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Toxicology in Public Health 
 

SYMPOSIA SCHEDULE 
 
DAY ONE:  Wednesday, May 17 
9:00–9:45 Registration 
10:00–10:15 Opening Welcome and Announcements 

 
SYMPOSIUM 1: 

10:15–12:30 Systems Toxicology 
10:15 Introduction/Symposium Overview (moderator – Dr. Aaron Erdely, NIOSH) 

 
 10:30 Keynote Speaker: Dr. Jason Richardson; Northeast Ohio Medical 

University: Pesticide Exposure as a Risk Factor for Alzheimer Disease: Evidence in 
Mice and Man 

 
11:30 Lauryn Falcone; West Virginia University: Welding Fumes: A New Group 1 

Carcinogen 
11:50 Alice Han; West Virginia University: Using Network Centrality Analysis to 

Investigate Signaling Responses of an Injury 
12:10 Tina Sager; NIOSH: Effect of Diet-Induced Obesity on Silica-Induced Pulmonary 

Toxicity in Rats 
 
  12:30–1:15  LUNCH 

SYMPOSIUM 2: 
  1:15–3:30 Environmental Toxicology 
 1:15 Introduction/Symposium Overview (Moderator – Dr. Mark Olfert, WVU) 
 
 1:30 Keynote Speaker: Dr. Michael Madden; U.S. EPA: When 1 + 1 ≠ 2: 

Interactions between Ambient Air Pollutants Induces Greater than Additive Biological 
Effects 

 
2:30 Breanne Farris; West Virginia University: The Effects of Pulmonary Co-

Exposure to Diesel Particulate Matter and Crystalline Silica in Rats using Two 
Models of Exposure 

2:50 Carol Starkey; U.S. EPA: Potential Effects of Residency in Coal Mining 
Counties and Low Income on Rates of Hypertension in Appalachia 

3:10    Alexander Ufelle; Slippery Rock University: SPP1-ITGA9 Interaction does not  
Influence Gender-Specific Silica-Induced Early Neutrophil Recruitment in Mice 

 
3:30–3:45  Break 
 
3:45–6:30     POSTER SESSION – Networking – Refreshments  
 
6:30-8:30 Group Dinner: Apothecary Ale House and Café (see enclosed map)  
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DAY TWO:  Thursday, May 18 
8:00–9:00 Registration and Breakfast 
  A-E SOT Business Meeting 
 

SYMPOSIUM 3: 
9:30–11:30 Nanotoxicology 
 9:30 Introduction/Symposium Overview (moderator – Dr. Timothy Nurkiewicz, WVU) 
 
 9:45 Keynote Speaker: Dr. Jamie Bonner, North Carolina State University: 

Predicting the Human Health Effects of Engineered Nanomaterials to Prevent Future 
Disease 

  
         10:45 Alixandra Wagner; West Virginia University: Early Assessment and 

Correlations of Nanoclay’s Toxicity to their Physical and Chemical Properties 
         11:05 Vamsi Kodali; NIOSH: Functional and Molecular Responses to Inhalation of 

Multi-Walled Carbon Nanotubes from the Perspective of Occupationally-Relevant 
Depositions 

         11:25 Naveena Yanamala; NIOSH: Supervised Machine Learning Approaches Predict 
and Characterize Nanomaterial Exposures: Multi-Walled Carbon Nanotube 
Exposure Markers in Lung Lavage Fluid 

 
11:45–12:45 “Lunch with an Expert” & Networking  
 
12:45–1:00 Awards 
 
1:00  Closing Comments and Adjourn  
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Undergraduate Program and Information 
 

Dear Undergraduate Researchers and Research Mentors, 
 
On behalf of the A-ESOT Leadership Committee, welcome to the 31st Annual A-ESOT Spring Meeting.  We are 
thrilled to have your interest and involvement within the interdisciplinary science of toxicology!  In that spirit, we 
have numerous activities planned, and we encourage you to take full advantage of them. 
 
Important Information: 

1) Registration: It’s free for undergraduate students and mentors!  By Friday May 12th please email both Dr. 
Antonini and Dr. Stueckle the name and affiliation of those students and mentors that plan to attend the 
meeting.  We need a head count for space and food estimates. You may also register on-site if needed. 
Two lunches, Thursday breakfast, and break refreshments are provided with your registration. 

2) Please RSVP for Lunch with an Expert (see below) by emailing Katie Roach, our Graduate Student 
Representative (wvq1@cdc.gov).  In your email, indicate what interests in toxicology you have to best 
pair you up with an Expert. 

3) Travel Reimbursement: A-ESOT has secured funds from national SOT to solely support your travel 
expenses (e.g. hotel room, gas, etc). To be reimbursed for your expenses, please submit all original 
receipts to Dr. Jim Antonini.   

4) Hotel Information:  If you have not already done so, please book your hotel room.  We have a block of 
rooms set aside under the name ‘Society of Toxicology’ at the Holiday Inn, 1188 Pineview Drive, 
Morgantown WV. 304 241-6649. 

Undergraduate Program: 

1) Hot Topic Scientific Talks from Invited Speakers – We have three renowned keynote speakers lined up to 
speak on topics including chemical exposure and Alzheimer’s, mixture, and nanomaterial toxicology.  In 
addition, we expect to have government, academic, and industry researchers from our region in 
attendance.  This is a great way to explore potential graduate schools and employment opportunities. 

2) Undergraduate Poster Tour – One of the best ways to share your research with other scientists is to 
present a poster on your work. You get great feedback and meet some important people. But, what are 
some do’s and don’ts when it comes to making and presenting your poster?  Join us for the Poster Tour 
and you can gain some key insights! 

3) Poster Session – Present your latest work based on your submitted abstract. Also, walk around and see 
what other students, graduate students, and researchers are working on.  This is a great way to explore 
the toxicological sciences and meet others! 

4) Best Undergraduate Poster Award – A brand new award this year, given out to the undergraduate 
researcher who presents the best overall poster. A cash award and certificate will be presented Thursday 
afternoon. 

5) Informal Networking Opportunities – Besides the poster sessions, there will be plenty of time at breaks, 
lunch, refreshments, and Wednesday evening to chat and network with other attendees. 

6) Lunch With An Expert (Thursday lunch) – Back by popular demand, you have the opportunity to sit down 
with an established researcher in an area of science that interests you to discuss career opportunities and 
seek advice to help your with your next steps towards a career in toxicology or related STEM disciplines. 

If you have any further questions, please contact either Dr. Antonini or Dr. Stueckle. 
 
Jim Antonini, Ph.D.    Todd Stueckle, Ph.D. 
President, AESOT    President-Elect, AESOT 
CDC/NIOSH Morgantown   CDC/NIOSH Morgantown 
304 285-6244     Cell: 304 550-2973 
jga6@cdc.gov      tstueckle@cdc.gov  
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SPEAKER BIOGRAPHIES 

 

Jason Richardson Ph.D. DABT ATS 
 
Professor of Pharmaceutical Sciences 
Director Center for Neurodegenerative Disease and Aging 
Acting Associate Dean for Research 
College of Pharmacy 
Northeast Ohio Medical University 
Rootstown, OH  

 
Jason Richardson PhD DABT is a tenured Professor in the Department of Pharmaceutical Sciences at Northeast 
Ohio Medical University, board-certified toxicologist and the Founding Director of a University-wide Research Focus 
Area in Neurodegenerative Disease and Aging. He received his Bachelor’s degree from Northeast Louisiana 
University (now University of Louisiana at Monroe) where he majored in Toxicology. He received his M.S. and Ph.D. 
degrees from Mississippi State University and then completed postdoctoral training at Emory University, where he 
was jointly appointed at the Rollins School of Public Health and the Center for Neurodegenerative Disease in the 
School of Medicine. Dr. Richardson spent 10 years at Rutgers University as a faculty member at Robert Wood 
Johnson Medical School and the Environmental and Occupational Health Sciences Institute, where he served as 
Deputy Director and then Director of the Joint Graduate Program in Toxicology at Rutgers University. Dr. 
Richardson has authored or co-authored over 80 manuscripts and book chapters in the areas of developmental 
neurotoxicology, neurodegenerative disease, and pesticides. He has given over 60 invited lectures both nationally 
and internationally. Dr. Richardson is currently a member of the Editorial boards of Toxicological Sciences, Current 
Molecular Pharmacology, Neurotoxicology and Teratology and Toxics. He is an Associate Editor for 
Neurotoxicology and was an Associate Editor for BMC Neurology. He has served as a reviewer and Chair for 
several NIH panels, the Michael J. Fox Foundation for Parkinson’s Disease Research, Health Canada, and the 
United Kingdom Parkinson’s Disease Society. He has served 2 terms as Chair of the Environmental Health 
Sciences Review Committee at NIEHS and was a member of the Committee on Emerging Science for 
Environmental Health Decisions at the National Academy of Science. Dr. Richardson received the Outstanding New 
Environmental Scientist Award from NIH/NIEHS and was the inaugural recipient of the Young Investigator Award 
from the Toxicology Division of the American Society for Pharmacology and Experimental Therapeutics. In 2017, 
he received the Society of Toxicology Achievement Award and was elected a Fellow of the Academy of 
Toxicological Sciences. Dr. Richardson has been continually funded by NIH for his entire career. He has served as 
PI on grants with direct costs totaling ~$10 million. He is currently PI on NIH grants that aim to determine the role 
of genetic susceptibility to neurotoxicity in Parkinson’s disease, identifying novel targets for reducing 
neuroinflammation in Parkinson’s disease and to develop drugs to mitigate acute neurotoxicant exposures as part 
of the HHS Counterterrorism Initiative (CounterAct). Additional grants focus on the gene-environment interactions 
and cognitive aging in Alzheimer’s disease. 
Research Focus 
In general, the goals of our research are three-fold: 

• Determine the role of gene-environment interactions in the etiology of neurological disease. 
• Develop animal models of neurological disease and dysfunction and test therapeutic agents in these 

models 
• Identify novel and specific biomarkers of exposure and disease for early detection of disease or dysfunction 

of the nervous system. 
More specifically, our research is currently focused on the pathogenesis of Parkinson’s disease (PD), and 
Alzheimer’s Disease (AD), with a heavy emphasis on genetic susceptibility to environmental exposures in the 
etiology of PD and AD, the role of neuroinflammation in neorodegeneration, and the use of patient-specific stem 
cells and humanized mice to model gene-environment interactions. 
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Michael Madden, Ph.D. 
Research Biologist 
U.S. Environmental Protection Agency 
Chapel Hill NC 
 
Adjunct Professor 
UNC Gillings School of Global Public Health 
Chapel Hill, NC 

Dr. Mike Madden is a research biologist working at the U.S. Environmental Protection Agency (EPA) in Chapel Hill, 
NC. He examines biological responses and health effects in people exposed to ambient air pollution, including 
particulate matter (PM), ozone, oxides of nitrogen, aldehydes, diesel engine exhaust, and biofuels combustion 
emissions. His work also involves validating biomarkers of exposure, and identifying potentially sensitive and 
susceptible populations. His research strategies employ the use of an array of approaches from in vitro exposures 
of cells to controlled exposures with animal models, with additional controlled and field studies of exposed subjects. 
In 2003, he was awarded an EPA Gold Medal (the highest honor the Agency bestows on employees for 
environmental improvement and public service) as part of a team for their research on ambient airborne PM toxicity. 
As a steward and officer in the local American Federation of Government Employees Union, he promotes the 
welfare of EPA bargaining unit employees. Additionally Mike holds adjunct faculty positions at the University of 
North Carolina-Chapel Hill (UNC) in the Curriculum in Toxicology and also the Department of Environmental 
Sciences and Engineering. He has mentored dozens of undergraduate, graduate, and medical students, and 
postdoctoral fellows in the early stages of their research careers. Mike served as an Associate Editor for Inhalation 
Toxicology 2004-2015, and is on the Editorial staff of the Journal of Breath Research. Mike was awarded a Bachelor 
of Science degree (1977) from Manhattan College, starting his research career examining killifish ecology in New 
York City marshes. At Manhattan, he was inducted into the Phi Beta Kappa and Sigma Xi societies. Examining the 
pharmacokinetics of polycyclic aromatic hydrocarbons in oil spills using oysters led to a Master of Science degree 
(1980) at the University of Georgia. Mike received a Ph.D. in toxicology from UNC-Chapel Hill in 1986. Switching 
his research emphasis from water to air pollution, he examined alterations in lung lipid metabolism with ozone 
exposure for his doctoral research. Mike was a postdoctoral fellow and research associate at UNC until 1995 when 
he joined the EPA. While a student at UNC, he started participating in both the National SOT and Regional SOT 
Chapter meetings, and became a Councilor for the Inhalation and Respiratory Specialty Section from 2003-2005, 
and President of the Occupational and Public Health Specialty Section 2011-2012. He has been President of the 
UNC-Chapel Hill Chapter of Sigma Xi, and is the current Vice President. For community outreach, Mike has coached 
Special Olympians in his county year round (swimming, soccer, basketball, softball, cycling, track) for the past 19 
years, and has served as a Board Director of the Arc of the Triangle for the past 7 years, including President for 2 
years. 

