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A SPECIAL THANK YOU to our Donors!!! 
 
Diamond Sponsor: $2,000 
Central Michigan University, Vice President for Research and Dean of Graduate Studies 
(Dr. David Earl Ash) 
 
Michigan Technological University, Department of Kinesiology and Integrative Physiology 
(Dr. Jason Carter) 
 
Wayne State University, Office of the Vice President for Research  
(Dr. Stephen Lanier) 
 
Platinum Sponsors: $1,000  
Henry Ford Health System, Office of the Vice President for Research 
(Dr. Margot LaPointe) 
 
Michigan Technological University, College of Sciences and Arts 
(Dr. Bruce Seely) 
 
Michigan Technological University, Department of Biological Sciences 
(Dr. Shekhar Joshi) 
 
Michigan Technological University, Office of the Vice President for Research 
(Dr. David Reed) 
 
Michigan State University, College of Natural Sciences and Department of Physiology 
(Dr. Cheryl Sisk and Dr. Charles Lee Cox) 
 
Gold Sponsors: $500-999 
Michigan Technological University, Graduate School 
(Dr. Pushpa Murthy) 
 
Michigan State University, Graduate School  
(Dr. Thomas D. Jeitschko) 
 
Wayne State University, Biological Sciences 
 (Dr. David Njus) 
 
Wayne State University School of Medicine, Office of Graduate Programs 
 (Dr. Daniel Walz) 
 
Wayne State University School of Medicine, Office of Research 
 (Dr. Linda Hazlett) 
 
Wayne State University School of Medicine, Department of Physiology 
 (Dr. Jian-Ping Jin) 
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Wayne State University, Translational Science & Clinical Research Innovation Center 
 (Dr. Phil Levy) 
 
University of Michigan, Department of Molecular and Integrative Physiology  
(Dr. Santiago Schnell) 
 
Bronze Sponsors: $200-299 
Ferris State University, Department of Biological Sciences 
(Dr. Beth Zimmer) 
 
Wayne State University Graduate School  
(Dr. Ambika Mathur) 
 
Iron Sponsors: $100-199 
Mayo Graduate School, Biomedical Engineering & Physiology Program 
(Dr. Carlos Mantilla) 
 
Additional In-Kind Sponsor: 
Artery Ink (Milwaukee, WI), for the generous contribution of shirts, greeting cards, and book. 
 
 

And thank you to the American Physiological Society 
for ongoing support of MPS!! 
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Thanks to the following individuals for personal sponsorships toward the 
MPS annual meeting: 

 
Karen Ball 

Susan Barman 
Zhiying Shang 

 
Thanks to the following who reviewed abstracts: 

 
Gustavo Ares-Sarmiento 

Harold Bell 
Qinghui Chen 

John Durocher 
Ankita Jaykumar 

Mariela Mendez 
Pat Mueller 

David Pieper 
Naveen Sharma 

Beth Zimmer
 
 

Thanks to the following judges for oral and poster awards: 
 

Karen Ball 
Zhiying (Jenny) Shan 

Qinghui Chen 
Naveen Sharma 
Erica Wehrwein 

Chris Westerkamp 
Beth Zimmer 
Harold Bell 

John Durocher 
Brianna Harfmann 

 
 

…and special thanks to the administrative staff and faculty in Michigan 
Tech’s Department of Kinesiology and Integrative Physiology and 

Department of Biological Sciences who donated time and effort toward 
meeting logistics. These individuals include: 

Jason Carter 
John Durocher 

Travis Wakeham 
Alyssa Smith 

 
 
 
 
 
 

 
 

Christina Lehmann 
Ian Greelund 

Morgan Farrell 
Steve Elmer 
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2018 MPS Distinguished Lecture 
Thursday June 14, 2018 

 

Virginia Miller, PhD, MBA 
Professor, Surgery and Physiology 

Director, Women’s Health Research Center 
Mayo Clinic, Rochester Minnesota 

 
Sex-specific Risk for Cardiovascular Disease 

 
 

 
 
 
Dr. Miller is Professor of Surgery and Physiology and Director of the Women’s Health Research Center at 
Mayo Clinic, Rochester, MN. She received a BS in education from Slippery Rock University, Slippery Rock, PA, 
a MBA from the University of Minnesota, and her PhD in Physiology from the University of Missouri, 
Columbia, MO. Her research for over 30 years that has included work with experimental animals and clinical 
studies has focused on how sex steroids, like estrogen, and conditions unique to women such as pregnancy 
and menopause affect cardiovascular health and cognition. She currently serves as principal investigator for 
Mayo Clinic’s Specialized Center of Research on Sex Differences and Principal Investigator of Mayo Clinic’s 
Building Interdisciplinary Careers in Women’s Health (BIRCWH) scholars program.  She has authored over 
250 original publications and reviews.  She was the 2014 recipient of the Bernadine Healy Award for 
Visionary Leadership in Women’s Health from the Women’s Health Congress, the 2015 recipient of Women’s 
Day Magazine Red Dress Award for her work in research and advocacy for women’s health, and the 2018 
Paul M. Vanhoutte Named Lecture in Vascular Pharmacology from the American Society for Pharmacology 
and Experimental Therapeutics.  She has worked with international groups in the promotion for the inclusion 
of sex and gender variables in basic and medical curricula and research.  In addition to service on various 
grant review panels and editorial boards for scientific journals, she served as a member of the governing 
council for the American Physiological Society (APS) and as President of the Organization for the Study of 
Sex Differences (OSSD).    
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5th Annual Meeting of the Michigan Physiological Society 
The Michigan Chapter of the American Physiological Society 

Thursday - Friday, June 14-15, 2018 
 
 

Thursday, June 14_ 
 
12:30 – 3:00 pm REGISTRATION – Michigan Tech University, [Memorial Union Building; 3rd floor] 
 Pick up meeting materials and lodging information 

Representatives from institutions in Michigan and Minnesota will be available during this time to 
handle inquiries and questions about undergraduate and graduate level programs. 

 
3:00 – 3:30 pm WELCOME AND MEETING OPENING 

[Memorial Union Building, 3rd floor Ballroom A] 
• Karen Ball, PhD (MPS President) 
• Jason Carter, PhD & John Durocher, PhD (Meeting Co-Chairs) 
• David Reed, PhD (Vice President for Research, Michigan Tech) 

 
  

3:30 – 4:30 pm        KEYNOTE ADDRESS: 
 Sponsored by Michigan Tech University,  

Department of Kinesiology and Integrative Physiology  
[Memorial Union Building, 3rd floor Ballroom A]  

 
                 Introduction: Karen Ball, PhD (MPS President; Alma College) 
 

                                Virginia Miller, PhD 
                                Mayo Clinic 

                             Department of Physiology and Biomedical Engineering 
 

                                 SEX-SPECIFIC RISK FOR CARDIOVASCULAR DISEASE 
 
 
4:30 – 4:45 pm  BREAK 
 
4:45 – 5:45 pm  ORAL SESSION #1: Cardiovascular and Respiratory Physiology 
   [Memorial Union Building, 3rd Floor Ballroom A] 

 Sponsored by Henry Ford Health System,  
Office of the Vice President for Research  

 
Session Co-Chairs:   
Matt Kilgas (Michigan Tech University) 
Guodong Pan (Henry Ford Health System) 
 

4:45 – 5:00 pm  Zachary Fattel (Medical Student) 
Central Michigan University  
Sudden Death In Response To Severe Acute Hypoxemia Under Urethane Anesthesia Is 
Caused By Catastrophic Failure Of Respiratory Control 
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5:00 – 5:15 pm  Ian Greenlund (Graduate Student) 
Michigan Tech University  
Sex Differences in Sympathetic Neural Responses to Total Sleep Deprivation in  
Older Adults: Implications for Postmenopausal Hypertension 

 
5:15 – 5:30 pm  Brianna Schick (Undergraduate Student) 

Wayne State University 
Crossbridge Kinetics, Not Passive Stiffness, Explain Why Myocardial Relaxation  
Rate becomes More Sensitive to Strain Rate When Preload is Reduced in Intact  
Cardiac Trabeculae 
 

5:30 – 5:45 pm  Paul Zeller (Medical Student) 
Central Michigan University 
Evaluation of tromethamine (THAM) as a pharmacological tool for triggering  
augmented ('sigh') breaths in vivo  

 
5:45 – 7:00pm  DINNER/SOCIAL  

[Memorial Union Building, 3rd floor Ballroom A & B] 
 
7:00 – 8:00 pm POSTER SESSION A 

[Memorial Union Building, 3rd floor Ballroom A & B] 
 (Index of presenting authors is on page 29-30; poster abstracts are on pages 33-48) 
 *Presenters eligible for awards need to be at or near their posters so that the judges 

are able to score your presentation.   
Representatives from institutions within Michigan and out-of-state will be available during this time 
to handle inquiries and questions about undergraduate and graduate level programs. 

 
8:00 – 10:00 pm WELCOME RECEPTION 

[Memorial Union Building, 3rd floor Ballroom A & B] 
 Sponsored by Central Michigan University,  

Vice President for Research and Dean of Graduate Studies  
Live Music; Drawing for sunset cruise on the Agassiz, Michigan Tech’s Great Lakes 
research vessel 
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Friday, June 15 

 
7:30 – 8:30 am  REGISTRATION AND CONTINENTAL BREAKFAST,  

[Memorial Union Building, 3rd floor Ballroom A & B] 
Representatives from institutions within Michigan and out-of-state will be available during this 
time to handle inquiries and questions about undergraduate and graduate level programs.  

 
8:25 – 8:30 am  ANNOUNCEMENTS 

[Memorial Union Building, 3rd floor Ballroom A] 
 
8:30 – 9:30 am ORAL SESSION #2: Immunology, Cell and Molecular Physiology 

[Memorial Union Building, 3rd floor Ballroom A] 
 Sponsored by Michigan Tech University, College of Sciences and Arts 

 
Session Co-Chairs:  
Josh Gonzalez (Michigan Tech University) 
Brianna Schick (Wayne State University) 
 

8:30 – 8:45 am  Hyun Hee Lee (Postdoc Fellow) 
Michigan State University 
Opposing roles of CD2 and 2B4 in iNKT cell cytotoxic responses 
 

8:45 – 9:00 am  CongCong Yin (Graduate Student) 
Henry Ford Health System 
Serum miRNAs as Potential Biomarkers for Early Prediction of Type 1 Diabetes in 
Humans 
 

9:00 – 9:15 am  Maria Paula Kwesiga (Graduate Student) 
Michigan Tech University  
Investigative Study on Nitric Oxide Production in Human Dermal Fibroblast Cells  
Under Normal and High Glucose Conditions 

 
9:15 – 9:30 am  Guodong Pan (Postdoc Fellow) 

Henry Ford Health System 
Low Aldehyde Dehydrogenase 2 (ALDH2) Potentiates Obesity in Leptin Receptor  
Mutant Mice 

 
9:30 – 10:00 am BREAK (w/ coffee, tea, and snacks) 
  
10:00 – 11:30 am CONCURRENT BREAKOUT SESSIONS AND POSTER VIEWING  

 Sponsored by Michigan Tech University, Department of Biological Sciences 
 Each session will last ~45 min and will be repeated in Breakout #2. Please refer to 

page 13 for summaries of each session. 
• 10:00 – 10:45: Breakout #1    
• 10:45 – 11:30: Breakout #2    

  
Breakout Session A: Science Communication: Lessons from an Alan Alda 
Workshop 
[Location – Memorial Union Building, 3rd floor Ballroom A] 
Session Chair: Jessica Brassard and Kelley Christensen (Michigan Tech) 
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Breakout Session B:  Four Tips to Jump Start Your Writing 
[Location – Memorial Union Building, 2rd floor Alumni Lounge A] 
Session Chair: Andy Fiss & Karla Kitalong (Michigan Tech)  

 
Breakout Session C:  Preparing an Application for Medical School and Other 
Professional Programs 
[Location – Memorial Union Building, 2rd floor Alumni Lounge B] 
Session Chair: Nicole Seigneurie (Michigan Tech)  
 
Breakout Session D:  Poster Viewing 
[Location – Memorial Union Building, 3rd floor Ballroom B] 

 
11:30 am – 11:45 pm BREAK  
 
11:45 am – 12:30 pm ORAL SESSION #3: Neurobiology 
   [Memorial Union Building, 3rd floor Ballroom A] 

 Sponsored by Michigan State University, College of Natural Sciences and 
Department of Physiology 

 
Session Co-Chairs:  
Hyun Hee Lee (Michigan State University) 
Zachary Fattel (Central Michigan University) 

 
11:45 - noon  Hannah Cunningham (Graduate Student) 

Michigan Tech University  
Total Sleep Deprivation and Pain Perception During Cold Noxious Stimuli in Older 
Adults 

 
Noon – 12:15 pm Jon Dean (Graduate Student) 

University of Michigan 
Effect of Cholinergic and Noradrenergic Stimulation in Prefrontal and Parietal  
Cortices on Level of Consciousness 
 

12:15 – 12:30 pm Jeremy Bigalke (Graduate Student) 
Michigan Tech University  
PVN Orexin Receptor 1 Knockdown Effect on Metabolism and Fluid Homeostasis 

 
12:30 – 1:30 pm Lunch for Main Meeting and Workshop Attendees  

[Memorial Union Building, 3rd floor Ballroom A] 
 
1:30 – 2:30 pm   POSTER SESSION B for Main Meeting and Workshop Attendees 
   [Memorial Union Building, 3rd floor Ballroom B] 

(Index of presenting authors is on page 31-32; poster abstracts are on pages 49-65) 
 
2:30 – 3:30 pm  ORAL SESSION #4: Cardiometabolic Health and Human Performance 
   [Memorial Union Building, 3rd floor Ballroom A] 

 Sponsored by Michigan Tech University, Office of the Vice President for 
Research  

 
Session Co-Chairs:  
Jon Dean (University of Michigan) 
Jeremy Bigalke (Michigan Tech University) 
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2:30 – 2:45 pm  Elizabeth Bloch (Undergraduate Student) 
Michigan Tech University  
Sleep Efficiency Differs Between Hypertensive and Normotensive Men 

 
2:45 – 3:00 pm  Matthew Kilgas (Graduate Student) 

Michigan Tech University  
Home-Based Exercise with Blood Flow Restriction to Restore Limb Symmetry  
Following ACL Reconstruction 

 
3:00 – 3:15 pm  Ryan Frieler (Postdoc Fellow) 

University of Michigan 
Disruption of Endogenous Itaconate Production Induces Obesity and Impairs Glucose 
Control 

 
3:15 – 3:30 pm  Kevin Phillips (Graduate Student) 

Michigan Tech University  
Age-related Alterations in Muscle Architecture and Strength of the Lower Limb  
Muscles in Women 
 

3:30 – 3:45 pm  BREAK (w/ beverages and snacks) 
Judges Convene for Final Award Selections 

 
3:45 – 4:00 pm  GROUP PICTURE 

[Husky Statue, Outside of MTU Library] 
 
4:00 – 4:30 pm  BUSINESS MEETING & AWARDS PRESENTATION 

[Memorial Union Building, 3rd floor Ballroom A] 
 
TRAINEE AWARDS – ORAL AND POSTER PRESENTATIONS 
[Memorial Union Building, 3rd floor Ballroom A] 
 Sponsored by Wayne State University, Office of the Vice President for Research 

 
4:30 pm  LEADERSHIP TRANSITION/CLOSING COMMENTS 

• Karen Ball, President 
• John Durocher, President-Elect  

 

 
Please mark your calendars for MPS 2019!! 

