-1/mTOR signal pathway. Altogether, the results in this study indicated that sitagliptin preservation of EPC 
angiogenic function results in improvement of diabetic ischemia angiogenesis and blood perfusion, which were most likely 
mediated by sitagliptin augmenting EPCs autophagy activity to prevent diabetic oxidative damage. 
 ___________________________________________________________________________________________________________  
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ABSTRACT:  The use of induced pluripotent stem cell derived cardiomyocytes (iPSC-CMs) in cardiac safety assessment is 
expanding, necessitating investigation into the materials and methods used. In particular, the use of serum-free media for in vitro 
drug testing is generally preferable to serum-containing media in order to avoid drug-protein binding artifacts. Despite being the 
standard in the field, caution must be applied as the use of serum-free media may affect drug solubility, potentially leading to 
discrepancies between drug-induced effects in iPSC-CMs depending on media formulation.  We evaluated the effects of 25 drugs 
on commercially available iPSC-CM using a high-throughput microelectrode array (MEA) assay in two different formulations of cell 
culture media, one containing serum (maintenance media provided by the cell vendor) and one without serum (Dulbecco’s 
Modified Eagle’s Medium). Comparative analysis of both rate-corrected field potential duration (FPDc) prolongation and 
arrhythmic beating events showed media dependent differences. In media free of serum, of the 25 drugs, 9 prolonged FPDc, 4 
shortened and 12 yielded no significant changes. In media containing serum, 11 drugs prolonged FPDc, 4 shortened and 10 yielded 
no significant changes. 18 drugs exhibited arrhythmic events in serum free media, with 10 of these drugs triggering arrhythmic 
events at lower doses in serum-containing media. Comparing the magnitude of FPDc prolongation/shortening at the highest non-
arrhythmic doses shows that 13 of the 25 drugs exhibited statistically significant differences (n=3, p<0.05) between the two media 
conditions. The consistency of the media dependent differences prompted further investigation into solubility of the drugs in the 
presence and absence of serum. Seven drugs were studied via the use of liquid chromatography-mass spectrometry to identify 
potential differences in solubility. These results illustrate that the media composition could impact iPSC-CM-based cardiac safety 
assessment, and that evaluation of drug availability is critical for improving the predictive ability of the assay. 
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ABSTRACT: Use of the multi-electrode array (MEA) system to record spontaneous electrophysiological activity generated from 
neuronal networks in vitro could be a good risk evaluation method for drug-induced seizure events in drug discovery. 
Spontaneous electrical activity in neural networks consists of action potential spikes and organized patterns of action potential 
bursts. Spontaneous neuronal activity was hardly obtained from human induced pluripotent stem cell (hiPSC)-derived neurons 
alone; but we succeeded in optimizing the experimental conditions to achieve acceleration of the activity generation of the hiPSC-
derived neurons by co-culture with mouse primary astrocyte conditioned medium (mACM) or by co-culture with hiPSC-derived 
astrocytes, as well as by co-culture with rodent primary astrocytes. Comparative extraction feature analysis of the epileptogenic 
burst phenotypes was performed using 4 types of cells, rat primary cortical neurons, rat primary hippocampal neurons, mACM 
potentiated the hiPS-derived neurons (iCell neurons), and iCell neurons and iCell astrocytes co-culture. Spike frequency of 
particular burst duration and burst onset time cross correlogram (BOTCC) were examined for epileptogenic phenotype 
classification. We are also trying to establish a prediction method of MEA data to detect drug-induced abnormality using a deep 
learning algorithm. BOTCC values were increased by 4-aminopyridine, gabazine and picrotoxin treatment in all cell types except 
for the iCell neurons iCell astrocytes co-culture. We could detect drug dose-dependent MEA data changes in the primary rodent 
neurons using deep learning. In conclusion, the burst continuity was affected differently by drug mode of action. The BOTCC 
results suggested that seizurogenic drugs accelerate the transmission speed of synchronized burst. Furthermore, drug-induced 
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MEA data change could be detected by deep learning. These methodologies might be good indices for judgment of the seizure 
liability of drugs and cell characterization. 
 ___________________________________________________________________________________________________________  

ABSTRACT NUMBER: 3501 Poster Board Number: P474 
TITLE: Dynamics of Epileptiform Activity and the Effect of Anti-Convulsant Drug in Cultured Human iPSC-Derived Neuronal 
Networks Using High-Throughput MEA System 
 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: A. Odawara1, R. Arant2, M. Trujllo2, I. Suzuki1. 1Tohoku Institute of 

Technology, Sendai, Miyagi, Japan, 2Alpha Med Scientific Inc., Osaka, Japan. 
KEYWORDS: Neurotoxicology; MEA 
 

ABSTRACT: The functional network of human induced pluripotent stem cell (hiPSC)-derived neurons is a potentially powerful in 

vitro model for evaluating drug toxicity. Epileptiform activity is one of phenomena in neuronal toxicology. To evaluate the 
dynamics of epileptiform activities and the effect of anti-convulsant drug in cultured hiPSC-derived neurons, we used the high-
throughput multielectrode array (MEA) system, where we simultaneously record extracellular potentials for 16 channels per well 
across 24-well plates. We firstly confirmed the modulation of activity by typical glutamatergic and GABAergic receptor 
antagonists/agonists in spontaneous firings. Spontaneous activities and typical responses against synaptic related drugs were 
detected with high S/N ratio using high-throughput MEA system. Next, we examined chemically evoked epileptiform activity. 
Electrophysiological seizes were induced by pentylentetrazole (PTZ) and 4-Aminopyridine (4-AP), the most widely used chemical 
convulsant in animal models to screen for new anti-epilepsy drugs. We also examined the anti-convulsant effects of two common 
clinical anti-epilepsy drugs (AEDs), phenytoin and sodium valproate (VPA). PTZ and 4-AP induced a rapid increase in synchronized 
burst firings (SBFs) in a concentration-dependent manner. Phenytoin and VPA also suppressed PTZ-induced epileptiform activity. 
From these results, we suggest that the electrophysiological assay in cultured human iPSC-derived neuron using high-throughput 
MEA system is a useful to investigate the neuronal toxicity in drug screening and pharmacological effects of human neurological 
disease. 
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ABSTRACT NUMBER: 3502 Poster Board Number: P475 
TITLE: Self-Assembly of a Perfusable Vascular Network via Human iPSC-Derived Endothelial Cells in Dynamic Synthetic 
Microenvironments 
 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: G. Kaushik1, W. T. Daly1, E. E. Torr1, P. Uhl1, C. M. Soref1, D. A. Gil1, E. S. 
Berge1, C. Edington2, M. P. Schwartz1, L. G. Griffith2, M. C. Skala1, W. L. Murphy1. 1University of Wisconsin Madison, Madison, WI; 
2Massachusetts Institute of Technology, Cambridge, MA. 
KEYWORDS: Alternatives to Animal Testing; Predictive Toxicology 
 

ABSTRACT: Researchers have attempted to create engineered tissues in hydrogels, which are generally thicker than 100μm. Due 
to their biocompatibility and resemblance to extracellular matrix components, hydrogels are used to mimic natural 
microenvironments. However, the lack of nutrition within the core of thick engineered tissues have limited their applications. 
Here, we have used a degradable poly(ethylene glycol) (PEG) hydrogel, induced pluripotent stem cell (iPSC) derived endothelial 
cells, and a custom made bioreactor to create a perfusable three dimensional vascular network for testing of potential vascular 
disrupting compounds. We have created a stable vascular network using iPS cell-derived endothelial cells and primary human 
pericytes, cultured in MMP-degradable PEG hydrogels derivatized with the cell adhesion ligand Arg-Gly-Asp (RGD). Our 
preliminary studies indicated that PEG hydrogels incorporating synthetic peptides had the potential to support a vascular network 
with perfusable characteristics. We hypothesized that dynamic fluid flow would induce capillary tube formation, thus creating 
more stable vascular tissue organization. We used two specialized bioreactors (in collaboration with MIT/DARPA and CN BIO), 
which created fluid flow underneath the hydrogels in the range of 1-3μL/sec. Culture in bioreactors at a flow rate of 1μL/sec 
resulted in a thicker vascular network when compared to static culture, and endothelial cells (CD31+) were co-localized with 
pericyte-like cells (PDGFR-β+). Using two-photon fluorescent lifetime imaging microscopy (FLIM), we also quantified vascular 
network formation and metabolic dynamics and showed that the network was more stable, perfusable and organized in dynamic 
flow conditions. We propose that vascular network formation, under the influence of dynamic flow, can potentially create 
advanced, perfusable organoids, which will provide more physiologically relevant human organoid models. 
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ABSTRACT: Human pluripotent stem cell (hPSC) derived hepatocytes could serve as a predictive In vitro model system for drug 
discovery, drug metabolism research, and hepatotoxicity studies, provided they possess relevant hepatocyte functions. 
Importantly, some hepatocyte applications, like chronic toxicity testing, demand a 2-week usage window, an order of magnitude 
outside standard culturing practices. Here we show a newly developed maintenance medium allowing culturing of the hPSC 
derived functional hepatocytes for 14 days, and enabling their use for new applications. We have performed multiple analyses, 
including functional assays, to investigate if our hepatocyte differentiation and maintenance system will 1) generate mature 
hepatocytes from multiple hPS cell lines, and 2) support their functionality during an extended culture time. Importantly, the hPSC 
derived hepatocytes expressed genes of the drug metabolizing machinery during the entire culture time. Interestingly, the 
hepatocytes generated from different hPS cell lines show diverse CYP expression profiles, reflecting the inter-individual variation 
present in the human population. Next, we exposed these novel hPS cell-derived hepatocytes to known hepatotoxins and found 
they respond correctly with an increasing sensitivity upon longer exposure, demonstrating their utility for chronic toxicology 
studies. Taken together, our hepatocyte differentiation system along with the new maintenance medium can reliably generate 
and maintain hPS cell-derived hepatocytes from different genetic backgrounds. Since we observed a substantially extended life-
span of hPSC derived hepatocytes with our maintenance media, we tested if it also could extend the life-span of human primary 
hepatocytes. Interestingly, we found that cryopreserved human primary hepatocytes cultured in the new maintenance medium 
were viable and showed stable activities of several key CYP enzymes for several weeks in conventional 2D cultures, sharply 
contrasting existing hepatocyte maintenance medias. Thus, it seems that our maintenance medium prevents the de-
differentiation of primary hepatocytes that usually occurs. The novel maintenance medium enables the use of human primary 
hepatocytes in conventional 2D cultures for applications requiring longer culture times without the need to culture in complicated 
3D systems. 
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ABSTRACT: There are many situations where time and data are lacking to allow traditional methods for determining tissue 
concentrations that result from chemical exposures (i.e., toxicokinetics (TK)). Chemical-specific TK models can be created rapidly 
using in vitro assays and computational approaches. Here we evaluated several aspects of building simple, reasonably accurate 
generic models. Based on these results we developed strategies appropriate for chemicals across a range of applications (e.g., 
industrial, pharmaceutical) and properties, both physico-chemical and in vitro. These strategies inform tissue lumping decisions 
(e.g., toxicological concern for brain) and inferences from blood/serum biomonitoring data. For 427 chemicals with in vitro TK data 
(both clearance and binding), we compared predictions of tissue concentrations from a generic perfusion-limited PBTK model to 
both one- and two-compartment TK models. We considered the peak and steady state concentration, distribution phase duration, 
and elimination. We also examined the consequences of expanding the model to include separate richly and poorly perfused 
tissue compartments, and accounting for tissue blood volumes. The largest model difference observed was increased duration of 
the distribution phase when richly and poorly perfused tissues were separated. Across the 427 chemicals, distribution time and 
elimination for a PBTK model could always be reproduced within a factor of 2 by a simpler, two-compartment model, while 97.9% 
of steady-state and 95.6% max concentrations were within 2. Analysis of 856 chemicals with binding data (including the 427) 
revealed three groups of low, medium, and high tissue partitioning: hydrophilic acids (mean logP of ~0.7, e.g., aspirin), lipophilic 
neutrals (mean logP ~3, e.g., PCBs), and lipophilic bases (mean logP ~3, e.g., morphine), respectively. The accuracy of predictions 
of tissue concentrations varied systematically with tissue. Gut and lung concentrations relatively accurately predicted, while the 
accuracy of adipose and brain concentrations was relatively poor. Finally, for neutrals and acids we explored in silico models for 
predicting protein binding in order to predict tissue partitioning for chemicals beyond the 856 with in vitro data. Elimination of 
extraneous model elements allows rapid prototyping of PBTK. This abstract does not necessarily reflect US EPA policy. 
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ABSTRACT: Jet fuel (JF) exacerbated noise-induced hearing loss (HL) depends on delivery of relevant JF components to key regions 
of the auditory pathway, such as the cochlea, nuclei in the brainstem and the auditory cortex. Two possible mechanisms for 
interaction and hearing loss are: oxidative stress mediating hair cell damage and loss in the cochlea; and fuel component 
interaction with receptors (e.g. GABA) in the auditory pathway. Focusing on three pure compound exposure models: toluene, 
ethylbenzene and xylene, the delivered doses to tissues can be predicted by our rat physiologically based pharmacokinetic (PBPK) 
models, in which tissue:blood partition coefficients (PCs) play a key role linking blood and tissue concentrations. Tissues from F-
344 male rats included cochlea and a number of brain regions for which PCs were measured by headspace gas chromatography 
with a flame ionization detector (GC-FID). Measured values for tissues of interest (including cochlea) were compared with values 
predicted by the model of Ruark et al., (2014) based on lipid/protein/water content of tissues. Measured tissue:air PC values for 
fat > kidney > brain stem > frontal lobe > temporal lobe > cochlea > skull and HEI-OC1 cells were determined by the difference in 
the amount of chemicals between the vial with tissue plus chemical and vial with chemical only. Except for fat, there was 
reasonable agreement between predicted and experimental values using predictive methods. Sensitivity of model predictions to 
fraction of unbound chemical in the plasma was found to be small relative to prior expectations. The verified PC prediction models 
may be used to extrapolate to additional chemical structure homologs within JF, and illustrates the potential utility of 
computational modeling in the study of complex mixtures. In compliance with DODI 3216.01. 
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ABSTRACT: One possible route of excretion in 14C labeled test article (TA) balance studies is in the exhaled breath as 14CO2. This 
can be evaluated in rodents by drawing air through sealed metabolic caging and trapping the 14CO2 as it exits the cage. Historically, 
options for this determination in non-human primates (NHP) have been limited and considerably more difficult due to the larger 
size of the animal. As a qualification step for measuring expired air in NHP, the efficiency of an expired air trapping system was 
determined by titrating a measured solution of [14C]sodium bicarbonate with HCl to release a known quantity of 14CO2 over 
intervals of 0-4, 4-8, and 8-24 hours. The system was operated in the same manner as the in vivo studies. Total radioactivity 
recovery ranged from 84-87% of the total released. NHP were administered TA and placed in metabolic caging inside a closed 
polycarbonate chamber (~33 ft3). Filtered room air was drawn through the system at a rate of ~10 volume exchanges per hour. To 
prevent trap saturation, approximately 10% of the total airflow was drawn through a series of four 2 N NaOH traps and the total 
radioactivity in the traps was measured by liquid scintillation counting. The total radioactivity trapped was corrected for the 
fraction of airflow to determine the total 14CO2 expired. The total and sampled airflows were controlled with mass flow controllers 
to accurately determine the fraction of airflow collected. The test compounds used in vivo were [14C]Ethanol and [14C]Uracil (3 
NHP each). The traps were collected at 0-4, 4-8, and 8-24 hour intervals. The percentage of [14C]Ethanol converted to 14CO2 after 
24 hours ranged from 39-47% of total radioactive dose. The percentage of [14C]Uracil converted to 14CO2 after 24 hours ranged 
from 43-52% of total radioactive dose. The 14CO2 collection efficiency of this system allows for a quantitative determination of 
how much 14C labeled TA administered to a NHP is converted to 14CO2. This approach can be used to evaluate any TA for which 
exhalation might be a significant route of excretion. Authors would like to acknowledge scientific contributions by R. Miller and A. 
Chaudhary at Merck, West Point, PA. 
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ABSTRACT: MicroRNAs (miR) including miR-34a have been shown to regulate nuclear receptor, drug-metabolizing enzyme and 
transporter gene expression in cell models. However, the degree to which miRNAs affect pharmacokinetics (PK) at the systemic 
level remains unknown. Additionally, miR-34a replacement therapy represents a new cancer treatment strategy, whereas it is 
undefined if miR-34a therapeutics would causes any drug-drug interactions (DDI). To address these questions, we developed a 
practical single-mouse PK approach and investigated the effects of a bioengineered miR-34a prodrug on the PK of several 
cytochrome P450 (CYP) probe drugs (midazolam, dextromethorphan, phenacetin, diclofenac, and chlorzoxazone) administered as 
a cocktail to mouse models. This approach involved manual serial blood microsampling from a single mouse and a sensitive LC-
MS/MS assay, which validated the sharp changes in midazolam PK by ketoconazole and pregnenolone 16α-carbonitrile as well as 
phenacetin PK by α-napthoflavone and 3-methylcholanthrene. Surprisingly, 3-methylcholanthrene also decreased systemic 
exposure to midazolam, while both pregnenolone 16α-carbonitrile and 3-methylcholanthrene largely reduced the exposure to 
dextromethorphan, diclofenac and chlorzoxazone. Finally, miR-34a had no significant effects on the PK of dextromethorphan, 
phenacetin and chlorzoxazone, and caused a marginal (45-48%) increase in systemic exposure to midazolam and diclofenac in 
mice. These findings from single-mouse PK model suggest that miR-34a might have minor or no effects on the PK of CYP-
metabolized drugs co-administered. 
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ABSTRACT: Chronic exposure to inorganic arsenic (iAs) in the food supply is a growing health concern, particularly for rice. iAs 
undergoes sequential methylation in liver to the final major metabolite DMA. DMA can exist in a trivalent or pentavalent state, as 
either dimethylarsinous acid (DMAIII) or dimethylarsinic acid (DMAV). It is now known that the methylated metabolites of iAs have 
an important role in toxicity, and that the trivalent forms are much more toxic than the pentavalent; hence, the ability to make 
separate dosimetry predictions for the two valence states is a crucial modeling priority not satisfied by existing PBPK models. As a 
precursor to the construction of an iAs PBPK model that accounts for valence states of all major metabolites, a ten-compartment 
PBPK model for each dimethyl metabolite ( DMA III and DMAV ) was created in the nonpregnant mouse. This DMA PBPK model 
tests the following hypotheses, found in the peer-reviewed literature: (1) the gut is a reducing environment, and DMAV given 
orally is partially converted to DMAIII, (2) both valence forms are absorbed across the intestinal epithelium and enter the portal 
vein, with preferential absorption of DMAIII, (3) once in systemic circulation DMAIII is transported into organs more rapidly than 
DMAV, (4) DMAIII binds extensively to intracellular proteins which are then broken down by lysosomes, and in the process of this 
DMAIII is converted to DMAV, and (5) little reduction of DMAV to DMAIII occurs outside of the gut. The DMA mouse model was 
calibrated in an iterative fashion, using IV and orally administered DMAV pharmacokinetic data sets collected by Hughes et al. 
(Toxicology 143, 155-166; TAP 227, 26-35); model parameter values were visually fit, with plausible bounds obtained from in vitro 
studies found in the literature. Model predictions for concentration-time courses are in excellent agreement with observations in 
blood, urine, lung, liver, kidney, and urinary bladder. This DMA sub-model will be incorporated into a new PBPK model for iAs 
which determines valence-state specific tissue dosimetry of iAs and its metabolites for use in risk assessment. This research was 