James C. Bonner 
Director of Graduate Programs 
Professor 
Toxicology Program 
North Carolina State University 
Raleigh, NC 
 
Our laboratory studies the cellular and molecular mechanisms through which toxic 

environmental agents cause lung diseases such as pulmonary fibrosis, asthma, and mesothelioma. Research in 
our laboratory is funded by The National Institute of Environmental Health Sciences (NIEHS) and the National 
Science Foundation (NSF) to address to the adverse of effects of engineered nanoparticles.  Using a variety of in 
vitro cell culture and in vivo transgenic mouse models, we have identified novel mechanisms that mediate the 
progression of nanoparticle-induced lung diseases.  Of particular interest is determining the pathogenic potential of 
nanomaterials in susceptible populations and individuals with pre-existing disease, especially asthma. We also seek 
to identify physical and chemical properties of nanomaterials that trigger fibrotic or allergic reactions in the lung in 
order to provide information for the design of safer nanomaterials.  
Research Areas:  lung fibrosis, asthma, nanotoxicology, metals, particles, fibers 
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WELDING FUMES: A NEW GROUP 1 CARCINOGEN 
 
LM Falcone1,2, A Erdely1,2, TG Meighan2, LA Battelli2, R Salmen2, W McKinney2, S Stone2, A 
Cumpston2, J Cumpston2, RN Andrews3, M Kashon2, JM Antonini2, PC Zeidler-Erdely1,2 

 

1West Virginia University, Morgantown, WV; 2HELD, NIOSH, Morgantown, WV; 3DART, NIOSH, 
Cincinnati, OH 
 

Welding fumes were recently classified as carcinogenic to humans (group 1) by the International 
Agency for Research on Cancer (IARC) based on strong epidemiological evidence and limited evidence 
in animals. It is estimated that 11 million workers worldwide weld full-time, and an additional 110 million 
have had some type of welding-related exposure. Welding exposures are complex because of the 
diversity of welding modalities used in the workplace; these modalities include exposures to non-
carcinogenic and/or carcinogenic metal containing fumes. The objective of this study was to determine 
which welding fumes and their component metals are the most toxic and have the greatest tumorigenic 
potential. Male A/J mice received intraperitoneal injections of corn oil or the initiator 3-methylcholanthrene 
(MCA;10 µg/g) and one week later were exposed by whole body inhalation to air or gas metal arc-
stainless steel (GMA-SS) or GMA-mild steel (MS) welding aerosols for 4 h/d x 4 d/w x 8-9 w at a target 
concentration of 40 mg/m3. Lung nodules were enumerated at 30 weeks post-initiation. GMA-SS and 
GMA-MS fumes significantly promoted lung tumor multiplicity in A/J mice initiated with MCA (16.11 ± 
1.18; 21.86 ± 1.50, respectively) compared to MCA/air-exposed mice (7.93 ± 0.82; 8.34 ± 0.59, 
respectively). Oropharyngeal aspiration of GMA-SS and its component metals showed that GMA-SS 
fume was more pneumotoxic than the individual components. Component Fe2O3 was the most toxic and 
also the only metal to promote lung tumors in A/J mice. In conclusion, this study demonstrates that 
inhalation of GMA-SS and GMA-MS welding fume as well as Fe2O3 promote lung tumor formation in vivo 
and provides support for the epidemiology that shows welders, using mild and/or stainless steel, are at 
an increased risk for lung cancer.  
 
Disclaimer: The findings and conclusions in this report are those of the authors and do not represent 
the views of the National Institute for Occupational Safety and Health. 

  

http://www.toxicology.org/isot/rc/allegheny/index.asp


 
 

USING NETWORK CENTRALITY ANALYSIS TO INVESTIGATE SIGNALING RESPONSES OF AN 
INJURY 
 
A Han1, H Currie2, M Loos3, G Scardoni4, J Miller5, M Prediger1, N Prince1, J Mouch1, J Boyd1 

 
1C. Eugene Bennett Department of Chemistry, West Virginia University, Morgantown, WV 
2Department of Chemistry, Frostburg State University, Frostburg, MD 

3Mountain States Health Alliance, Johnson City, TN 
4Center for BioMedical Computing, University of Verona, Verona, Italy 
5Centers for Disease Control and Prevention-National Institute for Occupational Safety and Health, 
Morgantown, WV 

 Intra- and extracellular regulators, such as cytokines, signaling proteins, and growth factors, 
possess significant roles in facilitating recovery from physical injury. This study explored 30 
spatiotemporal responses comprised of cytokines (IL-1α, IL-1ß, IL-2, IL-6, TNF-α, MIP-1α), proteins (Akt, 
c-Jun, CREB, ERK1/2, JNK, MEK1, p38, p53, p90RSK), phosphorylated proteins (p-Akt, p-c-Jun, p-
CREB, p-ERK1/2, p-GSK-3α/ß, p-HSP27, p-IκBα, p-JNK, p-MEK1, p-p38, p-p70S6K, p-p90RSK, p-
STAT2, p-STAT3), and Caspase-3, measured in tissue following a traumatic injury. The dataset was 
examined using network centrality analysis to assess the impact of each response in relation to all other 
measured responses. Network analysis allowed us to distinguish the signaling progression, while also 
identifying the proteins that appear to be regulatory. Notably, severely injured tissue showed indications 
of inflammation and new tissue formation by 168 h post-injury, while tissue 1-cm away from the site of 
injury that experienced relatively minor injury appeared to exhibit signs of new tissue formation as early 
as 24 h post-injury. Hallmarks of inflammation (IL-1ß, IL-6, and IL-2) appear to have a pronounced impact 
at earlier time points (0-24 h post-injury), while proteins involved in cell proliferation, differentiation, or 
proteolysis (c-Jun, CREB, JNK, p38, p-c-Jun; p-MEK1, p-p38, p-STAT3) are more significant at later 
times (24-168 h). Overall, this study offers a spatiotemporal depiction of the intra and extracellular 
signaling involved in the response to an external injury, and additionally demonstrates the advantages of 
using a network analysis approach to extract significant information. 
 
Disclaimer. The findings and conclusions in this report are those of the authors and do not necessarily 
represent the views of the National Institute for Occupational Safety and Health. 
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EFFECT OF DIET-INDUCED OBESITY ON SILICA-INDUCED PULMONARY TOXICITY IN RATS 
 
TM Sager, CM Umbright, BL Frye, W McKinney, BT Chen, and P Joseph  
 
Health Effects Laboratory Division, National Institute for Occupational Safety and Health, Morgantown, 
WV 
 

Millions of workers worldwide are exposed to silica, a causative agent for potentially fatal diseases 
such as silicosis. In addition, whether avoidable lifestyle factors, such as diet-induced obesity, may modify 
the likelihood of silicosis development is unknown.  Therefore, the objective of this study was to determine 
the effect of diet-induced obesity, if any, on silica-induced pulmonary toxicity in a rat model.  Throughout 
the study, Fischer 344 rats were continuously fed either a regular fat (RFD; 18% kcal as fat) or a high fat 
(HFD; 60% kcal as fat) diet. Two weeks after starting the study, the rats were exposed to either air or 
crystalline silica (15 mg/m3, 6 hours/day, 5 days).  Body weights and serum triglyceride levels, indicators 
of diet-induced obesity, in the HFD rats were higher compared to the RFD rats.  At 1 and 3 months post-
silica exposure, bronchoalveolar lavage was done and pulmonary toxicity assessed. Pulmonary toxicity 
parameters including, lactate dehydrogenase (LDH) activity, oxidant production, and cell counts 
(including infiltrating neutrophils and alveolar macrophages), were assessed. Inflammatory cytokine 
levels (IL-1β, IL-10, TNF-α, MCP-1, and MIP-2) were also measured. Expression profiling of a panel of 
ten genes (CCL2, CCL3, CXCL-1, CEACAM 10, LCN 2, MTIA, MMP-12, SLC13A2, SLC26A4, and 
SOD2), known to be involved in silica-induced pulmonary toxicity, were assessed by real-time PCR. The 
results showed that silica inhalation resulted in pulmonary toxicity, at both 1 and 3 months post-exposure, 
as evidenced by enhanced neutrophil infiltration, increased LDH levels, enhanced oxidant production, 
increased inflammatory cytokine levels, and overexpression of the genes in both RFD and HFD groups.  
Silica-induced pulmonary toxicity was more pronounced at 3 months post-exposure than 1 month. In 
addition, the effect of silica inhalation on gene expression and inflammatory cytokine levels was further 
enhanced, (up to a 21-fold increase in gene expression and 6-fold increase in cytokine levels) especially 
at 3 months post-exposure in the HFD group compared to the RFD group.  In summary, our results 
indicated that certain early pulmonary toxicity parameters (inflammatory cytokine levels and gene 
expression) induced by silica inhalation were enhanced by diet-induced obesity in rats. 

 
Disclaimer. The findings and conclusions in this report are those of the authors and do not necessarily 
represent the views of the National Institute for Occupational Safety and Health. 
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THE EFFECTS OF PULMONARY CO-EXPOSURE TO DIESEL PARTICULATE MATTER AND 
CRYSTALLINE SILICA IN RATS USING TWO MODELS OF EXPOSURE 
1,2BY Farris, 1,2JS Fedan, 1,2BT Chen, 1,2JM Antonini, 2D Schwegler-Berry, 2MW Barger, 1,2JR 
Roberts 
1WVU, Morgantown, WV 
2NIOSH, Morgantown, WV 
 

Worker exposure to respirable dust containing crystalline silica (SIL) and diesel constituents is of 
concern during oil and gas mining operations, including hydraulic fracturing operations. While the 
pulmonary effects of exposure to SIL and diesel particulate matter (DPM) individually are well-
investigated, the potential health effects that may result from a co-exposure are largely unknown. Our 
goal was to examine the effects of co-exposures to SIL and DPM using acute and repeated exposure 
models in vivo. SIL doses were based on the highest measured airborne levels of SIL at a fracking site 
and DPM doses were based on current exposure limits in underground mining as well as the highest 
measured airborne levels of elemental carbon during alternate mining operations. In the acute dose 
model, rats were exposed by a single intratracheal (IT) instillation of phosphate buffered saline (PBS; 
vehicle) or 233 µg SIL, 50 µg DPM, or 233 µg SIL and 50 µg DPM in combination. In the repeated model, 
rats were exposed by IT instillation to PBS, 116 µg SIL, 25 µg DPM, or 116 µg SIL and 25 µg DPM in 
combination, 1/wk for 4 wks. Pulmonary and immune responses were evaluated up to 3 months post-
exposure. SIL caused inflammation, an immune response, and injury in the lungs at all times post-
exposure. DPM did not increase lung injury in either model and caused minimal inflammation 1 d post-
exposure, which resolved by 1 wk post-exposure in the acute dose model. DPM significantly increased 
the inflammatory effects of SIL at 1 wk in the acute dose model and in both in vivo models by 1 mo post-
exposure. Oxidant production was not enhanced by DPM; however, in both models, co-exposure 
significantly increased phagocyte oxidant production at 1 mo post-exposure compared to SIL alone. 
Lymphocytes isolated from lavage fluid and mediastinal lymph nodes following a single co-exposure to 
SIL and DPM were not elevated in comparison to SIL. However, 3 mo following repeated co-exposure, 
the lymphocyte response continued to increase. In summary, acute DPM exposure at these doses 
produced no significant pulmonary toxicity. However, in a co-exposure with SIL it may have the capability 
to potentiate the adverse effects of SIL in the lung related to inflammation, oxidant-related lung injury, 
and immunological response. 

Disclaimer. The findings and conclusions in this report are those of the authors and do not necessarily 
represent the views of the National Institute for Occupational Safety and Health. 
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POTENTIAL EFFECTS OF RESIDENCY IN COAL MINING COUNTIES AND LOW INCOME ON 
RATES OF HYPERTENSION IN APPALACHIA 
 
CB Starkey 
 
Oak Ridge Institute for Science and Education (ORISE) Research Participant  
hosted at U.S. EPA, Arlington, VA 
 

In this study, data from the 2011 Behavioral Risk Factor Surveillance System were merged with 
2007-2011 county-level coal production data from the Energy Information Administration to investigate a 
potential relationship between hypertension rates and residency within coal mining counties as well as 
income. Two approaches were used and differed as to whether non-coal producing counties were 
included in the comparisons.  For both analyses, income was coded as Low, Medium, or High and other 
controlled covariates included: alcohol consumption, education, race, gender, BMI, smoking status, and 
age. For the analysis comparing the rates of hypertension only among coal producing counties (CPCs), 
county-level coal mining production was coded into three levels: Low, Medium, or High. The results 
showed no obvious association between hypertension rates and the level of coal production in the county: 
High CPCs had the highest hypertension rates followed by Low CPCs, and Medium CPCs had the lowest 
hypertension rates. The other analysis included a comparison of hypertension rates between residents 
of non-CPCs and CPCs, and coal production was categorized as either Zero, Moderate, or High. The 
results of this analysis also did not show an obvious association between coal production and 
hypertension rates. In this analysis High CPCs had the highest rates of hypertension followed by Zero 
CPCs, and Moderate CPCs had the lowest hypertension rates. In regard to income, the results indicate 
that rates of hypertension were decreased among Middle and High income individuals compared to Low 
income earners. Limitations of this study included small cross-tabulation sample sizes that prevented the 
analysis of interactive effects of variables.  
 