 
Central Michigan University 

Mount Pleasant, MI 
 

Mid-June, 2019  
(exact dates TBD) 
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5th Annual Meeting of the Michigan Physiological Society 
Michigan Technological University 

Life Sciences Teacher Workshop 
Friday June 15th, 2018 

 
(Note:  High School Students will follow this schedule as well) 

 
7:30– 7:45 am  REGISTRATION AND CONTINENTAL BREAKFAST 

[Memorial Union Building, 3rd Floor Ballroom A & B] 
 
7:45am   Transport to Laboratories (escorted by Sue Speirs and Karen Ball) 

 
8:00 – 9:45 am  APS HIGH SCHOOL TEACHERS WORKSHOP 
 Welcome and Introduction – Karen Ball (Alma College) and  
     Sue Speirs (Grosse Pointe North High School) 

Session Organizers – Steve Elmer & Travis Wakeham (Michigan Tech) 
• STUDENT ENGAGEMENT WORKSHOP FOR TEACHERS W/HANDS-ON 

ACTIVITIES AND LAB DEMONSTRATION 
• LAB DEMONSTRATION FOR STUDENTS AND TEACHERS 

 
9:45am Transport back to Main Meeting Site/Coffee Break 
 
10:00 – 11:30 am CONCURRENT BREAKOUT SESSIONS AND POSTER VIEWING  

 Sponsored by Michigan Tech University, Department of Biological Sciences 
 Each session will last ~45 min and will be repeated in Breakout #2. Please refer to 

page 13 for summaries of each session. 
• 10:00 – 10:45: Breakout #1    
• 10:45 – 11:30: Breakout #2    

  
Breakout Session A: Science Communication: Lessons from an Alan Alda 
Workshop 
[Location – Memorial Union Building, 3rd floor Ballroom A] 
Session Chair: Jessica Brassard and Kelley Christensen (Michigan Tech) 
 
Breakout Session B:  Four Tips to Jump Start Your Writing 
[Location – Memorial Union Building, 2rd floor Alumni Lounge A] 
Session Chair: Andy Fiss & Karla Kitalong (Michigan Tech)  

 
Breakout Session C:  Preparing an Application for Medical School and Other 
Professional Programs 
[Location – Memorial Union Building, 2rd floor Alumni Lounge B] 
Session Chair: Nicole Seigneurie (Michigan Tech)  
 
Breakout Session D:  Poster Viewing 
[Location – Memorial Union Building, 3rd floor Ballroom B] 

 
11:30 am -12:30 pm Keynote Address:  Dr. Virginia Miller 
   [Memorial Union Building, 2rd Floor Alumni Lounge] 
   Mayo Clinic, Department of Physiology and Biomedical Engineering 
   Title: Sex as a biological variable – what you need to know 
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12:30 – 1:30 pm Lunch/Interactions with Main Meeting and Workshop Attendees 
 [Memorial Union Building, 3rd Floor Ballroom A & B]  
 HIGH SCHOOL STUDENTS AND TEACHERS WILL JOIN DR MILLER FOR LUNCH  
 Reserved Table in MUB Ballroom 
  
1:30 -2:30 pm  POSTER SESSION B for Main Meeting and Workshop Attendees 
   [Memorial Union Building, 3rd Floor Ballroom B]  
   This session will include high school student submissions 
 
2:30-3:30 pm  APS/Online Resources for High School Teachers 

[Memorial Union Building, 2rd Floor Alumni Lounge] 
 

HIGH SCHOOL STUDENTS WILL ATTEND ORAL SESSION #4  
[Memorial Union Building, 3rd Floor Ballroom A] 

 
3:30 – 3:45 pm  BREAK (w/ beverages and snacks) 

Judges Convene for Final Award Selections 
 
3:45 – 4:00 pm  GROUP PICTURE 

[Husky Statue, Outside of MTU Library] 
 
4:00 – 4:30 pm  BUSINESS MEETING & AWARDS PRESENTATION 

[Memorial Union Building, 3rd floor Ballroom A] 
 
TRAINEE AWARDS – ORAL AND POSTER PRESENTATIONS 
[Memorial Union Building, 3rd floor Ballroom A] 
 Sponsored by Wayne State University, Office of the Vice President for Research 

 
4:30 pm  LEADERSHIP TRANSITION/CLOSING COMMENTS  

• Karen Ball, President 
• John Durocher, President-Elect  

 
 

Please mark your calendars for MPS 2019!! 
 

Central Michigan University 
Mount Pleasant, MI 

 
Mid-June, 2019  

(exact dates TBD) 
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2018 MPS Breakout Session Descriptions 
 
Breakout Session A: Science Communication: Lessons from an Alan Alda Workshop 
[Location – Memorial Union Building, 3rd floor Ballroom A] 
Session Chair: Jessica Brassard & Kelley Christensen (Michigan Tech) 
 
Join Jessica Brassard and Kelley Christensen for an entertaining session that will have you out of your chair 
and interacting with fellow conference participants to flex your science communication muscles. Using 
methods designed by the Alan Alda Center for Communicating Science, this session will feature activities 
including "Beaker, Bagel" and "Distillation" to help you tell the best story you can about the work you do for 
greater public impact. Remember, science isn't done until it's communicated. 

 
 

Breakout Session B:  Four Tips to Jump Start Your Writing  
[Location – Memorial Union Building, 2rd floor Alumni Lounge A] 
Session Chair: Andy Fiss & Karla Kitalong (Michigan Tech)  

Workshop your writing with Andrew Fiss and Karla Kitalong from Michigan Tech’s Program in Scientific & 
Technical Communication. This session will feature four tips to jump start any writing project, big or small. 
Use these tips to start on grants, cover letters, reports, emails, and much more! 

 
Breakout Session C:  Preparing an Application for Medical School and Other Professional Programs 
[Location – Memorial Union Building, 2rd floor Alumni Lounge B] 
Session Chair: Nicole Seigneurie (Michigan Tech)  
 
Come join Nicole, Michigan Tech’s Pre-Health Advisor and a recently accepted Medical Student to learn 
how to navigate each step of the application process for Medical School and other Health Professional 
Programs. Learn tips to be successful, get your questions answered and learn about resources that you can 
use to help you along the way. Health Professional programs are extremely competitive, but there are a 
number of things that you can do to help strengthen your application!  
 
 
Breakout Session D:  Poster Viewing 
[Location – Memorial Union Building, 3rd floor Ballroom B] 
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ORAL SESSION #1: Cardiovascular and Respiratory Physiology 

Sudden Death In Response To Severe Acute Hypoxemia Under Urethane Anesthesia Is Caused By 
Catastrophic Failure Of Respiratory Control 
 
Sifuentes AA, Fattal ZM, Scott ML, Sauer BM, McCarthy KA, and Bell HJ 
 
Central Michigan University College of Medicine 
 
Respiratory autoresuscitation is normally a robust process that restores eupneic breathing rhythm 
following severe hypoxemia-induced respiratory arrest. We previously found that urethane anesthesia 
prevents autoresustitation and causes predictable cardiorespiratory collapse and sudden death after 
even a single episode of severe hypoxemia [Krause et al (2016); Respir Physiol Neurobiol. 232:43-53]. 
We hypothesized that the failure of autoresuscitation is primarily related to a respiratory deficit (rather 
than cardiovascular), and that intervention with mechanical ventilation (MV) would promote restoration 
of eupnea. To test this hypothesis we studied 40 urethane-anesthetized adult male rats that were 
surgically instrumented to measure tracheal airflow and femoral artery blood pressure during severe 
hypoxic challenge. Animals were randomly assigned to one of 4 experimental groups (n=10/group). 
Following baseline measurements, animals were subjected to an episode of acute severe hypoxia via 
100% N2, and received MV at: (1) 70 sec, (2) 90 sec or (3) 110 sec after respiratory arrest. The ventilator 
was set to provide room air breaths at 10 /min with a 10% inspiratory duty cycle and a volume of 6.6 
mL/kg. A fourth group received no mechanical ventilations One-way ANOVA testing and relative risk 
analyses were performed to compare cardiorespiratory variables and probability of sudden death 
between groups (a set a prior at 0.05). All members control group experienced sudden death in 
response to acute severe hypoxemia, 9/10 with no gasping response. In contrast, MV following 
respiratory arrest was effective in restoring rhythmic spontaneous breathing and preventing sudden 
death (p<0.001 for all groups combined vs. control). MV at 70, 90, and 110 sec post-respiratory arrest 
rescued 9/10 (p<0.001), 5/10 (p<0.033), and 6/10 (p<0.011) animals respectively, allowing these animals 
to restore eupneic breathing and recover. These results demonstrate that cardiovascular system is fully 
capable of distributing oxygen to the brainstem, and that eupneic breathing can be restored provided 
that sufficient lung ventilations occur post-respiratory arrest. We interpret these findings to suggest that 
urethane anesthesia impairs the normal gasping response in vivo, supporting our study hypothesis that 
sudden death in this model is due to a profound respiratory deficit. Urethane anesthesia therefore 
provides a reliable and reproducible in vivo model of sudden death in response to acute severe 
hypoxemia, caused by catastrophic failure of respiratory control. 

AAS received a CMU College of Medicine Summer Research Scholars Award. Funding provided by Early 
Career Award received by HB from the Office of Research and Sponsored Programs at Central Michigan 
University. 
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Sex Differences in Sympathetic Neural Responses to Total Sleep Deprivation in Older Adults: 
Implications for Postmenopausal Hypertension 
 
Greenlund Ian M, Fonkoue Ida T, Schwartz Christopher E, Smoot Carl A, Ehrmann David A, Mokhlesi 
Babak, Carter Jason R 
 
Department of Kinesiology and Integrative Physiology, Michigan Technological University, Houghton, MI, 
Department of Medicine, University of Chicago, Chicago, IL 
 
We have previously reported that total sleep deprivation (TSD) modifies muscle sympathetic neural 
activity (MSNA) in young men and women, with a greater shift towards sympathetic predominance in 
premenopausal women. Because postmenopausal women are at the highest risk for hypertension, we 
aimed to compare MSNA responses to TSD in older men and women. We hypothesized that TSD would 
alter MSNA in older adults, with greater sympathoexcitation in postmenopausal women. Nineteen 
participants (10 women, 9 men) between the ages of 55 and 75 years were tested twice, once after 24-
hour TSD and once after normal sleep (randomized, cross-over design). Wrist actigraphy was worn 4-5 
days prior to each testing to confirm normal sleep patterns. Our primary outcome measure was MSNA 
(microneurography) during 5 min of supine, awake rest. Secondary outcome measures included seated 
blood pressure, heart rate, and fasting plasma testosterone, estradiol, and progesterone concentrations. 
Age (60±1 vs. 61±2 years) and BMI (27±2 vs. 26±2 kg/m2) were not different between groups. TSD 
increased systolic blood pressure in both men (123±7 to 129±5 mmHg) and women (107±4 to 116±4 
mmHg), but increases were not different between groups (condition, p=0.02; condition × sex, p>0.05). In 
contrast, TSD elicited divergent MSNA responses in older men and women. Specifically, MSNA burst 
frequency increased in postmenopausal women (28±3 to 34±3 burst/min), but not older men (38±3 to 
35±3 burst/min; condition × sex, p=0.03). The shift towards sympathetic predominance in 
postmenopausal women was also observed when MSNA was quantified as burst incidence (condition × 
sex, p=0.02). Although TSD did not significantly alter plasma concentrations of testosterone, estradiol, or 
progesterone in either group, TSD tended to decrease testosterone concentrations in men (p=0.13, two-
tailed), and the changes in testosterone concentrations in women were strongly correlated to changes 
in MSNA (r=-0.861, p=0.001). TSD elicited sympathoexcitation in postmenopausal women, but not age-
matched men. These findings provide new mechanistic insights into reported links between sleep 
deprivation and hypertension.  

Support by National Institutes of Health (HL-122919) and Portage Health Foundation. 
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Crossbridge Kinetics, Not Passive Stiffness, Explain Why Myocardial Relaxation Rate becomes More 
Sensitive to Strain Rate When Preload is Reduced in Intact Cardiac Trabeculae 
 
Schick, Brianna M; Chung, Charles S 
 
Department of Physiology, Wayne State University, Detroit MI 
 
Background: Slow myocardial relaxation is an important phenotype of diastolic dysfunction. We recently 
showed that relaxation rate is sensitive to the end systolic strain rate, a mechanical mechanism that 
enhances myosin-actin crossbridge detachment independently of afterload or calcium.  Modifying the 
sensitivity to stretch might improve relaxation in hearts with diastolic dysfunction. A two-state 
crossbridge model (MyoSim) predicts that reduced stiffness reduces the sensitivity to stretch.  
Hypothesis:We hypothesized that reduced stiffness reduces the sensitivity of relaxation rate to strain 
rate.  Materials and Methods:For this study wild-type Sprague Dawley or wild-type mixed Sprague 
Dawley/F344/Brown Norway rats were used. Vertebrate animal procedures were approved by the 
institutional Animal Care and Use Committee of Wayne State University. Six intact rat cardiac trabeculae 
were mounted between a force transducer and length motor, initially at optimal length, and paced at 
0.5Hz.  Feedback controlled afterload-clamps were used to determine the sensitivity of relaxation rate 
to strain rate (slope of the relationship).  To modify stiffness, the trabecula was shortened 4.8±0.5%.   
Results:The reduced preload resulted in a 60±4% reduction in passive stiffness and a 53±7% reduction in 
developed force.  The isometric relaxation rate was not significantly different between preloads, but 
trended faster with reduced preload.  The slope of the relationship between relaxation rate and strain 
rate (stretch dependence) was significantly different (p=0.014) between the two preloads; relaxation 
rate was 16±6% more sensitive to strain rate (slope increased) at reduced preload, disproving our 
hypothesis.  The increased sensitivity might be explained by altered myosin-actin crossbridge kinetics.  
Reduced muscle length has previously been shown to increase the rate of MgADP (magnesium-
adenosinediphosphate) detachment from a bound myosin head, which would be associated with a 
faster crossbridge detachment rate.  Increasing the crossbridge detachment rate in the two-state 
crossbridge model results in increased sensitivity of a muscle’s relaxation rate to stretch, with and 
without correcting for the reduced passive stiffness and preload (muscle half sarcomere 
length/interfilament overlap). Conclusion Our data suggests that reduced preload can modify relaxation 
by increasing the sensitivity of the relaxation rate to end systolic strain rate. This change in sensitivity 
could be due to preload dependent crossbridge kinetics. Decreasing preload may alleviate slowed 
relaxation in individuals with diastolic dysfunction.  

Funding: 
AHA SDG 14SDG20100064 (Chung) 
Wayne State University School of Medicine Summer Undergraduate Research Experience (Schick)



 

17 
 

Evaluation of tromethamine (THAM) as a pharmacological tool for triggering augmented ('sigh') 
breaths in vivo 
 
Zeller Paul, Sirdenis Nikko, McCarthy Kathryn, Bell Harold 
 
Central Michigan University College of Medicine 
 
Our goal in this research project was to evaluate the use of tromethamine (THAM) as a pharmacological 
tool for stimulating the production of Augmented Breaths (ABs).  ABs are essential, protective reflexes 
which maintain alveolar stability, prevent the development of significant ventilation/perfusion 
mismatching, promote lung pathogen clearance, and promote breathing stability by maintaining end-
expiratory lung volumes.  There is currently no intervention available to trigger or stimulate augmented 
breaths in the clinical setting. However, our previous research has shown that AB production is 
dramatically increased in the setting of hypocapnic hypoxia, and that respiratory alkalosis is 
mechanistically implicated in mediating this effect. Since THAM is a drug clinically used to reverse 
systemic acidosis, and works via promoting a compensatory metabolic alkalosis, we reasoned that 
administration of THAM would also stimulate the production of ABs.  Six adult male Sprague-Dawley rats 
(488 ± 30 g) were studied using a randomized repeated-measures crossover design. Animals were non-
invasively monitored while awake and unrestrained using respiratory plethysmograpy.  Data were 
collected while animals breathed room air for 20 min. Animals then received an IP injection of either 
THAM or saline (control). THAM was administered as a 0.3M solution at a dosage of 360 mg/kg, 
calculated to generate a base excess of 10 meq/L. Animals were studied again 15 minutes following 
injection in an identical manner to before injection. All animals received both THAM and control 
injections across 2 separate days of study, separated by at least 72 hours. Traces were recorded and 
analyzed offline to extract the primary variables of interest, being minute ventilation (VE), breathing 
frequency (fB), tidal volume (VT), the number of ABs observed in 15 minutes (# ABs/15 min). Data were 
compared using 2-way repeated measures analysis of variance (factors: pre/post injection, 
sham/THAM), with #ABs/15 analysis performed on ranks. Neither pre/post injection status nor 
sham/THAM status affected variables of interest  (P> 0.05 all comparisons; see table 1). Tham injections 
did not cause any differences in respiratory parameters, including the prevalence of ABs. Our results 
indicate that systemic administration of THAM is therefore ineffective in stimulating the production of 
ABs. It remains possible that direct I.V. injection, using bolus doses of THAM, may provide a more 
effective means of stimulating ABs, via more direct action of the peripheral chemoreceptors. However, 
systemic administration of THAM is unlikely to provide clinical utility by stimulating AB production in the 
spontaneous breathing rhythm. 
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ORAL SESSION #2: Immunology, Cell and Molecular Physiology 

Opposing roles of CD2 and 2B4 in iNKT cell cytotoxic responses 
 
Hyun Hee Lee, Trevor G. Gohl, Ryan M. Mack, Rupali Das 
 
Department of Physiology, Michigan State University 
 
Invariant natural killer T cells (iNKTs) comprise a unique lineage of innate-type lipid-reactive T 
lymphocytes with important roles in host immunity, including defense against specific pathogens and 
cancers. iNKTs rapidly produce cytokines and mount potent cytotoxic responses following T cell receptor 
(TCR) engagement, but the mechanisms that control iNKT cell functions remain poorly understood. CD2 
and 2B4 are receptors on iNKTs that both bind to CD48 on target cells and modulate immune activation 
by facilitating cell-cell interactions and transducing intracellular signals. To determine their roles during 
iNKT cell activation, we examined the TCR-induced killing activity of murine iNKTs that lacked expression 
of CD2 or 2B4. Through these studies, we observe that Cd2−⁄− iNKTs fail to kill target cells while 2b4−⁄− 
iNKTs exhibit significantly enhanced cytolysis, both in vitro as well as in vivo. These novel findings 
suggest that CD2 is a positive and 2B4 a negative regulator of TCR-induced iNKT cell functions. We are 
currently investigating whether 2B4 exerts its inhibitory role by directly competing with CD2 for CD48 
binding and/or by inducing a negative signal. As CD1d (the ligand for the invariant TCR) and CD48 (the 
ligand for CD2 and 2B4) are both widely expressed on hematopoietic tumors, further elucidation of the 
mechanisms by which CD2 and 2B4 regulate TCR-induced iNKT cell anti-tumor activity is of significant 
scientific and clinical importance. The results obtained from these studies will have an impact by 
establishing new paradigms for iNKT signaling and offering insights into how iNKTs can be best activated 
to enhance host immunity and treat hematopoietic cancers such as leukemia and lymphoma. 