supported by funds from the National Toxicology Program. 
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ABSTRACT: Mammalian Cytochrome P450 (CYP), family 3 enzymes are highly expressed in detoxification organs and play a critical 
role in xenobiotic metabolism. In mammals, CYP3s are responsible for the metabolism of over 50% of pharmaceuticals. The 
zebrafish is a commonly used model organism in biomedical studies, including drug screening. Zebrafish metabolic enzymes vary 
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from that of mammals. In mammals, the CYP3 family contains only 1 subfamily (CYP3 subfamily A) while CYP3 genes in fish are 
diversified and include novel subfamilies (CYP3B, CYP3C, CYP3D). The regulation and functional roles of CYP3B, 3C and 3D proteins 
are not clear. This study utilizes the zebrafish, which has CYP3A65 and 4 CYP3C genes, to characterize the regulation of novel CYP3 
subfamily genes. CYP3Cs are highly expressed in zebrafish liver and/or intestine from at least one gender, suggesting a role in 
xenobiotic metabolism. Response elements for the aryl hydrocarbon (AHR) and estrogen receptor (ER) are found upstream of 
CYP3C genes, suggesting a role for multiple nuclear receptors in fish CYP3 gene regulation. We have exposed zebrafish to 0.005 - 1 
micromolar beta-napthoflavone (AHR agonist) or 0.001 - 10 micromolar estradiol (ER agonist) for 96 hours and assessed gene 
expression in intestine, liver, and gonads using quantitative PCR. Beta-napthoflavone induced upregulation of CYP1A (positive 
control) in intestines at 0.4 - 1 micromolar. A dose depended up-regulation of CYP3C2 and CYP3C4 was observed in the intestine 
and gonad of adult female zebrafish exposed to beta-naphthoflavone, supporting a role for AHR in regulation of these genes. 
Exposure of zebrafish to estradiol caused an upregulation of vitellogenin (positive control) in liver of both male and female fish at 
0.001 - 0.1 micromolar. Interestingly, exposure to estradiol resulted in the upregulation of CYP3C genes in gonads and intestine of 
male zebrafish while upregulation was only seen in the liver of female zebrafish. At higher concentrations, estradiol appears to 
have a repressive role in CYP3C gene regulation in male gonads, and female gonads and intestine. Understanding how these genes 
are regulated is important for fully characterizing the zebrafish metabolic capacity and providing insight on the CYP3 family in fish. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: Little work has been published on the association between mental illness and exposure to environmental 
contaminants. Yet, the prevalence of mental illness is much greater than that of neurological disease, which has received 
abundant attention in toxicological studies. The contribution of the environment to mental illness is evident by the absence of 
clear genetic risk factors. We recently discovered that the microtubule-associated gene SKA2 is an important biomarker for 
suicide. Decreased SKA2 expression was found in the prefrontal cortex of suicide decedents, which was associated with an 
increase in DNA methylation in the 3’UTR of the SKA2 gene. We conducted a series of studies on the regulation of SKA2 to better 
understand factors that increase the risk of suicide. Putative response elements at the SKA2 promoter include hypoxia-inducible 
factor 1-α (HIF1α), cAMP response element-binding protein (CREB), and peroxisome proliferator receptor alpha (PPARα). Given a 
recent study reporting an association between levels of the hypoxia-regulated gene VEGF and suicide attempt and completion, we 
hypothesized that SKA2 is regulated by HIF1α in a manner consistent with the downregulation observed in brains of suicide 
decedents. HEK293 and SH-SY5Y neuroblastoma cells were cultured under anoxic conditions or treated with desferrioxamine 
(DFO; iron chelator), forskolin (CREB activator), or fenofibrate (PPARα agonist) and evaluated for changes in SKA2 expression using 
qPCR. Knockdown cell lines for SKA2 were made using lentiviral particles containing SKA2 shRNA. HEK293 and SH-SY5Y cell lines 
responded to treatment with forskolin, with upregulated FOS expression, and fenofibrate, with upregulated APOA2 expression, 
but did not show changes in SKA2 expression. SH-SY5Y, but not HEK293, showed decreased expression of SKA2 within 24 hours of 
anoxia, with associated increased expression of HIF1α downstream genes VEGFA and GLUT1. Both cell lines showed a transient 
decrease in SKA2 expression with DFO treatment in both a dose- and time-dependent manner, consistent with the HIF1α 
downstream response. SKA2 knockdown in HEK293 did not alter the downstream response to anoxia. We conclude that SKA2 is 
under hypoxia control but is not involved in hypoxia signaling. Considering that many environmental metals modify iron 
metabolism, and the cross talk between the aryl hydrocarbon receptor and hypoxia pathways, we suggest further inquiry into the 
involvement of exposure to environmental contaminants and suicide. 
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ABSTRACT: Hyperglycemia-induced oxidative stress disrupts several intracellular signaling pathways, which form a pathological 
basis for end organ damage in diabetic patients or animals. In the testis, diabetes induces DNA damage contributing to the 
impairment of male reproductive functions. The present study investigated modulatory roles of Resveratrol (3,5,4'-trihydroxy-
trans-stilbene) on diabetes-induced DNA base oxidation and alterations in base excision repair (BER) mechanisms in the testis. 
Adult male Sprague-Dawley rats (n=7-8) were made diabetic by a single injection of Streptozotocin (55 mg/kg; ip). The normal and 
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diabetic rats were administered Resveratrol (5 mg/kg/day) from days 16-30 and days 46-90 for sample collection on days 30 and 
90, respectively. Total antioxidant (TAS) and total oxidant (TOS) levels (plate reader assays), oxidative DNA damage (8-oxo-dG 
immunohistochemistry) and BER-related proteins (Western blotting) were estimated in testes samples. Data were analyzed by 
one way ANOVA and LSD test and P<0.05 was considered significant. On both sampling days, Resveratrol did not recover diabetes-
induced decreases in body weights and increases in blood glucose levels. On day 30, but not on day 90, Resveratrol 
supplementation improved the diabetes-induced decreases in testis and epididymis weights, sperm motility, and sperm count. 
Resveratrol inhibited the increased expression (immunofluorescence) of 8-oxo-dG and oxidative stress in testicular cells on both 
days. Diabetes up-regulated the BER by increasing the protein levels (Western blotting) of DNA-(apurinic or apyrimidinic site) lyase 
(REF1) and DNA polymerase-δ in the testis, which was normalized by Resveratrol. On day 90, Resveratrol recovered the diabetes-
induced decreases in proteins, 8-oxoguanine glycosylase (OGG1), and REF1 and DNA polymerase-β, and increases in that of DNA 
polymerase-δ, X-ray repair cross-complementing protein 1 (XRCC1), and proliferating cell nuclear antigen. Resveratrol 
supplementation inhibits DNA base oxidation and recovers the diabetes-induced alterations in BER mechanisms in rat testis. 
Supported by RM01/12 and SRUL02/13. 
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ABSTRACT: Iodoacetic acid (IAA) is an emerging and unregulated disinfection byproduct found in drinking water. In our study, the 
genetic toxicity profiles of IAA were evaluated with a battery of genotox assays including bacterial reverse mutation assay (Ames 
assay), in vitro chromosome aberration assay, in vitro micronucleus assay and in vivo micronucleus assay. In the bacterial reverse 
mutation assay, IAA was tested from 3.16 to 500 µg/plate in tester strains TA98, TA100, TA1535, TA1537 and WP2 uvrA, with and 
without metabolic activation. IAA induced a 2.36-fold increase in the mean number of revertant colonies in tester strain TA98 at 
150 µg/plate in the absence of the S9 mix when compared with concurrent solvent control, and IAA treated at concentrations of 
100 µg/plate also caused 2.99 folds and 3.86 folds increase of the number of revertants in TA100 strains in the presence and 
absence of the S9 mix, respectively. In chromosome aberration assay of human peripheral blood lymphocytes (PBL), significant 
increases in the percentage of cells with structural chromosome aberrations were observed at 6 and 7 μg/mL IAA treatment (5.5% 
and 9.0%, respectively) in non-activated 3-h treatment series when compared to the concurrent solvent control, while in S9 
activated 3-h treatment series and non-activated 24-h treatment series, the increases of aberrant cells were not statistically 
significant. In the cytokinesis-block micronucleus assay, IAA treated at concentrations of 4–6.5 µg/mL significantly increased in the 
number of binucleated cells containing micronuclei in the absence of S9 mix in PBL. For the in vivo micronucleus assay, at either 
the 24-h or the 48-h sampling time, IAA did not induce statistically significant increase of micronucleus formation at any dose level 
examined when compared to the concurrent vehicle control. Overall, our results suggest that IAA exhibit obvious genotoxic 
potential in vitro while lacking in vivo evidence. These data could be valuable for developing mechanisms based health risk 
assessment and provide scientific evidence for developing national drinking water standards in the future. 
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ABSTRACT: Our earlier studies showed the inhibitory effects of cadmium (Cd) and paraquat (PQ) on the gene expression of DNA 
mismatch recognition proteins in zebrafish (Danio rerio) embryos. This study explored the effects of Cd and PQ on nucleotide 
excision repair (NER) capacity in zebrafish embryos. Exposure of embryos at 1 h post fertilization (hpf) to 3-5 μM Cd or 30-100 μM 
PQ for 9h induced a 2-3-fold increase of oxidative stress, while a 6.5-fold increase of oxidative stress was induced by 200 μM PQ. 
Realtime RT-PCR detected a down-regulated xeroderma pigmentosum C (XPC) and an up-regulated UV-DDB2 gene expression in 
mildly-stressed embryos, whereas 8-oxoguanine DNA glycosylase (OGG1) gene expression increased with PQ exposure levels. NER 
of UV-damaged DNA was enhanced in weakly oxidant-stressed embryos as shown by a transcription-based DNA repair assay, yet 
repair activities of both UV and cisplatin-damaged DNA were inhibited in embryos exposed to 200 μM PQ. Band shift assay 
showed a suppression of cyclobutane pyrimidine dimer (CPD) binding activity in all stressed embryos. In contrast, (6-4) 
photoproduct (6-4PP) recognition activity was weakly stimulated except in embryos exposed to 200 μM PQ, revealing a link of NER 
capacity to 6-4PP binding. Our results showed that Cd and PQ imposed similar inducing effects on UV-DDB2 gene expression, NER 
of UV-damaged DNA and 6-4PP binding activity in zebrafish embryo under low levels of oxidative stress and NER capacity could be 
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inhibited if the intensity of oxidative stress increased to a critical level. As the gene expression of the glycolytic enzyme, 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), was stimulated in embryos exposed to PQ at 200 μM, inhibition of the 
mitochondrial function may lead to suppression of NER capacity. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: Cumin (Cuminum cyminum) is being used as a popular spice for culinary purposes and also known for its various 
pharmacological properties. It’s shown to possess anticancer properties in animal experiments. To determine mechanism of its 
anticancer properties, we have evaluated its clastogenic and anticlastogenic potential using micronucleus assay in CHO cells. C. 
cyminum seed oil produced cytotoxicity in CHO cells at concentrations of ≥ 0.005µg/mL in the absence and presence of metabolic 
activation system. Biologically no significant increase in micronuclei was observed at any tested concentrations both in the 
absence and presence of metabolic activation system as compared to concurrent vehicle control, therefore it is concluded that 
cumin seed oil did not have clastogenic potentials itself under the test conditions. In the next phase, cumin seed oil was assessed 
for its anticlastogenic potential. Anticlastogenic trial was conducted both in the absence and presence of metabolic activation 
system (10% S9 mix) with short (~4 h) and continuous (~20 h) treatment at concentrations ranges from 0.002 to 0.05 µg/mL cumin 
seed oil with known positive clastogen. Cumin seed oil showed a weak or no anticlastogenic potential based on the percent 
inhibition for micronuclei formation against known positive clastogen. More exploration is required to establish the 
anticlastogenic potential and mechanism of its anticancer properties. 
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ABSTRACT: Nucleotide excision repair (NER) removes helix-distorting DNA lesions such as UV-induced pyimidine dimers and 
cisplatin-induced strand crosslinking. Our earlier studies have identified low-molecular-weight proteins homologous to the 150-
kDa vitellogenin 1 (Vg1) as UV-damaged DNA-binding factors expressed in developing zebrafish (Danio rerio). This present study 
explored if Vg1-like proteins also participated in NER in zebrafish. Immunoblot analysis of affinity-captured 12 h post-fertilization 
(hpf) zebrafish extract proteins showed a transient binding of a 30-kDa Vg1-like polypeptide to UV-damaged DNA. A transcription-
based in vitro repair assay revealed a significant up-regulation of UVC or cisplatin- suppressed transcriptional activity of a marker 
cDNA driven by a SP6 RNA polymerase-regulated promotor after incubating the damaged plasmid with the extracts of 12 hpf 
embryos or 96 hpf larvae. The up-regulation of UV or cisplatin-suppressed transcription was abolished in the presence of a 
monoclonal anti-zebrafish Vg1 35 antibody. A T4 endonuclease V digestion assay showed no inhibition of the anti-Vg1 antibody on 
the excision of UV-induced cyclobutane pyrimidine dimers. Our results identified the participation of Vg1- like factors in NER in 
developing zebrafish, and these factors may function at post-incison steps of NER. In addition, a strong inhibition of NER capacity 
was found in embryos exposed to 200 μM hydrogen peroxide, while NER capacity was weakly inhibited by the same level of 
paraquat. The higher sensitivity of NER to hydrogen peroxide than to the superoxide radical-generating herbicide paraquat 
suggested a differential response of Vg 1-like factors to different forms of reactive oxygen species. 
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ABSTRACT: Regulatory agencies including US EPA, US FDA, ECHA, and EMA require thorough assessment of the health effects of 
chemicals present in the environment and marketplace. Genotoxicity testing is an essential component of the safety assessment 
paradigm required by regulatory agencies worldwide. The current genotoxicity testing battery features high incidence of positive 
findings particularly for in vitro chromosome damage assays. It is known that many of these “positive” findings are not caused by 
DNA damage but cytotoxicity and perhaps other non-genotoxic mechanisms. Indeed, many of the marketed drugs with positive 
genotoxicity findings had negative carcinogenicity data. The risk management of compounds with positive in vitro genotoxicity is a 
major challenge and requires complicated, time consuming and costly follow-up strategies including animal testing. Hence, gaining 
insight into genotoxic mechanisms and distinguishing “irrelevant” positive genotoxicity findings caused by nongenotoxic 
mechanisms would be of great value. Taking advantage of a modern toxicogenomics approach we have constructed a reference 
database containing global gene expression profiles of 28 model agents with a broad range of known toxic mechanisms and 
identified a transcriptomic biomarker named TGx-28.65, which comprises 65 genes representing that can distinguish responses to 
DNA damage from those response induced by other classes of chemical agents. This biomarker, validated using an additional 45 
agents, correctly classified more than 90% of chemicals with irrelevant positive findings in the in vitro chromosomal damage 
assays. The application of the TGx-28.65 biomarker-based approach in genetic safety risk assessment will be presented. 
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ABSTRACT: Clomiphene citrate is a selective estrogen-receptor modulator and primarily used to enhance follicular development in 
women receiving IVF treatment. Although some studies suggested large increases in ovarian cancer risk related to fertility 
medications, this association has not been confirmed in other studies. This study was planned to examine genotoxic effects of 
clomiphene citrata in human lymphocytes by using comet assay and AMES mutagenicity in Salmonella typhimurium strains TA98 
and TA100 . Concentrations of clomiphene citrate (0.40, 0.80, 1.60, and 3.20μg/ml) significantly increased DNA damage in isolated 
lymphocytes compared with respective controls. The Ames test showed that the concentrations of clomiphene citrate did not 
induce base-pair substitutions or frame-shift mutations in S. typhimurium strains TA98 and TA100. 
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ABSTRACT: The in vitro mutagenic potential of the aerosol from a commercially available, electronic-cigarette (e-cigarette; Vype 
ePen) was assessed using the Ames assay. Aerosol generated from the e-cigarette was trapped on a Cambridge filter pad, eluted 
in DMSO and compared to cigarette smoke total particulate matter (TPM), which was generated in the same manner. Fresh e-
cigarette and cigarette smoke aerosols were generated on a Vitrocell®VC 10 smoking robot (Vitrocell Systems GmbH) and 
compared following direct aerosol exposure using a modified scaled-down 35 mm air agar interface (AAI) methodology. E-
cigarette aerosol collected matter (ACM) was found to be negative in the 85 mm Ames assay in strains TA98 and TA100 when 
conducted to OECD TG471, at concentrations up to 2400 µg/plate. Freshly generated e-cigarette aerosol was also found to be 
negative in both strains after an AAI aerosol exposure, when tested between 1-12 L/min dilution for up to 3-hours (360 puffs). In 
contrast, cigarette smoke TPM and aerosol from 3R4F reference cigarettes were found to be mutagenic in both tester strains, 
under comparable test conditions to those of e-cigarettes. To confirm these negative findings with e-cigarette exposure, further 
studies investigated extreme exposures up to 900 puffs. Some evidence of thinning of the background lawn and a marked 
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reduction in revertants in TA98 and TA100 was observed following 900 puffs of undiluted e-cigarette aerosols. The data 
demonstrate that e-cigarette aerosols remained non-mutagenic under extreme testing conditions and confirms the original 
conclusions. This novel whole aerosol approach could be used in a targeted manner to support e-cigarette assessments, and may 
even be useful in understanding the nature of the product in its extremes. They next key step is to contextualise the findings 
against human consumption data, to ensure that these products are being tested within the constraints of their manufacturers’ 
specifications and intended use. Furthermore, in vitro dosimetry approaches should be considered to draw more accurate 
comparisons between cigarette smoke, e-cigarette aerosol exposures and human use. 
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ABSTRACT: For understanding genotoxicity of five typical toxicants in particle phase of cigarette smoke, γH2AX assay by High 
Content Screening was applied to analyze the genotoxicity of benzo(a)pyrene, nicotine, tar, N-nitrosonornicotine (NNN), 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), carboxylate metabolites of NNN and NNK (NNN-acetate and NNK-acetate, 
respectively) on A549 cells based on dose/time-response model. The results showed the toxicants obtained a dose/time-
dependent manner in the induction of γH2AX except for NNN and NNK. Based on the in vitro γH2AX assay, benzo(a)pyrene, tar 
and nicotine (just in the absence of S9) showed a significant positive response for genotoxicity evaluation. The ability to induce 
DSBs was evaluated as NNN-acetate > benzo(a)pyrene > benzo(a)pyrene (S9) >NNK-acetate > tar(S9) > tar > nicotine based on analysis 
of Hill mode. The DNA damages induced by those toxicants (benzo(a)pyrene, nicotine, tar, NNN-acetate and NNK-acetate ) were 
complex and slow DNA damage/repair mechanism was more important based on the analysis of the two components model. In 
conclusion, toxicants from particle phase of cigarette smoke showed a different dose/time-response relations in terms of DNA 
damage. Their genotoxicities can be analyzed through Hill model and two component model based on γH2AX assay. 
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ABSTRACT: Historically, we have observed notable differences in the frequencies of spontaneous revertants between the 
activated and nonactivated conditions in Ames assay with the frequencies being notably higher for all strains in the presence of S9 
enzyme mediated metabolic activation. As the S9 fraction and the cofactors added to the reaction mixture are the only difference 
between the two conditions, the response is attributable to either the S9 fraction and/or cofactors. As a range of concentrations 
of S9 are used by different labs for regulatory submissions, it is important to evaluate the contributions of various components of 
the testing conditions in order to avoid false positives. A range of S9 concentrations such as 1.0, 2.5, 5, 10 and 20% combined with 
appropriate amounts of cofactors, were tested using TA 100 strain. There was a steady increase in the frequency of revertants 
across the range with maximum increase occurring at 20% concentration. In order to determine if the presence of S9 enzyme 
protein was an additional source of histidine, the bacteria were incubated with S9 fraction alone in the absence of cofactors and 
the results showed no increase in the revertant frequency compared to controls devoid of both S9 fraction and cofactors 
suggesting that the functional activity of the S9 enzyme was required for the response. These results demonstrate that the 
components of the test system used to evaluate mutagenicity in the activated condition could contribute to background mutation 
frequency. These results along with other experiments modulating concentrations of top agar and using S9 fraction from animals 
that were not pretreated with a liver enzyme inducer will be discussed. 
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2017 Society of Toxicology Late-Breaking Abstracts  137 