Disclaimer: The views expressed are those of the author and do not necessarily represent the views or 
policies of the U.S. Environmental Protection Agency.  
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SPP1-ITGA9 INTERACTION DOES NOT INFLUENCE GENDER-SPECIFIC SILICA-INDUCED EARLY 
NEUTROPHIL RECRUITMENT IN MICE 
 
A Ufelle PhD1, J Latoche BSc2, A Barchowsky PhD2, G Leikauf PhD2, C Fattman PhD2 

  

1Department of Public Health and Social Work, Slippery Rock University, Slippery Rock Pennsylvania 
2Department of Environmental and Occupational Health University of Pittsburgh, Pittsburgh Pennsylvania 

 
Our previous work demonstrated that female mice are partially protected against silica-induced 

pulmonary fibrosis compared to male mice. In addition, female mice recruited more inflammatory cells 
with increases in neutrophils at 3 days and macrophages at 14 days post-silica exposure compared to 
male mice. Secreted phosphoprotein-1 (Spp1) gene and protein expression are increased in male mice 
compared to female mice in response to silica exposure and are partially responsible for observed sex-
specific differences in the severity of pulmonary fibrosis. SPP1 binds to integrins (alpha 9-beta 1 (ITGA9-
B1), and alpha 4-beta 1 (ITGA4-B1)) motifs, respectively via the SVVYGLR (SLAYGLR in mice) motifs 
and Spp1- ITGA9-B1 interaction plays a role in neutrophil recruitment to the site of inflammation. In this 
study, we investigated the role of Spp1 in regulating ITGA9 in silica-induced early neutrophil recruitment 
in mice. Using real-time PCR and immunohistochemistry, our results show that silica-exposed female 
mice express less ITGA9 mRNA and protein compared to male mice at 3 days post exposure. Spp1 
influences ITGA9 mRNA expression in silica-exposed male mice but not female mice at 3 days post 
exposure. In conclusion, Spp1-ITGA9 interaction does not influence the previously observed sex-specific 
silica-induced early neutrophil recruitment in mice, indicating there are alternative mechanisms involved 
in this process. Our continued studies explore these alternatives.  

 
Funding/ Support: NIEHS grant R01ES16000, U01-ES 015675, and DST-SERB:SB/SO/AS- 026/2013 
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EARLY ASSESMENT AND CORRELATIONS OF NANOCLAY’S TOXICITY TO THEIR PHYSICAL 
AND CHEMICAL PROPERTIES 
 
A Wagner1, A White1, TA Stueckle2, D Banerjee3, K Sierros3, Y Rojanasakul2,4, RK Gupta1, and CZ 
Dinu1 

 
1Department of Chemical and Biomedical Engineering, West Virginia University, Morgantown, WV 
2Health Effects Laboratory Division, National Institute for Occupational Safety and Health, Morgantown, 
WV 
3Department of Mechanical and Aerospace Engineering, West Virginia University, Morgantown, WV 
4Department of Basic Pharmaceutical Sciences, West Virginia University, Morgantown WV 
 

Nanoclays’ functionalization with organic modifiers increases their individual barrier properties, 
thermal stability, and mechanical properties and allows for ease of implementation in food packaging 
materials or medical devices. Previous reports have showed that while organic modifiers integration 
between the layered mineral silicates leads to nanoclays with different degrees of hydrophobicity that 
become easily miscible in polymers, they could also pose possible effects at inhalation or ingestion routes 
of exposure. Through a systematic analysis of 3 organically modified and one pristine nanoclays, we 
aimed to relate for the first time the physical and chemical characteristics, determined via microscopical 
and spectroscopical techniques, with the potential of these nanoclays to induce deleterious effects in in 
vitro cellular systems, i.e. immortalized and primary human lung epithelial cell lines. In order to derive 
information on how functionalization could lead to toxicological profiles throughout nanoclays’ life cycle, 
both as-received and thermally degraded nanoclays were evaluated. Our analyses showed that the 
organic modifiers chemical composition influenced both the physical and chemical characteristics of the 
nanoclays, as well as their toxicity. Overall, nanoclays with organic modifiers containing bio-reactive 
groups displayed lower cellular numbers as well more elongated cellular morphologies relative to the 
pristine clay and the nanoclay containing a modifier with long carbon chains. Additionally, thermal 
degradation caused for loss of the organic modifiers, as well as changes in size and shape of the 
nanoclays, which led to changes in toxicity. Our study provides insight into the synergistic effects of 
chemical composition, size, and shape of the nanoclays and their toxicological profiles in conditions that 
mimic exposure in manufacturing and disposal environments respectively, and can help aid in safe-by-
design manufacturing of nanoclays with user-controlled functionalization and lower toxicity levels when 
food packaging applications are considered. 
 
Disclaimer. The findings and conclusions in this report are those of the authors and do not necessarily 
represent the views of the National Institute for Occupational Safety and Health. 
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FUNCTIONAL AND MOLECULAR RESPONSES TO INHALATION OF MWCNT FROM THE 
PERSPECTIVE OF OCCUPATIONALLY-RELEVANT DEPOSITIONS 
 
V Kodali1, PC Zeidler-Erdely1,3, T Eye1, SA Bilgesu1, L Bishop1,3, S Tugendreich2, S Shah2, M 
Campen3, M Aragon3, ML Kashon1, J Gu1, L Battelli1, J Cumpston1, A Cumpston1, W McKinney1, 
DG Frazer1, BT Chen1, V Castranova4, RR Mercer1, A Erdely1,3 

 
1NIOSH, Morgantown, WV 
2QIAGEN, Redwood City, CA 
3University of New Mexico, Albuquerque, NM 
4West Virginia University, Morgantown, WV 
 

In order to assess the toxic response to occupationally-relevant depositions of multi-walled carbon 
nanotubes (MWCNTs), a dose- and time-dependent 4-week inhalation exposure (0.5-5 mg/m3) to 
MWNCTs (Mitsui-7) was conducted to model a worker exposed to 76 (40 µg alveolar deposition), 7.6 (4 
µg) and 0.76 (0.4 µg) years at average inhalable workplace concentrations of 10.6 µg/m3. Mice were 
sacrificed at 0, 28, and 84 d post-exposure with lung, liver, and aorta collected for microarray-based gene 
expression profiling analyzed in conjunction with alterations in lavage proteins, alveolar macrophage 
function, histopathology, extrathoracic translocation, and systemic effects. Differentially expressed 
genes, upstream transcriptional regulators, and responses corresponding to inflammation/immune 
function and pathological changes (e.g. fibrosis) were persistent in the high dose but transient in the 
middle dose. The responses reflected the 58 lavage proteins measured and morphometric analysis of 
alveolar fibrosis which was increased in the high dose only. Similarly, isolated alveolar macrophages 
challenged with LPS (1 ug/ml) ex vivo had enhanced cytokine production that was sustained only in the 
high dose. At all doses, MWCNT translocated to extrathoracic organs indicating a dependence on 
physicochemical properties instead of a specific molecular mechanism. Analysis of systemic effects 
showed minimal to no changes in liver or aorta transcriptomics, 58 analyzed plasma proteins, or liver and 
renal histopathology. Endothelial cells challenged with plasma collected from the high dose group 
showed enhanced expression of adhesion molecules. In summary, altered molecular pathways, 
histopathology changes, and systemic effects occur primarily at depositions (or dose rates) predicted to 
be significantly higher than what was measured in 8 MWCNT workplaces. 
 
Disclaimer. The findings and conclusions in this report are those of the authors and do not necessarily 
represent the views of the National Institute for Occupational Safety and Health. 
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SUPERVISED MACHINE LEARNING APPROACHES PREDICT AND CHARACTERIZE 
NANOMATERIAL EXPOSURES: MWCNT EXPOSURE MARKERS IN LUNG LAVAGE FLUID 
 
N Yanamala1, MS Orandle, VK Kodali2, L Bishop2, PC Zeidler-Erdely2, JR Roberts3, V 
Castranova4 and A Erdely2 

 
1 Exposure Assessment Branch  
2 Pathology & Physiology Research Branch  
3Allergy and Clinical Immunology Branch, HELD, NIOSH, CDC, Morgantown, WV 
4Department of Pharmaceutical Sciences, West Virginia University, Morgantown, WV 
 

Globally, carbon nanotubes (CNT) make up 30% of the total engineered nanomaterial market. 
Within that 30%, multi-walled carbon nanotubes (MWCNT) make up 94% of the total. Recent 
experimental evidence points towards significant pulmonary toxicity of MWCNTs such as inflammation, 
sub-pleural fibrosis and granuloma formation, associated with CNTs. Although numerous studies explore 
the adverse potential of various CNTs, their comparability is often limited. This is due to differences in 
administered dose, physico-chemical characteristics (e.g. agglomeration/aggregation state, metal 
impurities, stiffness, length) of the CNTs studied, exposure methods employed, as well as the differences 
in the end points monitored. In this study, we attempted to address the problem of identifying protein 
markers consistent across different MWCNT studies through the application of a sparse supervised 
classification methods. A panel of proteins measured in bronchoalveolar lavage collected from mice at 
various post-exposure time points and concentrations exposed to two different pristine or as-produced 
MWCNT, their polymer coated counterparts, or a well-studied reference material, MWCNT-7, were 
analyzed. The main objective was to take advantage of the power of sparse classification methods in 
identifying a small number of highly predictive and correlated markers (4 to 7, out of a panel of 52 proteins) 
that can distinguish exposure to MWCNT and/or be attributable to MWCNT toxicity in mice. Using this 
approach, we identified a small subset of proteins clearly distinguishing each exposure. MDC/CCL22, in 
particular, was associated with various MWCNT exposures and was independent of exposure route 
tested i.e., oropharyngeal aspiration versus inhalation exposure. The approaches presented in this study 
could enable comparison not only within a class of engineered nanomaterials but between various 
classes of nanomaterials. This study thus serves as a “proof of concept” that can be expanded to future 
nanomaterial risk profiling studies by informing decisions related to dose- and time-response 
relationships and to generate relevant experimental conditions. 
 
Disclaimer. The findings and conclusions in this report are those of the authors and do not necessarily 
represent the views of the National Institute for Occupational Safety and Health.  
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ACUTE INFLAMMATORY AND MICROVASCULAR EFFECTS OF PULMONARY EXPOSURE TO 
NANO-TIO2: A TIME COURSE STUDY 

AB Abukabda, CR McBride, TR Nurkiewicz 

Department of Physiology and Pharmacology, West Virginia University, Morgantown, WV 

Environmental exposure to engineered nanomaterials is associated with increasing incidence of 
cardiovascular morbidity and mortality. While these systemic effects have been widely investigated in 
young adult, healthy, male models, the risks to under-represented populations such as pregnant females 
and developing fetuses has yet to be adequately assessed.  Also, notwithstanding the improvement in 
the understanding of cardiovascular toxicity of environmental toxicants, the impact on the uterine 
circulation is poorly understood. An adequate uterine blood supply is an important determinant of 
successful implantation of a fertilized ovum and of subsequent fetal development.  Disruption of normal 
physiological function of the uterine circulation may negatively impact the development of the maternal-
fetal circulation during mammalian gestation.  This may potentially lead to the creation of a hostile 
gestational environment, causing systemic alterations that may predispose to adult disease.  Therefore, 
the aim of this study was to assess the acute inflammatory and vascular effects associated with 
pulmonary exposure of titanium-dioxide nanoparticles (nano-TiO2), a surrogate for environmental 
ultrafine particulates.  We hypothesized that acute pulmonary exposure to nano-TiO2 initiates a systemic 
inflammatory response and impairs uterine vascular function.  Female, virgin, 8-12 weeks, Sprague-
Dawley rats were exposed to 200 µg of nano-TiO2 24 hours prior to vascular assessments.  Blood 
samples were obtained at time 0, 1 hour, 2 hours and 4 hours for multiplex cytokine analysis.  Exposure 
to nano-TiO2 was associated with an impaired uterine arteriolar response and a significant increase in 
interleukins-1ß, 4, 5 and 13 and TNF- α at 4 hours post-exposure.  Consistent with previous work, these 
results highlight the deleterious effects of pulmonary exposure to engineered nanomaterials on vascular 
function and the initiation of an acute inflammatory response, and confirm the potential of nanosized 
particle exposure to create a hostile gestational environment. 

Support: NIH ES015022, NSF DGE-1144676 
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IRON OXIDE NANOPARTICLE INDUCED IRON HOMEOSTASIS DISRUPTION POTENTIALLY 
REDUCED IN SEVERITY WITH ADDITION OF AMORPHOUS SILICA COATING 
 
TG Kornberg1,2, TA Stueckle1,2, DC Davidson2, R Derk2, P Demokritou3, L Wang1,2 

 

1Department of Pharmaceutical and Pharmacological Sciences, West Virginia University, Morgantown 
WV 
2National Institute of Occupational Safety and Health, Morgantown WV 
3Department of Environmental Health, Harvard University, Boston MA 
 

Nano-scaled iron oxide (nFe2O3) has unique physicochemical properties which allow for its use 
in a wide range of applications, including advanced drug delivery systems and environmental catalysts. 
However, the existing literature is conflicting as to this particle’s ability to induce adverse effects via 
inhalation – a particular concern for those exposed in an occupational setting. Our previous work showed 
that a continuous delivered dose (0.18 µg/cm2) of nFe2O3 induced a neoplastic-like transformation in 
human primary small airway epithelial cells after 10 weeks exposure, with evidence suggesting that this 
transformation is related to disruption of iron homeostasis in the exposed cells. Herein, we utilized a sub-
chronic exposure model to investigate the potentially protective qualities of an amorphous nano-silica 
(nSiO2) coating on nFe2O3-induced bio-effects using a human lung bronchial epithelial cell line. Starting 
at 2.5 months of continuous exposure (administered dose of 0.6 µg/cm2), nFe2O3 treated cells displayed 
significantly elevated mitochondrial activity and reactive oxygen species (ROS) generation, as compared 
to non-treated controls, and this activity became dramatically heightened starting at 4 months of 
exposure. Cells sub-chronically exposed to nSiO2-nFe2O3, however, showed no significant mitochondrial 
activity or ROS generation increase compared to non-treated cells.   Furthermore, starting at 3 months 
continuous exposure, nFe2O3 exposed cells possessed elevated intracellular iron levels compared to 
both nSiO2-nFe2O3 treated and non-treated cells, indicating that nSiO2 -coating has the potential to 
reduce or prevent particle dissolution, thus reducing iron homeostasis overload and subsequent adverse 
outcomes. Overall, our data suggests that nSiO2 coating has the potential to protect against nFe2O3-
induced iron homeostasis disruption and subsequent cellular transformation, supporting a strategy for 
safe-by-design nanoparticle manufacturing. 
 