 

This study is Funded  by startup funds from MSU to Dr. Rupali Das 
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Serum miRNAs as Potential Biomarkers for Early Prediction of Type 1 Diabetes in Humans 
 
Yin Congcong, Weiland Matthew, Li Jia, She Ruicong,  Zhou Li, Mi Qing-Sheng 
 
Immunology Department, Henry Ford Health System, Detroit, MI 48202 
 
Background: Individuals at risk for type 1 diabetes (T1D) are diagnosed at a late stage when the 
possibility for disease prevention is absent. Autoantibodies (AA) such as Islet cell antibodies (ICA) and 
insulin autoantibodies (IAA)  are used for early T1D prediction. However, the appearance of islet AA 
marks a relatively late stage of the autoimmune process and lack relationship with the pathogenesis of 
T1D, and is not suitable for early disease intervention. Therefore, there is an urgent need for earlier 
markers for the prediction of AA development. MicroRNAs (miRNAs) have emerged as an important 
regulatory factors in pancreatic β-cell development. Our previous study showed that miRNAs regulate 
T1D development and represent potential biomarkers for T1D progression in mouse diabetic model. In 
the current study, we hypothesize that specific serum miRNA biomarkers could be used for earlier 
prediction of individuals at risk for T1D in humans. Method: We performed serum miRNA expressions 
profiles in 70 AA+T1D (autoantibody positive), 35 AA+ non-T1D and 40 AA- (autoantibody negative) 
subjects from the Diabetes Prevention Trial-Type 1 (DPT-1) cohort, using the TaqMan low-density arrays 
and small RNA seq. miRNAs with changed expression level were further confirmed by qRT-PCR. Result: 
Fig. 1A shows differential serum miRNA expression between AA+ and AA- individuals. 10 miRNAs were 
further validated and found to be dysregulated in the serum of AA+ non-T1D compared to AA- (figure 
1B, C). A cluster of five miRNAs (miR-146a, miR-193b, miR-197, miR-561 and miR-574-3p) together can 
clearly separate AA+ from AA- (Fig. 1D, E). Three miRNAs were changed between T1D and AA+non-T1D. 
Twenty miRNAs were changed compared to six months before and after T1D development in this 
longitudinal study. Identified serum miRNAs in this study appeared to reflect glycemic status, beta-cell 
homeostasis and ongoing islet autoimmunity in AA+ individuals, since several miRNAs were associated 
specifically to insulin signaling, immune cell apoptosis, C-peptide, glucose homeostasis and autoantibody 
titers. Conclusion: We have identified and validated distinct serum miRNA expressions profiles in T1D, 
AA+ and AA-. These serum miRNAs could serve as potential biomarkers for early prediction of 
autoimmune processes in individuals at risk for T1D. 

 

Source of Funding: This study is supported by NIH RO1-AI123258 to Qing-Sheng Mi. 
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Investigative Study on Nitric Oxide Production in Human Dermal Fibroblast Cells Under Normal and 
High Glucose Conditions 
 
Kwesiga Maria1,  Hannon Jennifer, Cook Emily, Wayward Sarah, Gwaltney Caroline, Rao smitha, Frost 
Megan 
 
Michigan Technological University, Houghton, MI; Central Michigan University, Mt. Pleasant, MI 
 
Introduction: As of 2017, the International Diabetes Federation reported 425 million people living with 
Diabetes. Foot ulcers are a major complication associated with this disease resulting in amputation in 
approximately 20% of patients affected. Reported evidence implicates inappropriate production of nitric 
oxide (NO) as a major contributor to the dysregulation of healing in diabetic foot ulcers (DFUs). Our lab 
has developed a novel measurement system, the CellNO Trap device that allows the direct, real-time, 
continuous measurement of NO produced by cells under standard tissue culture conditions.  Here we 
report the first-ever assessment of the temporal and spatial production of NO in fibroblast cells. These 
cells lay down the extracellular matrix facilitating the migration of keratinocytes to close the wound. The 
baseline levels of NO detected from fibroblasts in real-time under the normal and high glucose 
conditions will allow us to accurately determine the levels and timing of NO delivery necessary to 
promote appropriate cell proliferation, migration and deposition of the extracellular matrix of fibroblast 
cells in order to reduce the healing time in chronic DFUs. Materials and Methods: Human dermal 
fibroblasts (HDFa) were cultured in normal (5.5mM) and high glucose conditions (25mM) with and 
without stimulation by the bacterial endotoxin LPS (lipopolysaccharides) and inflammatory cytokine IFN 
(interferon gamma) in the CellNO Trap device. The real-time NO produced by the cells was recorded for 
a duration of 24 hours via chemiluminescence detection. The nitrite accumulation (the stable end 
product of NO) in the media was also assessed by the triiodide assay and compared to the NO detected 
in real- time. Results and Discussion: The results showed that NO production in fibroblast cells cultured 
in high glucose conditions (25mM) produced significantly lower NO compared to cells cultured in normal 
glucose (5.5mM). Moreover, the nitrite levels did not consistently correlate with the real-time NO levels 
detected in the cells cultured in high glucose conditions (Figure 1).  Conclusions: The NO produced from 
fibroblast cells cultured in high glucose conditions is significantly suppressed compared to cells cultured 
in normal glucose conditions. The levels of NO detected in real time did not correlate to the levels of 
nitrite in the cell culture media in high glucose conditions. Current and future work will focus on how the 
levels of NO detected affect the proliferation, migration and extracellular matrix deposition in fibroblast 
cells. 

Acknowledgments; This work was funded by  the Portage Health Foundation and the National Science 
Foundation 
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Low Aldehyde Dehydrogenase 2 (ALDH2) Potentiates Obesity in Leptin Receptor Mutant Mice 
 
Pan Guodong, Deshpande Mandar, Pang Haiyan Kar Ananya, Palaniyandi Suresh 
 
Hypertension & Vascular Research Division, Henry Ford Health System 
 
Obesity aggravates type 2 diabetes and thus cardiometabolic complications. Aldehyde dehydrogenase 2 
(ALDH2), a cardiac mitochondrial enzyme is known to be cardioprotective. ALDH2*2 is the most 
common genetic mutation in East Asians (~800 million carriers), which causes a low ALDH2 activity.  We 
hypothesize that ALDH2*2 mutation aggravates obesity and diabetes in leptin receptor deficient db/db 
mice and consequentially cardiometabolic complications. To test our hypothesis, we cross db/db mice 
with ALDH2*2 knock-in mutant mice. We obtained a new breed of mice which had leptin receptor 
mutation and ALDH2*2 mutant gene. We termed this mice as ALDH2*2-Fat. Compared with their non-
obesity littermates (only carrying ALDH2*2 mutant gene, ALDH2*2-Lean), the body weight gain of 
ALDH2*2-Fat mice was extremely faster than their non-obesity littermates (ALDH2*2-Lean, the mice 
only carrying ALDH2*2 mutant gene). At 30 weeks old, the body weights of ALDH2*2-fat mice 
(84.15±6.75 g) was 2.88 folds higher than ALDH2*2-Lean mice (29.32±3.75 g, p<0.001). Fasting blood 
glucose and serum insulin concentration were higher in ALDH2*2-Fat mice than ALDH2*2-Lean mice 
(blood glucose: 506.20±88.27 vs. 192.83±21.32 mg/dl, p<0.001; insulin: 13.94±6.28 vs. 2.46±0.58 ng/ml, 
p<0.001 respectively). Echocardiographic measurements revealed a progressive cardiac dysfunction in 
ALDH2*2-Fat mice (Fractional shortening, 48.00±3.17 vs. 56.90±3.11 % at 6 months, p<0.05, and 
39.11±7.50 vs. 56.98±1.55 % at 9 months, p<0.01). Body temperatures were significantly lower in 
ALDH2*2-Fat mice (35.5±0.94 vs. 38.86±0.49 °C, p<0.01). The interscapular brown adipose tissues in 
ALDH2*2 fat mice were shrunk to invisible at 9 months old. Cultured primary bone marrow cells showed 
a significantly decrease in colony forming units in ALDH2*2-Fat mice (7.67±4.50 vs., 26.33±3.33 p<0.05). 
Under adipogenic medium, the adipocytes differentiation was increased in ALDH2*2 fat mice. In 
conclusion, low ALDH2 activity aggravates obesity and consequentially cardiometabolic complications in 
leptin receptor deficiency-induced obesity and diabetes. The study is supported by American Heart 
Association, Henry Ford Health System and NHLBI. 
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ORAL SESSION #3: Neurobiology 

Total Sleep Deprivation and Pain Perception During Cold Noxious Stimuli in Older Adults 
 
Cunningham Hannah, Greenlund Ian, Carter Jason 
 
Michigan Technological University 
 
A bidirectional relationship exists between sleep deprivation and pain. Perceived pain has been 
correlated with increased sympathetic nerve activity. Understanding the relationship between sleep, 
perceived pain and muscle sympathetic nerve activity (MSNA) is critical to develop effective strategies 
for pain management. We hypothesized 24-hour total sleep deprivation (TSD) would increase pain 
perception to cold noxious stimuli in older men and women, and increased pain perception would be 
augmented in postmenopausal women compared to age-matched men. Testing was carried out in 9 
postmenopausal women ( 61 ± 2 yrs, 26.4 ± 1.4 BMI) and 9 age-matched men (60 ± 1 yr, 27.2 ± 0.8 BMI). 
Testing sessions of normal sleep (NS) and TSD were randomized and separated by one month. Nerve 
recordings were collected through microneurography of the right peroneal nerve. For two minutes, 
subjects immersed their left hand in ice water, and perceived pain was recorded every 15 seconds from 
a modified Borg scale. MSNA was recorded and averaged for each 15 second interval. Perceived pain 
was augmented following TSD.  This was observed when perceived pain was expressed as a mean (NS Δ 
6.9 ± 2.4, TSD Δ 8.2 ± 2.4 a.u.; p < 0.05) and a peak (NS Δ 8.4 ± 2.7, TSD Δ 9.7 ± 2.5 a.u.; p < 0.05). TSD 
significantly increased pain, but there were no significant sex differences. Peak pain was correlated 
during the initial 30 seconds of CPT, indicating TSD-induced pain might have some cardiovascular 
influence given the role of the sympathetic nervous system in blood pressure control. This project was 
funded by the Portage Health Foundation. 
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Effect of Cholinergic and Noradrenergic Stimulation in Prefrontal and Parietal Cortices on Level of 
Consciousness 
 
Dean, Jon, Pal, Dinesh, Liu, Tiecheng, Watson, Christopher, Hudetz, Anthony, Mashour, George 
 
University of Michigan 
 
There is current controversy regarding the role of the prefrontal cortex versus parietal cortices in 
consciousness. Although clinical and correlative data have been used to both discount and posit a critical 
role for both cortical areas in consciousness, there have not been studies demonstrating a causal link. 
We thus studied the effects of cholinergic or noradrenergic stimulation of prefrontal and parietal 
cortical areas on level of consciousness in male Sprague-Dawley rats during continuous exposure to the 
anesthetic sevoflurane (1.9-2.4%). 5mM carbachol (CARB; a mixed cholinergic agonist) or 20mM 
noradrenaline (NA) was reverse dialyzed through a microdialysis probe implanted in either prefrontal 
cortex, posterior parietal cortex– a somatosensory area, or medial parietal association cortex– an area 
implicated in attentional processing. Electroencephalogram was recorded from frontal, parietal, and 
occipital cortical areas and changes in local acetylcholine levels and respiration rate were monitored 
throughout. CARB delivery into prefrontal cortex (n=11) produced wakefulness in all the rats that was 
accompanied with electroencephalogram activation, a large increase (~600%) in local acetylcholine 
levels (p<0.001), and an increase in respiration rate (p=0.002). CARB delivery into posterior parietal 
cortex (n=11), however, did not produce wakefulness but caused electroencephalogram activation, 
increase in respiration rate (p<0.001), and a modest increase in local acetylcholine levels (p=0.002). 
CARB delivery into medial parietal association cortex (n=8) did not produce signs of wakefulness or 
cause a change in local acetylcholine levels despite causing electroencephalogram activation and an 
increase in respiration rate (p=0.004). NA delivery into prefrontal cortex (n=11) or posterior parietal 
cortex (n=11) did not produce any signs of wakefulness. However, similar to CARB delivery, NA delivery 
into prefrontal and posterior parietal cortex produced electroencephalogram activation, increase in 
respiration rate (p<0.03), and a modest increase in local acetylcholine levels (p<0.008). These results 
suggest a causal role for prefrontal cortex in modulating level of consciousness.
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PVN Orexin Receptor 1 Knockdown Effect on Metabolism and Fluid Homeostasis 
 
Jeremy A. Bigalke, Taija M. Hahka, Enshe Jiang, Qinghui Chen, and Zhiying Shan 
 
Michigan Technological University 
 
It is well known that the orexin system plays an important role in the regulation of appetite and sleep. 
However, the effect of the orexin system in the control of body fluid homeostasis is not well known. In 
this study, we investigated the impact of the hypothalamic paraventricular nucleus (PVN) orexin in body 
fluid homeostasis by chronic knockdown of the PVN orexin 1 receptor (OX1R) using AAV1-OX1R-shRNA. 
Seven-week-old male Dahl Salt sensitive rats were divided into two groups and microinjected with either 
control vector AAV2-scembled-shRNA (n=6), or AAV2-OX1R-shRNA (n=5) into the PVN. The rats were 
then fed with a high salt diet (HS, 4% NaCl) for 5 consecutive weeks. All rat body weights were taken 
prior to and after 5-week HS treatment. The rats were then transferred into individual metabolic cages. 
Rats were given 24 hours in the new environment before their food and water intake, urine excretion, 
and fecal output were measured for 24 hours. The results showed that PVN OX1R knockdown decreased 
body weight (Control: 336.6±9.10, vs. OX1R-shRNA: 299.8±14.62 g P≤0.05), water intake (Control: 
43.67±3.72, vs. OX1R-shRNA: 24.96±5.16 mL P≤0.05), urine output (Control: 27.0±3.32, vs. OX1R-shRNA: 
14.04±2.75 mL P≤0.05) and food intake (Control: 20.85±2.16, vs. OX1R-shRNA: 13.68±1.84 g P≤0.05), but 
no fecal output alteration was observed, compared to control rats. Real time PCR showed that AAV2-
OX1R-shRNA injection decreased OX1R mRNA levels by 41%, and melanocortin-4 receptor (MC4R) 
mRNA by 68%. Immunostaining showed vasopressin immunoreactivity and vasopressin expressing cells 
are decreased in the PVN of AAV2-OX1R-shRNA rats also. These findings indicate that the PVN orexin 
system is involved in the control of fluid homeostasis and appetite through regulating vasopressin and 
MC4R. 