ABSTRACT NUMBER: 3521 Poster Board Number: P496 
TITLE: Enhancing the Efficacy of Cancer Therapy: Use of Small Molecule Inhibitors of DNA Glycosylases as Potential Drugs 
 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: E. Coskun1, A. C. Jacobs2, N. Donley2, M. J. Calkins2, A. Jadhav3, D. 
Dorjsuren3, D. J. Maloney3, A. Simeonov3, P. Jaruga1, A. K. McCullough2, M. Dizdaroglu1, S. R. Lloyd2. 1National Institute of 

Standards and Technology, Gaithersburg, MD; 2Oregon Health and Science University, Portland, OR; 3National Institutes of Health, 

Rockville, MD. 
KEYWORDS: Pharmaceuticals; Carcinogenesis; Dna Repair; Mass Spectroscopy; NEIL1, OGG1, NTH1 
 

ABSTRACT: Chemotherapy aims to destroy cancer cells by damaging their DNA. However, the overexpression of DNA repair 
proteins in cancer cells causes the removal of DNA lesions before they become toxic and thus leads to an increased DNA repair 
capacity resulting in resistance to therapy. The DNA base excision repair (BER) pathway, which utilizes DNA glycosylases to initiate 
repair of specific DNA lesions, is the major pathway for the repair of DNA damage induced by oxidation, alkylation, and 
deamination. Growing body of evidence with early results from clinical trials suggest that inhibiting certain enzymes in the BER 
pathway is a promising approach to enhance the efficacy of cancer therapy as a mono- or combination- therapy. The aim of this 
study was to discover small molecule inhibitors of the major human DNA glycosylases; NEIL1, NTH1 and OGG1. First, we 
developed a fluorescence-based assay using double-stranded oligodeoxynucleotides containing one substrate lesion to detect 
both glycosylase and apyrimidinic/apurinic lyase activities of DNA glycosylases. From a screen of ∼400,000 compounds, a number 
of inhibitors were identified. Subsequently, we applied gas chromatography/isotope-dilution tandem mass spectrometry to 
measure the glycosylase activities of NEIL1, NTH1 and OGG1 using damaged DNA containing multiple lesions, which provide 
structural elucidation of products and ascertain accurate quantification. We identified four purine analogs as potent inhibitors of 
excision of the main substrates of NEIL1. Three of NEIL1 inhibitors also inhibited the excision of NTH1 substrates, but did not affect 
OGG1 activity. From a screen of ∼50,000 molecules, five hydrazydes were identified as potent inhibitors of OGG1. These 
compounds exhibited no inhibition of NEIL1 and NTH1 activities for all their substrates analyzed by two different methodologies 
used in this work. Overall, this work forms the foundation for future drug discovery for the entire family of DNA glycosylases. The 
inhibitors identified serve as a proof-of-concept for the initial phase of the drug discovery process. Future work will involve the 
screening of additional compound libraries for different types of inhibitors of DNA glycosylases. 
 ___________________________________________________________________________________________________________  

ABSTRACT NUMBER: 3522 Poster Board Number: P497 
TITLE: Developing "Designer" Human Kindey Cells for Toxicology Testing 
 

AUTHORS (FIRST INITIAL, LAST NAME) AND INSTITUTIONS: M. Mossoba, S. Vohra, E. Bigley, Z. Keltner, P. Wiesenfeld. US FDA, 