Disclaimer: The findings and conclusions in this abstract are those of the authors and do not necessarily 
represent the views of the National Institute for Occupational Safety and Health. 
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pHLIP-DYE CONJUGATES AS PROBES FOR VISUALIZING CELLULAR RESPONSE TO 
OLIGOMYCIN EXPOSURE 

N Prince, AA Han, JA Mouch, MS Prediger, JW Boyd 

C. Eugene Bennett Department of Chemistry, West Virginia University, Morgantown, WV 

Elevated extracellular acidity due to increased glycolytic flux is a hallmark of many pathological 
states. Exploiting acidosis to develop probes that monitor and track inflammation is a viable approach 
with the flexibility to range across a spectrum of toxicologically-relevant endpoints, from bioenergetic 
measurements to tumor diagnosis. pH-Low-Insertion-Peptide (pHLIP) is a pH-sensitive peptide that is 
capable of cellular transmembrane insertion through a helix formation mechanism that is reliant on the 
protonation of aspartic acid residues under localized acidic conditions. Upon insertion, the C-terminus 
translocates inside the cell while the N-terminus remains extracellular.  By tethering a fluorophore to the 
N-terminus, researchers may visualize inflammatory response in real time, which provides an orthogonal 
view to complement the findings of cytokine profiling in vivo. In vitro studies using pHLIP-1 allow for the 
targeting and sorting of metabolically compromised cells for further study. Our laboratory has been 
optimizing pHLIP-variants coupled to FITC to demonstrate successful targeting of L6 rat skeletal 
myoblasts post-exposure to oligomycin. Using this probe, it is possible to quantitatively measure the 
cellular response following oligomycin dosing. Our techniques have achieved 100% localization to acidic 
cells in under one minute. Fluorescence polarization aggregation studies are being performed with our 
variant to pinpoint the optimal concentration for localization and insertion in a short period of time. The 
development of this probes offers a novel method for monitoring ECAR that can be implemented in vitro 
and in vivo. 

(Brodie Discovery and Innovation Fund) 
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EFFECT OF TOXIC EXPOSURE DURATION ON CELLULAR RESPONSE AND FATE 
  
JA Mouch1, AA Han1, JV Miller2, N Prince1, M Prediger1, JW Boyd1  
 
1C. Eugene Bennett Department of Chemistry, West Virginia University, Morgantown, WV 
2CDC-NIOSH, Morgantown, WV 
 
  Following a toxic exposure, the pharmacodynamic response of cells is regulated by a coordinated 
signaling network of phosphorylation/dephosphorylation series. The time from initial exposure to 
measurable end point (e.g. cell death), however, can encompass a large time range, from several minutes 
to hours. Although early signaling alterations may foreshadow cell death long before the final steps, the 
“point of no return” has not yet been determined. In this study, we address cell recovery by dosing HepG2 
cells to a GSK-3α/β inhibitor (10, 20, 30, 40, 50, 100 µM) or a MEK1 inhibitor (1, 5, 10, 20, 50 µM). The 
inhibitor was then removed from the cells after various durations of exposure (1, 5, 10, 20 min and 24 h). 
Following initial exposure, dead cells were measured with an ethidium homodimer-1 probe to monitor 
plasma membrane degradation every 20 minutes for 24 hours. Significant cell death did not occur until 
at least 40 minutes after exposure (20-50 µM MEK1 and 30-100 µM GSK-3α/β doses), but at 24 hours 
post treatment, cell death was observed after all exposure durations (5-50 µM MEK1 doses and 20-100 
µM GSK-3α/β doses). From the results, an exposure time as low as 1 minute was sufficient for kinase 
inhibitors to initiate cellular mechanisms that lead to cell death. There were also minimal significant 
differences in relative cell death at 24 hours across the varying exposure durations, signifying the removal 
of the toxicant could not reverse the initial steps of cell death. Thus, there may be limited benefit in early 
removal of the toxicant for inhibitors of signal transduction. 
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NOVEL ION MOBILITY SPECTROMETRY-MASS SPECTROMETRY TECHNIQUES FOR ‘OMICS 
ANALYSES IN TOXICOLOGY 
 
H Maleki, S Majuta, A Karanji, and SJ Valentine 
 
C. Eugene Bennett Department of Chemistry, West Virginia University 
 

A significant challenge for 'omics experiments in toxicological studies is the identification of 
constituent molecules in complex mixtures. Even with advanced condensed-phase separation and mass 
spectrometry techniques, verification of compound assignment is required often using an isotopically -
abeled standard. This not only significantly increases the cost of the overall measurement but also 
decreases the overall throughput of the methods. Here, we describe a new approach for mixt ure 
component identification that is based on rapid ion mobility spectrometry and gas-phase hydrogen-
deuterium exchange measurements. The method provides unique signatures for a wide-variety of 
compounds that would be encountered in 'omics mixtures. Additionally, the approach is well suited for 
the development of predictive methods for identifying compounds for which no previous measurements 
are available for comparison (e.g., newly emerging neuropeptides and metabolites of new drugs). The 
robust nature of the approach is demonstrated and real world examples of its usage for aiding compound 
identification are presented. 
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THROMBOSPONDIN-1/CD47 MEDIATE PERIPHERAL MICROVASCULAR DYSFUNCTION 
FOLLOWING PULMONARY EXPOSURE TO MULTI-WALLED CARBON NANOTUBES 
 
WK Mandler1, TR Nurkiewicz2,3, EE Kelley2,3, IM Olfert1,3 
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3Clinical and Translational Science Institute, West Virginia University, Robert C. Byrd Health Sciences 
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Pulmonary exposure to multi-walled carbon nanotubes (MWCNT) has been shown to disrupt 

endothelium-dependent arteriolar dilation in the peripheral microcirculation. The molecular mechanisms 
behind these arteriolar disruptions have yet to be fully elucidated. The secreted matricellular matrix 
protein thrombospondin-1 (TSP-1) is capable of moderating arteriolar vasodilation by inhibiting NO 
signaling at several points, including the inhibition soluble guanylate cyclase activity and eNOS activation. 
To determine the involvement of TSP-1 in microvascular dysfunction, wild-type C57B6J (WT), TSP-1 
knockout (TSP-1 KO) and CD47 knockout (CD47 KO) mice were exposed via lung aspiration to 50 µg 
MWCNT or a sham dispersion medium control. Following exposure (24hrs), arteriolar characteristics and 
reactivity were measured in the gluteus maximus muscle using intravital microscopy (IVM) coupled with 
microiontophoretic delivery of acetylcholine (ACh) or sodium nitroprusside (SNP).  In WT mice exposed 
to MWCNT, skeletal muscle TSP-1 protein increased > 5-fold compared to sham exposed, and exhibited 
a 39% and 47% decrease in endothelium-dependent and independent vasodilation, respectively.  In 
contrast, TSP-1 protein was not increased following MWCNT exposure in TSP-1 KO mice and both 
transgenic groups exhibited no loss in dilatory capacity. Microvascular leukocyte leukocyte-endothelium 
interactions were measured by leukocyte adhesion and rolling activity in assessing third order venules. 
The WT+MWCNT group demonstrated 223% higher leukocyte rolling compared to WT+SHAM controls. 
TSP-1 KO and CD47 animals exposed to MWCNT showed no differences from WT+SHAM control.  Total 
tissue total nitrite (NO-2) and nitrate (NO-3) a measure of nitric oxide status, was decreased in 
WT+MWCNT lung and plasma, while not different from sham controls in the transgenic groups. Finally, 
several inflammatory cytokines, as quantified by Meso Scale Discovery, were upregulated in tissues of 
both TSP-1 and CD47 KO animals, but not in either of the WT groups. Taken together, these data provide 
the first evidence that TSP-1 is likely a central mediator of the systemic microvascular dysfunction that 
follows pulmonary MWCNT exposure.  
 
National Institutes of Health R01-ES015022 and National Science Foundation EPSCoR Research 
Infrastructure Improvement Cooperative Agreement #1003907 
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ASSESSMENT OF INFLAMMATION AND TOXICITY INDUCED BY MULTI-WALLED CARBON 
NANOTUBES AND CARBON NANOFIBERS FROM U.S. FACILITIES  
 
KE Smith-Fraser1, VK Kodali2, T Eye2, D Schwegler-Berry2, S Friend2, MS Orandle2, A Erdely2 
 
1Pharmaceutical and Pharmacological Sciences, West Virginia University, Morgantown, WV 
2Health Effects Laboratory Division, NIOSH, Morgantown, WV 
 

Pulmonary exposure to carbon nanotubes (CNT) is a concern for facility employees especially 
during material production and dry powder handling. Carbon nanotube exposure is known to induce 
pulmonary inflammation, and tumorigenesis. CNT represent a large class of materials with variable 
physicochemical properties and to date, minimal research has been completed on the vast majority of 
different CNT. For this reason it is necessary to expand the current knowledge of these materials and 
their potential toxicities. Our goal was to test the toxicity and inflammatory response induced by CNT and 
carbon nanofibers (CNF) obtained from U.S. facilities. We hypothesized that not all CNT and CNF 
produced in U.S. facilities confer similar toxicity. Inflammation and cytotoxicity was assessed in mice 1, 
7, 28, and 84 d following exposure to 4 or 40 µg of one of seven different MWCNT or two CNF. Lactose 
dehydrogenase (LDH), a marker of cytotoxicity, was dose-dependently increased in bronchoalveolar 
lavage fluid at 1 and 7 d post-exposure. At 28 and 84 d post-exposure, cytotoxicity had resolved for most 
materials. In materials with a diameter greater than or equal to 50 nm, LDH remained persistently 
elevated. Polymorphonuclear cell infiltration (%PMN), a marker of inflammation, was increased in all 
materials at 1 d post-exposure (<50 nm: 31.1%, ≥50 nm: 37.1%). In materials less than 50 nm, 
inflammation was resolved by 7 d. Materials greater than or equal to 50 nm induced persistent 
inflammation through 7, 28, and 84 d post-exposure (7 d: <50 nm: 10.5%, ≥50 nm: 48.9%). Ongoing 
research will elucidate the relationship between physicochemical characteristics and toxicities which is 
critical to assessing and predicting the hazards of engineered nanomaterials.  
 
Disclaimer: The findings and conclusions in this report are those of the authors and do not represent the 
views of the National Institute for Occupational Safety and Health. 
  

http://www.toxicology.org/isot/rc/allegheny/index.asp


 
 

REAL-TIME ASSESSMENT OF HUMAN LUNG EPITHELIAL CELL MONOLAYER INTEGRITY 
FOLLOWING NANOCLAY EXPOSURE 
 
AP White1, AL Wagner1, TA Stueckle2,3, Y Rojanasakul3, RK Gupta1, CZ Dinu1 
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 Organomodified bentonite is an aluminum phyllosilicate nanoclay coated with organic modifiers 
which is currently utilized as a binder, liner, or thickener. Studies showed that material’s incorporation 
into biodegradable polymers such as poly(lactic acid) leads to nanocomposites with improved gas barrier 
properties, tensile strength, or flammability resistance to be used for the next generation of food 
packaging applications. However, rising usage and consequent disposal of such products necessitates 
investigation into which uses and changes in characteristics over its life cycle dictate their relative 
toxicities. The proposed research used a real-time based approach in order to evaluate the interactions 
of pristine, organomodified, and thermally degraded (incinerated particles) bentonite nanoclays with 
human bronchial epithelial cells (BEAS-2B) used as a model for inhalation toxicity. Real-time assessment 
was complemented by cellular viability assays and high-content imaging microscopic analysis examining 
changes in cell morphology, area, and nuclear integrity, to provide insights into the possible mechanism 
of toxicity and determine exposure-resulting cellular fate. General findings indicate differentiation of 
toxicity profiles and dependence on molecular signatures and physical features of the nanoclay or 
byproducts and suggest that clays’ physico-chemical profiles should be considered when integration in 
consumer applications are envisioned. 