Support from NIHR15 HL129213 (Shan) and Michigan Tech and Portage Health Foundation Research 
Excellence Fund (Shan). 
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ORAL SESSION #4: Cardiometabolic Health and Human Performance 

Sleep Efficiency Differs Between Hypertensive and Normotensive Men 
 
Bloch Elizabeth G, Greenlund Ian M, Carter Jason R 
 
Department of Kinesiology and Integrative Physiology, Michigan Technological University, Houghton, 
Michigan 
 
Introduction: Chronic short sleep has been shown to be associated with higher risk of hypertension. 
However, most of these reported associations have focused on self-report sleep and clinical blood 
pressure (BP).  The purpose of this study was to utilize advanced wearable technologies to objectively 
measure sleep time and 24-hour ambulatory blood pressure (ABPM), and compare objective sleep in 
hypertensive and normotensive subjects. We hypothesized that hypertension would be associated with 
reduced sleep time and/or efficiency. Methods: We retrospectively identified 8 males (age 18 to 61) 
who 1) met the new American Heart Association guidelines for hypertension (24-hour average systolic 
BP > 130 mmHg or diastolic BP > 80 mmHg; SpaceLabs Healthcare ABPM), and 2) had worn a wrist 
actigraphy watch (Philips Respironics Actiwatch-64) at least 5 days to provide information on general 
sleep patterns. Using an extensive ABPM databased from our laboratory, we randomly selected 8 
age/sex/BMI-matched subjects. Total sleep time (TST), sleep efficiency (SE), wake after sleep onset 
(WASO) and sleep onset latency (SOL) were measured by the actigraphy watches. Results: TST in 
hypertensive and normotensive males (7.4 ± 0.4 vs. 7.2 ± 0.2 hours, p=0.590) showed no significant 
difference. However, the SE was significantly lower in hypertensive men than normotensive men (82 ± 2 
vs, 88 ± 1 %, p=0.039). WASO (34 ± 4 vs. 43 ± 6 minutes, p=0.206) and SOL (17 ± 3 vs. 31 ±7 minutes, 
p=0.104) were not significantly different for hypertensive and normotensive men. Conclusion: Although 
hypertensive and normotensive men exhibited similar TST, SE was significantly lower for hypertensive 
men than for normotensive men. This suggests sleep inefficiency, rather than total sleep time, may have 
a larger role in hypertension status. 
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Home-Based Exercise with Blood Flow Restriction to Restore Limb Symmetry Following ACL 
Reconstruction 
 
Matthew A. Kilgas, Scott N. Drum, Lydia L. M. Lytle, Steven J. Elmer 
 
Department of Kinesiology and Integrative Physiology, Michigan Technological University, Houghton, MI, 
USA, Department of Health and Human Performance, Northern Michigan University, Marquette, MI, 
USA 
 
Background: Rehabilitation following ACL reconstruction is prolonged and many individuals do not 
completely regain their quadriceps size and strength. These persistent impairments give rise to limb 
asymmetry which increases risks for re-injury and osteoarthritis. Purpose: To establish exercise with 
blood flow restriction (BFR) as a home-based program to overcome persistent quadriceps size and 
strength impairments and restore limb symmetry long after knee surgery. We hypothesized that 
exercise training with blood flow restriction would increase muscle size and strength in the affected 
limb, and reduce chronic limb asymmetry. Methods: Nine adults with an ACL reconstruction (5.2 ± 2.3 
years post-surgery) volunteered. Participants had at least 10% asymmetry in quadriceps size and/or 
strength. Participants exercised at home 5x/week for 4 weeks. Exercises included body weight squats, 
single-leg knee extension with resistance bands, and walking. Blood flow to the affected limb was 
restricted using an 18 cm pressurized cuff inflated to 50% of limb occlusion pressure. Vastus lateralis and 
rectus femoris thickness, along with knee extensor strength were measured before and after training. 
Post-training asymmetry indices were compared to healthy uninjured controls (n = 9). Results: Following 
training increases in RF (1.8 ± 0.3 cm vs. 2.0 ± 0.3 cm, P < 0.01) and VL muscle thickness (2.3 ± 0.5 cm vs. 
2.5 ± 0.4 cm, P < 0.01) and knee extension strength 35.0 ± 13.8 kg vs. 41.6 ± 16.8 kg, P < 0.01) were 
measured in the affected limb. There were no changes in the unaffected limb. Asymmetry in muscle 
thickness decreased for the rectus femoris (11.9 ± 7.8% vs. 2.6 ± 3.5%, P < 0.01) and vastus lateralis (10.8 
± 5.9% vs. 2.9 ± 2.7%, P < 0.01). Knee extension strength asymmetry decreased from 10.9 ± 2.6% to 2.6 ± 
2.7% (P < 0.01). Post-training quadriceps size and strength asymmetry indices were not different from 
controls (< 5%, all P > 0.05). Conclusion: These results extend upon early post-operative application of 
exercise with BFR and demonstrate that this modality can also be used to overcome persistent 
quadriceps impairments long after ACL reconstruction. This research was supported by a Student Award 
Program grant from the Blue Cross and Blue Shield of Michigan Foundation. 
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Disruption of endogenous itaconate production induces obesity and impairs glucose control 
 
Frieler Ryan A., Vigil Thomas A., Mortensen Richard M. 
 
University of Michigan 
 
Background: Chronic inflammation in adipose tissue is a widely recognized aspect of obesity that is 
thought to be a major contributing factor in the development of insulin resistance and other associated 
co-morbidities. Activation of adipose tissue macrophages and other immune cells induces changes in 
adipose tissue that result in the production of inflammatory signaling and impaired insulin sensitivity. 
Changes in intracellular metabolism occur during immune cell activation and can govern immune cell 
function. The TCA cycle metabolite, itaconate, is produced by the enzyme aconitate decarboxylase 1 
(Acod1) and is highly upregulated during classical macrophage activation. Itaconate and cell permeable 
derivatives have robust anti-inflammatory effects on macrophages, therefore we hypothesize that 
Acod1-produced itaconate has a protective, anti-inflammatory effect during diet-induced obesity and 
metabolic disease.  Methods and Results: Wild type control and Acod1-/- mice were fed a high fat diet 
(60 Kcal %) for 12 wk. Baseline and post-high fat diet body weights of Acod1-/- mice were significantly 
larger than wild type controls, although both groups gained weight at an equivalent rate with no 
significant differences detected. Glucose tolerance tests performed at 12 weeks on high fat diet 
revealed significantly higher blood glucose levels after glucose injection in Acod1-/- mice compared to 
controls. Similarly, Acod1-/- mice also had significantly elevated blood glucose levels during insulin 
tolerance test. Analysis of inflammatory gene expression in gonadal fat depots did not reveal any 
significant differences in inflammatory signaling in Acod1-/- mice. We further analyzed the baseline 
phenotype and found that Acod1-/- mice have significantly increased body weight at 3, 6, and 12 mo age 
with increased inguinal, gonadal, and interscapular brown fat deposition. At 12 mo age, Acod1-/- mice 
also had elevated blood glucose during glucose and insulin tolerance tests. Conclusion: Our data suggest 
that Acod1-produced itaconate has an important role in the regulation of fat deposition and glucose 
homeostasis under normal and high fat diet conditions. These results highlight the importance of this 
immunometabolic pathway and suggest that preservation or enhancement of this pathway with natural 
metabolites or metabolite derivatives could have beneficial effects during obesity and glucose 
dysregulation. 

Supported by NIH grants HL007853 and HL112610 
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Age-related Alterations in Muscle Architecture and Strength of the Lower Limb Muscles in Women 
 
Phillips Kevin, Noh Byungjoo, Burge Michelle, Gage Matt, Yoon Tejin 
 
Michigan Technological University 
 
The age-related declines in muscle mass and function are greater for women and the lower limb 
muscles, and these decrements accelerate during middle-age. However, it is less clear which lower limb 
muscles may be compromised more in middle-aged women. PURPOSE: To compare muscle function and 
architecture of the knee extensor and plantar flexor muscles in young and middle-aged women. 
METHODS: Twenty two middle-aged (years: 54 ± 6) and 17 young women (years: 21.8 ± 1) volunteered 
to participate in this study. In vivo muscle architecture measurements including muscle thickness and 
pennation angle were made on the vastus lateralis (VL), rectus femoris (RF), gastrocnemius medialis 
(GM) and  gastrocnemius lateralis (GL), using a B-mode real-time ultrasound scanner. Each participant 
performed maximal voluntary isometric contractions (MVIC) of knee extensor and plantar flexor muscles 
3-4 times on the Biodex dynamometer. Interpolate twitch technique was used to assess voluntary 
activation (VA).  Absolute and weight-normalized maximal strength and rate of torque development 
(RTD) were analyzed from MVIC torque data.  Additionally 6 minute walk test and sit-to-stand task were 
performed. Age-related changes were tested using a two-way ANOVA with repeated measures. Between 
subject factors were analyzed using independent samples t-test. Significance was tested at a 95 % 
confidence level (p < 0.05). RESULTS: There was a significant interaction between muscle group and age 
group for muscle thickness. Thickness of the GM was maintained from young to old age, while thickness 
decreased for the RF, VL, and GL. Pennation angle was greater in the young women for the GL muscle. 
Muscle architecture data is displayed in Table 1.There was a significant age-related decreases in 
absolute and weight-normalized MVIC torque of the knee extensors and plantar flexors. Significant age 
related declines in RTD of the knee extensors and plantar flexors were also noted. Static and explosive 
strength data are displayed in Table 2. CONCLUSION:  The results of this study suggest that the age-
related alteration in muscle thickness are more conserved for the plantar flexors than the knee extensor 
muscles. Additionally, a loss of isometric and explosive strength is already apparent by middle age in 
women. Interventions should be used to maintain muscle structure and function in middle-aged women.
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POSTER ABSTRACTS FOR THURSDAY EVENING SESSION 
Thursday, June 14 (7:00 – 8:00pm) 

 

POSTER BOARD #1: MrgprX2-Mediated Mast Cell Response is Dictated by STIM1 Expression 
   Occhiuto Christopher, Kammala Ananth, Subramanian, Hariharan 
   Michigan State University 
 
POSTER BOARD #2:   The Effects of Cyclooxygenase Inhibition on the Polyunsaturated Fatty Acid  

Induce Apoptosis in Lung Cancer Cells 
Jones, Kylee, Amissah, Felix PhD, Poku, Rosemary PhD 
Ferris State University 
 

POSTER BOARD #3:  Measurement of Electrolytes, Including Acetate in Various Physiological Samples  
Using Ion Chromatography 

   Chen, Qinghui 
   Michigan Technological University 
 
POSTER BOARD #4:  Nitric Oxide Releasing Composite Hydrogels for Tendon Repair via Matrix 

Metalloproteinase Controlled Pathways 
   Meyers Kaylee M, Joseph Carly A, Rajachar Rupak M 
   Department of Biomedical Engineering, Michigan Technological University 
 
POSTER BOARD #5:  Role of Androgen Receptors in Hypothalamic Regulation of Reproduction and 

Metabolism 
   Cara, Alexandra, Elias, Carol 
   University of Michigan 
 
POSTER BOARD #6  NHERF1 is a negative regulator of iNKT cell cytokine production and cytotoxicity 

Griffin Ryan, Gohl Trevor, Mullany Kellie, Patel Manthan, Mack Ryan, Kamala  
Ananth, Subramanian Hariharan, Das Rupali 
Michigan State University 
 

POSTER BOARD #7:  The role of Protein Phosphatase 2A in Pioglitazone induced Insulin Sensitivity in 
Human Primary Muscle Cells 
Barrabi, Cesar, Mestareehi, Aktham 
Wayne State University 
 

POSTER BOARD #8:  Effects of Estrogen on Statin-Induced Myotoxicity in Vitro 
Roussel Jaclyn, Stambersky Ashten 
Alma College 

 
POSTER BOARD #9:  Neural and genetic mechanisms of menthol sensation in C. elegans 

Ronan, Elizabeth A, LaHaie, Alexandra R, Xu, XZ Shawn 
Department of Molecular and Integrative Physiology, University of Michigan  
Medical School; Life Sciences Institute, University of Michigan 
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POSTER BOARD #10:  β-Arrestin 2 Regulates iNKT Cell Development and Functions 
Mullany Kellie, Griffin Ryan, Mack Ryan, Gohl Trevor, Lee Hyun, Kamala Ananth,  
Subramanian Hariharan, Das Rupali 
Michigan State University 
 

POSTER BOARD #11:  Differential mast cell responses between C57BL6 (B6) and Balb/c mice are 
dictated by G-ProteinCoupled Receptor Kinase 2 (GRK2) 
Yang, Canchai 
Michigan State University 
 

POSTER BOARD #12:  Effect of Upper Cervical Spinal Cord Injury on the Hippocampus: Structure and 
Function 
Pope, Hunter 
Ferris State University 
 

POSTER BOARD #13:  Associations between Physical Fitness, Cognitive Functioning, and Motor 
Learning in Older Adults: a Preliminary Study 
Maanika Carley, Elmer Steven J, Durocher John J, Trewartha Kevin M 
Michigan Technological University 
 

POSTER BOARD #14: Time-Dependent Changes in Neural Activity in the Paraventricular Nucleus of  
the Hypothalamus (PVH) in Sedentary and Physically Active Rats 
Hashim Waheed, Mohammad Emari, Daniel J. Huereca, and Patrick J. Mueller 
Wayne State University School of Medicine 
 

POSTER BOARD #15:  Sedentary Conditions Increase Coherence between Spinally-Projecting Neurons  
in the RostralVentrolateral Medulla, Splanchnic Sympathetic Nerve Activity and  
Blood Pressure 
BM Brichacek, BB Kaji, DJ Huereca, SM Barman, and PJ Mueller 
Depts. of Physiology and Pharmacology, Wayne State Univ. School of Med.,  
Detroit, MI; Department of Pharmacology and Toxicology, Michigan State  
University, East Lansing, MI 

 
POSTER BOARD #16:  L-lactate Increase Apoptosis in Dopaminergic-Like PC12 Cells 
   Chen, Quighui 
   Michigan Technological University 
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POSTER ABSTRACTS FOR FRIDAY AFTERNOON SESSION 
Friday, June 15 (1:30 – 2:30pm) 

 

POSTER BOARD #1:  Verbal Encouagement Increase Grip Strength 
   Irving, Meghan 
   Grosse Pointe North High School 
 
POSTER BOARD #2:  Workplace Standing Desks and Arterial Stiffness 
   Greenlund Ian M, Kimmes Piersan E, Wang Min, Durocher John J 
   Michigan Technological University, Texas Tech University  
 
POSTER BOARD #3:  Itaconate and Immunometabolism in Ischemic Stroke 
   Vigil Thomas, Frieler Ryan, Mortensen Richard 
   University of Michigan 
 
POSTER BOARD #5:  Caffiene Ingestion Increases Grip Strength 
   Braker Amber, Kehrig Sophie, Katelynn Mulder 
   Grosse Pointe North High School 
 
POSTER BOARD #6:  Department Wide Outreach Program in Kinesiology and Integrative Physiology 

Hendrickson Jana, Sutherland, Abby, Destrampe, Alexis, Bye, Thomas, Carter,  
Jason, Elmer, Steven, Carter Kathryn 
Michigan Technological University 
 

POSTER BOARD #7:  Cognitive Correlation with Grip Strength 
   Schaden Thomas, Mulpuri Sonny, Nyquist Evan, Asimakis Natalia 
   Grosse Pointe North Applied Medicine and Clinical Research Course 
 
POSTER BOARD #8:  Nicotine Attenuates Acetate-Induced Increase of Cytosolic Reactive Oxygen  

Species in Dopaminergic-Like PC-12 Cells 
   Chen, Qinghui 
   Michigan Technological University 
 
POSTER BOARD # 9:  The Godin-Shepard Leisure-Time Physical Activity Questionnaire and Arterial  

Stiffness 
   Kimmes, Piersan E, Greenlund, Ian M, Durocher, John J 

Department of Biological Sciences, Department of Kinesiology and Integrative P 
Physiology; Michigan Technological University 
 

POSTER BOARD # 10:  High salt diet may stimulate fructose uptake in brain neurons and contribute to  
neuronal apoptosis 
Hahka Taija, Fan Yuanyuan, Shan Zhiying 
Michigan Technological University 

POSTER BOARD #11:   Bring PhUn with Hands-On STEM to Stanton Township Schools 
   Erin E. McKenzie1, Travis R. Wakeham1, and John J. Durocher1 
   Department of Biological Sciences 1; Michigan Technological University 
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POSTER BOARD #12:   Heart Rate Alters but Does Not Improve Calorie Predictions in Fitbit Activity 
Monitors 

   Vusich, John W, Mitrzyk, John, Wiersma, Matthew, Montoye, Alexander HK 
   Alma College 
 
POSTER BOARD #13:  Na+/H+ exchanger regulatory factor 1 (NHERF1) regulates mast cell response to  

lgE/antigen 
   Ananth kumar kammala, Hariharan Subramanian 
   Department of Physiology, Michigan State University 
 
POSTER BOARD #14:  The Difference Between Female Hockey Player’s and Females’ who are Inactive 

Grip Strength 
Roman, Danielle, Alexander Harring, Stephanie Korte, Sofia Mihaylova, Ashley 
Kowalski 
Grosse Pointe North High School 

 
POSTER BOARD #15:  Home-Based Exercise with Blood Flow Restriction to Restore Limb Symmetry 

Following ACL Reconstruction 
Matthew A. Kilgas, Scott N. Drum, Lydia L. M. Lytle, Steven J. Elmer 
Department of Kinesiology and Integrative Physiology, Michigan Technological 
University, Houghton, MI, USA, Department of Health and Human Performance, 
Northern Michigan University, Marquette, MI, USA 
 

POSTER BOARD #16:  Disruption of endogenous itaconate production induces obesity and impairs 
glucose control 
Frieler Ryan A., Vigil Thomas A., Mortensen Richard M. 
University of Michigan 
 

POSTER BOARD #17:  Age-related Alterations in Muscle Architecture and Strength of the Lower Limb 
Muscles in Women 
Phillips Kevin, Noh Byungjoo, Burge Michelle, Gage Matt, Yoon Tejin 
Michigan Technological University 

 
POSTER BOARD #18:  Exercise Training Increases Compliant Cardiac Titin Content in Rat and Sallimus  

Isoform Content in Drosophila Melanogaster 
Hiske M, Chadha A, Damschroder D, Sujkowski A, Mueller P, Wessells R, Chung C 
Wayne State University  
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POSTER ABSTRACTS 
(in order of presentation) 

 

MrgprX2-Mediated Mast Cell Response is Dictated by STIM1 Expression 
 
(Occhiuto Christopher)1, (Kammala Ananth)2, (Subramanian Hariharan)3 
 
Michigan State University 
 
Mast cells are inflammatory immune cells whose activation is critically regulated by intracellular Ca2+ 
concentrations. MrgprX2 is a G-protein coupled receptor (GPCR) expressed on mast cells that has been 
implicated in pseudo-allergic reactions in humans. Though it is known that MrgprX2 activation leads to 
an increase in intracellular Ca2+ levels, the Ca2+ mobilizing mechanisms utilized by this receptor are 
largely unknown. Previous reports have demonstrated that the stromal interaction molecule 1 (STIM1) 
calcium sensor regulates GPCR-mediated Ca2+ responses in mast cells. Therefore, the objective of this 
study was to determine whether STIM1 contributed to MrgprX2 activation in mast cells. We treated 
human mast cells with the STIM1 inhibitor SKF 96365 (SKF) prior to MrgprX2 stimulation. As a 
complementary approach, we also silenced the expression of STIM1. Inhibition or deletion of STIM1 
expression resulted in blunted Ca2+ mobilization to two different MrgprX2 agonists: Cortistatin-14 and 
Cathelicidin LL-37. Accordingly, degranulation and inflammatory cytokine production were also 
attenuated. An in vivo mouse-paw edema model utilizing SKF for inflammation prevention further 
supplemented the in vitro data suggesting that STIM1 also regulated Ca2+ responses in the mouse 
ortholog of the human receptor (MrgprB2). Thus, MrgprX2 activation is dependent upon STIM1, and 
employing STIM1 inhibitors could be a potential strategy to alleviate pseudo-allergic reactions. 