Laurel, MD. 
KEYWORDS: In Vitro and Alternatives; Safety Evaluation; Kidney 
 

ABSTRACT: Classic toxicology studies often utilize in vivo animal models. Newer in vitro organ-specific cellular models have been 
developed in recent years to help accelerate the speed and reduce the cost of traditional toxicology testing. Towards the goal of 
supporting in vitro cellular model research with a regulatory application in mind, we developed a ‘designer’ human kidney cell line 
we coined HK2-Vi. We designed this novel in vitro tool to be a kinetic assay that easily yields data on short- or long-term renal cell 
viability after toxin exposure. To generate HK2-Vi, we transferred DNA encoding Perceval HR and pHRed biosensors developed by 
Dr. Gary Yellen. Perceval HR fluoresces at different wavelengths when bound to ATP vs. ADP and any distortion in signal caused by 
changes in pH were corrected using the pHRed biosensor. We used lentiviral vectors to insert the biosensor-encoding DNA into 
the parental HK-2 cell line to generate clonal cell population of HK2-Vi. To demonstrate the utility of this novel tool, we first 
exposed HK2-Vi to the metabolic poison, rotenone, which interferes with ATP production by inhibiting the transfer of electrons 
within the mitochondrial electron transport chain from complex I to ubiquinone. Direct in vitro exposure of rotenone to HK2-Vi 
cells resulted in a rapid ~20% decrease (P<0.01) in ATP to ADP signal within 30 minutes of its addition and further signal 
reductions could be followed over time (60, 90, 120, etc.). Reductions in relative ATP fluorescence were also measured within this 
rapid timeframe following the addition of iodoacetylamide, which inhibits ATP synthesis via the glycolytic pathway, or oligomycin, 
which blocks ATP synthase. This metabolic data is consistent with HK-2 testing of cellular respiration by Seahorse instrument. As a 
further step to testing the reliability of HK2-Vi cells as a tool for renal cell toxicology testing, the effect of the nephrotoxic 
compound diglycolic acid (DGA) was compared to the innocuous compound valproic acid. Unlike valproic acid, 10 mM DGA 
yielded a significant drop in relative ATP signal (P<0.001). This data is consistent with our previous findings that (a) DGA 
compromises ATP production measured by costly commercial ATP kit assays [Mossoba et al., under review] and (b) DGA is also an 
in vivo nephrotoxicant [Sprando et al., under review]. Following these proof-of-principle experiments, we will test a series of 
nephrotoxic and non-toxic compounds to help establish HK2-Vi as a rapid and cost-efficient tool for in vitro toxicology testing. 
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ABSTRACT: Some medicinal plants have been reported to express cysteine-stabilised peptides (CSP) which recently have been 
explored for their bioactivities. A major source of CSP is the Rubiaceae family to which Morinda lucida belongs, a plant used for 
the treatment of malaria which has been established to express linear CSP in its leaf. Some of these CSP have also been reported 
to exert cytotoxic activity. The aim of this study was therefore to evaluate the effects of CSP of Morinda lucida leaf on selected 
kidney function indices of mice. CSP fraction (CSPF) was obtained from aqueous extract of Morinda lucida leaf by C18 solid phase 
column chromatography while the nature of the peptide was confirmed by ninhydrin staining and matrix-assisted laser desorption 
ionisation time of flight-mass spectrometry. Thirty mice were randomly divided into six groups of five mice each. CSPF was then 
administered at the doses of 31.25, 62.5, 125, 250, 500 mg/kg to mice in groups B, C, D, E and F respectively, while mice in group 
A were administered 5% DMSO. After 28 days of peptide fraction administration, selected kidney function indices of mice were 
then determined. The results revealed that the peptide fraction did not significantly alter (p>0.05) concentrations of plasma urea, 
sodium, potassium, chloride and bicarbonate ions at all doses compared to controls. Also, CSPF did not significantly alter (p>0.05) 
the activities of alkaline phosphatase, gamma glutamyl transferase, Mg2+ -ATPase, Ca2+, Mg2+ -ATPase and Na+, K+ -ATPase in the 
kidney at all doses compared to controls. However, plasma creatinine and calcium ion concentrations were significantly reduced 
(p<0.05) at higher doses while plasma phosphate ion concentration was significantly increased (p<0.05) at the highest dose 
administered compared to controls. The results suggest that cysteine-stabilised peptides of M. Lucida leaf may cause 
hyperphosphatemia and adversely affect creatine metabolism in the muscle at high doses after prolonged administration. 
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ABSTRACT: microRNA (miRNA) and messenger RNA (mRNA) expression profiles provide important information regarding the 
progression of pathological conditions and might be useful to complement traditional endpoints for assessing kidney toxicity. The 
current study used a rat model of nephrotoxicity induced by co-exposure to melamine and cyanuric acid (MEL&CYA) and assessed 
the recovery of kidneys after a 90-day co-exposure to these compounds. Male and female F344/N Nctr rats were dosed by daily 
gavage with 0, 1.25, 2.5, or 5 mg/kg body weight (bw)/day each of MEL&CYA. After 90 days, treatment was stopped and twelve 
animals per sex per treatment group were sacrificed after 1, 30, and 90 days of recovery. The expression levels of miRNAs and 
mRNAs were measured in the kidneys by quantitative real-time RT-PCR. The screening of the kidney miRNome (n = 5 per sex; 0 
and 5 mg/kg bw/day each MEL&CYA; 1 day of recovery) showed increases in the levels of several miRNAs (miR-21-5p, 132-3p, 
142-3p, 146b-3p, 199a-3p, 214-3p, and 223-3p) in treated versus control in both sexes. Each of these miRNAs has been described 
in the literature to be affected by kidney disorders. In addition, the transcript levels of known biomarkers of nephrotoxicity (Kim-1, 
Timp1, Clu, Lcn2, and Spp1) were up-regulated in the high MEL&CYA dose group at 1 day of recovery in both sexes. These changes 
are consistent with the histopathological analysis that showed that the high MEL&CYA dose induced significant kidney injury. After 
30 and 90 days of recovery, kidney histopathological lesions were still present, albeit with decreased incidence and severity; 
however, the expression level of the biomarker genes had returned to basal levels. These data suggest that these molecular 
biomarkers may be suitable to assess nephrotoxicity immediately after exposure, but not at later time points during recovery. 
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ABSTRACT: Hyperglycemia induces oxidative stress, the formation of advanced glycation end products (AGEs) and alterations in 
many molecular mechanisms in kidneys, which ultimately lead to the onset of diabetic nephropathy. Longstanding diabetes 
almost always leads to diabetic nephropathy, which, therefore, demands better treatment or preventive strategies. The present 
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study investigated protective/preventive effects of Resveratrol (3,5,4'-trihydroxy-trans-stilbene) on AGE formation, and 
expression of their receptors in diabetic rat kidneys. Male Wistar rats (13-15 week-old) were segregated into 4 groups- control, 
Resveratrol-treated (5 mg/kg, po), diabetic (Streptozotocin, 55 mg/kg; ip) and diabetic + Resveratrol-treated (from day 45-90) 
diabetic rats. On 90th day, the rats were killed, perfused with phosphate buffered saline, removed and weighed. Periodic acid-
Schiff’s reaction-hematoxylin and Masson’s trichrome stained kidney sections were examined for histopathological changes. 4-
hydroxynonenal (4-HNE), AGEs and their receptors (RAGEs), and caspase-3 levels were estimated by Western blotting and 
immunohistochemistry. Data were analyzed by one way ANOVA and LSD test and P<0.05 was considered significant. 
<b>Results:</b> Resveratrol inhibited the diabetes-induced increase in kidney weights although not to the control level (P<0.05). 
Resveratrol also reduced diabetes-induced histopathological changes such as epithelial degeneration in kidney tubules. Diabetes 
had enhanced the formation of 4-HNE, AGEs and RAGEs in epithelial cells compared to the controls (P<0.05). 4-HNE and AGEs 
were expressed in convoluted tubules, the loops of Henle and collecting tubules, but RAGEs were mainly expressed in convoluted 
tubules. Resveratrol significantly inhibited these molecules in diabetic rat kidneys. Resveratrol significantly alleviates diabetes-
induced oxidative damage, AGEs and RAGEs in rat kidneys. Resveratrol supplementation may be useful to hinder the onset and 
progress of diabetic nephropathy. Supported by RM01/12 and SRUL02/13. 
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ABSTRACT: Current in vitro hepatic models, such as liver cell lines or 2D cultured primary human hepatocytes (PHH), are restricted 
in their use for studies of human liver function and drug-induced liver injury due to their unphysiological immature phenotypes. 
Therefore, we developed a 3D PHH spheroid culture system in chemically-defined, serum-free conditions that maintains a stable 
phenotype for at least five weeks. The proteomes of PHH spheroids clustered together with the proteomes of the specific liver 
tissue they originated from, indicating preservation of inter-individual variability, whereas 574 proteins were differentially 
expressed in 2D cultured hepatocytes from the same donors. PHH spheroids remained viable, showed stable albumin secretion 
and major cytochrome P450 enzymes remained active throughout the culture period. In addition, spheroid co-cultures from PHH 
and hepatic non-parenchymal cells could be generated, thereby further increasing the resemblance to the in vivo liver. We then 
utilized the PHH spheroid model to study the mechanisms underlying the hepatotoxicity of fialuridine, a hepatitis B virus inhibitor 
whose toxicity was not detected in any preclinical animal study but caused liver failure in 7/15 patients in phase 2 clinical trials. 
While no toxicity could be detected after a single 48-hour exposure, repeated exposure to fialuridine for 10 days resulted in 
significant toxicity, with EC50 values approaching Cmax (1 µM). Strikingly, when PHH spheroids were under pressure of epidermal 
growth factor, which renders the hepatocytes in a more dedifferentiated state, fialuridine did not cause any noticeable toxicity as 
judged by cleaved caspase-3 staining. We also investigated the role of the equilibrative nucleoside transporter 1 (ENT1), a 
nucleoside transporter expressed in human mitochondria, in the toxicity of fialuridine and found that exposure to 
nitrobenzylthioinosine (NBMPR), a selective ENT1 inhibitor, protected PHH spheroids from fialuridine toxicity by 25%, which 
correlates well with the extent of contribution of ENT1 towards fialuridine transport. In conclusion, the PHH spheroid model 
presented here is a promising novel in vitro system that allows detailed mechanistic analyses of chronic drug-induced 
hepatotoxicity. 
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ABSTRACT: Drug Induced Liver Injury (DILI) is the primary adverse event that results in the withdrawal of drugs from the market. 
Drugs may cause liver injury by many different mechanisms. Traditional clinical chemistry biomarkers have often been insensitive 
and not always specific to liver injury. A panel of organ specific, sensitive biomarkers is required to ensure that the potential for 
DILI is identified early in the drug development process. To meet this need, we developed a Luminex® bead-based multiplex 
immunoassay that can simultaneously measure the Predictive Safety Testing Consortium (PSTC)-endorsed hepatotoxicity 
biomarkers, arginase 1 (ARG1), ɑ-glutathione S-transferase (GST-α), malate dehydrogenase 1 (MDH1), sorbitol dehydrogenase 
(SDH), and 5'-Nucleotidase (5'-NT/CD73) protein levels in the blood. Assay performance evaluation revealed outstanding 
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sensitivity, specificity, and precision with a wide linear dynamic range. During the biological validation process, we observed 
pronounced blood protein level elevations in various clinical liver injury samples. In particular, SDH increases >300-fold in liver 
injury compared to normal samples. Compared with conventional enzyme activity assays, this quantitative immunoassay saved 
time, labor, and sample. Most importantly, the sample correlation coefficient is statistically significant between the immunoassay 
and the enzyme activity assay. This immunoassay also has the sensitivity to measure these analytes in Hep2G cell culture 
supernatant, which enables high-throughput compound screening. T cell immune response plays an important role in immune 
response in DILI. In this study, we measured 21 prominent T-cell cytokines and found that immune biomarker changes 
corresponded to DILI biomarkers which suggests T cell activity is intertwined with hepatocyte pathogenesis. The results of this 
study demonstrates the robustness and ease of using immunoassays for multiple protein biomarker quantification. The 
MILLIPLEX® map platform provides an ideal approach for researchers assessing the potential for a drug to cause severe liver injury 
during new drug development. 
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ABSTRACT: Hepatic steatosis, the abnormal accumulation of triglycerides within hepatocytes, is the most prevalent liver disease in 
the US, estimated to affect over 20% of the population. Although well tolerated by itself, steatosis may sensitize the liver to 
secondary insults and promote progression to more severe forms of fatty liver disease. Drugs and environmental chemicals have 
been linked to fatty liver through diverse modes of action, including mitochondrial impairment, enhanced cytokine production, 
and altered hepatic lipid secretion. To establish a human relevant fit-for-purpose in vitro assay that can detect chemical-induced 
liver steatosis we developed a multiplexed high-content screening strategy using a 96-well micropatterned coculture system of 
primary human hepatocytes. The assay was developed using cyclosporin A and amiodarone as steatogenic reference compounds 
based on their high specificity and well understood mechanisms, and caffeine as a non-steatogenic control. Optimization of the 
dosing, labeling, and analysis resulted in an assay protocol with a 96-hour treatment duration, a fixed endpoint, 4-channel 
imaging, and multiplexed assessment of cytotoxicity and hepatocyte-specific neutral lipid accumulation. Cyclosporin A and 
amiodarone, but not caffeine, induced lipid accumulation in a dose-dependent manner up to 10 µM. Higher concentrations of 
cyclosporin A and amiodarone, but not caffeine (up to 100 µM), were cytotoxic. Using the optimized protocol, a validation screen 
of eight chemicals with known in vivo steatogenic potencies was performed at eight concentrations, from 0.03 to 100 µM at half-
log intervals. Compounds inducing a significant increase (p<0.001) of neutral lipid accumulation compared to vehicle were 
designated as steatogenic compounds in the in vitro assay. The five most potent of the tested compounds (chlordecone, 
chlordane, aroclor 1254, flurprimidol, and quinolone), with reported in vivo LOAELS <= 35 mg/kg∙d, were identified as steatogenic 
in the assay. The negatives in the assay (alachlor, ametryn, and ethylene glycol) have reported LOAELS >= 50 mg/kg∙d. These 
results support utility of this in vitro platform for evaluating chemical promotion of human fatty liver disease. 
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ABSTRACT: In living donor liver transplantation (LDLT), stimulation of hepatic regeneration can have tremendous therapeutic 
relevance for both recipients and donors, however, very few substances have been found capable of stimulating the liver 
recovery. In this study we examined the effect of betaine, a methyl donor utilized in remethylation of homocysteine to 
methionine, on liver regeneration in rats subjected to two-thirds hepatectomy (PHx). Betaine (1 %) provided either from 2 wk 
before PHx or after PHx enhanced the growth of liver significantly, reaching a normal liver weight in 7 days after the surgery. 
Protein expression of cyclin D1 and proliferating cell nuclear antigen (PCNA) was also stimulated by betaine intake. The surgical 
treatment induced a significant change in hepatic levels of sulfur-containing amino acids and polyamines. Methionine, S-
adenosylmethionine (SAM), S-adenosylhomocysteine (SAH), cysteine and taurine were elevated rapidly in the remnant livers, and 
these changes were further intensified by betaine intake. A drastic increase in hepatic putrescine was noted from 6 h after PHx, 
while spermidine unchanged and spermine decreased slightly. Betaine administration elevated putrescine further and also 
elevated spermidine significantly in the remnant livers. It is suggested that an alteration in the metabolomics of sulfur-containing 
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substances may critically influence the liver regenerative process, most probably via regulation of the polyamine metabolism. The 
enhancement of liver regeneration by betaine may be attributed to the increase in hepatic spermidine levels resulting from an 
elevation of the SAM availability. This finding raises the possibility that betaine may be effective in promoting the regeneration of 
liver tissue after damage or transplantation, and therefore, warrants further studies to examine its clinical significance. 
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ABSTRACT: Drug-induced liver injury (DILI) is a major cause of attrition during drug development and withdrawal post-marketing, 
with DILI onset generally observed several weeks drug exposure. Early prediction of DILI causing drugs would improve 
prioritization of drugs with favourable safety attributes. High content biology has been shown to add both sensitivity and 
specificity to retrospective prediction of hepatotoxicity. More recently, 3D spheroid culture of primary hepatocytes, or 
hepatocytes and Kupffer cells, have been shown to preserve liver specific functions over several weeks in culture. This enables 
long-term repeated dose assessments, not currently possible with 2D-hepatocyte culture systems. The aim of this study is to 
assess the benefit of using high content screening approaches in both 2D and 3D primary hepatocyte and HepaRG cell culture 
models. In this study, we assessed the predictivity of primary human hepatocytes and the HepaRG cell line in 2D and in 3D across 
a range of commonly used high content imaging endpoints. DILI is determined by measuring the cell health markers reduced 
glutathione, ROS formation, mitochondrial dysfunction, cellular ATP and DNA structure in the primary hepatocyte and HepaRG 
spheroids, following a 14 day repeat dose compound exposure. The same cell health parameters were also assessed for the same 
cell types in 2D with the additional high content endpoints cell count, nuclear size, cell membrane permeability, mitochondrial 
mass. A validation set of 13 compounds was used (MIP-DILI compounds). A comparison of IC50’s from 2D HCA with 3D HCA using 
both primary human hepatocytes and the HepaRG cell line demonstrated that primary human hepatocytes showed 0.38 / 0.80, 
0.75 / 0.80 and 0.63 / 0.80 (sensitivity/specificity) for 2D HCA, 2D GSH and 3D HCA, respectively. HepaRG cells showed 0.38 / 1.00, 
0.63 / 1.00 and 0.86 / 0.6 (sensitivity/specificity) for 2D HCA, 2D GSH and 3D HCA, respectively. We conclude that the need to 
understand the appropriate use of each model is crucial to enable appropriate positioning of hepatic safety assays in the discovery 
pipeline. 3D cell culture may broaden the functional mechanisms present within the in vitro hepatocyte and allow more chronic 
compound administration, however, this does not directly translate to enhanced sensitivity and specificity over a 13 compound 
dataset. 
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ABSTRACT: In many cases, idiopathic drug-induced liver injury (IDILI) has an underlying immunopathological component, 
characterized by lymphocytes adhering to an inflamed liver sinusoid and causing acute hepatitis. Targeted intervention for IDILI 
requires understanding cell type-specific responses. The objective of this study was to dissect the immune system-related 
response of liver sinusoidal endothelial cells (LSEC), Kupffer cells (KC), infiltrating myeloid cells (MC), and the liver as a whole 
during acute intrahepatic immune infiltration. Concanavalin A (ConA), a plant lectin, models T-cell-mediated liver damage when 
administered intravenously (iv) to mice. C57BL/6J mice (4/group) were administered low-dose ConA (5 mg/kg, iv) or PBS. Liver 
tissue and purified liver cells were isolated at 4 and 24 hours following treatment using liver perfusion and flow cytometry sort-
purification, then analyzed with microfluidic qRT-PCR for expression of genes associated with inflammatory, suppressive, or repair 
phenotypes. Low-dose ConA treatment induced rapid intrahepatic accumulation of lymphocytes and myeloid cells, but minimal 
increase in serum alanine aminotransferase. Cells from control mice demonstrated the basal immunosuppressive nature of KC, 
with notable expression of IL-10, and expression of antigen presentation molecules Cd80, Cd86, and H2-Aa (encoding MHC-II). As 
lymphocytes accumulated at 4 hours post-treatment, LSEC showed marked induction of the cell adhesion molecules Vcam1 and 
Icam1, while KC suppressed IL-10 and induced Nos2, Tnf, IL-12b, IL-6, Ifng, and IL-1a. Infiltrating MC showed a similar response to 
resident KC. Unexpectedly, the liver (i.e., primarily hepatocytes) induced strong expression of Nos2 and suppressed Arg1. By 24 
hours, expression of most genes returned to basal levels, with the exception of robust induction of collagen genes (Col1a1 and 
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Col3a1) in the liver as a whole. These results illustrate the rapid kinetics of immunopathology and highlight the unique roles of 
LSEC, macrophages, and hepatocytes during intrahepatic immunopathology. 
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ABSTRACT: The antibody-drug conjugate (ADC) Gemtuzumab ozogamicin contains the toxic cytotoxic moiety calicheamicin and is 
known to cause liver injury in some patients that can result in severe hepatotoxicity termed sinusoidal obstructive syndrome (SOS) 
also known as hepatic veno-occlusive disease (VOD). Liver sinusoidal endothelial cells (LSECs) are thought to be involved in the 
primary pathogenesis of SOS. The objective of this study was to compare different types of primary human endothelial cells (ECs) 
to determine whether they display differential sensitivity to Gemtuzumab ozogamicin or its cytotoxic moiety calicheamicin in 