 
Disclaimer: The findings and conclusions in this abstract are those of the authors and do not necessarily 
represent the views of the National Institute for Occupational Safety and Health. 
  

http://www.toxicology.org/isot/rc/allegheny/index.asp


 
 

EFFECTS OF THE ANTIHISTAMINE FEXOFENADINE ON BODY FAT, GLUCOSE AND BODY 
WEIGHT: IMPACT OF DIETARY FAT LEVEL AND TYPE AND PRE-DRUG RUN-IN PERIOD  

EC Smith, A Yingst, A Lynch, JD Shaffer, M Menk, and DV Widzowski  

Department of Biology, College of Natural Sciences and Math.  Indiana University of Pennsylvania, 
Indiana, PA 

Diets high in saturated fats and antihistamine-administration have both been implicated in 
metabolic disorders in animal models and in humans. The interaction of these factors is poorly 
understood. Omega-3 hepatoprotection has not been well studied in relation to drug-diet interactions. 
The present study examined the role of a high fat diet (45% lard) or low fat (10% lard) or an omega-3 
fatty acid (O3FA) enriched diet (45% menhaden oil) and sub-chronic administration of the antihistamine 
fexofenadine on metabolic disturbances in C57Bl/6J mice.  We used long run-in periods (1 week or more) 
or short run-in periods (2 days) in three experiments.  Studies using the longer run-in period found 
significant increases in body weight when fexofenadine was administered with a high (45%) lard diet but 
not with either low fat (10% lard) or a 45% O3FA diet.  Furthermore, these effects occurred in the first 
two weeks of drug administration, suggesting rapid effects of drugs and diet on metabolism and body 
weight regulation.  Fexofenadine administration resulted in increased perigonadal fat pad weights and 
liver weights. In addition, with long run-in periods, omega-3 fed mice showed unchanged body weights 
and decreased serum triglyceride concentrations. In contrast, a study using a short run-in period (2 days) 
found decreased body weight in fexofenadine mice on 45% lard or 45% O3FA diets over 2 weeks of 
administration with a gradual recovery to pre-drug weights by week 4. These results suggest that 
fexofenadine administration can affect changes in body weight that are dependent on dietary fat content 
and on pre-drug run-in periods. The effect of run-in period suggests that stress-related biological factors 
during mouse-acclimation to study conditions may influence drug-induced metabolic outcomes. Future 
studies assessing metabolic effects of drugs should consider using a defined run-in period and testing 
low fat and high fat conditions.  
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EFFECTS OF ACUTE INHALATION OF CRUDE OIL VAPOR ON PULMONARY FUNCTION 

JA Thompson, KA Russ, WG McKinney, MC Jackson, BF Law and JS Fedan 

National Institute for Occupational Safety and Health, Morgantown, WV  

Workers in the oil and gas industry are routinely exposed to hydrocarbon vapors and volatile 
organic compounds (VOCs). Exposures occur while oil workers open the “thief hatch” of oil tanks during 
manual measurement or removal of crude oil samples. The effects of crude oil vapor (COV) inhalation 
upon the pulmonary system are unknown, and several aspects of its possible effects on the lungs were 
investigated in this study. Rats were placed in whole body chambers and exposed to a single 6 h 
inhalation exposure of 300 ppm total VOCs produced from Deep Water Horizon surrogate crude oil at a 
temperature of 75° F.  Control animals were exposed to air and endpoints were measured at 18 h and 
28 d post-exposure. Total VOCs, benzene, toluene, ethylbenzene and xylene concentrations were 
monitored and regulated during inhalation exposures to maintain COV concentration constancy. In 
anesthetized rats, vapor had no effect upon basal lung resistance (RL), basal dynamic compliance (Cdyn) 
or reactivity to inhaled methacholine (MCh). Transepithelial potential difference, short-circuit current and 
transepithelial resistance were measured using tracheas mounted in Ussing chambers and treated with 
the ion transport inhibitors amiloride (Na+ channel blocker), NPPB (Cl- channel blocker) and ouabain (Na+, 
K+ -pump blocker). There was no effect of COV treatment on basal or inhibitor-mediated bioelectric 
responses, indicating that ion transport and tight junction integrity in the airway epithelium were 
unaffected by COV. In isolated, perfused tracheas COV had no effect on reactivity to methacholine 
applied extraluminally or intraluminally indicating that epithelial integrity was intact and airway smooth 
muscle contractility was unchanged. Measurement of isometric contractions using isolated tracheal strips 
stimulated with electric field stimulation indicated that neural innervation of tracheal smooth muscle was 
not affected by COV. In conclusion, a 6 h exposure to COV did not alter function in the systems 
investigated in this study. 

Disclaimer: The findings and conclusions in this abstract are those of the authors and do not necessarily 
represent the views of the National Institute for Occupational Safety and Health. 
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FARNESOID X RECEPTOR ACTIVATION DECREASES NITRITE PRODUCTION FOLLOWING 
CYTOKINE EXPOSURE OF IMMORTALIZED MOUSE ASTROCYTES 
 
S Burchfield1, B Kong2, G Guo2, J Richardson1  
 
1Pharmaceutical Sciences, Northeast Ohio Medical University, Rootstown, OH  
2School of Pharmacy, Rutgers University, Piscataway, NJ  
 

In neurodegenerative diseases, pro-inflammatory cytokines such as TNF-α and IL-1β are 
released by microglia. This increase in cytokines also activates astrocytes, which produce reactive 
molecules, such as nitric oxide, leading to deleterious effects on neighboring neurons. The farnesoid X 
receptor (FXR), a ligand-gated transcription factor of the nuclear receptor superfamily, is expressed in 
many tissues including the liver and intestine. In the livers of FXR-/- mice, spontaneous tumorigenesis 
and inflammation has frequently been observed. Furthermore, stimulation of FXR with synthetic agonists 
such as GW4064 (GW) and WAY-362450 (WAY) has been shown to be protective against inflammation 
in several liver and gastric inflammation models. We have previously demonstrated that FXR is also 
present in the brain, where it is predominantly found in astrocytes and certain neuron populations, but 
not basally expressed in microglia. Furthermore, FXR-/- mice exhibit neuroinflammation as evidenced by 
induction of reactive astrocytes, suggesting FXR may regulate inflammatory pathways in the brain as 
well. To assess the role of FXR during inflammation, immortalized mouse astrocytes (IMA 2.1) were 
treated with a cytokine mixture (CM) of 10 ng/mL TNF-α, 10 ng/mL IL-1β, and 20 ng/mL IFN-γ in the 
presence or absence of the FXR agonists GW or WAY (0.1-10 µM) for 24 hr. AlamarBlue reagent was 
used to determine cell viability, and media levels of nitrite, as an index of astrocyte activation, were 
measured using Griess reagent. Cell viability was not significantly decreased following any treatment. 
CM treatment caused a significant increase in nitrite production compared to untreated cells (248%, p < 
0.01). This was significantly attenuated by co-treatment with 1 or 10 µM of GW (p ≤ 0.01) and 0.1, 1, or 
10 µM of WAY (p ≤ .03). These data suggest that FXR may play a role in the inflammatory response of 
astrocytes and could be a novel therapeutic target for reducing neuroinflammation linked to 
neurodegenerative diseases such as Parkinson’s disease.  
 
Supported in part by NIH R01ES021800 and R01GM104037. 
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ACUTE EXPOSURE TO NANO-TIO2 PARTICLES CAUSES SEVERE ENDOTHELIUM-DEPENDENT 
DYSFUNCTION IN THE MIDDLE CEREBRAL ARTERY 
 
1KW Branyan, 1E DeVallance, 2A Abukabda, 2E Kelley, 2TR Nurkiewicz, 1PD Chantler 
 
1WVU Division of Exercise Physiology, Morgantown, WV; 2WVU Department of Physiology and 
Pharmacology, Morgantown, WV 
 
The use of engineered nanomaterials is increasing exponentially, which is concerning considering full 
toxicological assessments are typically incomplete. Previous studies have shown that exposure to 
engineered nanomaterials is linked with an increase in risk for poor cardiovascular outcomes. The 
cerebral microcirculation is key in regulating blood flow in the brain and therefore, any dysfunction there 
in may increase the risk of stroke. The direct impact of exposure to nano-titanium dioxide (TiO2) on 
cerebral microvasculature is unknown. To determine whether acute nano-TiO2 exposure causes 
microvessel endothelial dysfunction, intratracheal instillation was used to deliver 240 µg of TiO2 
suspended in 300 µl of sterile PBS vehicle to male Sprague-Dawley rats 24 hours prior to surgery. The 
middle cerebral arteries (MCAs) were isolated and hung in a pressurized myobath. To assess endothelial-
dependent dilation, MCAs were challenged with increasing acetylcholine (Ach; 10-9M to 10-5M) doses. 
Phenylephrine (PE; 10-10M to 10-7M) was used to determine α-adrenergic-mediated constriction. 
Endothelial dysfunction can be caused by oxidative stress, possibly through increased xanthine oxidase 
activity. To explore this, MCAs were incubated with Febuxostat (10 μM), a xanthine oxidase inhibitor, for 
30 mins prior to treatment with Ach.   
Acute exposure to 240 µg of TiO2 decreased MCA endothelium-dependent dilation by 45% (p<0.05). 
However, after incubation with Febuxostat, MCA dilation was improved as such did not differ compared 
to control conditions.  MCA constriction to 
PE was also attenuated by 68% (p<0.05) in 
the MCAs exposed to TiO2 compared to 
control conditions. This suggests that overall 
function of the MCAs was significantly 
decreased.    
These data provide evidence that 24 hours 
after exposure to 240 µg of TiO2, MCA 
endothelium-dependent dilation is severely 
blunted. Constriction is also decreased as 
compared to controls.  Incubation with a 
xanthine oxidase inhibitor improves this 
dysfunction, perhaps pointing to a possible 
mechanism responsible that compromises 
cerebral microvascular health. 
 
 
Support: NIH ES015022 (TRN); NIHGMS 1P20 GM-109098 (PDC), AHA 16PRE30820000 (ED) 
 

 

  

Fig 1. Impaired MCA endothelium-dependent dilation to 240 µg 
of TiO2. The impaired MCA dilation was rescued with Febuxostat, a 
xanthine oxidase inhibitor. *p<0.05 vs. control conditions (black bar), 
#p<0.05 vs. TiO2 exposure (red bar). N=5-8 animals per group. 
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DISCREPANCIES IN SIZE-MEDIATED PULMONARY TOXICITY AND ALTERATION OF ALLERGIC 
RESPONSE BY NICKEL OXIDE NANOPARTICLES FOLLOWING ACUTE RESPIRATORY 
EXPOSURE 
 
KA Roach1,2, SE Anderson1, AB Stefaniak1, CE McLoughlin1, D Schwegler-Berry1, JR Roberts1 
 
1National Institute for Occupational Safety and Health, Morgantown, WV  
2West Virginia University, Morgantown, WV 
 

Particle size and morphology play critical roles in nanomaterial-induced lung inflammation, but 
the relationship of these factors to augmentation of allergic response in the respiratory tract is largely 
unknown. To address this concept, two different sizes of nickel oxide (NiO) particles were characterized 
and investigated in vivo.  Dynamic light scattering showed the average particle sizes (APS) were 180 nm 
for NiO-1 and 40 nm for NiO-2. NiO-1 particles were spherical while NiO-2 particles were more irregular 
and plate-like. The goal of the study was to assess effects of the different NiO particles on augmentation 
of allergic response using an ovalbumin (OVA) model. Effects of NiO on the lung were also assessed at 
critical time points correlating to the OVA model in the absence of OVA. Female BALB/c mice were given 
a single dose of 40 µg of NiO-1, NiO-2, or dispersion medium (DM; vehicle control) by oropharyngeal 
aspiration (OPA) and euthanized at 1, 10, 19, and 29 d post-exposure in the absence of OVA. In the OVA 
allergy model, mice were similarly exposed to particles or DM on day 0, sensitized to OVA via i.p. injection 
at 1 and 10 d, challenged with OVA at 19 and 28 d via OPA, and euthanized at 29 d. In the absence of 
OVA, only NiO-2 induced significant and persistent increases in lung injury and inflammation in the lung, 
but both NiO-1 and NiO-2 increased mediastinal lymph node (LN) size as compared to controls. In the 
OVA allergy model, the smaller nanoparticles (NiO-1), resulted in an exacerbated airway response 
following OVA challenge, and increased serum OVA-specific IgE levels as compared to vehicle and 
allergy controls. Differentially, exposure to NiO-2 significantly increased LN size, yet reduced OVA-
specific IgE levels. Overall, results demonstrate that size, and possibly particle morphology, contributed 
to nickel-based particle-induced pulmonary inflammation and modulation of immune responses in the 
lung. Further studies are need to elucidate the mechanisms related to these findings. 
 