 

This work was supported by a NIH R00 grant (HL121073) and MSU startup funds to HS and a CNS 
undergraduate fellowship to CO 
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The Effects of Cyclooxygenase Inhibition on the Polyunsaturated Fatty Acid Induced Apoptosis in Lung 
Cancer Cells 
 
(Jones, Kylee), (Amissah, Felix PhD), (Poku, Rosemary PhD) 
 
Ferris State University 
 
Cyclooxygenase (COX) inhibitors are widely used in the treatment of various inflammatory disorders. 
Their anti-proliferative effects have also been widely reported. This health benefit of COX inhibitors are 
limited by some potential adverse effects. Docosahexaenoic (DHA), an omega-3 fatty acid found in fish 
oils also possess anti-cancer effect. Since DHA is a substrate of COX, we examined whether combining 
COX inhibitors with DHA would synergize their anti-proliferative activity. While treatment with DHA 
caused concentration-dependent cell death in mutant K-Ras (A549 and NCI-H1573) lung cancer cells 
(EC50 of 5.5 μM and 9.5 μM), combination with diclofenac (50 μM) resulted in relatively more significant 
reduction in cell viability (EC50 of 3.7 μM and 3.2 μM) and cell proliferation (p<0.001). The combination 
treatment was also more effective at inhibiting clonogenic cell growth, inducing apoptosis with 
significant increase in pro-apoptotic proteins and inhibiting K-Ras expression. These data point to the 
promising chemopreventive potential of combining low doses of COX- inhibitors and DHA with a 
subsequent decrease in their adverse effects. 
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Measurement of Electrolytes, Including Acetate in Various Physiological Samples Using Ion 
Chromatography. 
 
Qinghui Chen 
 
Michigan Tech Univ 
 
Accurate quantification of cations and anions remains a major diagnostic tool in understanding diseased 
states. The current technologies used for these analyses are either unable to quantify all ions due to 
sample size/volume, instrument setup/method, or are only able to measure ion concentrations from 
one physiological sample (liquid or solid). Herein, we adapted a common analytical chemistry technique, 
ion chromatography and applied it to measure the concentration of cations; sodium, potassium, 
calcium, magnesium and ammonium (Na+, K+, Ca2+, Mg2+, NH4+) and anions; chloride and acetate (Cl-, 
-OAc) from physiological samples. Specifically, cations and anions were measured in liquid samples: 
serum and cerebrospinal fluid, as well as tissue samples: liver, cortex, hypothalamus and amygdala. 
Serum concentrations of Na+, K+, Ca2+, Mg2+, Cl-, and -OAc (mM): 138.8 ± 4.56, 4.05 ± 0.21, 4.07 ± 
0.26, 0.98 ± 0.05, 97.7 ± 3.42 and 0.23 ± 0.04, respectively. Cerebrospinal fluid concentrations of Na+, 
K+, Ca2+, Mg2+, Cl-, and -OAc (mM): 145.1 ± 2.81, 2.41 ± 0.26, 2.18 ± 0.38, 1.04 ± 0.11, 120.2 ± 3.75, 
0.21 ± 0.05, respectively. Ammonium was undetectable in serum and cerebrospinal fluid. Tissue Na+, K+, 
Ca2+, Mg2+, NH4+, Cl- and -OAc were also measured. Validation of the ion chromatography method was 
established by comparing chloride concentration between ion chromatography with a known method 
using an ion selective chloride electrode. These results indicate that ion chromatography is a suitable 
method for the measurement of cations and anions, including acetate from various physiological 
samples. 
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Nitric Oxide Releasing Composite Hydrogels for Tendon Repair via Matrix Metalloproteinase 
Controlled Pathways 
 
Meyers Kaylee M 1, Joseph Carly A 1, Rajachar Rupak M 1 
 
Department of Biomedical Engineering, Michigan Technological University 1 
 
Background-Objective: Tendinopathy is typically the result of excessive overloading, which can affect 
normal tendon architecture and tenocyte morphology through the degradation of the extracellular 
matrix (ECM). Currently, acute and chronic tendinopathy injuries are treated with reconstructive 
surgeries and steroids. Although shown to have short-term benefits, long-term adverse effects of 
steroids include tissue atrophy, rupture, and reduced mechanical properties. Injectable hydrogels 
composed of polyethylene glycol (PEG)-fibrinogen that have the ability to release nitric oxide (NO) 
provide an alternative approach to accelerating wound repair and long-term stability in tendon related 
injuries. NO has been shown to regulate enzymes important in extracellular matrix remodeling during 
wound healing including matrix metalloproteinases (MMPs) as well as promote matrix synthesis. The 
objective of this work was to synthesize NO releasing microparticles, incorporate them into a PEG-
fibrinogen hydrogel, and assess the effect of controlled NO release on MMP activation (MMP-2 and 
MMP-9) in a tendon-specific cell culture model. Materials-Methods: Control PEG-fibrinogen hydrogels 
and NO releasing S-Nitroso-N-Acetyl-D,L-Penicillamine (SNAP)-fibrin hydrogels were prepared as per a 
previously established protocol in our lab. To evaluate cell viability on the hydrogels, MTT assays were 
conducted. Tenocyte proliferation and morphology was assessed with DAPI and Phalloidin fluorescent 
staining protocols. Standard zymography was used to assess activity of MMP-2/9 in primary tenocytes 
media cultured with hydrogels at 24h, 48h, and 72h. All media samples were normalized by protein 
content. Gels were stained with Coomassie brilliant blue and destained to visualize proteolytic activity. 
MMP activity was quantified measuring band intensity and normalized to active MMP standard. Results-
Conclusions: We synthesized a biocompatible, injectable hydrogel composite as a provisional matrix and 
delivery vehicle for NO. Biocompatibility studies confirm that the hydrogels are non-cytotoxic. One of 
the physiologically relevant effects of NO is the activation and inhibition of MMPs, and when triggered 
by inflammation, MMPs degrade network collagens and extracellular matrix (ECM) proteins. The 
regulation of MMPs is required to maintain ECM homeostasis and failure to breakdown damaged ECM 
can lead to tendinopathy. The early activation of MMPs generally ameliorate the wound healing process. 
Preliminary experiments suggest NO releasing SNAP-fibrin hydrogels activate MMP-9 in tenocyte culture 
compared to controls. Ongoing studies are evaluating MMP activation in response to NO flux. These 
results will be used to regulate the release of MMPs with NO releasing fibrin hydrogels to promote 
stable wound healing. Funding: This work was supported by a grant from the National Institute of Health 
(NIGMS-1R15 GM112082-01). 
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Role of Androgen Receptor in Hypothalamic Regulation of Reproduction and Metabolism 
 
(Cara, Alexandra)1, (Elias, Carol)2 
 
University of Michigan 
 
Androgens are important for reproductive physiology of males and females. Androgens can act upon 
androgen receptors (AR), which are expressed in many tissues. In the brain, AR is abundant in 
hypothalamic nuclei involved in the regulation of reproduction and metabolism. While previous studies 
have examined the contribution of estrogens or estrogen receptors on the central regulation of 
reproduction, the role of androgens acting on AR in the brain is less well understood. We have 
developed an in situ hybridization probe to target AR mRNA in mice. Our preliminary studies have 
shown that AR is abundant in hypothalamic nuclei, including the arcuate and ventral premammillary 
nucleus, and is expressed in key neuronal populations associated with the neuroendocrine reproductive 
axis and the metabolic control of reproduction. One of these neuronal populations expresses the leptin 
receptor (LepR). The adipocyte secreted hormone leptin signals energy stores to the hypothalamic-
pituitary-gonadal axis. Both humans and mice with lack of leptin or LepR are obese, remain in a pre-
pubertal state, and are infertile. LepR are highly enriched in the hypothalamus, including areas 
associated with regulation of reproduction and metabolism. Our hypotheses are that AR expression in 
LepR cells is necessary for reproduction and metabolism, and that androgens acting on AR in LepR cells 
mediate the pathophysiology of PCOS. To test our hypothesis, we have generated a genetic mouse 
model to delete AR from LepR expressing cells (LepRARKO). Preliminary findings show that pubertal 
timing, estrous cycles, or body weight gain does not change in female LepRARKO mice. Male LepRARKO 
mice show no difference in pubertal timing, yet show decreased body weight gain through early 
adulthood. Body composition analysis revealed decreased lean mass in LepRARKO males, with no 
difference in fat mass. Fertility analysis is ongoing to determine whether deletion of AR in LepR cells is 
necessary for adult reproductive function. Completion of our studies will further expand our knowledge 
of the role that androgens acting on AR play in reproductive and metabolic physiology of males and 
females. 
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NHERF1 is a negative regulator of iNKT cell cytokine production and cytotoxicity 
 
(Griffin Ryan)1, (Gohl Trevor)2, (Mullany Kellie)2, (Patel Manthan)2, (Mack Ryan)2, (Kamala Ananth)2, 
(Subramanian Hariharan)2, (Das Rupali)2 
 
Michigan State University 
 
NHERF1 (Na+/H+ Exchanger Regulatory Factor1) belongs to the PDZ protein family with important roles 
in immune cell functions and cancer progression. Although it is known that chemokine receptors 
regulate the development, tissue distribution and functions of invariant natural killer T cells [(iNKTs), 
innate T lymphocytes that recognize glycolipid antigens (GC)], the mechanisms remain undefined. As 
NHERF1 regulates the functions of chemokine receptors and is abundantly expressed in the livers (organ 
with high iNKT cell incidence), we hypothesized that NHERF1 regulates iNKT cell development and 
functions. Our recent studies demonstrate that both iNKT cell development as well as tissue distribution 
is normal in Nherf1−⁄− mice. However, iNKTs in Nherf1−⁄− mice produce significantly reduced amounts 
of Th1/Th2 cytokines when challenged with GC, in vivo. In contrast, sort-purified iNKTs from Nherf1−⁄− 
mice produce higher amounts GC-induced cytokines in vitro as well as display more robust cytotoxicity 
when compared to wild-type iNKTs.  Taken together, these studies reveal that while NHERF-1 is a 
negative regulator of iNKT cell functions, it may be required for antigen presentation in vivo. Studies are 
underway to gain mechanistic insights into how NHERF1 functions can be modulated to enhance iNKT 
cell anti-tumor responses.  These efforts were supported by Michigan State University start up funds 
provided to Dr. Rupali Das. 
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The role of Protein Phosphatase 2A in Pioglitazone induced Insulin Sensitivity in Human Primary 
Muscle Cells 
 
(Barrabi, Cesar)1, (Mestareehi, Aktham)1 
 
Wayne State University 
 
Type 2 diabetes effects 30.3 million people in the US, and the costs of maintaining the disease is about 
245 billion per year [1]. Metformin is the most commonly prescribed medication for diabetes. Although 
the side effects of metformin are mild [45-46], if the patient has GI/kidney disease the side effects will 
worsen the patient’s condition, requiring a drug substitution, usually to a class of insulin sensitizers 
called thiazolidinedione’s. Pioglitazone (PIO) is an example of one of these insulin sensitizers [47-49], 
and can be paired with Metformin for severe cases of IR (ActosPlus) [50]. PIO is a Peroxisome 
proliferator-activated receptor gamma (PPAR-y) agonist. PPAR-y is a nuclear receptor that acts to 
increase lipid storage and metabolism, and is highly studied in adipose and liver tissue. It is hypothesized 
that PIO acts by removing free fatty acids (FFA) concentrations in the blood, reducing insulin resistance 
as FFA has been shown to induce serine phosphorylation of IRS-1 on residue S307 and S302, reducing 
insulin signal transduction. This is unlikely, as PIO can increase insulin sensitivity in IR without the 
presence of FFA [14]. Other groups have mostly studied PPAR-y in adipocytes because it is expressed in 
higher quantities, however it has also been shown that myocytes, when stimulated with a PPAR-y 
agonist responded with similar actions such as adiponectin production. PIO treatment to PPAR-y partial 
KO and other IR models in rodents completely abolishes IR, however, PIO treatment in humans only 
increases insulin sensitivity by 20-40%. The mechanism PIO works through that leads to insulin 
sensitivity in human skeletal muscle is unknown. Protein phosphatase 2a (PP2A) has been shown to be 
overactive in diabetes, as well as interact more with IRS1 more during insulin resistance. We 
hypothesize that PPAR-y downregulates protein phosphatase 2A (PP2A) [40], lowering PP2A’s 
interaction with IRS-1, restoring insulin signaling. In this experiment, one lean insulin sensitive 
participant, and one obese insulin resistant participant were recruited to participate in a muscle biopsy. 
Human muscle precursor cells were grown in culture, and treated with PIO in physiological 
concentrations (3uM) and high concentrations (50uM). The cells were stimulated with 100nM insulin, 
and a proteomic analysis was done to see if PIO can decrease PP2A protein abundance. Overall our work 
aims to understand medications prescribed to people to that physicians can truly personalize medicine. 
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Effects of Estrogen on Statin-Induced Myotoxicity in Vitro 
 
(Roussel Jaclyn)1, (Stambersky Ashten)2 
 
Alma College 
 
One of the major side effects of statins is the induction of myotoxicity. In previous studies it is observed 
that females have an increased toxicity. Estrogen (E) has no protective effect on the C2C12 cells. In our 
lab experiment we studied the health of fully matured myoblasts when subjected to statins (SS), high E 
(HiE), low E (LoE), statins with high E (SSEHi), and statins with low E (SSELo). To gather this data, we 
plated 0.15x105 C2C12 cells into a 6 well plate with growth media (GM). When the cells were 70% 
confluent, we replaced the media with differentiation media (DM) and the experimental conditions. 
Trial one and two consisted of a control, SS (10-4 Simvastatin), HiE (1um of E), LoE (0.01 um of E), SSEHi 
(10-4 Simvastatin + 1um of E), and SSELo (10-4 Simvastatin + 0.01 um of E). After 48 hours had passed 
light microscopy was taken for each of the wells later to determine number of myosin heavy chain’s 
nucleated (MHC) and the diameter of the largest MHC cell. After 72 hours had passed 
immunofluorescence was done to stain for MHC with FITC, and a DAPI stain to stain for the nuclei. These 
results further support our earlier findings that question the ability of E to protect against statin- 
induced toxicity. 
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Neural and genetic mechanisms of menthol sensation in C. elegans 
 
(Ronan, Elizabeth A.)1,2, (LaHaie, Alexandra R.)2, (Xu, X.Z. Shawn)1,2 
 
1. Department of Molecular and Integrative Physiology, University of Michigan Medical School, Ann 
Arbor, MI 48109, USA 2. Life Sciences Institute, University of Michigan, Ann Arbor, MI 48109, USA 
 
Menthol is a crystalline, organic alcohol that evokes characteristic sensations such as mint flavor and 
scent as well as a sense of cool temperature. Popularly known for its culinary applications and analgesic 
properties, it has widespread use in both the food and drug industries. The mint and cool sensations 
induced by menthol are thought to be primarily sensed by the transient receptor potential (TRP) channel 
TRPM8, which is not encoded in the C. elegans genome. Here we report that C. elegans robustly sense 
menthol and elicit an avoidance response. Interestingly, this menthol sensation is independent of 
TRPA1, another known target of menthol activation. Our results show that C. elegans sense and respond 
to menthol through a previously uncharacterized neural and genetic pathway which may be 
evolutionarily conserved and have physiological significance in higher organisms. 
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β-Arrestin 2 Regulates iNKT Cell Development and Functions 
 
(Mullany Kellie)1, (Griffin Ryan)2, (Mack Ryan)2, (Gohl Trevor)2, (Lee Hyun)2, (Kamala Ananth)2, 
(Subramanian Hariharan)2, (Das Rupali)2 
 
Michigan State University 
 
G protein coupled receptors (GPCRs) constitute a family of seven transmembrane spanning cell surface 
receptors that play a vital role in regulating several cellular responses in T cells. GPCRs expression and 
function is negatively regulated by a family of adapter molecules called β-arrestins (β-arrestin 1 and 2) 
that cause desensitization and internalization of the receptors. β-arrestins can also act as signaling 
scaffolds to facilitate numerous effector pathways. Recent studies have shown that β-arrestins play a 
key role in inflammatory responses by regulating T cell activation, chemotaxis, and proliferation. In 
contrast, β-arrestin 2 negatively regulate NK cell cytotoxicity by mediating inhibitory signals. Invariant 
natural killer T cells (iNKTs) are a distinct lineage of lipid-reactive innate lymphocytes that share 
characteristic of both T and NK cells. Using β-arrestin 2−⁄− mice, we recently observed that β-arrestin 2 
is not only required for iNKT development but also regulates iNKT cell functions in vitro as well as in 
vivo. These studies are significant, as they will provide new insights into the signaling mechanisms that 
regulate iNKT cell development and functions. 