vitro. Liver (LSECs), aortic (HAOECs) and lung microvascular (HLMVECs) ECs were treated with Gemtuzumab ozogamicin for 24 or 
72 h to assess caspase 3/7 activation or ATP content, respectively. Additionally, these ECs were treated with calicheamicin for 0.5 
to 4 h to assess γH2AX induction, a biomarker of DNA damage. Gemtuzumab ozogamicin-induced caspase activation was only 
observed in the LSECs, and ATP depletion was 2 to 4-fold greater in LSECs compared with HLMVECs and HAOECs. Calicheamicin-
induced DNA damage was observed in all three EC types at each time point; however LSECs showed greater damage than HAOECs 
or HLMVECs. Results of this study show that LSECs are more sensitive to Gemtuzumab ozogamicin and calicheamicin than either 
HAOECs or HLMVECs for all of the endpoints assessed. ECs from different organs and segments of the vasculature are known to 
vary morphologically and functionally, and this EC heterogeneity likely contributes to differences in sensitivity to ADC toxicity in 

vivo. 
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ABSTRACT: Primary human hepatocytes (PHH) in 2D monolayer cultures are used in industry as the gold standard in vitro model to 
study drug metabolism and toxicity. However, they rapidly dedifferentiate and lose important hepatocyte-specific functions within 
hours, which limits their usefulness as a predictive model for drug toxicity during preclinical stages. We have recently developed a 
3D spheroid culture system of PHH which mimics the phenotype and functionality of human in vivo liver tissue for multiple weeks 
in culture. While PHH in spheroid cultures have been comprehensively characterized by transcriptomic and proteomic analyses, 
information about their metabolic stability has been lacking. Therefore, we here comprehensively analyzed metabolomic 
signatures of PHH spheroid cultures generated from different donors in long-term culture. Using a combination of targeted and 
untargeted high resolution mass spectrometry we found that PHH spheroids retained overall endogenous metabolic profiles 
during a culture period of three weeks, whereas metabolic patterns in 2D cultures were less stable. Importantly, both gene 
expression profiles and functional activities of major cytochrome P450 enzymes remained stable in 3D culture, approaching 
activities of freshly isolated cells, whereas they were quickly lost in 2D monolayer cultures. Moreover, we found that 
pharmacokinetic differences between donors were maintained in 3D culture, as exemplified by differences in the metabolic flux in 
dextromethorphan metabolism in extensive and poor CYP2D6 metabolizers, thus allowing studies of inter-individual variability in 
drug metabolism. In conclusion, we here demonstrate that the choice of culture system has significant impact on metabolic 
stability and show that the 3D PHH spheroid system constitutes a suitable model for in vitro studies of long-term drug metabolism 
and pharmacokinetics, thereby bridging the gap between human in vitro and in vivo drug responses. 
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ABSTRACT: Industrial accidents, wars and terrorist threats are potential sources of skin contamination by highly toxic chemicals 
and thus require development of successful decontamination methods. Fuller’s earth (FE) has been investigated for removal of 4-
cyanophenol (4-CP), a water-soluble molecular tracer, in vitro and ex vivo on porcine skin and compared with decontamination 
with water. Extent of 4-CP skin penetration and subsequent efficiency of FE-based decontamination methods were investigated by 
tracking skin 4-CP content using attenuated total reflectance Fourier transform infrared spectroscopy (ATR-FTIR). Dry and 
humidified FE was used and its physical appearance studied using scanning and transmission electron microscopy combined with 
X-ray analysis. Efficiency of FE suspension was significantly superior to FE dry powder used for decontamination after 15 min of 4-
CP application, as revealed by a decreased skin penetration. Compared to standard granulometry measures, electron microscopy 
provided a better explanation of the FE composition, organization and its enhanced efficacy in a humidified state. After 
suspension in water and subsequent sedimentation, the silicates arrange in bundles providing apparently a more hygroscopic 
organization. As FE is available from various natural sources, the methods of microscopic analysis should be helpful in establishing 
the fundamental criteria of product composition and quality, useful for a better selection of this standardized decontamination 
agent. 
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ABSTRACT: Wound healing involves the activation of fibroblastic cells that lay down a complex array of molecules that, in concert, 
create a scar. Based on previous studies of its effects on vascular cells and the matrix produced by these cells, we tested the 
possible effects of the industrial chemical N-(2-Aminoethyl) Ethanolamine (AEEA) on extracellular matrix (ECM) produced by 
human skin fibroblasts of three types, including those obtained from 1) normal skin; 2) hypertrophic scar, which is a hypercellular, 
over-exuberant scar that is a critical determinant of outcomes in recovery from major tissue injuries; and 3) human primary 
dermal fibroblasts from neonatal foreskin. We examined ECM morphology and biochemical changes in the ECM involving collagen 
I, fibronectin, and integrins αV and β5. Scanning electron microscopy showed that AEEA markedly alters the physical structure of 
the extracellular matrix produced in vitro, resulting in marked disorganization. Western blotting showed that collagen I, 
fibronectin, and integrins αV and β5 were generally more extractable when cells were exposed to AEEA during ECM production. 
Compression atomic force microscopy indicated significant stiffening of the 3D collagen nano-structure caused by AEEA. 
Comparing the electrophoretic behavior of same set of samples between native and denaturing gels showed that the 3-D 
structures of these important ECM proteins, especially the major structural protein of the ECM - collagen, may change. Further, 
we have begun searching chemical analogs of AEEA for better effects on hypertrophic scar therapy, and have uncovered three 
chemicals among the 12 AEEA analogues with ECM effects, suggesting existence of chemical structure-activity relationship, and 
the potential to alter the healing, or scarring, process with AEEA or similar chemicals. These data collectively demonstrate that 
AEEA alters the active production of ECM by skin fibroblasts, and may prove a promising strategy for anti-scar drug discovery. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: The Maximum Cumulative Ratio (MCR) quantifies the degree to which a single component of a chemical mixture 
drives the cumulative risk of a receptor. This study used the MCR, the Hazard Index (HI) and Hazard Quotient (HQ) to evaluate co-
exposures to six phthalates using biomonitoring data in 2454 individuals aged 6 years and older from the 2011-12 cycle of the 
National Health and Nutrition Examination Survey. The values of MCR, HI and phthalate-specific HQs were determined by 
calculating steady-state doses consistent with the concentrations of phthalate metabolites in urine and using Tolerable Daily 
Intake values. There were 22 individuals (0.9%) predicted to have at least one HQ value > 1 and an additional 17 (0.7%) with no HQ 
value > 1 but with an HI value > 1. The percent of individuals with HI values > 1 differed by age (0.9% for individuals between 6 - 17 
y and 1.9% for individuals > 17 y). There is a statistically significant negative relationship between HI and MCR values in both age 
groups (p-value < 0.001). This relationship indicates that individuals with the largest HI values tend to receive them from 
exposures to one phthalate rather than from combined exposures to multiple phthalates. Confirming this finding, the average 
(range) of HI values for individuals with an HI > 1 and all HQs < 1 and individuals with at least one HQ > 1 were 1.1 (1.0-1.3) and 2.8 
(1.1-13.7), respectively. The combined assessment found that 17/39 (43%) of the individuals with HI values > 1 are missed by 
chemical-by-chemical assessments of the phthalates. These findings suggest that determining combined exposures for the six 
phthalates has a modest impact on the predictions of the chemicals’ risks. Additional individuals with HI values > 1 are identified, 
but HI values in these individuals are close to 1 (< 1.3). Individuals with the largest HI values are identified by chemical-by-chemical 
assessments. The views expressed in this abstract are those of the authors and do not necessarily reflect the views or policies of the 

US EPA. 
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ABSTRACT: Human PAH exposure at Superfund Sites occurs as complex mixtures. Traditional risk assessment and management 
practices focus on the additive toxicities of individuals PAHs, which may be misleading if there are synergistic or antagonistic 
mixture effects. Construction of sufficiently similar mixtures afford risk assessors and managers a more practical and refined tool 
for assessing mixture toxicity. Low density polyethylene passive sampling devices were used to determine the freely dissolved 
concentrations of PAHs at the Portland Harbor Superfund Megasite, and the representative mixture “Supermix 10” (SM10) was 
constructed from the average relative ratios of the ten most abundant PAHs found. The developmental toxicity of the individual 
PAHs and SM10 was determined using the high throughput embryonic zebrafish assay. Concentration dependent developmental 
toxicity was observed for SM10. Comparison of individual and SM10 LC50 values suggest synergism. Tissue specificity of CYP1A1 
expression was determined with immunohistochemistry for both the individual PAHs and SM10, and AhR dependence of CYP1A 
expression was assessed for SM10. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: Over the last fifteen years, multiple groups exposed to World Trade Center (WTC) dust have been plagued by 
respiratory ailments similar to those affected by ambient particulate matter (PM10) exposure. This study evaluated impacts of 
saline suspensions of intranasally administered air-elutriated samples of settled WTCPM<53µm (MMAD=22µm) on upper respiratory 
and neurologic tissues in terms of inflammation, oxidative, and behavioral outcomes. Suspended WTCPM (31µg- 4mg) was 
intranasally instilled in male C57Bl/6 mice, in single or multiple exposure events. WTCPM-exposed mice had increased nasal cavity 
PMN infiltration (20-25%), and increased inflammatory protein production (263-950%) of IL1α, IL12, IL10, IL12, IL17A, and TNFα. 
Nasal cavity nitrite production increased 178% within 24hrs of WTCPM exposure. Olfactory mucosal mRNA analysis identified 
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oxidative dysfunction, with SOD2 significantly downregulated (-3.6-fold), after a 90-day recovery period (-2.4-fold). Nasal 

inflammation was accompanied by pulmonary inflammation of similar magnitude and time course. Significant increases in whole 

brain wet/dry ratios (13%) and wet whole brain to body mass ratios (14%) were found in WTCPM-exposed mice 24hrs post-

exposure. More specifically, WTCPM-exposed olfactory bulbs had increased mRNA levels of Txnrd and Prdx6 (6-fold), TNFα (4.8-

fold), and APP (4-fold). Significantly increased mRNA levels of HO1 (1.3-fold), TNFα (2.1-fold), Iba1 (1.22-fold), APP (1.22-fold), 

and Tau (1.1-fold) were found 90 days post-exposure, compared to aged matched control mice. Low-dose repetitive nasal cavity 

insults from WTCPM dust alone resulted in olfaction delays of 136%, with deficits enduring 10-days post-exposure (33%). Anxiety 

dependent behaviors occurred in mice experiencing olfaction loss, including significant body weight loss (10-15%), increased 

incidence and time spent in stretch-attenuated postures (200%), as well as increased stationary time (100%), and decreased 

exploratory times (25%). Collectively, these data indicate WTCPM exposure alone can incite nasal, pulmonary, and olfactory 

epithelial damage, while inducing chronic stress-like parameters, highlighting dysfunctional pathways precipitating inflammatory 

events, and altering homeostatic balances. The tight interplay between these balances, when altered, may contribute or result in, 

chronically diseased physical and mental states. Supported by NIH F31 ES025591. 
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ABSTRACT: In human risk assessment, compounds with a demonstrated or hypothesized common mode or mechanism of action 

(MOA) are grouped together in order to conduct a cumulative risk assessment. Craniofacial morphogenesis is affected in rodents 

by a number of clinical or agrochemical azole fungicides inducing specific and severe cranio-facial defects. The hypothesized mode 

of action of azoles includes abnormal neural crest cell specification and migration from hindbrain to the embryonic branchial 

region due to inhibition of embryonic CYP26 enzymes with consequent increase of endogenous retinoic acid content (Tiboni et al. 