Disclaimer: The findings and conclusions in this abstract are those of the authors and do not necessarily 
represent the views of the National Institute for Occupational Safety and Health. 
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EVALUATION OF HYDRAULIC FRACTURING CHEMICALS ON NEURONAL CELL 
MITOCHONDRIAL FUNCTION 
 
SL Rellick1, X Ren1, H Hu1, and JW Simpkins1,2 

 

1Department of Physiology and Pharmacology, West Virginia University, Morgantown, WV 
2West Virginia University School of Medicine, Morgantown, WV 
 

There is concern among residents living near well sites as to whether or not hydraulic fracturing 
can impact drinking water by releasing chemical additives into the surrounding ground, potentially 
contaminating both ground water and drinking water. We evaluated the effects of both acute and chronic 
exposure BTEX on neuronal cells.  The chemical we are currently investigating consists of components 
of raw petroleum products, collectively referred to as BTEX (benzene, toluene, ethylbenzene and xylene), 
to determine its effects on neuronal cell viability and mitochondrial function in a neuronal cell culture 
model using the XFe96 Extracellular Flux Analyzer and Calcein AM assays. We will also expand our 
studies to a murine model of ischemic stroke.  We observed that low concentrations of BTEX that are not 
toxic to neurons leads to an increase in mitochondrial activity.  In a pilot animal experiment, we observed 
that animals will drink water containing BTEX, and can drink the water for 7 days with no visible health 
effects.  Preliminary data suggest that mice receiving an IP injection of BTEX have increased infarction 
in the cortex and striatum. The increase in mitochondrial activity with low concentrations of BTEX may 
increase mitochondrial activity initially, but a secondary insult or injury may prevent cells from being able 
to respond to this damage, resulting in enhanced cell death. We intend to chronically expose mice to low 
concentrations of BTEX in drinking water, and then induce a transient middle cerebral artery occlusion to 
see if exposure to BTEX leads to a worse outcome. 
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MITOCHONDRIAL DYSFUNCTION IN C57BL/6J PRIMARY ASTROCYTES FOLLOWING 
EXPOSURE TO DDT 
 
I Mhatre, JR Richardson 
 
School of Biomedical Sciences, Kent State University, Kent, OH; Department of Pharmaceutical 
Sciences, Northeast Ohio Medical University, Rootstown, OH 
 

The predominant physiological functions of the mitochondria is the generation of ATP by oxidative 
phosphorylation, and generation and detoxification of reactive oxygen species. Mitochondrial dysfunction 
refers to a dysregulation in these processes. Disruption of these processes has been implicated in 
neurodegenerative diseases, with observations of mitochondrial dysfunction in Alzheimer Disease (AD) 
and others.  Recently, our laboratory reported that exposure to dichlorodiphenyltrichloroethane (DDT) is 
a risk factor for AD. Earlier studies have shown that an extremely high dose of DDT (600 mg/kg) 
decreased oxidative respiration in isolated rat mitochondria from brain and liver. In this study, we sought 
to investigate the effect of relevant concentrations of DDT in mitochondrial function of primary cells grown 
in culture. Primary glial and neuronal cultures were isolated from postnatal day (PND) 0-1 C57BL/6J 
mice, and cultured in complete DMEM/F12 media for 14 days. Astrocyte or neuronal cultures were plated 
for analysis of cell metabolism on the seahorse flux analyzer and treated with various doses of DDT (500 
nM – 10 µM) for 24 hours. Real time analysis of basal respiration, oxygen consumption, proton leak, 
maximum respiration and spare respiratory capacity were determined by sequential addition of specific 
electron transport system inhibitors.  Data observed show a significant decrease in basal respiration rates 
at a dose concentration of 5 and 10 µm in astrocytes and as low as 500 nM in neurons. These data are 
consistent with those obtained for ATP production rate at the same concentrations. These results 
demonstrate that DDT exposure directly affects mitochondrial function in isolated astrocytes and neurons 
at concentrations similar to those observed in humans in the 1960s and 70s when DDT was still in use. 
The effects of DDT on mitochondrial function may provide mechanistic insight into the association 
between DDT exposure and increased risk of AD. 
 
Supported in part by NIH R01ES026057 
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ALTERED FUNCTIONAL AND MOLECULAR RESPONSES OF ENDOTHELIAL CELLS TREATED 
WITH SERUM COLLECTED FROM WELDING FUME EXPOSED RATS  

VK Kodali, M Shoeb, TG Meighan, T Eye, TA Stueckle, JM Antonini, A Erdely 

Health Effects Laboratory Division, NIOSH, Morgantown, WV 

Epidemiology studies suggest an interplay between exposure to particulate matter and the rise in 
adverse cardiovascular outcomes. The precise mechanism of how pulmonary exposure translates to 
cardiovascular dysfunction is largely unknown as in most cases there is a minimal translocation of 
particulate from the lung to the systemic circulation. Recent studies suggest alterations in circulating 
factors as the primary driver of pulmonary-induced cardiovascular dysfunction. Because serum is 
composed of a myriad of discrete biochemical components, it is not only cost intensive but also biased 
to try to measure these individual components. Since endothelial cells in the vasculature play a pivotal 
role in a wide spectrum of cardiovascular disorders, we proposed to use serum collected from exposed 
animals to test molecular and functional effects on in vitro cultures of primary cardiac microvascular 
endothelial (PCME) cells or ex vivo cultured aortas from naïve rats as a testing strategy for evaluating 
altered endothelial cell function. This approach was validated using serum obtained from Sprague-
Dawley rats (n=6) after 24 h following exposure to 2 mg/rat of compositionally distinct welding fume 
particulates: manual metal arc welding using stainless steel electrodes (MMA-SS) and gas metal arc 
welding using mild steel electrodes (GMA-MS) or PBS (vehicle control) via intratracheal instillation. As 
an initial screen, PCME cells from Sprague-Dawley rats were challenged for 4 h with serum from welding 
fume or vehicle exposed animals, and 84 genes related to endothelial cell biology were analyzed from 
the isolated mRNA of the challenged cells. In order to understand the functional and biological impact of 
the differentially expressed genes, Ingenuity Pathway Analysis (IPA) was performed. IPA predicted that 
serum from animals exposed to MMA-SS, and not GMA-MS or PBS, had influence on several functional 
aspects of endothelial cells including angiogenesis and migration. These functional predictions were 
further validated with a scratch assay for migration (in vitro) and aortic ring assay for angiogenesis (ex 
vivo). As predicted, both the functional endpoints were statistically significant when challenged with 
serum from MMA-SS and not GMA-MS, suggesting that pulmonary MMA-SS exposure has the potential 
to cause altered endothelial function systemically. The methodology described here can easily be 
adapted to a high throughput screening platform and can be utilized as a quick primary screening strategy 
for evaluating systemic cardiovascular toxicity due to various pulmonary toxic exposures. 

Disclaimer: The findings and conclusions in this report are those of the authors and do not represent the 
views of the National Institute for Occupational Safety and Health. 
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HYDRAULIC FRACKING SAND DUST PRODUCES A PRO-INFLAMMATORY RESPONSE IN 
MURINE MACROPHAGE CELLS 

NS Olgun, AM Morris, KA Russ, JS Fedan, SS Leonard 

Health Effects Laboratory Division, National Institute for Occupational Safety and Health, Morgantown, 
WV  

Hydraulic fracturing is used in the majority of natural gas wells across the United States.  Water, 
sand, and chemicals are delivered at high pressure to drilled wells to cause fractures in the shale 
formations, allowing for the release of natural gas.  Fracking sand, comprised mainly of silica dioxide 
(SiO2), along with water and chemicals, is used to keep these fissures open.  Silicosis is a pulmonary 
disease that affects workers exposed to inhaled silica and is characterized by inflammation and fibrosis, 
causing a decrease in lung capacity.   Fracking sand dust (FSD) is generated during preparation of 
fracking fluid for injection.  In this study, murine macrophage cells (RAW 264.7) were used to better 
understand the mechanisms of toxicity associated with inhaled FSD (< 10 µm).  We hypothesized that 
the soluble and non-soluble components present in the FSD would each play a unique role in observed 
pro-inflammatory responses and cytotoxicity.  FSD was washed in PBS twice, 5 days each time, allowing 
for any soluble material to be released (1st and 2nd washes, respectively).  On the 10th day, sand that was 
twice washed was re-suspended in PBS (10mg/ml) so that comparisons could be made to a freshly 
prepared, unwashed mixture.  Compared to similarly treated silica controls, the viability of cells 
(measured with a fluorogenic substrate) exposed to PBS from the 1st and 2nd washes were decreased by 
40%, whereas unwashed sand decreased viability by 60% over a 24 h period. Intracellular ROS 
generation from sand washed once was significantly higher compared to sand that was washed twice.  
Unwashed FSD sand generated the most intracellular ROS and was significantly higher than sand re-
suspended after two washes. Production of the hydroxyl radical (.OH) was also the highest in unwashed 
sand, followed by PBS from the first and second washes.  Sand re-suspended in PBS after 10 days 
generated the least amount of .OH. Finally, production of the pro-inflammatory cytokines IL-1β and TNFα 
were measured using ELISA.  While IL-1β production decreased with washing, TNFα production 
remained elevated. Our results indicate that FSD is cytotoxic to RAW 264.7 cells, as evidenced by 
decreases in viability, and stimulates intracellular ROS and .OH production.  The stark differences in 
production between IL-1β and TNFα stimulated by the dust warrants future studies into the pro-
inflammatory effects of its soluble and insoluble components. 

Disclaimer: The findings and conclusions in this abstract are those of the authors and do not necessarily 
represent the views of the National Institute for Occupational Safety and Health. 
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DIFFERENTIAL EXPRESSION OF CSF1R AND ITS COGNATE LIGANDS IN TOXICANT-INDUCED 
MOUSE MODELS OF PARKINSON’S DISEASE 

 
M Neal1, G Alam1, E Beier2, L-JWu3, JR Richardson1,2 

 
1Departments of Pharmaceutical Sciences, Northeast Ohio Medical University, Rootstown, OH 
2Environmental and Occupational Health Sciences Institute, Rutgers University, Piscataway, NJ 
3Department of Neurology, Mayo Clinic, Rochester, MN 
 

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 2dpi, 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 7dpi 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 15dpi. MPTP treatment induced CSF-1 gene 
expression at 2dpi, with expression returning to control levels by 7dpi. 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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INDUCTION OF NEOPLASTIC TRANSFORMATION, AP-1 SIGNALING, AND DNA DAMAGE BY 
COPPER OXIDE NANOPARTICLES INVOLVE ROS-MEDIATED MAPK PATHWAYS 
 
T Barber1, J Aldinger1, S Leonard2, A Morris2, and M Ding1 

 
1Toxicology and Molecular Biology Branch, Health Effects Laboratory Division, Centers for Disease 
Control and Prevention,  National Institute for Occupational Safety and Health, Morgantown, WV 
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Occupational exposures to copper dusts or fumes have been reported to be harmful to human health, 
with possible risk of cancer among copper smelter workers.  Copper (II) oxide (CuO) nanoparticles have 
not, to our knowledge, been extensively examined for potential carcinogenic or genotoxic effects. To 
investigate the mechanisms of CuO-induced pathogenesis, the effect of CuO on AP-1-MAPKs and ROS 
generation were investigated.  The results indicated that CuO caused a 2-fold increase in AP-1 activity 
in JB6 cells. The induction of AP-1 activity in cultured cell lines was time and dose-dependent. The signal 
transduction pathways for AP-1 activation were also investigated. Western Blot analysis demonstrate 
that CuO nanoparticles stimulate phosphorylation of p38 MAPK and ERKs.  CuO also generated ROS 
when incubated with the cells as measured by electron spin resonance (ESR).  Nano-sized CuO 
generated more ROS than the fine sized particles when incubated with the cells. COMET assay suggests 
that exposure of the cells to CuO resulted in DNA damage. Cells pre-treated with ROS inhibitors sodium 
formate and PVPNO before exposure to CuO nanoparticles demonstrate a significant reduction in p-38 
and ERK activity, suggesting the H2O2 may have a role in the ROS mechanism. Soft agar transformation 
assays have concluded that there is a significant increase in colony formation in JB6/AP-1 cells treated 
with CuO nanoparticles as compared to the control, indicative of neoplastic transformation. Unraveling 
the complex mechanisms associated with these events may provide insights into the initiation and 
progression of CuO-induced pathogenesis. 
 
Disclaimer: The findings and conclusions in this abstract are those of the authors and do not necessarily 
represent the views of the National Institute for Occupational Safety and Health. 
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ALTERATIONS OF ALZHEIMER’S DISEASE RELATED GENE EXPRESSION BY DDT 
TREATMENT IN MOUSE PRIMARY NEURONAL CULTURES 
 
A Eid1, I Mhatre1,2 and JR Richardson1 

 
1Department of Pharmaceutical Sciences, Northeast Ohio Medical University, Rootstown, Ohio; 2Kent 
State University, Biomedical Sciences, Northeast Ohio Medical University, Pharmaceutical Sciences 

 
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 then 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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EFFECT OF AGE, DIET, AND RAT STRAIN ON TELOMERE LENGTH IN RECOVERED 
PERIPHERAL BLOOD MONONUCLEAR CELLS (PBMCS) 

M Shoeb, VK Kodali, TG Meighan, R Salmen, M Kashon, PC Zeidler-Erdely, A Erdely, JM 
Antonini 

National Institute for Occupational Safety and Health, Morgantown, WV USA 

The exposome measures all exposures of an individual in a lifetime and relates those exposures 
to health. Successful ‘mapping’ of the exposome could substantially improve the understanding of 
disease and potentially aid in the development of prevention strategies and cures. A tiered exposure 
study is being conducted that has collected longitudinal biological samples during critical ages of an 
exposed animal. Lifestyle (e.g., diet) and relevant occupational and environmental exposures are linked 
with specific internal biological endpoints. In animal models, external lifetime exposures are controlled 
and potential adverse health outcomes of each animal are measured over its entire lifespan. Genetic 
contributions to the exposome are assessed using multiple animal strains. In initial studies, three different 
strains [Sprague-Dawley (SD), Fischer 344 (F344), and Brown-Norway (BN)] of male rats were 
maintained on a high fat Western (HF) or regular diet for 24 wk. Whole blood was collected at baseline, 
4, 12, and 24 wk to assess blood chemistry and to recover PBMCs for epigenetic analysis (e.g., telomere 
length ratio, DNA methylation). Based on blood chemistry, all rats from each strain were generally healthy 
over the 24-wk period. As expected, triglycerides and rate of body weight gain increased at all time points 
in the HF diet group compared to the regular diet group for each strain. Interestingly, telomere length in 
PBMCs decreased in the HF diet group compared to the regular diet group at 4, 12, and 24 wk compared 
to baseline for the SD and F344 strains and at 12 and 24 wk for the BN strain. Telomere length ratio 
decreased in PBMCs at 12 and 24 wk compared to baseline in all strains, indicating an age-related effect 
on telomere shortening. DNA methylation increased in the HF diet group at 4 wk for the F344 strain, at 
12 wk for the SD strain, and at all time points for the BN strain. These findings indicate that diet and age, 
important components of the exposome, cause epigenetic changes in PBMCs recovered from different 
strains of rats. The next tier of studies will combine occupational exposures with age, diet, and animal 
strain differences in further assessment of the exposome. 