 

Funding: MSU startup funds to Dr. Rupali Das 
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Differential mast cell responses between C57BL6 (B6) and Balb/c mice are dictated by G-Protein 
Coupled Receptor Kinase 2 (GRK2) 
 
(Yang, Canchai) 
 
Michigan State University 
 
Mast cells (MC) are tissue resident immune cells that mediate innate immune response to pathogens. 
However, they also contribute to allergy via binding of the allergen to IgE antibody-occupied Fcε 
receptors (FcεRI). We have previously demonstrated that a novel adapter molecule GRK2 regulates 
FcεRI-induced MC responses. Additionally, MC from Balb/c mice showed enhanced activation as 
compared to B6 MC and this was attributed to increased expression of GRK2 on Balb/c cells. Therefore, 
we hypothesized that GRK2 would also regulate the innate immune response of MC and more 
importantly, this response would be increased in Balb/c MC. We stimulated MC with 2 common 
bacterial stimulants; S. aureus peptidoglycan (PGN) and E.coli lipopolysaccharide (LPS) which activate 
toll like receptors (TLR) 2 and 4, respectively. Contrary to our results obtained for FcεRI, B6 MC showed 
robust response to PGN and LPS than Balb/c MC. These data thus demonstrate that while GRK2 
promotes FcεRI-induced MC activation, it possibly attenuates the innate immune responses induced by 
TLR2 and TLR4. Thus, GRK2 may play a critical role in differentially modulating MC-mediated allergic vs 
innate immune response. 
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Effect of Upper Cervical Spinal Cord Injury on the Hippocampus: Structure and Function 
 
(Pope, Hunter) 
 
Ferris State University 
 
It has been observed through previous studies that spinal cord injury (SCI) causes acute memory and 
learning deficits in Long-Evans rats. This is thought to be due to neuronal loss or neural plasticity in 
hippocampal tissue (above the site of injury) as a result of injury-induced changes and microglial 
activation. It is hypothesized that through this neuronal response to injury, there is a significant loss of 
the protein brain-derived-neurotrophic-factor (BDNF) and the neurotransmitter serotonin. Because 
BDNF and serotonin are involved in the mechanism for long-term potentiation, it was hypothesized that 
loss of said proteins should be observed as correlative to the memory and learning deficits seen in 
previous studies. The objective of this research project was to measure and analyze the levels of BDNF 
and serotonin in rat hippocampal tissue through Western Blot analysis and immunohistochemistry. We 
optimized data collection, analysis, and imaging techniques for these procedures. Results showed no 
significant differences in the levels of serotonin between sham rats and SCI rats. Further optimization is 
needed to better analyze the relationship between SCI and BDNF and future experiments will be 
conducted. 
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Associations between Physical Fitness, Cognitive Functioning, and Motor Learning in Older Adults: a 
Preliminary Study 
 
Maanika Carley, Elmer Steven J., Durocher John J., Trewartha Kevin M. 
 
Michigan Technological University 
 
Aging is associated with cognitive declines, even in the absence of dementia. There is now ample 
evidence that older adults with higher levels of physical fitness experience smaller cognitive declines 
than individuals who are less physically fit. Recent work in our lab has shown that lower levels of 
cognitive function in older adults also result in a diminished ability to learn new motor skills. In 
particular, older adults with lower levels of executive control exhibit reduced performance during early 
stages of motor learning. However, the links between executive control, physical fitness, and motor 
learning in older adults has not been systematically investigated. In this preliminary study we recruited 8 
older adults (between 65-85 years old) to perform a standard motor learning task called the visuomotor 
rotation task. Participants also completed a battery of cognitive tasks to measure executive control, 
including the Stroop and Flanker tests. Finally, participants completed a battery of standard measures of 
physical fitness, including the Timed up and go test, the stair ascent/descent test, the Berg, a knee 
extension test, and the 6-minute walk test. We tested whether the early stages of motor learning, 
evidenced by the slope of the learning curve during the first 20 trials of the visuomotor rotation test, 
was associated with individual differences in cognitive function and physical fitness. We converted the 
dependent measures for each task to z-scores, and averaged those values to calculate composite scores 
of executive control and physical fitness for each participant. Our analysis revealed moderate 
correlations between the early stage of motor learning and executive function (r = 0.53), and physical 
fitness (r = -0.46). Although these correlations did not reach significance, this pilot data is encouraging, 
and suggests that the early stage of motor learning is faster for older individuals with better cognitive 
function and physical fitness. 
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Time-Dependent Changes in Neural Activity in the Paraventricular Nucleus of the Hypothalamus (PVH) 
in Sedentary and Physically Active Rats 
 
1Hashim Waheed1, Mohammad Emari2, Daniel J. Huereca3, and Patrick J. Mueller4 
 
Wayne State University School of Medicine 
 
Cardiovascular disease is the leading cause of death in the United States. Studies suggest that 
cardiovascular disease is linked to high sympathetic nerve activity. High sympathetic nerve activity can 
be generated by brain regions including the paraventricular nucleus of the hypothalamus (PVH).  Our 
laboratory examines mechanisms by which sedentary conditions promote changes in PVH neurons and 
may result in high sympathetic nerve activity.  We hypothesized sedentary conditions will increase PVH 
neuronal activity compared to physically active conditions. Neuronal activity can be assessed using 
manganese-enhanced magnetic resonance imaging (MEMRI); manganese can be detected as a calcium 
surrogate with paramagnetic properties that enters neurons via activity dependent mechanisms. PVH 
neuronal activity was measured in male rats (n=3 each group) using MEMRI before and after 12 weeks 
of physically active (voluntary wheel running) or sedentary conditions (without wheels). We also tested 
whether our imaging data was consistent with other studies by performing normalization techniques 
published previously. Neuronal activity, as assessed by MEMRI, was increased in the PVH of both 
sedentary and physically active rats after 12 weeks (main effect of time, p=0.014); however there were 
no significant differences between groups (main effect of group, p=0.694).  Normalization of PVH 
intensities to adjacent muscle tissue as has been performed previously did not affect the significance of 
increases in neuronal activity over time (p=0.011) or the lack of a significant difference between groups 
(p=0.881). These findings suggest that neuronal activity increased independently of the level of physical 
activity and that sedentary conditions may not affect neuronal activity in the PVH over 12 weeks.  Thus, 
other brain regions may contribute to the increased incidence of CVD and premature death in sedentary 
individuals (NIH HL096787-08; AHA25810010). 
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Sedentary Conditions Increase Coherence between Spinally-Projecting Neurons in the Rostral 
Ventrolateral Medulla, Splanchnic Sympathetic Nerve Activity and Blood Pressure 
 
B.M. Brichacek1, B.B. Kaji1, D.J. Huereca1, S.M. Barman2, and P.J. Mueller1 
 
1Depts. of Physiology and Pharmacology, Wayne State Univ. School of Med., Detroit, MI and  
2Department of Pharmacology and Toxicology, Michigan State University, East Lansing, MI 
 
Cardiovascular disease (CVD) is the number one cause of death in the United States. A preventable, 
high-risk factor for CVD is physical inactivity. Inactivity predisposes individuals to higher blood pressure, 
which is directly related to the ongoing level of sympathetic nerve activity (SNA). SNA is primarily 
regulated by spinally-projecting neurons in the rostral ventrolateral medulla (RVLM). To what extent 
regulation of SNA by the RVLM is impacted by sedentary versus active conditions is unknown. The 
relationships between neuronal activity in the RVLM, SNA and blood pressure can be assessed using 
coherence analysis, which explains the strength of a relationship between two signals as a function of 
frequency. We hypothesized that sedentary conditions increase coherence between activity recorded in 
single neurons of the RVLM, splanchnic SNA and arterial pressure. Single unit recordings in spinally-
projecting RVLM neurons, splanchnic SNA, and arterial pressure were measured in anesthetized, male 
Sprague-Dawley rats after 10-12 weeks of physically active (in-cage running wheel, n=6) or inactive 
conditions (no running wheel, n=8). Using time and frequency domain analyses, we report a significantly 
greater coherence between the RVLM units and splanchnic SNA that occurs in sedentary (0.50 ± 0.31) 
compared to active rats (0.15 ± 0.22; p=0.04). Coherence between the RVLM and arterial pressure was 
also greater in sedentary (0.54 ± 0.35) versus active rats (0.11 ± 0.21; p=0.02). Lastly, coherence 
between arterial pressure and splanchnic SNA was not statistically different between sedentary (0.85 ± 
0.04) and active rats (0.79 ± 0.13; p=0.14). These results suggest that sedentary conditions augment the 
signaling pathways involved in SNA regulation by the RVLM. These alterations could result in increased 
arterial pressure, greater risk of CVD and the possibility of premature death.  (NIH HL096787-08; 
AHA25810010) 
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L-lactate Increases Apoptosis in Dopaminergic-Like PC12 Cells 
 
Qinghui Chen 
 
Michigan Technological University 
 
Lactate has been shown to be excitatory through activation of ligand gated calcium channels. Studies 
have demonstrated that extracellular lactate is capable of activating N-methyl-D-aspartate receptors 
(NMDAR), acidifying neurons and glial cells, which may contribute to excitotoxicity. Since cerebrospinal 
fluid (CSF) lactate concentrations are elevated in several neurodegenerative disorders, including 
Parkinson’s disease, we tested the hypothesis that increased L-lactate may be a contributing factor to 
excitotoxicity of dopaminergic like PC12 cells. Nerve growth factor derived PC12 cells were exposed to 
increasing concentrations of L-lactate (0mM, 1.5mM, 2mM, 3mM, 4mM and 8mM) for 4 hrs which 
increased cell death in a dose dependent manner, analyzed via flow cytometry using propidium iodide 
(PI) exclusion. The (EC) 50 value was found to be 3.30 mM. The percent of cells staining positive for PI 
were significantly increased (P < 0.05): control, 0 mM L-lactate, 15.0 +/- 0.5 % (n=4) and 4 mM L–lactate, 
31.6 +/- 4.6% (n=4).  This data suggests that elevated CSF lactate may be a contributing factor to 
dopaminergic cell death in Parkinson’s disease. 
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Verbal Encouragement Increases Grip Strength 
 
(Irving, Meghan)1 
 
Grosse Pointe North High School 
 
A previous study conducted by Kansas State University states that individuals tend to workout longer 
when their workout partner keeps encouragement to a minimum. Researchers reasoned that those who 
received encouragement from a partner more skilled may have interpreted the comments as 
condescending, causing a decline in their exercise intensity and duration (“Optimal Workout Partner”, 
2013). Our study will explore the impact of peer encouragement on grip strength performance.  
Contrary to the previous study, we hypothesized that verbal encouragement from peers would yield an 
increase in grip strength exertion  versus  neutral expression from peers. The grip strength of forty-eight 
subjects was recorded in newton force for a duration of 30 seconds as they held a dynamometer grip 
strength probe measuring the maximum isometric strength of the hand and forearm muscles in a 
neutral environment. These observations were compared with the newton force generated from the 
grip strength during positive verbal encouragement. Statistical analysis was completed using a t-test 
(reported mean±SEM). The average force of the subjects’ grip strength before encouragement was 
69.5±4.5 compared to 157.07±6.71 after verbal encouragement, n=48 p<0.0001. With verbal 
encouragement, our average subjects’ grip strength increased by over 87 newtons. This supports our 
hypothesis that verbal reinforcement yields in increase in grip strength. With our study, we conclude 
that an individual’s exercise increases in intensity when motivated by peers. The results of this study can 
be used to inform athletes, coaches, and teachers of the importance of positive encouragement and its 
key role toward optimal performance. 
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Workplace Standing Desks and Arterial Stiffness 
 
Greenlund Ian M1, Kimmes Piersan E1, Wang Min2, Durocher John J1 
 
Michigan Technological University 1, Texas Tech University 2 
 
At least 1 in 4 American adults are classified as sedentary. Sedentary behavior is a contributing factor to 
many diseases such as cardiovascular disease and type II diabetes. Sedentary behavior and age are 
known contributors to arterial stiffness, but it is unknown if prolonged standing at work could help to 
reduce arterial stiffness. Therefore, we examined 48 individuals (40 women; 8 men) who primarily sit at 
work (n=24, age: 41±1 years, BMI: 25±1 kg/m2), or primarily stand at work (n=24, age: 45±2 years, BMI: 
25±1 kg/m2). Arterial stiffness was assessed as pulse wave velocity (PWV) through applanation 
tonometry and electrocardiography. Aerobic fitness was estimated via a Rockport walk test and regional 
body fat was measured with bioelectric impedance. Analysis of covariance was performed to determine 
if PWV was different between those who consistently sit at work vs. those who consistently stand at 
work. Age, fitness, and regional fat percentage were used as covariates. Carotid-femoral PWV (cfPWV) 
was not different between sitting and standing (6.6±0.3 vs. 6.9±0.3 m/s), or when normalized to aortic 
mean arterial pressure (aMAP) (0.0816±0.003 vs. 0.0789±0.002 ms-1 * mmHg-1). Likewise, leg PWV was 
similar between sitting and standing (9.0±0.3 vs. 8.8±0.3 m/s). Therefore, we used stepwise regression 
to determine the best explanatory variable for cfPWV, cfPWV/aMAP, and leg PWV. The strongest 
predicting variables for cfPWV and cfPWV/aMAP were age (p<0.001; p=0.002) and trunk fat percentage 
(p=0.063; p=0.039), respectively. However, the strongest predictors of leg PWV were leg fat percentage 
(p=0.051) and fitness (p=0.159).  In conclusion, prolonged standing at work does not appear to alter 
arterial stiffness when controlling for important covariates such as age, fitness, and regional fat 
percentage. Our findings are in agreement with other studies indicating the influence of age on arterial 
stiffness, and indicate regional fat percentage may help to predict PWV. 
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Itaconate and Immunometabolism in Ischemic Stroke 
 
(Vigil Thomas), (Frieler Ryan), (Mortensen Richard) 
 
University of Michigan 
 
Background: Stroke is the fifth leading cause of mortality in the United States and the leading cause of 
permanent disability in older adults.  Immunometabolic changes have been shown to be a key factor in 
determining the inflammatory response and viable targets for immune cell modification in disease 
models.  Recently, the immunometabolite itaconate has been shown to intersect with the ischemic 
response in modulating the TCA cycle and succinate accumulation.  Itaconate is produced by aconitate 
decarboxylase 1 (ACOD1) and is an important component of macrophage phenotype and polarization. 
Pro-inflammatory stimuli such as lipopolysaccharide (LPS) dramatically induce the expression of ACOD1 
and increase the production of itaconate.  In this study we explore the role of ACOD1 and itaconate in 
cerebral ischemia/reperfusion injury.  Our central hypothesis is that ACOD1 and itaconate are critical 
elements in determining immunometabolism in macrophages (and potentially other cell types) and 
these factors can be targeted to modify stroke. Specifically, we propose that itaconate is protective and 
anti-inflammatory. 

Methods and Results: Bone marrow derived macrophages were generated and pretreated with a cell 
permeable form of itaconate (Dimethyl itaconate or DMI) prior to LPS induced stimulation.  Following 
treatment, mRNA was then isolated from the cells and measured using qPCR. Pretreatment with DMI 
before stimulation significantly decreased the production of pro-inflammatory mRNA expression 
including Interleukin-1β, Interleukin-6 and Tumor Necrosis Factor α compared to LPS stimulated 
macrophages. Next, using mice treated with DMI and mice lacking ACOD1 expression (full body ACOD1 
knockout), we assessed the effect of exogenous DMI treatment and loss of endogenous itaconate in a 
transient ischemia/reperfusion occlusion stroke model. Mice received a transient 90-minute middle 
cerebral artery occlusion followed with 24-hours of reperfusion, stroke lesion volume was then 
measured using T2 MRI analysis and brain tissues were collected for pro-inflammatory gene expression 
analysis.  ACOD1 knockout mice showed significant increases in lesion volume compared to control 
mice, however no differences in pro-inflammatory mRNA levels were observed.  Separately, mice 
treated with DMI showed decreased lesion volume and also had no differences in pro-inflammatory 
gene expression levels.   

Conclusions: These data suggests that endogenous ACOD1 is protective in cerebral ischemia/reperfusion 
injury and that treatment with an exogenous form of itaconate is protective.  These effects however do 
not appear to be driven by changes in inflammatory gene regulation and suggest another mechanism 
may be driving protection, possibly through limiting reactive oxygen species formation. 