2009; Giavini and Menegola, 2010; Robinson et al. 2012). Analysis of our experimental in vitro data (postimplantation rat whole 

embryo culture), published by our research group, does indicate that these compounds should be considered together when 

performing risk assessment because their effects do add up (Menegola et al., 2013, Moretto et al., 2015). The aim of the present 

work is to evaluate the effects of co-exposure of flusilazole and triadimefon by using a fix-and-moving model (mixture of similar 

potency concentrations or fixed and moving modelling) and to test the assumption of dose-additivity by using BMD approach. 

Post implantation rat embryos were cultured in vitro in presence of triadimefon, flusilazole or of their binary mixtures. 

Experimental data on branchial abnormalities were scored on the basis of the severity of the effect. The outcomes were modelled 

using the PROAST software (version 62.3), specifically structured also for the analysis of ordinal data. The mixture predicted 

effects, derived under the dose-additivity hypothesis, were compared with the experimental results. Results were first statistically 

analyzed to test if both chemicals could be described with exactly the same dose-response curve. Subsequently, the same model 

was used to describe the results from the mixture experiments. Analysis showed that the model is very close to all mixture 

experimental concentrations. Therefore, in vitro responses to mixtures of azoles could be derived under the dose-additivity 

hypothesis on the basis of the concentration-response curves of each individual compound. 
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ABSTRACT: Growing evidence indicates that atmospheric particulate matters potentially hamper bone development and 

metabolism. Black carbon (BC) is a major component of particulate matters, but its effects on bone tissue are unclear. Here, we 

utilizes rat mesenchymal stem cells (MSCs), isolated from bone marrow to in vitro investigate BC’s effects on osteogenic 

differentiation of MSCs and osteoblasts maturation. We found the viability of MSCs remained intact after 24hr incubation with 3 

to 30ng/ml BC. When MSCs were treated by 3ng/ml BC in culture medium and induced by osteo-induction media for seven days, 

hallmark genes (runx2, alp and bglap) were down-regulated and the alkaline phosphotase (ALP) activity were suppressed 

(75.2%±11.7 vs 100%). After 3wks osteo-induction, the mineralization, revealed by Alizarin Red staining, was much less in BC 

treated cells compared with control, demonstrating the inhibition of BC on osteogenesis of MSCs. Notably, we found that after 

seven-day osteo-induction, MSCs with 3ng/mL BC treatment had slightly more mitochondrial content than control cells and the 
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protein levels of three most important transcription factors, PGC-1α, Nrf1 and TFAM were apparently up-regulated in BC-treated 
cell, strongly indicating mitochondrial biogenesis were affected by BC treatment. Collectively, our study demonstrated for the first 
time that BC inhibited osteogenesis of MSCs, probably due to the modification of mitochondrial biogenesis. These data provides 
certain clues to prevent black carbon from human bone health. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: Engineered gold nanoparticles (AuNPs) are known for their large surface area to mass ratio, as well as their relative 
ease of lab synthesis to incorporate various compounds and produce functionalised AuNPs with potential applications for 
therapeutic and diagnostic medicine. Prior to their clinical applications, an understanding of cellular uptake and fate in relation to 
surface properties is critical. In this study, synthesised 13 nM AuNPs was coated with a luminescent ruthenium metal complex 
(RubpySS). The final RubpySS.AuNP particles were characterised by transmission electron microscopy (TEM) and dynamic light 
scattering (DLS). Luminescence property and stability of particle was confirmed by emission scan and lifetime decay respectively. 
Fully characterized RubySS.AuNP were used to treat A549 cells and non-toxic concentration of 0.9 nM (as assessed by MTT) was 
chosen to study cellular uptake and co-localisation between 2-72 hours with different cellular compartments using fluorescent 
probes (mitochondria, endoplasmic reticulum and golgi) and GFP-tagged organelle markers (early endosome, lysosome and 
autophagosome) by confocal microscopy (CM) and TEM. The size of particles in cells as quantified by TEM was in agreement with 
characterisation data of particles in solution (DLS and TEM). Particle size remained unchanged in cells after up to 72-hours 
incubation indicating that RubpySS.AuNP does not aggregate upon cellular uptake although particle number increased over time 
as quantified by image analysis (ImageJ) and inductively coupled plasma mass spectrometry (ICP-MS). RubySS.AuNP showed no 
significant co-localisation by both CM and TEM with mitochondria, endoplasmic reticulum and the golgi. In contrast, we observed 
particles in the early endosomes at 4 hours, then at 12-72hours particles were observed to accumulate in a time-dependent 
manner in both the lysosomal and autophagosomal compartments of the cell. Also evident was a change in diffuse cytoplasmic 
LC3 staining to more punctuate staining indicating the formation of active autophagosomes, and confirmed by observed band of 
14kDa by western blot of LC3. Although, not cytotoxic, RubpySS.AuNP was able to induce oxidative stress evident from reduction 
in GSH levels over time (24-72 hours). In conclusion, we report that a major route of cellular uptake of RubpySS.AuNP is by endo-
lysosomal pathway as evident from imaging. Also, RubpySS.AuNP can induce oxidative stress which in turn induces formation of 
autophagosomes an indication of autophagy. 
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ABSTRACT: Over the last several years, therapeutic mRNA has emerged as a promising novel drug class in applications including 
protein replacement, cancer immunotherapy and prophylactic vaccinations for infectious disease. Human leptin protein-
expressing mRNA was generated to explore its potential therapeutic effects in leptin-deficient patients and various lipodystrophic 
syndromes. Leptin mRNA was formulated in two lipid nanoparticles, differing in their cationic lipid composition, and administered 
intravenously to cynomolgus monkeys at doses of 5X to 25X multiples of efficacious levels in ob/ob mice. Animals were sacrificed 
at 24 and 72h post-dose. Two of four high-dose monkeys (one from each different nanoparticle group) sacrificed at 72h post-dose 
exhibited histological brain lesions in white matter consistent with acute hemorrhagic leukoencephalitis, a rare and fulminant 
condition observed in humans following systemic viral infections. Subsequent molecular localization analyses revealed dose-
dependent activation of grey matter astrocytes and microglia, increased LDL receptor expression in endothelial cells, complement 
deposition, and disruption of the endothelial barrier concurrent with inflammatory cell infiltration and hemorrhage. Leptin mRNA 
was also localized within glial cells and endothelium of both grey and white matter. Similar assessments in rats showed leptin 
mRNA present in the brain in the absence of histopathological or molecular indicators of the inflammatory processes present in 
monkeys. A subsequent monkey study with an alternative lipid nanoparticle formulation delivered both intravenously and 
subcutaneously revealed dose-dependent molecular changes consistent with glial activation, inflammation, complement 
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deposition, and endothelial barrier disruption. In conclusion, systemic delivery of a leptin mRNA in differing lipid nanoparticle 
formulations induced morphological and molecular changes in monkeys, but not in rats, consistent with a hemorrhagic 
leukoencephalitis-like phenomenon. These effects are potentially induced by LDL receptor-mediated mRNA/LNP translocation 
with subsequent microglial cell activation. 
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ABSTRACT: Ultrasmall superparamagnetic iron oxide nanoparticles (USPIONs) possess reactive surfaces, are easily metabolized, 
and show unique magnetic properties. These properties are desirable for designing novel theranostic biomedical products; 
however, their toxicity mechanisms are not completely elucidated. Therefore, the goal of this study was to evaluate cell 
interactions (uptake and cytotoxicity) of USPIONs by employing human coronary artery endothelial cells (HCAECs) as a vascular 
cell model. PVP-coated USPIONs were characterized by transmission electron microscopy (TEM) and dynamic light scattering (DLS) 
to determine their morphology, size, and zeta potential. To examine cell uptake, imaging of cells was conducted using live-dead 
confocal microscopy and TEM. To estimate cell viability, alamar blue and real-time CES electrical impedance assays were 
performed after 24 h exposure to 25, 50, 100 or 200 µg/mL of USPIONs suspended in EGM-2 culture medium. Reactive oxygen 
species (ROS) production was assessed using the DCFDA dye assay in cells exposed to USPIONs for 6 and 24 h. USPIONs exhibited 
an average diameter (TEM) of 17 nm (range 7-37 nm) and hydrodynamic diameter (DLS) averaged 44 nm. Zeta potentials were -31 
and -42 mV, evidence of their stability of USPIONs in colloidal solution. Cell microscopy imaging showed significant USPIONs 
internalization, even as early as 6 h at the lowest concentration. Dose-dependent cytotoxicity was observed with cell viability as 
81%, 72%, 56% and 53% of control at 25, 50, 100 and 200 µg/mL, respectively. No evidence of ROS production was observed; 
therefore, the mechanism of cell injury could not be attributed to oxidative stress. Additional experiments to determine possible 
mechanisms of cytotoxicity in HCAECs caused by PVP-coated USPIONs are ongoing, as part of the effort to understand the 
potential health effects of iron oxide nanoparticle-enabled medical products. Acknowledgements: the RT-CES analysis was 
performed at the Nanotechnology Characterization Lab operated by Leidos Biomedical Research Inc., National Cancer Institute 
(contract HHSN261200800001E). We thank Marina A. Dobrovolskaia and Edward Cedrone for assistance with RT-CES experiments. 
Authors also acknowledge FDA Advanced Characterization Facility for instrument use. 
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ABSTRACT: In vivo studies have shown that when nanomaterials translocate into the circulation, the hepatic system is one of the 
primary sites at which they accumulate; the impact of which remain poorly understood. In this study, 3D HepG2 liver spheroids 
were used as a model to investigate the consequences of exposures to dextran coated superparamagnetic iron oxide magnetite 
(Fe3O4) and maghemite (γ-Fe2O3) nanoparticles. Nanoparticle distribution was assessed using scanning electron microscopy (SEM) 
and synchrotron X-ray fluorescence (SXRF). A Seahorse XF Cell Mito Stress test with XFe96 Spheroid Microplates was used to 
investigate variations in mitochondrial respiration. Changes in the secretion of liver function metabolites (albumin, urea and 
aspartate transaminase, AST) were quantified using Sigma-Aldrich colorimetric assay kits. Additionally, genotoxicity was evaluated 
by the cytokinesis block micronucleus (CBMN) assay. The imaging of backscattered electrons using SEM, indicated that the 
maghemite nanoparticles were retained on the surface of the tissue structures, with SXRF scans demonstrating a dose-dependent 
increase in accumulation of the nanoparticles by the spheroids. Most of the nanoparticles were located within 50 µm of the tissue 
periphery. Mitochondrial respiration in spheroids exposed to both nanoparticles showed higher extracellular acidification rates 
with respect to their controls. Spheroids exposed to 100 µg/ mL maghemite showed a 3-fold increase in AST liver metabolite 
secretion (24 hours) and a 2-fold increase for both albumin and urea secretion (48 hours), compared to controls. Maghemite 
induced a significant increase in micronuclei frequency from the 1 µg/ mL dose reaching 2.1-fold at the top dose; while magnetite 
was less potent and only induced significant genotoxicity at the top 100 µg/ mL dose (2.2-fold increase in micronuclei). In 
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conclusion, the metabolic data shows that the iron oxide nanoparticles are inducing effects similar to iron overload responses, 
disturbing iron homeostasis, coupled to increased genotoxicity and elevated proton release. This study therefore demonstrates 
the significant negative impact of iron oxide nanoparticle accumulation in liver cells. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: Silver nanoparticles (AgNPs) are one of the most commonly used nanomaterials in consumer products largely due to 
their antimicrobial properties. AgNPs are also being increasingly applied for use in biomedical applications, including drug delivery 
and tumor targeting applications. Although reports of human exposure via several routes have been rapidly increasing owing to 
increases in the manufacture and utilization of AgNPs, few reports exist on the acute toxicity associated with different sizes of 
AgNPs. This study aimed to evaluate the detailed changes and mechanisms of acute toxicity of intraperitoneally administrated 
AgNPs of varying sizes in BALB/c mice. In a preliminary study, mice were intraperitoneally administrated AgNPs with diameters of 
10, 60 or 100 nm. Mice administered 10 nm AgNPs were either found dead or moribund within 24 hours. In a subsequent 
experiment, 7-week-old female BALB/c mice were intraperitoneally administered 10, 60 or 100 nm AgNPs (0.2 mg/mouse; 5 
mice/group) and then sacrificed 1, 3 and 6 hours after treatment. In those mice administered 10 nm AgNPs, reduced activity and 
piloerection at 5 hours post-administration, and lowered body temperatures at 6 hours post-administration, were observed. With 
regard to serum biochemistry, total protein, albumin, total cholesterol, triglycerides and glucose were all decreased, while 
inorganic phosphorus, AST and total bilirubin were all increased at 6 hours post-administration. Histopathology revealed 
congestion, vacuolation and apoptosis in the liver, congestion in the spleen, apoptosis in the thymus cortex, and increased 
cellularity of alveolar walls at 6 hours post-administration. Following administration of 100 nm AgNPs, lowered body temperature 
at 6 hours post-administration, and increased production of reactive oxygen species in liver tissue at 1 and 6 hours post-
administration, were observed, while no changes in histopathology were evident following administration of either 60 or 100 nm 
AgNPs. Moreover, the acute toxicity associated with intraperitoneally administered 10 nm AgNPs was found to be reproducible. 
Previous studies have reported that intravenously administered AgNPs of sizes similar to those used in the present study did not 
induce lethal toxicity. Therefore, further studies are required to investigate the kinetics and tissue distribution of AgNPs to resolve 
the discrepancies associated with the different routes of administration. 
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ABSTRACT: Alzheimer's Disease is the result of neurodegeneration in specific regions of the brain brought upon by amyloid 
plaques and neurofibrillary tangles both caused in part by genetic mutations. However, environmental factors that may influence 
the development of the disease have yet to be determined. It has been postulated that aluminum influences the aggregation of β-
amyloid. To test this hypothesis, transgenic Caenorhabditis elegans was used as a model organism to observe neurodegeneration 
in nematodes exposed to aluminum oxide nanoparticles. The two transgenic strains, GMC101 and CL2120, and wild type worms 
were exposed to a nanoparticle solution at a concentration of 20 mg/L. Data will be presented that show behavioral differences 
upon exposure to aluminum using an M9 drop behavioral assay and a platinum probe sensitivity assay. Amyloid plaque structures 
were observed using fluorescence staining of an amyloid specific derivative of Congo red, X-34. The staining showed robust plaque 
structures in both control and experimental groups of transgenic worms. These results support the hypothesis that aluminum may 
play a role in neurodegeneration in C. elegans , and may influence the progression of Alzheimer’s Disease in humans. 
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ABSTRACT: The human immunoglobulin heavy chain gene locus (IGH) has two 3’regulatory regions (3’IGHRR), each containing 
three enhancers (hs3, hs1.2, hs4). In animal models, the 3’IghRR regulates Igh expression and class switch recombination (CSR) to 
different Ig isotypes. The 3’IGHRR hs1.2 enhancer in humans is polymorphic in that an invariant sequence (IS) can be repeated one 
to four times in tandem. The hs1.2 polymorphism is of interest due to its association with several human autoimmune disorders 
and its sensitivity to exogenous substances such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD or dioxin). In mouse models, TCDD 
inhibits the hs1.2 enhancer and 3’IghRR activation, which correlates with Ig inhibition. However, in humans TCDD activates the 
hs1.2 enhancer, decreases IgG secretion and increases IgE secretion, suggesting differences in hs1.2 activity and overall 3’IGHRR 
function in humans. Using a human B-cell line that can be induced to secrete antibodies and undergo CSR, we utilized CRISPR/Cas9 
gene editing to target the hs1.2. Several clones exhibited a functional effect on IGH expression with a reduction in the number of 
hs1.2 IS repeats within one or both of the 3’IGHRRs. The exact gene editing has not been fully characterized and may likely involve 
insertions and deletions within the remaining IS, which complicates interpretation of the functional effects on IGH expression. To 
further characterize the gene edits within our clones, the use of a new sequencing technology involving nanopores and long 
sequence reads was used. Implementation of this technique has provided long-range sequencing data that is impossible to 
achieve with standard sequencing due to redundant sequences within and around the 3’IGHRR, and the identical nature of the 
3’IGHRRs, excluding the number of IS repeats. Linking the functional effects to a specific genetic profile within the hs1.2 enhancer 
will be the first direct analysis of the role of the polymorphic hs1.2 enhancer in human Ig expression. 
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ABSTRACT: Parkinson’s Disease (PD) is the second most common neurodegenerative disorder. Oxidative stress is one of the 
factors in the etiology of PD. Reactive Oxgyen Species (ROS) can damage biomolecules. The purpose of this study is to determine 
the possible association of genetic variations of detoxification enzymes that have a crucial role in detoxification of ROS including 
free radicals such as manganese superoxide dismutase (Mn-SOD) and glutathione peroxidase 1 (GPX1) with increased risk of PD. 
99 PD patients and 96 healthy individuals were selected. Mn-SOD Ala16Val and GPX1 Pro198Leu gene polymorphisms were 
determined by RFLP-PCR. Mn-SOD and GPX enzyme activities were also determined by ELISA method for both study groups. The 
relationship of Mn-SOD Ala16Val gene polymorphism and PD risk were examined by selecting Ala/Ala genotype as a reference. 
There is no association between Mn-SOD Ala16Val gene polymorphism and PD risk (AOR=1.173 CI 95% 0.459-3.000; AOR=1.646 CI 
95%=0.617-4.391, p<0.05, respectively). The relationship of GPX1 Pro198Leu genotype and PD risk were examined by selecting 
Pro/Pro wild type genotype as a reference. There is not a statistically significant result between patients and control in individuals 
with GPX1 Pro/Leu and Leu/Leu variant genotype (AOR=0.811, CI 95%=0.428-1.539; AOR=0.818 CI 95%=0.299-2.239, p<0.05, 
respectively). We observed an increasing trend of having Val/Val+ Leu/Leu genotypes together in PD risk (p=0.087). Investigation 
of polymorphisms in Mn-SOD and GPX1 enzymes in larger sample size will contribute to understanding the role of genetic factors 
in development of PD. 
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ABSTRACT: Two-year rodent bioassays have shown that chronic exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) resulted 
in liver carcinogenesis. To further investigate the phenomenon of TCDD-induced rat liver tumors, a mode-of-action has been 
hypothesized that includes hepatocellular necrosis and inflammation as key events in TCDD-induced liver tumors. A previous study 
showed that mice lacking receptors for IL-1α and β, TNFα and β were refractory to dioxin-induced liver toxicity thereby suggesting 
the involvement of cytokine receptor pathways. To assess the mode-of-action for TCDD-mediated hepatotoxicity in the rat, a 
model lacking IL-1R1, TNFR1 and TNFR2 in Fisher 344 rats was generated. To determine if the knockout of the cytokine receptors 
resulted in loss of receptor function, low density gene arrays were used to analyze changes in gene expression downstream of the 
cytokine receptors. A decrease in inflammatory gene expression (specifically, IL-22, IL-23α, IFN-γ, IL-6 and IL-10) was observed in 
the triple knockout (TKO) rats as compared to the WT rats. Moreover, splenocytes from TKO rats were insensitive to TNFα-
mediated proliferation as compared to splenocytes from WT rats, which showed robust proliferation. In addition, a repeat-dose 
toxicity study with weekly administration of 7.5μg/kg/day TCDD for 7 weeks followed by a biweekly administration of 3.25μg/kg 
TCDD for 9 weeks was performed. In this study, the percentage of activated macrophages in the livers of TKO rats dosed with 
TCDD was higher than WT rats and the mRNA levels of cytokines IL-1β and TNFα were also elevated in TKO rats dosed with TCDD 
as compared to the WT rats. In contrast, the serum ALT and AST levels were only elevated in the WT rats dosed with TCDD 
suggesting no or modest hepatocellular damage in TKO rats. Taken together, these studies offer a preliminary characterization of 
the triple knockout rat model suggesting its utility in understanding the hepatotoxic effects of TCDD. Supported by the Dow 