Disclaimer: The findings and conclusions in this report are those of the authors and do not represent the 
views of the National Institute for Occupational Safety and Health. 
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LIFE CYCLE ASSESSMENT OF PRE- AND POST-INCINERATED ORGANOMODIFIED 
NANOCLAY FOR PULMONARY IN VIVO TOXICITY 
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Wagner2, R Gupta2, CZ Dinu2, DW Porter1, L Wang1 
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Organomodified nanoclays (ONCs), clay particles with organic coating, are projected to 

experience large scale use in a wide range of nanomaterial-enabled plastic composites. However, 
little is known about risks to worker pulmonary health during manufacturing and end-of-life 
disposal. This study aimed to assess how physicochemical properties of pre- and post-incinerated 
pristine montmorillonite nanoclay (CloisNa) and ONC (Clois30B) impact lung inflammation and 
fibrotic potential following pulmonary exposure. Fly ash from incinerated CloisNa (I-CloisNa) and 
Clois30B (I-Clois30B) were collected and characterized. Pre-incinerated CloisNa and Clois30B 
exhibited single or stacked platelet morphology, while I-CloisNa and I-Clois30B possessed 
amorphous or rough, pitted morphology. Six week old male C57BL/6 mice were exposed via 
oropharyngeal aspiration to low (30 µg/mouse) and high (300 µg/mouse) doses of well-
characterized, pre- and post-incinerated pristine and organomodified nanoclay. Crystalline silica 
acted as a benchmark particle control. Bronchoalveolar lavage (BAL), lung, and blood tissues 
were collected on Days 1, 7, and 28 to evaluate dose- and time-dependent airway damage, 
inflammation, and early indicators of fibrotic potential. BAL fluid was subjected to an inflammatory 
cytokine multiplex screen and airway damage assays. CloisNa exposure caused a dose-
dependent robust inflammatory response characterized by transient neutrophilia and eosinophilia, 
while high dose I-CloisNa exposure caused transient inflammation with little damage. Conversely, 
both high dose Clois30B and I-Clois30B exposure resulted in minimal airway damage, but low 
grade inflammation persisting to Day 28, similar to CS. BAL cytokine data identified high dose 
CloisNa and CS possessing distinct, unique inflammatory signatures, while high dose Clois30B 
signature overlapped both CloisNa and CS. At Day 28, I-Clois30B exhibited a profile similar to 
CS. CloisNa and Clois30B exhibited a distinct pro-fibrotic signature, which correlated with 
collagen III and fibronectin expression in lung homogenates. In conclusion, particle coating, 
number, size, and incineration status across the ONC life cycle determine pulmonary 
inflammation and fibrogenic response. 

 
Disclaimer: The findings and conclusions in this abstract are those of the authors and do not 
necessarily represent the views of the National Institute for Occupational Safety and Health. 
Product names do not constitute endorsement. 

 
Funding for this study included grants from the NIOSH NTRC, National Science Foundation, and King 
Abdulaziz City for Science and Technology (Riyadh, Saudi Arabia). 
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TOXICOLOGICAL EFFECTS OF INHALED MULTI-WALLED CARBON NANOTUBES ON 
REACTIVITY OF ISOLATED RAT TRACHEA 

KA Russ, W McKinney, AM Cumpston, BT Chen, JS Fedan 

Pathology and Physiology Research Branch, National Institute for Occupational Safety and Health, 
Morgantown, WV 

Occupational exposure to multi-walled carbon nanotubes (MWCNT) can occur in many different 
settings such as research and product development, manufacturing, and waste disposal. Current studies 
of their health effects demonstrate that some MWCNT cause pulmonary inflammation and fibrosis, 
mesothelioma, and elicit changes in the cardiovascular and central nervous systems in animal models. 
However, whether changes in airways occur as a result of MWCNT inhalation has not been explored. To 
investigate the toxicological effects of inhaled MWCNT, rats were exposed to 1 or 5 mg/m3 inhaled 
MWCNT (MWNT-7 provided by Mitsui & Co.) for 6 hours.  Characterization of the MWCNT showed the 
expected crystalline structure, 20-50 walls, and little trace metal contamination. The MWCNT had a mass 
median aerodynamic diameter of 1.5 µm and a geometric standard deviation of 1.67. Tracheas from 
MWCNT and air-exposed animals were isolated from euthanized animals for in vitro examination using 
isolated, perfused trachea preparations at 18 hours and 7 days post-exposure. After exposure to 5 mg/m3 
MWCNT, no statistically significant changes in reactivity to intraluminally or extraluminally-applied 
methacholine (MCh) were observed at either 18 hours or 7 days post-exposure. However, after exposure 
to 1 mg/m3 MWCNT for 6 hours, there was a significant increase in reactivity to intraluminal MCh as 
indicated by a decrease in the EC50 value in comparison to the air-breathing control animals. By day 7 
post-exposure, the changes in reactivity to MCh had resolved. The increase in reactivity to intraluminally-
applied but not extraluminally-applied MCh in the 1 mg/m3 MWCNT-exposed animals indicates that the 
epithelial cells lining the trachea are affected by inhaled MWCNT, which could alter their regulatory effect 
on airway reactivity. 
 
Disclaimer: The findings and conclusions in this abstract are those of the authors and do not necessarily 
represent the views of the National Institute for Occupational Safety and Health. 
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TIMP1 PROMOTES MULTI-WALLED CARBON NANOTUBE-INDUCED LUNG FIBROSIS 
THROUGH STIMULATING FIBROBLAST PROLIFERATION 

J Dong, Q Ma
 
Receptor Biology Laboratory, Toxicology and Molecular Biology Branch, Health Effects Laboratory 
Division, National Institute for Occupational Safety and Health, Centers for Disease Control and 
Prevention, Morgantown, WV 
 

Multi-walled carbon nanotubes (MWCNTs) are new nanomaterials with a broad range of 
applications. However, certain types of MWCNTs have been shown to cause remarkable and persistent 
fibrosing lesions in animal lungs, with a high similarity to pneumoconiosis induced by silica or asbestos 
and to idiopathic pulmonary fibrosis (IPF) in humans. In the current study, we identified a novel molecular 
mechanism underlying lung fibrosis development in MWCNT-exposed mouse lungs. We found that the 
tissue inhibitor of metalloproteinase 1 (TIMP1) was rapidly and highly induced in the lungs in a time- and 
dose-dependent manner and high levels of TIMP1 were present in the bronchoalveolar lavage fluid and 
serum. Gene knockout of Timp1 in mice caused a significant attenuation in fibrotic focus formation, 
collagen fiber deposition, fibroblast accumulation, and myofibroblast differentiation in the lungs exposed 
to MWCNTs compared with wild-type. MWCNT exposure significantly increased the expression of the 
cell proliferation markers Ki-67 and PCNA and a panel of cell cycle-controlling genes in the lungs in a 
TIMP1-dependent manner. MWCNT-stimulated cell proliferation was prominent in lung fibroblasts, which 
play a critical role in fibrosis development. Lastly, MWCNTs elicited a significant induction of CD63 and 
integrin β1 in lung fibroblasts and the formation of a TIMP1/CD63/integrin β1 complex on the surface of 
fibroblasts to trigger the phosphorylation and activation of Erk1/2, which functions in promoting cell 
proliferation. Our study therefore reveals a pro-proliferative activity of TIMP1 in lung fibroblasts, through 
which TIMP1 enhances pulmonary fibrotic response to MWCNT exposure. This study provides new 
insights into MWCNT-induced lung pathology at the cellular and molecular levels, as well as suggests 
TIMP1 as a potential biomarker for MWCNT-induced health impact. 
 
Disclaimer: The findings and conclusions in this abstract are those of the authors and do not necessarily 
represent the views of the National Institute for Occupational Safety and Health. 
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H2 ANTAGONIST RANITIDINE HAS NO EFFECT ON BODY WEIGHT, FAT ACCUMULATION OR 
SERUM ALT LEVELS IN MICE 

CM Maziarz, JD Shaffer and DV Widzowski   

Department of Biology, College of Natural Sciences and Math.  Indiana University of Pennsylvania, 
Indiana, PA 

Ranitidine (Zantac) is a histamine H2 antagonist commonly used to treat gastric distress by 
inhibiting histamine’s natural activity in gastric acid secretion. A 2010 study found that H2-knockout mice 
exhibit severe effects such as fatty livers and body weight loss compared to their wild-type counterparts 
under similar conditions (i.e., high or low fat diets). Additionally, diets high in fat have been shown to 
induce fatty liver in humans. To date, no studies have examined the effects of H2 antagonists and their 
interactions with dietary fat levels.  The purpose of this study was to determine if, at clinically relevant 
doses, ranitidine is able to induce fatty liver, increased adipose tissue mass and changes in body weight 
in mice. A secondary objective was to determine if there was an interaction between ranitidine and dietary 
fat content. C57BL6 mice were placed on varying diets (10, 30 or 45% lard) and received ranitidine (200 
mg/kg) or vehicle via gavage. We found that ranitidine at clinically-relevant doses had no effect on body 
or tissue weights, nor were there interactive effects of diet and drug. However, dietary effects were 
observed, suggesting diet-induced obesity. There were no significant drug-induced changes in abdominal 
fat pad weights or serum alanine transaminase (ALT) levels.  This study highlights the difference between 
effects observed with gene knockout and receptor inhibition at clinical doses.   

These studies were supported by start-up funds from the College of Natural Sciences and Mathematics 
to D.W. and by the Sushak Research Award to C.M.M. from the Dept. of Biology. 
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CHRONIC EFFECTS OF E-CIGARETTE VAPOR ON ARTERIAL STIFFNESS AND ENDOTHELIAL 
FUNCTION. 
 
SA Clayton, E DeVallance, KW Branyan, CR Pitzer, MJ Breit, H Hoskinson, PD Chantler, IM Olfert 
 
West Virginia University, School of Medicine, Morgantown, WV 
West Virginia University, College of Engineering and Mineral Resources, Lane Department of Computer 
Science and Electrical Engineering, WV 
 

Electronic cigarettes (E-cigs) have exponentially increased in popularity and usage due to the 
perception that e-cigs are safe, their usefulness as a cigarette-smoking cessation tool, and the appeal of 
heavily marketed flavors. There is little known about the long-term effects of E-cig vapor exposure, 
particularly in the context of vascular dysfunction. We hypothesize that the long-term use of E-cig vapor 
decreased aortic function, and increase aortic stiffness.  Data were obtained from C57BL/6 female mice 
exposed to 3R4F reference cigarette (N=5-7), cappuccino flavored E-vapor (18 mg/ml nicotine, N=7), or 
filtered air (N=7-8) for 4 h/day, 5 d/wk for 8 months. Food and water were administered ad libitum. Before 
and after the exposure, in-vivo aortic stiffness (pulse wave velocity) was measured using B-mode and 
Doppler ultrasound by obtain blood flow signals at the aortic arch and before the carotid bifurcation from 
a single image, which were gated to the EKG. At the end of the exposure the thoracic aorta was dissected, 
sectioned into rings and mounted onto an ex-vivo wire tension myograph system. Force transduction was 
used to measure the changes in aortic tension in response to methacholine, or sodium nitroprusside. 
Aortic stiffness increased (0.45±0.20 m/s) in the air-exposed group, reflecting the normal aging process. 
However, an accelerated age-associated aortic stiffness was noted in the cigarette (1.28±0.27 m/s) and 
E-cig (1.14±0.24 m/s) groups (ANOVA, p<0.05). In animals exposed to filtered air, the maximal aortic 
relaxation achieved to methacholine was 90%, compared to 60% and 70% in the cigarette and E-cig 
groups, respectively (p<0.05). No differences were noted in sodium nitroprusside dilation between 
groups. Our data suggests that 8 months of E-cig significantly accelerated the age-associated increase 
in aortic stiffness, and significantly impaired aortic endothelial-dependent but not endothelial-independent 
dilation. These data show the E-cigs induce similar vascular dysfunction to cigarette smoke exposure 
suggesting that E-cig have similar risk to develop accelerated cardiovascular aging and disease. 
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INACTIVATION OF PATHOGENEIC BACTERIA ON MEDIA CONTAINING JUICES AND SPICES 
USING RADIANT CATALYTIC IONIZATION 
  
B Benjamin1, R Clark1, B Kilbert1, M Sweeney1, O Afolabi1, C Pasky1, A Babel1, WJ Mackay1, D 
Fulford1, C Steele1, C Mackay3, C Sommers2 

 
1Department of Biology and Health Services Edinboro University of Pennsylvania, Edinboro, PA 
2Food Safety Intervention Technologies Research Unit, Eastern Regional Research Center USDA, 
Wyndmoor, PA 
3Department of Chemistry and Biochemistry Duquesne University, Pittsburgh, PA 
 

Food-borne illnesses are exceedingly prevalent and are an unremitting issue. The World Health 
Organization (WHO) estimates that 2 billion people worldwide are affected by food-borne illnesses yearly. 
In order to combat this problem, new sanitizing techniques have emerged in recent years and are being 
extensively used in a multitude of places to decontaminate contact surfaces. By generating activated 
oxygen species such as hydrogen peroxide, superoxide anion, hydroxyl radical, and ozone, Radiant 
Catalytic Ionization (RCI) has come to the forefront of potential solutions for this issue with its countless 
applications for reducing the number of bacteria. Previous research has shown that RCI causes a 90% 
killing of food-borne pathogens during a 30-minute exposure. The focus of this study is the examination 
of the effects of RCI on Escherichia coli and Listeria innocua grown on different types of media, to 
simulate common food products. The media that were used for this study include Tryptic Soy Agar (TSA) 
and TSA infused with ground turmeric, ground cinnamon, garlic powder, or ginger powder. The results of 
both the cabbage juice and the carrot juice plates indicated a 99.9% killing of both E. coli and L. innocua 
in 3 hours. The spices, all of which are natural antimicrobial agents (African Journal of Biochemistry 
Research, 4, 172-173), were chosen to explore the possibilities of a synergistic effect between the spices 
and the food product in the presence of RCI. 