 

Support: R01 HL112610 
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Caffeine Ingestion Increases Grip Strength 
 
(Braker Amber)1, (Kehrig Sophie)2, (Katelynn Mulder)3 
 
Grosse Pointe North High School 
 
Caffeine acts is an adenosine receptor antagonist, blocking it from meeting with its receptor. Adenosine 
is a neurochemical that builds up over the course of the day and causes fatigue. It is common knowledge 
that caffeine consumption increases a alertness because signal transmission has been inhibited, but 
relatively little attention has been paid to its effect on other aspects of nerve function. In this study we 
set out to better understand whether caffeine consumption also affects grip strength. Our team 
predicted that strength and stamina would be improved with caffeine. Subjects sat for 30 seconds and 
squeezed a hand dynamometer. They then drank 12.5 ounces of either caffeinated or decaffeinated 
coffee, allowed 15 minutes to metabolize, and then tested again with the hand dynamometer for the 
same duration. We tested 10 subjects, 5 per group, and found that the average highest grip strength 
after drinking coffee for the caffeine group (257.52±43.7293)  was significantly higher than that of the 
decaf group (124.5±49.3708). This data set had a p value of 0.0264. We found that on average the 
difference between the highest grip strengths before and after drinking the coffee were positive 
(29.84±7.9552)  in the caffeine group and negative (-17.82±10.4236)  for the decaf group. This data set 
had a p value of 0.0097. We also found that on average the difference between the average grip 
strengths before and after drinking the coffee were positive (22.524±3.4320)  in the caffeine group and 
negative (-14.9±6.5294)  for the decaf group. This data set had a p value of 0.0010. Because the caffeine 
group experienced positive changes in grip strength while the decaf group experienced no significant 
change, we conclude that caffeine does increase grip strength. Therefore, our hypothesis is accepted. 
The information gained from the hypothesis provides further insight into the effects of caffeine 
consumption on the body. 
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Department Wide Outreach Program in Kinesiology and Integrative Physiology 
 
(Hendrickson, Jana), (Sutherland, Abby), (Destrampe, Alexis), (Bye, Thomas), (Carter, Jason), (Elmer, 
Steven), (Carter, Kathryn) 
 
Michigan Technological University 
 
The Department of Kinesiology and Integrative Physiology at Michigan Technological University 
organized its first “PhUn Week” event in 2016. Based on the success of this event we expanded our 
outreach efforts to engage more students and faculty in the department so that we could build stronger 
relationships with K-12 schools. Using a team approach (outreach coordinator, faculty, undergraduate 
and graduate students) we were able to participate in three major outreach events in 2017: PhUn Week 
(American Physiological Society), Physiology Friday (The Physiological Society), and National 
Biomechanics Day (American Society of Biomechanics). Our objectives were to: 1) increase 
understanding of how the human body works, 2) promote enthusiasm for careers in physiology and 
biomechanics, and 3) provide undergraduate and graduate students with service learning experience. To 
accomplish these objectives, faculty embedded service learning assignments into their undergraduate 
and graduate kinesiology courses. Undergraduate and graduate students formed small groups, selected 
a physiology or biomechanics topic, and implemented age-appropriate, hands-on activities. These 
outreach events were well received and impacted 561 total students in grades K-12 across 14 different 
schools in our rural area. Undergraduate and graduate students found value engaging with the 
community and communicating science to a public audience. The department continues to develop a 
culture of community outreach in order to better connect with local schools. This work was supported 
by The Physiological Society. 
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Cognitive Correlation with Grip Strength 
 
Schaden Thomas, Mulpuri Sonny, Nyquist Evan, Asimakis Natalia 
 
Grosse Pointe North Applied Medicine and Clinical Research Course 
 
Some stereotypes exist that those who are stronger individuals may be lacking in mental acuity, and 
those who are mentally strong may be weak physically. Some individuals may sacrifice studying to 
develop their physical skills, and other may sacrifice exercise and sports to work on their school studies. 
This distribution of efforts among students may lead to a negative correlation between student’s 
strength and their smarts. We investigated whether such a correlation existed, and to see if there was 
any true basis for this stereotype. We predicted that there would be a negative correlation between the 
grip strength and the standardized test scores of students. We tested each high-school student (n=8) on 
a standard test that assessed performance in math, science, and grammar. Each individual was then 
asked to register a single maximum grip strength after their test. We found a strong positive correlation 
between math scores and maximum grip strength (R=0.859). Maximum grip strength also positively 
correlated between the combined math-grammar score (R=0.764). The bottom 50% of male participants 
(sorted by their grip strength) had lower math scores than the top 50% (3.33 ± 0.288; 4.66 ± 0.288; 
p=0.047). Based on these findings, we rejected our hypothesis that grip strength and test scores would 
negatively correlate. In fact, for math and math-grammar scores, the opposite was true. Because lower 
grip strength has been linked to a greater chance of death from all causes (Darryl P Leong, et al., 2015), 
cognitive ability could be used as a factor for predicting all-cause death. 
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Nicotine Attenuates Acetate-Induced Increase of Cytosolic Reactive Oxygen Species in Dopaminergic-
Like PC12 Cells 
 
Qinghui Chen 
 
Michigan Technological University 
 
We have previously reported that the major ethanol metabolite, acetate (6 mM), significantly (p<0.05) 
increases levels of cytosolic calcium in neural growth factor (NGF) derived PC12 cells measured in real 
time with Fluo-4AM. Literature suggests that increased intracellular calcium through glutamatergic 
channels binds with calmodulin to trigger a cascade leading to the formation of nitric oxide (NO), which 
can contribute to cell death. We therefore hypothesized that treatment of PC12 cells with acetate (6 
mM) would elicit an increase in the levels of cytosolic reactive oxygen species (ROS). Furthermore, it has 
been shown that nicotine induces protection against glutamate cytotoxicity, although the mechanism is 
still not fully understood. NGF derived PC12 cells exposed to (6 mM) acetate for 4 hrs had a significant 
(p<0.05) increase in ROS positive staining cells relative to control (44.3 ± 1.8 % (N=5) vs 33.3 ± 1.5 % 
(N=3)), measured using flow cytometry with an oxidative stress detection probe (CellROX Orange, 
Thermofisher). Co-application of acetate (6 mM) and nicotine (10 µM) was able to significantly (p<0.05) 
attenuate the acetate-induced increase in cytosolic ROS back to baseline levels. Percent cells with 
positive staining are: control (28.6 ± 2.1 %, N=3), acetate (6 mM) (47.5 ± 5.4 %, N=3) and acetate (6 mM) 
and nicotine (10 μM) (24.04 ± 3.8 %, N=5). This data suggests that nicotine’s neuroprotective effect on 
glutamatergic cytotoxicity may be due, at least partially, to nicotine’s ability to reduce the amount of NO 
formed intracellularly. 
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The Godin-Shepard Leisure-Time Physical Activity Questionnaire and Arterial Stiffness 
 
(Kimmes, Piersan E.)1, (Greenlund, Ian M.)1,2, (Durocher, John J.)1 
 
Department of Biological Sciences 1, Department of Kinesiology and Integrative Physiology 2; Michigan 
Technological University, Houghton, MI 49931 
 
Physical activity, specifically moderate to vigorous intensity, is associated with reduced arterial stiffness 
in adults. Moderate to vigorous physical activity, when quantified through accelerometry, is linked to 
lower carotid-femoral pulse wave velocity (cfPWV) and lower aortic augmentation index (AIx). The 
purpose of the present study is to determine if quantification of moderate and vigorous activity through 
the Godin-Shepard Questionnaire (GSQ) could also be linked to lower cfPWV and AIx. We examined 
forty-eight adults who completed the GSQ prior to assessment of cfPWV and AIx. Participants were 
classified as active when they scored ≥ 24 on the moderate and vigorous components of the GSQ, and 
insufficiently active with a score of ≤ 23. Thirty-two participants (43±2 years) were active, and sixteen 
(45±2 years) were insufficiently active. Independent samples t-test revealed that the active and 
insufficiently active participants had similar cfPWV (6.7±0.2 vs. 6.9±0.3 m/s) and AIx normalized to 75 
heartbeats / min (10.3±2.3 vs. 15.7±2.7%). Pearson correlation analyses revealed significant associations 
between GSQ moderate-vigorous physical activity and estimated VO2peak (r = 0.463, p < 0.01), body fat 
percentage (r = -0.425, p < 0.01), and AIx@75 beats / min (r = -0.372, p<0.01), but not with cfPWV (r = -
0.113, p = 0.44). Our results suggest that the GSQ appears to be useful in regard to relating moderate-
vigorous physical activity to aerobic fitness, body composition, and wave reflection (i.e., AIx), but not to 
aortic arterial stiffness (i.e., cfPWV). 
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High salt diet may stimulate fructose uptake in brain neurons and contribute to neuronal apoptosis 
 
Hahka Taija, Fan Yuanyuan, Shan Zhiying 
 
Michigan Technological University 
 
Clinical studies have been leaning toward the impression that the central nervous system (CNS) is the 
main control for blood pressure regulation such as the onset of fructose-induced hypertension.  The aim 
of this study is to determine the connection between fructose and hypertension within the CNS; and to 
discover the consequences of fructose.   

 

Eight-week-old male Sprague Dawley (SD) rats were divided into 4 groups and were fed a normal salt 
chow (NS: 0.4% NaCl), high salt chow (HS: 4% NaCl), NS with fructose (F: 20% fructose water), and HS 
plus fructose (HS+F: 4% NaCl and 20% fructose water) for 3 consecutive weeks.  Blood pressure was 
taken by a non-invasive tail-cuff plethysmography.  Serum and cerebrospinal fluid (CSF) was withdrawn 
for fructose measurements.  Only the HS+F rats presented an increase in mean arterial pressure (MAP) 
(126 mmHg) compared to NS rats (90 mmHg, p<0.0001).   

 

Serum fructose concentration exhibited an increase in the F group (359 µM), and HS+F (409 µM) 
compared to control NS group (253 µM). CSF fructose concentration dramatically decreased in F (230 
µM) and HS+F (231 µM) groups compared to NS control group (290 µM). Immunostaining demonstrated 
that the HS+F group significantly promoted immunoreactivity of GLUT5, a fructose transporter, in the 
brain paraventricular nucleus (PVN).  Further confirmation of GLUT5 was present in RT-PCR findings. 
Incubation of brain neurons isolated from neonatal SD rats with 1mM fructose for 6 hours stimulated 
neuronal apoptosis (27%) compared to the control (20%, P<0.01).  This study demonstrated that HS+F 
diet decreases CSF fructose concentration, fructose stimulates neuronal apoptosis, increases PVN GLUT5 
expression, and results in hypertension. 
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Bringing PhUn with Hands-On STEM to Stanton Township Schools 
 
Erin E. McKenzie1, Travis R. Wakeham1, and John J. Durocher1 
 
1Department of Biological Sciences; Michigan Technological University, Houghton, MI 49931 
 
Michigan Tech’s Department of Biological Sciences participated in the 2017 Physiology is Understanding 
outreach event that is coordinated through the American Physiological Society (APS) in November 2017. 
One faculty member, one staff member, and five undergraduate students visited the 4th grade class at 
the E.B. Holman School for three days. The first outreach day included defining physiology and what 
careers are available in physiology. The 4th grade students drew pictures in advance of what they 
thought a scientist looked like. Hands-on activities included learning how to take vital signs. Day two 
covered different types of muscle contractions and the energy systems of the body. The 4th grade 
students formed four teams to form hypotheses for what energy systems would be used for the 
exercises that followed in the school gym. Exercises included isometric handgrip, squeezing the APS 
foam hearts until fatigue, and a 10-minute walk / run around the gym. The final day included sheep 
heart dissection to identify the major chambers and valves of the heart. This was followed-up by a 
demonstration with the SphygmoCor system to estimate aortic blood pressure on the school principal 
while resting, and while doing a stressful math test. Each of the 4th grade students received APS bags, 
physiologist cards, APS foam hearts, and APS physiologist coloring books. 
 



 

59 
 

Heart Rate Alters but Does Not Improve Calorie Predictions in Fitbit Activity Monitors 
 
(Vusich, John W.)1, (Mitrzyk, John)2, (Wiersma, Matthew)3, (Montoye, Alexander H. K.)4 
 
Alma College 
 
Consumer-based activity monitors use accelerometers and sometimes heart rate (HR) to estimate 
calories (kcals) burned. PURPOSE: To determine if Fitbits measuring HR estimate kcals differently than 
Fitbits without HR. METHODS: Participants (n=23) wore five Fitbits and performed nine activities, split 
into four groupings (G1: sitting, standing, cycling 50-150W, G2: level and inclined (10%) walking at 2.5 
miles/hour, G3: level and inclined (10%) walking at 2.5-3.2 miles/hour, G4: level and inclined (3%) 
jogging at 5-10 miles/hour) in the laboratory for five minutes each. Three Fitbits (Blaze, Charge HR, Alta) 
assessed steps, HR, and kcals, and two Fitbits (Alta, Flex2) assessed steps and kcals. These data were 
compared to criterion measures and between Fitbits measuring HR and Fitbits without HR for each 
activity grouping. RESULTS: Fitbits with HR had significantly higher kcal predictions (10.5-23.8% higher, 
p<0.05) during inclined activities than level activities in G1-G3, whereas Fitbits without HR had similar 
kcal estimates between level and inclined activities. However, mean absolute percent error for kcal 
predictions for Fitbits measuring HR (33.7-38.3%) were similar to Fitbits without HR (32.4-36.6%). 
CONCLUSION: Fitbits measuring HR do use HR when predicting kcals during physical activity. However, 
kcal prediction accuracies were similarly poor compared to Fitbits not measuring HR. The funding for 
this study was provided by the Alma College e-STEM/CORE programs. 
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Na+/H+ exchanger regulatory factor 1 (NHERF1) regulates mast cell response to IgE/antigen 
 
Ananth kumar kammala, Hariharan Subramanian 
 
Department of Physiology, Michigan State University, East Lansing, MI 
 
Mast cells play a central role in the pathogenesis of allergic reactions. Activation of mast cells by 
IgE/antigens is strictly dependent on the complex interaction between intercellular signaling molecules. 
Na+/H+ exchanger regulatory factor1  (NHERF1) belongs to class I family of PDZ domain proteins that 
bind to the cytoplasmic tail of several G-protein coupled receptors (GPCR) and regulate their trafficking 
and signaling. We have previously demonstrated that NHERF regulates mast cell response to the GPCR 
for the anaphylatoxin C3a (C3a receptor). Our preliminary data showed that NHERF1 levels are altered 
following stimulation with IgE/antigen suggesting that it may function as an adaptor molecule to 
regulate mast cell responses. Therefore, the goal of the current study was to investigate the role of 
NHERF1 in IgE/antigen mediated mast cell activation. We silenced the expression of NHERF1 in LAD2 
(human mast cell line) and RBL-2H3 (rat mast cell line) and sensitized these cells to IgE/antigen. We 
observed a significant reduction in mast cell responses (Ca2+ mobilization) in the absence of NHERF1. In 
agreement with the mast cell line data, primary bone marrow derived mast cell from NHERF+/- mice 
showed reduced mast cell signaling and attenuated Ca2+ mobilization and inflammatory cytokine 
production to IgE/antigen as compared to their wild type counterparts (NHERF1+/+). Furthermore, mast 
cell dependent passive cutaneous anaphylaxis and systemic anaphylaxis was significantly attenuated in 
NHERF+/- mice. Collectively, this study concluded that the molecular target of the IgE could be NHERF1 
and may be provide a basis for the development of a mast cell stabilizer, which targets NHERF1 for 
allergic reactions. 
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The Difference Between Female Hockey Player’s and Females’ who are Inactive Grip Strength 
 
(Roman, Danielle)1, (Alexander Harring)2, (Stephanie Korte)3, (Sofia Mihaylova)4, (Ashley Kowalski)5 
 
Grosse Pointe North High School 
 
In hockey, the constant gripping of the stick will increase grip strength. For our experiment, we chose to 
test female hockey players and compare their grip strength to females who do not play sports. Our 
study showed that the average grip strength of the females who played hockey were greater than 
people who do not play sports by about 52 newtons. The purpose of this data is to portray that playing a 
sport, like hockey, makes people more physically enabled than those who do not play sports. Our 
research group took twelve female subjects, six who play hockey, six who do not play any sports, and 
recorded their maximum grip strength. The subjects that were chosen were relatively the same weight, 
height, and age to further ensure that the data is controlled and not biased in any way. The t-test results 
of maximum grip strength were statistically significant when compared to people who do not play 
hockey, with a P value of 0.0458.The mean and standard error of the maximum grip strength of people 
who played hockey was 221.03±8.559. The mean and standard error of people who don't play hockey 
was 169.71±20.819. The sample size of the data was 12 (n=12), with six subjects who play hockey, and 
six subjects who do not play a sport. The data we collected supported our hypothesis to be correct. 
People who do play hockey had a significantly higher grip strength than those who do not. Our data 
elucidates the idea that individuals who play sports use more muscles in their body (specifically hand 
and wrist) more often than those who are physically inactive.This data could also be used to help 
coaches and athletic trainers to train athlete’s grip strength and physical abilities. If someone were to 
play hockey, then they would have a higher grip strength than someone who does not play a sport. 
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Home-Based Exercise with Blood Flow Restriction to Restore Limb Symmetry Following ACL 
Reconstruction 
 