Chemical Co. 
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ABSTRACT: Polychlorinated Biphenyls (PCBs) are a group of environmental pollutants that pose a human health risk due to their 
presence in the diet and air. Nineteen PCB congeners exhibit axial chirality and exist as two stable rotational isomers, called 
atropisomers, which are non-superimposable mirror images of each other. Several chiral PCBs have been associated with 
neurodevelopmental disorders. Because hydroxylated metabolites (OH-PCBs) of these PCBs are also chiral and potentially toxic to 
the developing brain, we investigated the hypothesis that biotransformation of PCB 91 by human liver microsomes is 
enantioselective and varies from individual to individual. Racemic PCB 91 (5 µM or 50 µM) was incubated with pooled (pHLM) or 
individual human liver microsomes (iHLM) at 37 °C for 2 hours. Levels of 2,2',3,4',6-pentachlorobiphenyl-5-ol (5-91), 2,2',3,4',6-
pentachlorobiphenyl-4-ol (4-91), 2,2',4,4',6-pentachlorobiphenyl-3-ol (3-100; 1,2 shift product) and 4,5-dihydroxy-2,2',3,4',6-
pentachlorobiphenyl (4,5-91) as well as enantiomeric fractions (EF) of PCB 91, 3-100, 5-91 and 4-91 were determined. 3-100 and 
5-91 were the major metabolite formed in all PCB 91 microsomal preparations investigated. PCB 91 metabolite formation 
followed the rank order 3-100> 5-91>>4-91>>4,5-91. The first eluting atropisomer of PCB 91 (EF = 0.53) was enriched in 
incubations of pHLMs with low PCB 91 concentrations (5 µM) compared to the racemic standard (EF = 0.50). The formation of the 
first eluting atropisomer of 3-100 was nearly enantiospecific (EF > 0.8). The second eluting atropisomer of 5-91 and the first 
eluting atropisomer of 4-91 were enriched in all microsomal preparations investigated. EF values differed between iHLM 
preparations (EF = 0.80 - 0.89 for 3-100; EF = 0.37 - 0.48 for 5-91; EF = 0.71 - 0.90 for 4-91). These findings suggest that there are 
inter-individual differences in the enantioselective biotransformation of PCB 91 to OH-PCBs in humans. Further studies of the 
toxicity of individual atropisomers of PCB 91 and its hydroxylated metabolites are needed to determine the role of atropselective 
metabolism in PCB-mediated developmental neurotoxicity in at-risk populations. 
 ___________________________________________________________________________________________________________  
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ABSTRACT: HepG2, a human liver cancer-derived cell line, is one of the most commonly used cell systems in toxicity screening 
with the advantages of unlimited life-span and supply, and stable phenotype. However, low and inconsistent expression and 
activity of drug metabolizing enzymes, especially the Phase I cytochrome P450 (CYP) enzymes, could lead to missed or 
underestimated cytotoxicity of test compounds. To provide an in vitro cell system to identify specific CYP-mediated cytotoxicity, 
here we evaluated the cytotoxicity of selected chemicals in HepG2 cells stably transfected with individual human CYP enzymes 
and NADPH-cytochrome P450 oxidoreductase (CYP reductase/hPOR) knockout (KO) HepG2 cells. HepG2 cell lines that express 
CYP1A2, CYP2B6, CYP2C9 or CYP3A4 showed significantly higher specific CYP activity compared with HepG2 wild-type (WT) cells. 
The activity of all the four CYP enzymes was abolished in CYP reductase KO cells, as expected. CYP3A4-mediated hepatotoxicity of 
aflatoxin B1 was well demonstrated in this system, showing HepG2-CYP3A4 cells were much more sensitive to aflatoxin B1 
compared with HepG2 WT cells whereas CYP reductase KO HepG2 cells were highly resistant. This study illustrates the utility of 
human CYP-expressing HepG2 cell lines to study the role of specific human CYP enzymes in chemical-induced cytotoxicity. 
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ABSTRACT: Aryl Hydrocarbon Receptor (AhR) directly mediates the molecular effect of many environmental toxicants including 
polychlorinated biphenyls, polycyclic aromatic hydrocarbons, and dioxins. Despite extensive research in the past, the regulation 
and function of AhR remain largely unknown. The present study was designed to investigate whether the activation of AhR by 
dioxin could be perturbed by co-exposure of environmental metal toxicants such as nickel. We found that co-treatment with 
nickel significantly blocked the activation of cytochrome P450 enzymes by dioxins in a time-dependent and concentration-
dependent manner. Given that nickel strongly activates HIF-1α through stabilization of this transcription factor and that AhR and 
HIF-1α share a common β-subunit (ARNT), we speculate that nickel-induced suppression of cytochrome P450 gene expression is 
mediated through competition for ARNT between AhR and HIF-1α. Moreover, we observed that AhR is post-translationally 
modified by sumoylation. We propose that sumoylation may be involved in regulating AHR activity and/or stability after ligand 
exposure. 
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ABSTRACT: Regulatory toxicology studies in rodents are generally performed with docile albino rat strains (such as Sprague-
Dawley (S-D) or Wistar), but pigmented rats (such as Long-Evans (L-E) or Lister Hooded) are also used to answer specific questions. 
These may include the potential influence of melanin on drug distribution or phototoxicity. It is therefore appropriate to ask 
whether there are other differences than pigmentation between rat strains that may influence the outcome of toxicological 
comparisons. In the present investigation we have compared basal hepatic CYP activities in albino S-D and pigmented L-E rats 
across a panel of major CYP isoforms known to be involved in xenobiotic and endobiotic metabolism (CYP1-4 families). Liver 
microsomes were prepared from individual S-D and L-E male and female rats (n=5 each gender). The marker reactions monitored 
were: formation of acetaminophen, 4-OH-bupropion, 4-OH-tolbutamide, 4’-OH-midazolam and 12-OH-lauric acid for CYP1A, 2B, 
2C, 3A and 4A activity, respectively. These metabolites were quantified by LC-MS/MS using reference standards. Our results 
showed strain related differences in CYP activity. For both genders, CYP1A and CYP2C activity was circa twice as great in S-D rats 
(89.7 and 179.6 pmol/min/mg protein, respectively) as L-E rats (46.5 and 115 pmol/min/mg protein,). CYP2B activity was similar in 
the two rat strains (24.2 and 25.2 pmol/min/mg protein). CYP4A activity was circa one and a half times as great in L-E rats versus 
S-D rats (625 vs 447 pmol/min/mg protein). Gender wise, the only difference noticed was 2 to 3 fold higher CYP2B activity in 
males (73.5 and 52.9 pmol/min/mg protein) versus in females (24.2 and 25.2 pmol/min/mg protein) of both rat strains. In 
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conclusion, differences in hepatic metabolism among rat strains is a factor to be considered when comparing drug related effects 
in these two strains. In particular, differences between drug behavior in albino S-D rats and pigmented L-E rats may not simply 
result from the presence of melanin and pigmentation status. 
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ABSTRACT: Three-dimensional cultures of human hepatocytes (spheroids) represent a desirable experimental system for the 
evaluation of drug-induced liver injury (DILI), providing in vivo-like cell-cell contact and allowing prolonged exposure to toxicants. 
The objective of this study is to evaluate if P450 inhibitors could be used to evaluate the role of P450 metabolism on in vitro 
hepatotoxicity upon prolonged (5 day) treatment of spheroids with hepatotoxicants. Aflatoxin B1, a known human environmental 
hepatotoxin and carcinogen with its toxicity mediated by P450-mediated activation to reactive metabolites, was used in the study. 
Spheroid cultures were produced by seeding previously cryopreserved human hepatocytes in round-bottom ultra-low attachment 
plates. Following the aggregation period, cultures were maintained (4 weeks) in serum-free medium. Cultures were subsequently 
pre-treated with the non-selective P450 inhibitor, 1-aminobenzotriazole (1-ABT) (500 µM) for 24 hours. Following this period, 
culture medium was changed to that containing the aflatoxin B1 (0-10 µM) ± 1-ABT for 5 days, with daily replenishment of the 
treatment media. Exposures were performed in triplicates (3 spheroids per treatment condition). At the end of the exposure 
period, viability of the hepatocyte spheroids was assessed by the quantification of cellular ATP content. Dose-dependent decrease 
in viability was observed for aflatoxin B1, both in the presence and absence of 1-ABT. 1-ABT was found to attenuate aflatoxin B1-
induced cytotoxicity in the spheroid cultures: aflatoxin IC50 was approximately 10-fold higher in the presence of 1-ABT (IC50 values 
of 0.06 and 0.50 µM for treatment without and with 1-ABT, respectively). The observed attenuation of aflatoxin B1 cytotoxicity by 
1-ABT is consistent with its known P450 activation to reactive metabolites. The findings suggest that hepatocyte spheroid cultures 
used with metabolic inhibitors as an in vitro model to evaluate the role of xenobiotic metabolism on DILI. 
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ABSTRACT: Aryl hydrocarbon receptor (AHR) signaling has emerged as a physiological regulator of immune responses affecting 
both the innate and adaptive systems. Thus, a detailed understanding of AHR pathway regulation is required to fully appreciate 
the contribution of AHR signaling to protective as well as pathogenic immune responses. The AHR is a ligand dependent 
transcription factor that upon activation induces cytochrome P4501 (CYP1) enzymes. In turn, the CYP1 enzymes appear to play an 
important feedback role that curtails the duration of AHR signaling by metabolizing the receptor ligands. Recently we described 
how agents that inhibit CYP1 function generate potentiated AHR signaling In vitro by slowing down the metabolic clearance of the 
endogenous AHR ligand FICZ. Similar effects were observed in zebrafish embryos. In the present study, the role of CYP1 mediated 
feedback control of AHR activity in immune system function was assessed In vitro using CD4+ T cells isolated from C57BL/6 (B6) 
mice and in vivo using a B6 mouse model for C. Rodentium infection. B6-derived genetic models with alterations in Ahr or Cyp1 
were used for both endpoints. The results show that AHR-mediated Th17 cell differentiation and interleukin 22 (Il-22) expression 
is profoundly affected by Cyp1 genotype; where CD4+ T cells isolated from Cyp1 triple knockout mice (Cyp1a1/1a2/1b1-/-) display 
induced Th17 differentiation and Il-22 expression, while cells isolated from mice with constitutively active expression of Cyp1a1 
show reduced Th17 differentiation and, similar to Ahr knockout cells, deficiency in Il-22 expression. To investigate immune-
modulating effects of CYP1-inhibiting chemicals, CD4+ T cells undergoing Th17 polarization were exposed to CYP1 inhibitors alone 
or together with 0.1nM FICZ. In the co-exposures, dose-dependent potentiation of AHR signaling and Il-22 expression was 
observed at very low doses of inhibitors (0.01-0.5μM). In agreement with the In vitro studies, CYP1 knockout mice display 
increased AHR signaling and Il-22 expression in vivo and reduced pathology upon enteric infection by C. Rodentium, while 
constitutively active expression of Cyp1a1 generate a quasi AHR-deficient state characterized by loss of AHR-dependent ILC3 cells 
and Th17 cells and increased susceptibility to enteric infection. 
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ABSTRACT: For an in-depth analyses of the induction of proteins related to xenobiotic metabolism >70 mass spectrometry-based 
immunoassays were developed to quantify CYP 450 system and transporter proteins in human and animal models. In total 17 
human, 18 rat and 16 mouse CYP assays were established as well as 11 human, 10 rat and 5 mouse transporter assays. The 
antibodies used in these assays recognize epitopes of four amino acid length and bind to conserved motives present in signature 
peptides of the target protein of the different species mouse, rat, and human. The implementation of a species-specific 
isotopically labeled reference standard during the capturing process combined with a mass spectrometry-based readout allows 
quantification. The established assays revealed sensitivities down to 0.1 fmol/µg protein and wide linear dynamic range up to 4 
logs. Constraints for the assay range were accuracy within 80-120% recovery and intra- and inter-assay precision <20%. The assays 
were used to investigate induction of CYPs and transporters by the two fungicides cyproconazole and prochloraz in 1 in vitro 
(human HepaRG hepatoma cells) and 3 in vivo models (rat, mouse and hCAR/hPXR humanized mouse). Results for CYP2E1 and the 
transporter MRP3 are presented exemplarily. Basic levels varied strongly between rodent and human models (between 40 and 2 
fmol/µg for CYP2E1 and between 0.1 and 1 fmol/µg protein for MRP3). MRP3 was induced by the fungicides in the wildtype 
rodent models up to 6-fold but not in the human cell line and the humanized rodent model. CYP2E1 was reduced up to 2.5-fold in 
the mouse models but not in the other systems tested. Data confirm suitability of the developed immunoassays for species-
specific protein detection and for quantitative characterization of protein expression changes in response to xenobiotic exposure. 
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ABSTRACT: Stanozolol is one of the most frequently abused anabolic androgenic steroid, especially in young population for the 
purpose of improving muscle strength and athletic performance. Its misuse has been associated with several adverse effects on 
immune, cardiovascular, sebaceous, endocrine and urogenital system as well as with several cancers including hepatocellular 
adenomas. PTEN and TERT proteins are associated with telomerase activity which is playing an important role in the mechanism of 
cellular aging and tumorogenesis. The purpose of this study was to investigate stanozolol’s effects on PTEN and TERT gene 
expression profile with immonohistochemical analyses. 34 SpragueDawley male rats were divided into 5 groups as Group I 
(control, n=5), Group II (propylene glycol, n=5), Group III (propylene glycol+exercise, n=8), Group IV (stanozolol, n=8) and Group V 
(stanozolol+exercise, n=8). Telomerase associated TERT and PTEN proteins were assessed and immunohistochemical 
determination was performed in rat livers. According to our results, TERT gene expression was increased in Group IV and our 
results are in line with immunohistochemical analysis. Our results demonstrated preventive role of exercise in stanozolol misuse. 
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ABSTRACT: Every year in Ukraine the list of pesticides are replenished with new drugs which contain from 2 to 5 active ingredients 
(a.i.) pesticides from different chemical groups. Joint influence of modern a.i. in formulations of pesticides practically aren't 
investigated. Some of them are more hazardous because of their toxic properties, than a.i. of pesticides, and can modify their 
toxic abilities. In this regard the actual problem is to research the type of mechanisms of new pesticides formulations of combined 
action, ascertain the contribution of excipients in their toxicity, the identification of possible toxic effects at combined action at 
the non active doses level, that are defined by the terms of their isolated action. To solve this problem the first stage of the study 
is the evaluation of the type of the acute combined action of pesticides formulations. It will be the basis for determination of 
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doses and limited parameters for researching of combined action of their prolong intake of the body, and the assessment of 
reliability of previously established standards and regulations for the protection of human health. We investigated the acute 
combined action of 8tha.i. new pesticides formulations which were synthetic pyrethroids, neonicotinoids, triazoles, strobilurinyes, 
morpholinies, dithiocarbamates. Acute toxicity was determined on Wistar Han rats (males and females) (according to OECD 425). 
The type of combined action was calculated with the D.J. Finny’s method (1971). It was found that the acute combined action of 
formulations of pesticides: № 1 (a.i. Tebuconazole, Triadimenol), № 2 (a.i. Cyproconazole, Azoxystrobin), № 3 (a.i. Propiconazole, 
Cyproconazole, Azoxystrobin), № 4 (a.i. Tebuconazole, Triadimenol, Spiroxamine), № 5 (a.i. Imidacloprid, Lambda-cyhalothrin) on 
rats observed potentiation of toxicity; № 6 (a.i. Thiabendazole, Imidacloprid), № 7 (a.i. Tebuconazole, Difenoconazole, 
Spiroxamine) - antagonism. By the acute joint influence a.i. Imidacloprid, Lambda-cyhalothrin, Flutriafol, Tebuconazole, Thiram 
(drug № 8) in rats females revealed summation, in males - potentiation. Differences in the type of combined action drug № 8 may 
be related to the features of their influence on the body of females and males rats Wistar Han. 
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ABSTRACT: Ischemic heart disease (IHD) is a leading cause of morbidity and mortality worldwide accounting for 20% of all global 
deaths. The majority of patients with IHD have simultaneously other health problems generated by linked pathways and 
additional medication profile resulting with normalized general biomarkers as blood pressure, the level of glucose, cholesterol, 
etc. There is an urgent need for more sensitive biomarkers identifying IHD specifically among the variety of patients. Nuclear 
magnetic resonance (NMR) based metabolomics has become a rapidly developing field and the results are used to determine 
biomarkers for altered health conditions and develop novel diagnostic tests, to reveal biochemical mechanisms or pathways not 
noticed before, to find biomolecular targets for more effective therapy, and to advance the perspectives of personalized medicine. 
In our study metabolic profiles of serum from IHD patients (# 19) and control individuals (# 19) were studied using one-
dimensional proton nuclear magnetic resonance spectroscopy coupled with principal component analysis. By analyzing the NMR 
spectra, we identified about 81 metabolites. The IHD patients were characterized by lower levels of glucose, lactate, and urea. We 
suppose that lower levels of those usually higher marker-metabolites for IHD patients were caused due to medication and 
compensatory mechanisms evolved over a longer period of time and of void sudden acute myocardial ischemia. The significant 
rise of the level of betaine is in correlations with previous studies. The level of glucogenic amino acids such as valine, proline, 
histidine, etc. was lower in the IHD patient’s spectra. It appears that major implications found in the serum of IHD patients are 
related to energy deficiency of the myocardium. Chemometrics analysis showed a significant distinction between the patients and 
control individuals. These data demonstrate that metabolomics approach may be useful for the early detection of IHD, for 
detection of synergistic pathways involved in the development of altered health conditions, and molecular understanding of this 
disease entity. 
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ABSTRACT: The potential of new drug candidates to inhibit bile salt export pump (BSEP) has become an important endpoint used 
to reduce the risk of cholestatic DILI in humans. However, in vitro BSEP inhibition potency as quantified by BSEP vesicle platforms 
has not been demonstrated to correlate with in vivo cholestatic DILI severity. Under cholestatic conditions (e.g. FXR activation) 
basolateral efflux of bile acids (BA) via organic solute and steroid transporter (OSTα/β) was the primary efflux mechanism 
controlling intracellular BA concentrations in human hepatocytes. This adaptive mechanism is activated in sandwich-cultured 
Transporter Certified™ human hepatocytes when treated with cyclosporine A (CsA), a potent BSEP inhibitor (BSEP IC50 = 0.5 µM). 
Intracellular concentrations of endogenous glycocholic acid (GCA) were increased in a time-dependent manner concomitantly 
with induction of FXR target gene FGF19 following CsA exposure over 12 hours. A synergistic increase in the expression of OSTβ 
was observed in sandwich-cultured human hepatocytes (SCHH) co-treated with CsA and 30 µM chenodeoxycholic acid (CDCA). 
Interference of this adaptive response was observed with troglitazone (BSEP IC50 = 2.7 µM), a well-known cholestatic 
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hepatotoxicant. Troglitazone (100 µM) exposure inhibited the synergistic increase in the expression of OSTβ in SCHH co-treated 
with 10 µM CsA and 30 µM CDCA. Similar effects were observed in SCHH co-treated with 10 µM CsA, 30 µM CDCA, and 5 µM 
DY268, a potent FXR antagonist. To quantitatively assess cholestatic potential of CsA and troglitazone, SCHH were cultured in a 
proprietary media and exposed to these drugs for 24 hours prior to measuring LDH secretion. LDH secretion was increased > 600% 
of control in SCHH treated with 100 µM troglitazone, while no significant increase was observed in SCHH exposed to 10 µM CsA. 
Our results suggest that to fully evaluate a drug candidate’s cholestatic DILI potential, an assay platform requires a fully integrated 
cell system (e.g. SCHH) capable of generating this adaptive response which provides an integrated evaluation of both acute (BSEP 
inhibition) and chronic effects (FXR activation/antagonism) of the drug candidate on the hepatobiliary disposition of bile acids. The 
proposed mechanism-based in vitro assay marks a significant improvement in the prediction of cholestatic DILI. 
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ABSTRACT: Viloxazine (2-[(2-ethoxyphenoxy) methyl] morpholine hydrochloride) was previously marketed in several European 
countries as an antidepressant. It is currently under development by Supernus Pharmaceuticals for its potential use in the 
treatment of patients with attention deficit hyperactivity disorder (ADHD). It has shown to be effective in reducing symptoms of 
ADHD in Phase IIa/IIb clinical trials with good tolerability. Viloxazine (SPN-812) is a structurally distinct, bicyclic norepinephrine 
reuptake inhibitor (NRI), with antagonistic activity observed at 5-HT7 and 5HT1B receptors and agonistic activity at 5-HT2B and 
5HT2C receptors. However, the genotoxic potential of viloxazine has not been systematically studied. In order to advance this 
molecule through the regulatory safety requirements, the current investigation was performed with a battery of genotoxicity 
studies in vitro (bacterial assays: Ames and E.coli; and human peripheral blood chromosome aberration assay) and in vivo (4-week 
repeat dose rat micronucleus assay). These studies were designed per standard Organization for Economic Cooperation and 
Development (OECD) protocol guidelines with appropriate vehicle/positive controls and conducted in compliance with Good 
Laboratory Practices (GLP). The in vitro studies were conducted both in the presence and absence of liver S9 activation and the in 