 
(The Tri Beta Research Scholarship Foundation) 
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IN VIVO AND IN VITRO EFFECTS OF WORK SITE FRACKING SAND DUST (FSD) INHALATION 
ON RAT LUNG: DOSE- AND TIME-RESPONSE EVALUATION 
 
JS Fedan, JA Thompson, KA Russ, D Newcomer, W McKinney, AM Cumpston, MC Jackson and 
JS Reynolds 
 
National Institute for Occupational Safety and Health, Morgantown, WV 
 

A fine dust is generated when sand is manipulated during operations at drilling sites that utilize 
the hydraulic fracturing, or “fracking,” process, potentially putting workers at risk of inhalation.  Previously 
we investigated the effects of inhalation of 10 and 30 mg/m3 fracking sand dust (FSD; mass median 
aerodynamic diameter, 1.75 µm; count median aerodynamic diameter, 227 nm) 1, 7 and 27 d after 
exposure (6 h/d for 4 d) and observed modest changes in airway reactivity (7 d; in terms of lung resistance 
and dynamic compliance) and inflammation (1 d).  In the present investigation, additional animals were 
exposed to the same inhalation conditions to further study its effects on aspects of lung function.  
Pulmonary function was examined in anesthetized rats using the flexiVent system (single compartment 
and constant phase models).  There were no changes in respiratory system resistance (Rrs), respiratory 
elastance (Ers), tissue damping (G), tissue elastance (H), Newtonian resistance (Rn) or hysteresivity (η) 
after any post-exposure period in rats exposed to either dose of FSD.  To investigate whether reactivity 
of airway smooth muscle or the modulatory effect of epithelium on airway reactivity was affected by FSD 
inhalation, methacholine (MCh) was applied to the intraluminal or extraluminal baths of the isolated, 
perfused trachea preparation (IPT).  FSD inhalation had no effect on reactivity (EC50 values) or 
contractile responses to MCh at any FSD dose or post-exposure time.  The possible effects of FSD 
inhalation on epithelial ion transport was investigated in vitro using Ussing chambers.  Neither dose of 
FSD affected transepithelial potential difference (Vt) or resistance (Rt), or short-circuit current (Isc) at any 
time point.  Whereas there was no effect of FSD on responses to apical amiloride (Na+ channel blocker), 
apical NPPB (Cl¯ channel blocker) or basolateral ouabain (Na+,K+-pump inhibitor) at the 10 mg/m3 dose, 
responses to amiloride were significantly inhibited at all post-exposure times in tracheas from rats 
exposed to 30 mg/m3 FSD, suggesting that epithelial Na+ transport was impaired by FSD.  The results 
indicate that FSD is generally without appreciable biological effects on pulmonary function broadly 
speaking, either in vivo or in vitro; however, the dust does interfere with Na+ transport at the 30 mg/m3 
dose in a manner that is sustained for at least one month.  Such a change could result in hydration of the 
airway surface liquid. 

Disclaimer: The findings and conclusions in this report are those of the authors and do not represent 
the views of the National Institute for Occupational Safety and Health. 
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AEROSOL CHARACTERIZATION AND PULMONARY RESPONSES AFTER SHORT-TERM 
INHALATION OF FUMES GENERATED DURING RESISTANCE SPOT WELDING OF GALVANIZED 
STEEL 
 
A Afshari1, PC Zeidler-Erdely1, TG Meighan1, W McKinney1, M Jackson1, D Schwegler-Berry1, DA 
Burns2, RF LeBouf2, BT Chen1, JM Antonini1 

 
1Health Effects Laboratory Division, 2Respiratory Health Division; NIOSH, Morgantown, WV 
 

Resistance spot welding is a common process to join metals in the automotive industry. 
Adhesives are often used as sealers to seams of metals that are joined. Anti-spatter compounds 
sometimes are sprayed onto metals to be welded to improve weldability. Spot welding produces complex 
aerosols composed of metal and volatile organic compounds (VOCs) which can cause lung disease in 
workers. Sprague-Dawley rats were exposed by inhalation to 25 mg/m3 of aerosol for 4 h/d x 8 d during 
spot welding of galvanized zinc-coated steel in the presence or absence of an adhesive or anti-spatter 
spray. Controls were exposed to filtered air. Particle size distribution and chemical composition of the 
generated aerosol were determined. At 1 and 7 d after exposure, bronchoalveolar lavage (BAL) was 
performed to assess lung toxicity. The generated particles mostly were in the submicron size range with 
a significant number of ultrafine particles formed. The primary metals present in the fumes were iron (72.5 
%) and zinc (26.3 %). The addition of the anti-spatter spray and adhesive did affect particle size 
distribution when spot welding galvanized steel, whereas they had no effect on metal composition. 
Multiple VOCs (e.g., methyl methacrylate, acetaldehyde, ethanol, acetone, benzene, xylene) were 
identified when spot welding using either the adhesive or the anti-spatter spray that were not present 
when welding alone. Markers of lung injury (BAL lactate dehydrogenase) and inflammation (total BAL 
cells and neutrophils) were significantly elevated compared to controls 1 d after exposure to the spot 
welding fumes. The elevated pulmonary response was transient as lung toxicity mostly returned to control 
values by 7 d. The VOCs or the concentrations that were generated during the animal exposures had no 
measurable effect on the pulmonary responses. Inhalation of galvanized spot welding fumes caused 
acute lung toxicity most likely due to the presence of zinc. 
 
Disclaimer: The findings and conclusions in this report are those of the authors and do not represent 
the views of the National Institute for Occupational Safety and Health. 
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LUNG TOXICITY FOLLOWING A DOSE-RESPONSE IN VIVO STUDY OF DISPERSED BORON 
NITRIDE NANOTUBES   
 
JR Roberts1,2, A Erdely1,2, M Barger1, KA Roach2,  M Wolfarth1,  AB Stefaniak1,2,  D Schwegler-Berry1, 
V Kodali1, DW Porter1,2.   
 
1National Institute for Occupational Safety and Health, Morgantown, WV 
2West Virginia University, Morgantown, WV   
 

Boron nitride nanotubes (BNNT) are multi-walled nanotubes composed of hexagonal B-N bonds 
and are an emerging nanomaterial for which markets are rapidly expanding.  Although not rigid in nature, 
the high aspect ratio (HAR) raises concern for potential toxicity that may be associated with lung 
exposure. The goal of the study was to assess lung toxicity using an in vivo dose-response time course 
model.  The BNNT in this study were originally manufactured to be 5 nm wide and up to 200 µm long.   
Dispersion by sonication in ethanol, drying, and suspension in physiological dispersion medium (DM) 
yielded byproducts with surface area ~180 m2/g and size distribution on average of 13-23 nm in diameter 
x 0.6-1.6 µm in length lowering the original HAR by up to 99.9%.  Male C57BL/6J mice received 4 or 40 
µg of dispersed BNNT or DM by oropharyngeal aspiration.  Bronchoalveolar lavage (BAL) was performed 
and blood collected at 4 hour, 1 day, 7 day, 1 month, and 2 month post-exposure.  Lung lymph nodes 
(LN) and spleens were also harvested. Lung injury (BAL lactate dehydrogenase) was significantly 
elevated in the dispersed high-dose BNNT group up to 1 month post-exposure with resolution by 2 month.  
BAL neutrophils and eosinophils, a measure of inflammation and irritant response, were elevated in the 
high-dose group up to 7 day post-exposure, peaking at 1 and 7 day, respectively.  BAL lymphocytes were 
significantly elevated at 1 and 7 day post-exposure and, to a lesser degree, at 2 month due primarily to 
increased CD4+ and CD8+ T cells.  LN lymphocytes were also significantly increased in the high dose 
group at 7 day.  No significant alterations were observed in spleenocytes cell populations. The low dose 
did not result in significant changes in any parameters measured.  In summary, the products of the 
dispersed BNNT sample used in this study caused acute pulmonary inflammation and lung injury only at 
the highest exposure, which peaked by 7 day post-exposure and showed resolution over time (2 month).  
Further studies are needed to determine if physicochemical properties, such as length and impurities, 
will impact toxicity profiles of BNNT and byproducts resulting from dispersion.   
 
Disclaimer: The findings and conclusions in this abstract are those of the authors and do not necessarily 
represent the views of the National Institute for Occupational Safety and Health. 
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MASTERS OF PUBLIC HEALTH (MPH) PROGRAM SLIPPERY ROCK UNIVERSITY OF 
PENNSYLVANIA 

A Ufelle PhD1, J Robare Dr.PH1 

 

1 Department of Public Health and Social Work, Slippery Rock University of Pennsylvania, Slippery Rock 
PA 16057 

 
Slippery Rock University offers a100% online Master of Public Health Program (MPH) that 

requires 42 credits and can be completed in 21 months full time. The program started in Fall 2016 and 
has a practitioner focus with two academic concentrations, 1. Health Promotion and Wellness and 2. 
Environmental and Occupational Health. Students in both academic concentrations develop 
interdisciplinary competencies such as communication and informatics, diversity and culture, leadership, 
professionalism, program planning, systems thinking and public health biology. Upon completion of the 
program the knowledge and skills learned will enable graduates to address public health problems at the 
community, institutional, and population levels. Students are required to complete both a practicum and 
capstone experience.  SRU is in the process of seeking the Council on Education for Public Health 
(CEPH) accreditation. The program will work with CEPH through the accreditation process over the next 
few years. 
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Group Dinner 

Apothecary and Ale House Café 
227 Chestnut St 

Morgantown, WV 26505 
 

Directions: 
Take Patteson Drive to Monongahela Blvd (Left at the Coliseum) 

Follow Monongahela Blvd (Turns to Beechurst) and turn left onto Pleasant St. 
Parking can be found on the street, in the parking lot behind Huntington Bank, or in the 

garage by Black Bear Burritos.  
The restaurant is located at 227 Chestnut Street, toward downtown and before the Walnut PRT 

station stop. 
 
 

 
 

  

Hotel  
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Undergraduate Student and Mentor Resources 
Society of Toxicology 

 
The Society of Toxicology (SOT) is striving to enhance undergraduate education and improve career trajectories 
in the toxicological sciences.  Currently, the best toxicological science draws on multiple disciplines including 
biology, chemistry, physics, materials science, environmental science, and more.  SOT supports the teaching of 
toxicology to undergraduates and has an active community of undergraduate educators. The Education 
Committee Undergraduate Subcommittee encourages any SOT member interested in undergraduate instruction 
to join this Undergraduate Educator Network by subscribing in ToXchange. 

For undergraduate students, SOT offers special status as an Undergraduate Student Affiliate, specific activities at the SOT 
Annual Meeting, and travel awards, including the Undergraduate Diversity Award and the Pfizer SOT Undergraduate 
Student Award. Other resources include career information, internship listings, opportunities to participate in Regional 
Chapter meetings, and connections to other ways to investigate exciting opportunities in biomedical graduate school and 
toxicology careers. 
There are a number of degree and education paths that can lead an individual to a career in toxicology. This 
page is designed to provide those considering a career in toxicology with information on the profession, 
schooling needed, and more. 
 
https://www.toxicology.org/careers/toxicologist/becomeTox.asp 
 
The Society recognizes that Mentors are a critical component for undergraduate training, research training, and 
early career guidance.  Resources for Mentors are available on the SOT website, including Introduction 
Toxicology Slide Sets, Curriculum Resources, Educator Network Webinars, and Eminent Toxicologist Lectures, 
which aim to introduce and integrate toxicology into your current curriculum.  In addition, the ToxScholar 
Outreach Grant program provides travel funds to support the travel of toxicologist(s) to your school for a one or 
two day visit to share their career experiences and interact with students.  Applications are simple!  Please 
contact an A-ESOT representative for more information and visit the below link. 
https://www.toxicology.org/education/edu/educators.asp 
http://www.toxicology.org/awards/gf/toxscholar.asp 
 

Important Yearly Deadlines for Undergraduate Activities 
SOT Annual Meeting Abstract Submission Deadline - Early October  
SOT Awards Application Deadline - Early October  
SOT Annual Meeting – March Upcoming Meetings: San Antonio TX – 2018; Baltimore MD - 2019 
Please learn more by visiting the SOT home page, the Annual Meeting, and Undergraduate websites (see 
below). 
 
Society of Toxicology Undergraduate Websites: 
https://www.toxicology.org/groups/ug/affiliates.asp 
http://www.toxicology.org/events/am/AM2017/index.asp 
https://www.toxicology.org/index.asp 
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Allegheny - Erie SOT SPONSORS 
 
GOLD ($1500 +) 
 

 

 

  
Many thanks are given to the WVU Department of Physiology 
and Pharmacology for their continued and generous support 
of the Allegheny-Erie Society of Toxicology Meeting. 

 

 

 
Myriad RBM, Inc. is the world’s leading multiplexed 
immunoassay testing laboratory, providing comprehensive 
protein biomarker services based on its Multi-Analyte 
Profiling (MAP) technology platform. This platform provides 
pre-clinical and clinical researchers with reproducible and 
quantitative data for a few or hundreds of proteins in a cost-
effective manner. To learn more, visit www.myriadrbm.com  
 

 
SILVER ($1000-1500) 
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