Matthew A. Kilgas, Scott N. Drum, Lydia L. M. Lytle, Steven J. Elmer 
 
Department of Kinesiology and Integrative Physiology, Michigan Technological University, Houghton, MI, 
USA, Department of Health and Human Performance, Northern Michigan University, Marquette, MI, 
USA 
 
Background: Rehabilitation following ACL reconstruction is prolonged and many individuals do not 
completely regain their quadriceps size and strength. These persistent impairments give rise to limb 
asymmetry which increases risks for re-injury and osteoarthritis. Purpose: To establish exercise with 
blood flow restriction (BFR) as a home-based program to overcome persistent quadriceps size and 
strength impairments and restore limb symmetry long after knee surgery. We hypothesized that 
exercise training with blood flow restriction would increase muscle size and strength in the affected 
limb, and reduce chronic limb asymmetry. Methods: Nine adults with an ACL reconstruction (5.2 ± 2.3 
years post-surgery) volunteered. Participants had at least 10% asymmetry in quadriceps size and/or 
strength. Participants exercised at home 5x/week for 4 weeks. Exercises included body weight squats, 
single-leg knee extension with resistance bands, and walking. Blood flow to the affected limb was 
restricted using an 18 cm pressurized cuff inflated to 50% of limb occlusion pressure. Vastus lateralis and 
rectus femoris thickness, along with knee extensor strength were measured before and after training. 
Post-training asymmetry indices were compared to healthy uninjured controls (n = 9). Results: Following 
training increases in RF (1.8 ± 0.3 cm vs. 2.0 ± 0.3 cm, P < 0.01) and VL muscle thickness (2.3 ± 0.5 cm vs. 
2.5 ± 0.4 cm, P < 0.01) and knee extension strength 35.0 ± 13.8 kg vs. 41.6 ± 16.8 kg, P < 0.01) were 
measured in the affected limb. There were no changes in the unaffected limb. Asymmetry in muscle 
thickness decreased for the rectus femoris (11.9 ± 7.8% vs. 2.6 ± 3.5%, P < 0.01) and vastus lateralis (10.8 
± 5.9% vs. 2.9 ± 2.7%, P < 0.01). Knee extension strength asymmetry decreased from 10.9 ± 2.6% to 2.6 ± 
2.7% (P < 0.01). Post-training quadriceps size and strength asymmetry indices were not different from 
controls (< 5%, all P > 0.05). Conclusion: These results extend upon early post-operative application of 
exercise with BFR and demonstrate that this modality can also be used to overcome persistent 
quadriceps impairments long after ACL reconstruction. This research was supported by a Student Award 
Program grant from the Blue Cross and Blue Shield of Michigan Foundation. 
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Disruption of endogenous itaconate production induces obesity and impairs glucose control 
 
Frieler Ryan A., Vigil Thomas A., Mortensen Richard M. 
 
University of Michigan 
 
Background: Chronic inflammation in adipose tissue is a widely recognized aspect of obesity that is 
thought to be a major contributing factor in the development of insulin resistance and other associated 
co-morbidities. Activation of adipose tissue macrophages and other immune cells induces changes in 
adipose tissue that result in the production of inflammatory signaling and impaired insulin sensitivity. 
Changes in intracellular metabolism occur during immune cell activation and can govern immune cell 
function. The TCA cycle metabolite, itaconate, is produced by the enzyme aconitate decarboxylase 1 
(Acod1) and is highly upregulated during classical macrophage activation. Itaconate and cell permeable 
derivatives have robust anti-inflammatory effects on macrophages, therefore we hypothesize that 
Acod1-produced itaconate has a protective, anti-inflammatory effect during diet-induced obesity and 
metabolic disease.  Methods and Results: Wild type control and Acod1-/- mice were fed a high fat diet 
(60 Kcal %) for 12 wk. Baseline and post-high fat diet body weights of Acod1-/- mice were significantly 
larger than wild type controls, although both groups gained weight at an equivalent rate with no 
significant differences detected. Glucose tolerance tests performed at 12 weeks on high fat diet 
revealed significantly higher blood glucose levels after glucose injection in Acod1-/- mice compared to 
controls. Similarly, Acod1-/- mice also had significantly elevated blood glucose levels during insulin 
tolerance test. Analysis of inflammatory gene expression in gonadal fat depots did not reveal any 
significant differences in inflammatory signaling in Acod1-/- mice. We further analyzed the baseline 
phenotype and found that Acod1-/- mice have significantly increased body weight at 3, 6, and 12 mo age 
with increased inguinal, gonadal, and interscapular brown fat deposition. At 12 mo age, Acod1-/- mice 
also had elevated blood glucose during glucose and insulin tolerance tests. Conclusion: Our data suggest 
that Acod1-produced itaconate has an important role in the regulation of fat deposition and glucose 
homeostasis under normal and high fat diet conditions. These results highlight the importance of this 
immunometabolic pathway and suggest that preservation or enhancement of this pathway with natural 
metabolites or metabolite derivatives could have beneficial effects during obesity and glucose 
dysregulation. 

Supported by NIH grants HL007853 and HL112610 
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Age-related Alterations in Muscle Architecture and Strength of the Lower Limb Muscles in Women 
 
Phillips Kevin, Noh Byungjoo, Burge Michelle, Gage Matt, Yoon Tejin 
 
Michigan Technological University 
 
The age-related declines in muscle mass and function are greater for women and the lower limb 
muscles, and these decrements accelerate during middle-age. However, it is less clear which lower limb 
muscles may be compromised more in middle-aged women. PURPOSE: To compare muscle function and 
architecture of the knee extensor and plantar flexor muscles in young and middle-aged women. 
METHODS: Twenty two middle-aged (years: 54 ± 6) and 17 young women (years: 21.8 ± 1) volunteered 
to participate in this study. In vivo muscle architecture measurements including muscle thickness and 
pennation angle were made on the vastus lateralis (VL), rectus femoris (RF), gastrocnemius medialis 
(GM) and  gastrocnemius lateralis (GL), using a B-mode real-time ultrasound scanner. Each participant 
performed maximal voluntary isometric contractions (MVIC) of knee extensor and plantar flexor muscles 
3-4 times on the Biodex dynamometer. Interpolate twitch technique was used to assess voluntary 
activation (VA).  Absolute and weight-normalized maximal strength and rate of torque development 
(RTD) were analyzed from MVIC torque data.  Additionally 6 minute walk test and sit-to-stand task were 
performed. Age-related changes were tested using a two-way ANOVA with repeated measures. Between 
subject factors were analyzed using independent samples t-test. Significance was tested at a 95 % 
confidence level (p < 0.05). RESULTS: There was a significant interaction between muscle group and age 
group for muscle thickness. Thickness of the GM was maintained from young to old age, while thickness 
decreased for the RF, VL, and GL. Pennation angle was greater in the young women for the GL muscle. 
Muscle architecture data is displayed in Table 1.There was a significant age-related decreases in 
absolute and weight-normalized MVIC torque of the knee extensors and plantar flexors. Significant age 
related declines in RTD of the knee extensors and plantar flexors were also noted. Static and explosive 
strength data are displayed in Table 2. CONCLUSION:  The results of this study suggest that the age-
related alteration in muscle thickness are more conserved for the plantar flexors than the knee extensor 
muscles. Additionally, a loss of isometric and explosive strength is already apparent by middle age in 
women. Interventions should be used to maintain muscle structure and function in middle-aged women. 
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Exercise Training Increases Compliant Cardiac Titin Content in Rat and Sallimus Isoform Content in 
Drosophila Melanogaster 
 
Hiske M, Chadha A, Damschroder D, Sujkowski A, Mueller P, Wessells R, Chung C 
 
Department of Physiology, Wayne State University, Detroit MI 
 
Increasing ventricular compliance, for example by increasing the isoform size of the giant elastic protein 
Titin, can increase exercise tolerance.  Exercise training itself can increase exercise tolerance, but it is 
not yet known if exercise training directly modifies Titin isoform splicing.  We hypothesize that exercise 
training results in increased content of compliant isoforms of cardiac elastic proteins in both rats and 
Drosophila. First, we analyzed the Titin N2BA:N2B isoform ratio using left ventricular tissue from rats 
performing twelve weeks of voluntary running wheel exercise (n=19) versus sedentary controls (n=19).  
We found an increased N2BA:N2B ratio in the exercising group (p=0.006, 1-β=0.897); the increased ratio 
indicates increased Titin compliance.  To our knowledge, we are the first to report an exercise-induced 
increase in N2BA:N2B ratio, likely due to the high sample size and achieved statistical power.  Exercise 
tolerance, measured as cumulative running distance, positively correlates with Titin N2BA:N2B ratio 
(r=0.529, p=0.024).  We also analyzed the gene expression level of RBM20 (RNA Binding Motif 20 
protein) because decreased RBM20 leads to larger, more compliant Titin isoforms.  RBM20 mRNA 
expression in the left ventricles of exercising rats trended lower than sedentary controls (p=0.09) and is 
inversely correlated with N2BA/N2B ratios (r= 0.535, p<0.001) as expected.  Second, we analyzed the 
isoform size of Sallimus, an invertebrate analog of Titin, in abdomen of Drosophila melanogaster 
undergoing three weeks of exercise training by automated negative geotaxis.  When comparing the 
largest five isoforms of Sallimus, we found that relative content of two largest isoforms were increased 
in the exercising group.  This result was consistent in three background strains (Oregon R (OreR), yellow 
white (y1w1), white (w1118)). In summary, exercise increases the content of compliant elastic proteins 
in rats and Drosophila, suggesting a conserved response.  The increased compliance is a novel molecular 
mechanism to explain the increased exercise tolerance as a result of exercise training. Source(s) of 
Funding: Supported by the American Heart Association (14SDG20100063 to CSC; AHA25810010 to PJM) 
and the National Institutes of Health (R01HL096787 to PJM, R21AG055712 to RJW).
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THE MICHIGAN PHYSIOLOGY QUIZ (MiPQ) 
 

History of IMSPQ 
Nearly 15 years ago while on sabbatical as a Professor of Physiology of the Faculty of Medicine at the University of 
Malaya in Kuala Lumpur Malaysia, Hwee-Ming Cheng pondered ways to encourage medical students to get excited 
about learning physiology. The outcome of his creative reflection was the development of the first Intermedical School 
Physiology Quiz (IMSPQ) in 2003. Teams of three to five students from eight Malaysian medical schools competed in an 
oral quiz held before a live audience at the University of Malaya. Cheng served as Quizmaster and asked questions that 
covered nearly every organ system. The top performing team was awarded with a trophy named in honor of Prof. A. 
Raman, the first Malaysian Professor of Physiology at the University of Malaya. 
Within 5 years, the IMSPQ had grown to become an international event of 39 teams. By 2014, IMSPQ had grown to 90 
schools (21 from Malaysia, 69 from elsewhere). The growth in participation led to the need for a two-phase competition, 
with a 100-question, true-false quiz on day 1, and the oral competition on day 2. 
Each team brought one or more faculty mentors with them and while their students were taking the true-false quiz, 
Cheng invited a physiologist to lead a refresher course in their area of expertise. As a refresher course instructor and 
judge of IMSPQ 2016, Sue Barman, PhD (MSU) can testify to the high energy level in the auditorium during the oral 
competition - an audience packed with students and faculty cheering on their favorite team, competitors on the stage 
intent on answering questions and challenge the Quizmaster if they are convinced they answered a question correctly, 
etc. In the end, all the participants are winners since they have displayed an incredible level of competency in cellular 
and systems physiology, serving them well when they become physicians. 
 

Development of MiPQ 
After much discussion and strategizing, a decision was made to have the Michigan Physiological Society (MPS) host a 
quiz. A proposal was prepared by Barman and submitted to APS Council for their consideration. Teams of undergraduate 
students from various Michigan institutions would compete at the MPS annual meeting. Then, the winning team would 
travel to Malaysia to compete in IMSPQ with financial support from the APS. APS Council denied the request as 
submitted, but encouraged Barman to have MPS hold a competition at their 2017 annual meeting and to use this as a 
stepping stone to entice other APS Chapters to follow suit. The hope is that once more chapters include a competition in 
conjunction with their annual meeting, then the U.S. may set up a competition among chapter winners (perhaps held in 
advance of the EB Meeting) to send the overall winning team to compete in the IMSPQ later that year. 
 

Inaugural MiPQ – 2017 
The inaugural event was named the Michigan (Mi) Physiology Quiz (MiPQ, pronounced "my physiology quiz") and was 
held at Alma College (Alma, MI) on June 7, 2017, the day before the start of the annual chapter meeting. Five teams 
(Ferris State University, Michigan State University, Michigan Technological University, Oakland University, and Wayne 
State University) were each comprised of three to five enthusiastic students, and a faculty mentor who helped them 
prepare ahead of time and served as a coach at the event. Barman served as Quizmaster for the inaugural MiPQ. 
Questions were chosen from a book compiled by Cheng. All faculty mentors were provided an electronic copy of this 
book in advance for team preparation. Questions covered a range of topics (cardiovascular, neural, renal, and 
respiratory physiology) and were presented in a jeopardy-style format.  
Special thanks to Quizmaster Sue Barman; Judges: Naveen Sharma, John Davis and Adele Denison; Scorekeepers: John 
Durocher and Patrick Mueller; Timekeepers: Erica Wehrwein and Valerie VanRyn; as well as the countless others that 
made this event a success. The results were as follows: Wayne State University (1st place), Michigan State University (2nd 
place), Oakland University (3rd place); 4th and 5th place teams were respectively Ferris State University and Michigan 
Technological University.
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Congratulations to all the participants who for the past several weeks have been busy preparing for this event and 
refreshing their knowledge of all things physiology. 
 

Alma College 
Jonathan Groening, Brianna Ricker, Katherine Lehman 
Faculty Coach: Brianna Harfman, PhD; Karen Ball, PhD 
 

Ferris State University 
Jordan Van Wert, Hunter Pope, Austin Vanwyk 
Faculty Coach: Chris Westerkamp, PhD; Beth Zimmer PhD 
 

Michigan State University 
Abigail Meyers, Nick Corsi, Yvonne Ogrodzinski, Keeler Steele, Karam Gagi 
Faculty Coach: Erica Wehrwein, PhD 
 

Michigan Technological University 
Nick Carlson, Erin McKenzie, Piersan Kimmes, Dominique Aleo 
Faculty Coach: Nicole Seigneurie 
 

Wayne State University 
Miles Bowman, Mary Donahue, Arianna Davidson, Zain Waheed, Brianna Schick 
Faculty Coach: Patrick Mueller, PhD 

 

DONORS FOR THE MiPQ EVENT 
Karen Ball 
Susan M Barman 
Jason Carter 
Greg Fink 

Linda Samuelson 
Erica Wehrwein 
John Williams 

Alma College – Awards Ceremony 
dinner 
McGraw Hill Education – Book 
Awards

 
Finally, we would like to thank the following for their assistance with the MiPQ event: 

Quizmaster: Cheng Hwee-Ming  
Judges: Steve Elmer, Naveen Sharma , Adele Denison  
Score Keepers: Sue Barman, Jeremy Bigalke, and Karen Ball 
Time Keepers: Erica Wehrwein, Valerie VanRyn   
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2018 MPS Meeting Attendees 
 

Wafa Alharbi 

Karen Ball 

Susan Barman 

Cesar Barrabi 

Harold Bell 

Jeremy Bigalke 

Elizabeth Bloch 

Miles Bowman 

Amber Braker 

Brooke Brichacek 

Maria Bronson 

Alexandra Cara 

Kathy Carter 

Jason Carter 

Qinghui Chen 

William Cooke 

Hannah Cunningham 

Arianna Davidson 

Jon Dean 

Adele Denison 

Mary Donahue 

Anne Dorrance 

Beau Dupuis 

John Durocher 

Steven Elmer 

Morgan Farrell 

Zachary Fattal 

Joseph Ficht 

Isaac Flint 

Ryan Frieler 

Alex Geborkoff 

Brett Gervais 

Joshua Gonzalez 

Kevin Gordish 

Lillie Granderson 

George Granderson 

Ian Greenlund 

Jonathan Groening 

Taija Hahka 

Brianna Harfmann 

Alexander Harring 

Hyun Hee Lee 

Jana Hendrickson 

Amanda Hermanson 

Mark Hiske 

Meghan Irving 

Kylee Jones 

Kelly Kamm 

Austin Keranen 

Matthew Kilgas 

Piersan Kimmes 

Ananth Kumar Kammala 

Katherine Lehman 

Christina Lehmann 

Lydia Lytle 

Carley Maanika 

Lorie Maki 

Ronda Manninen 

Brooke Mason 

Erin Mckenzie 

Kaylee Meyers 

Patrick Mueller 

Christopher Occhiuto 

Guodong Pan 

Maria Paula Kwesiga 

Kevin Phillips 

Anthoni Phonxana 

Hunter Pope 

Brianna Ricker 

Danielle Roman 

Elizabeth Ronan 

Jacklyn Roussel 

Thomas Schaden 

Brianna Schick 

Laura Schneider 

Katherine Schoen 

Christopher Schwartz 

Monte Scott 

Nicole Seigneurie 

Zhiying Shan 

Naveen Sharma 

Susan Speirs 

Ashten Stambersky 

Anne Tikkanen 

Kevin Trewartha 

Jordan Van Wert 

Valerie Vanryn 
 
 