vivo study was conducted as part of an integrated 4-week toxicology study using up to maximum tolerated doses with sufficient 
plasma drug exposures. Results of these studies showed that at the toxicity limiting dose levels, viloxazine was negative in 
bacterial assays (33 to 5000 µg/plate), chromosome aberration assay in human lymphocytes (20.3 to 3000 μg/mL) and rat 
micronucleus assay (25 to 250 mg/kg/day). These data demonstrate for the first time that viloxazine is not genotoxic in the 
standard battery of regulatory compliant tests under the experimental conditions and support the continued development of this 
novel molecule for new indication(s) as proposed. 
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ABSTRACT: Doxorubicin (DOX) is one of the most effective anticancer drugs. The downside associated with the use of DOX in the 
clinic is the high risk of irreversible cardiomyopathy and cardiotoxicity. However, the precise mechanisms remain to be defined. In 
this study, we examined the expression of vascular adhesion molecule-1 (VCAM-1), intercellular adhesion molecule-1 (ICAM-1) 
and nuclear factor 2 (Nrf2) following DOX treatment in rat H9c2 cardiomyocytes. Our results showed that DOX, at clinically 
relevant plasma concentrations, brought significant change in the expression of adhesion molecule VCAM-1, ICAM-1, and Nrf2 in 
rat H9c2 cardiomyocytes. Further, DOX treatment significantly decreased ROS presence, while stimulating ROS detoxifying 
mechanisms resulting in an imbalance in redox state of H9c2 cardiomyocytes. These results provide the direct evidence that the 
expression of adhesion molecules and redox imbalance could be critical modulators of DOX-induced cardiotoxicity and 
cardiomyopathy. 
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ABSTRACT: Toxicity to the Central Nervous System (CNS) is a key aspect in safety pharmacology studies of new drugs. 
Characterizing the toxicological profile of new chemicals to the CNS involves extensive investigation using in vitro and in 

vivo models. Primary cultures and animal models are crucial in assessing CNS toxicity of developing drugs. In spite of their 
importance, those platforms typically are not amenable to larger scale toxicity screens. Human induced pluripotent stem cell 
(hiPSC) technology has enabled the ready availability of large and consistent batches of neural cells and tissues for wider toxicity 
screens, having the potential to change the current paradigm in pharmacological research. Through hiPSCs and state-of-the-art 
differentiation protocols, researchers have access to unlimited sources of neural cells, able to mimic early and late stage of human 
CNS development. These sophisticated cellular models hold great potential to reduce the time to assess toxicity of developing 
drugs. The recent global threat of Zika Virus epidemic has highlighted the need for and the power of these systems. Here we 
investigate the toxicological profile of 29 compounds recently described in the literature as potential therapeutic compounds 
against Zika Virus infection. hiPSCs-derived neural cells at different developmental stages were challenged with this library of 
compounds in two-dimensional cultures as well as three-dimensional mini-brain organoids. We observed greater susceptibility of 
the neural tissues to compound toxicity at early stages of development, and decreasing toxicity as the neuronal cultures mature in 

vitro. Compounds with the safest profiles were further evaluated in high throughput calcium flux and multi-electrode array assays 
for assessment of potential functional side effects on the normal function of the CNS. In summary, our work highlights the power 
of a human CNS model in predicting toxicological profiles of proposed drugs against Zika Virus. Moreover, this system can be 
applied to investigate the safety profiles on new chemical entities, improving predictivity of clinical outcome and reducing overall 
drug development costs. 
 

 




