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Accessing Your Continuing Education Certificate
After the meeting is over, please follow the directions below to access your attendance certificate.




Visit https://cme.dmu.edu/
Log-in using the email address used to register for the activity. If you don’t remember your password, you
are able to request a new one.
Click on --> My Account --> My Activities --> Download

We’re Social
Join IPS on Facebook to connect with your colleagues.
https://www.facebook.com/IowaPhysiologicalSociety
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Better Data. Better Science.

Get the best data possible when
monitoring physiology
Implantable cardiovascular telemetry
•

Solutions for researchers performing acute or chronic
cardiovascular studies

•

Many models available for small to large freely-moving animals

•

Collect ECG, blood pressure, LV pressure and more

Implantable central nervous system telemetry
•

Understand how the brain functions under normal
and disease conditions

•

Implantable telemetry or hardwired products to
accommodate small and large animals

•

Collect EEG, EMG, temperature and more

Implantable glucose telemetry
• Detect continuous changes in blood glucose levels in rats and mice
•	See a complete blood glucose profile not possible with glucose
test strip measurements
•	Observe development of diabetes and other metabolic disorders
over a period of 28 days or longer* in chronic disease models
Buxco® respiratory applications
•

Resistance & Compliance

•

Whole Body Plethysmography

•

Non-Invasive Airway Mechanics

•

Pulmonary Function Testing

•

Inhalation

DSI offers preclinical telemetry, instrumentation, software and services to help you advance your science.
Contact DSI today at 1.800.262.9687 or visit www.datasci.com.
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Research Keynote Presentation
A View From the Top - Metabolic and Cardiovascular Diseases in Obesity
Colin N. Young, PhD, The George Washington University School of Medicine and Health Sciences
Outline








Discuss the public health relevance and medical complications of obesity within the United States.
Overview of the central nervous system in obesity-related conditions with a focus on:
o Adiposity
o Hypertension
o Non-alcoholic fatty liver disease
Endoplasmic reticulum function in health and disease.
A role for alterations in brain endoplasmic reticulum function in mediating cardiovascular and metabolic
diseases of obesity.
Neural circuits and additional molecular mechanisms underlying obesity-related cardiovascular and
metabolic disorders.
A role for the sympathetic nervous system in metabolic alterations in obesity.

7

Notes

8

Notes

9

Notes

10

Abstracts
Poster

Page

1
UG

15

2
UG

15

3
UG

16

Anatomic Characterization of Intrapulmonary Bronchopulmonary Anastomoses in
Healthy Rat Lungs
Austin Murphy, Michael Hoover, Csaba Galambos,
Melissa L. Bates
University of Iowa

4
UG

16

Perinatal Supplemental Oxygen Alters the Ventilatory and Pulmonary Vascular
Responses to Hypoxia in Adult Rats
Michael J. Hoover, Tyler J. Greiner, Diane Rotella, Shilpa Vellookunnel,
Shreya Chandrasekar, Melissa L. Bates
University of Iowa

5
G

17

6
UG

17

Presenting Author(s) in Bold.
UG = Undergraduate Student
G = Graduate Student
Autonomic
Anti-Inflammatory Effects Contribute to the Vasoprotective Actions of Chronic Vagal
Nerve Stimulation in Hypertensive Rats
Brianna K. Tan, Diane L. Rotella, Jason A. Ratcliff, Sailesh C. Harwani,
Mark W. Chapleau, Harald M. Stauss
University of Iowa
Metabolic Disease
Neonatal Supplemental Oxygen Exposure Promotes the Development of Metabolic
Disease in Adult Rats
Madison Sturgeon, Michael Hoover, Rachel Luehrs, Shilpa Vellookunnel,
Shreya Chandrasekar, Austin Murphy, Melissa L. Bates
University of Iowa
Cancer
Chronic Intermittent Hypoxia Promotes Multiple Myeloma Development in
Black/6 Mice
Sandeep Kowkuntla, Hongwei Xu, Michael H. Tomasson,
Melissa L. Bates
University of Iowa
Respiratory Physiology

Cardiovascular
Cardiac Hypertrophy and Ventricular Contractility in Rats Exposed to Neonatal
Supplemental Oxygen and High Fat Diet
Shreya Chandrasekar, Shilpa Vellookunnel, Michael Hoover,
Madison Sturgeon, Austin Murphy, Melissa L. Bates
University of Iowa

11

Poster

Page

Arterial Pulse Wave Velocity is Increased in Prematurely-Born Adults and Rats
Given Neonatal Supplemental Oxygen
Matthew Peters, Michael J. Hoover, Madison Sturgeon, Shilpa Vellookunnel,
Shreya Chandrasekar, Gilbert V. Schaeffer, Amy L. Sindler, Gary L. Pierce,
Harald M. Stauss, Emily T. Farrell, Marlowe W. Eldridge,
Melissa L. Bates
University of Iowa

7
UG

18

Reduced SIRT3 Contributes to Large Elastic Artery Stiffness with Aging
Alexander L. Brodjeski, Gilbert V. Schaeffer, Po H. Ear, Charles Brenner,
Amy L. Sindler
University of Iowa

8
G

18

Greater 24-Hour Blood Pressure Variability is Independent of Age and Large Elastic
Artery Stiffness in Normotensive Adults
Lyndsey E. DuBose, Seth W. Holwerda, Amy K. Stroud, Nealy A. Wooldridge,
Janie E. Myers, Kaitlyn M. Dubishar, Gary L. Pierce
University of Iowa

9
G

19

Synergistic Pro-Oxidant Actions of Angiotensin II and MsrA Deficiency:
Role of Sympathetic Activity and Implications for End-Organ Damage
Rasna Sabharwal, Ramzi N. El Accaoui, Robert M. Weiss, Melissa K. Davis,
Francois M. Abboud, Mark W. Chapleau
University of Iowa

10

19

RORgt-Dependent Preferential Induction of IL-17F by TLR3 Activation in
Spontaneously Hypertensive Rat (SHR) Immune Cells
Madhu V. Singh, Michael Z. Cicha, Mark W. Chapleau,
François M. Abboud
University of Iowa

11

20

Ascending and Abdominal Aortic Aneurysms in Angiotensin II-Infused MsrA
Deficient Mice and Responses to Rilmenidine Infusion
Tianyi Wei, Madhu Singh, Melissa K. Davis, J. Adam Goeken, Ryan M. Glanz,
Francois M. Abboud, Robert M. Weiss, David K. Meyerholz, Rasna Sabharwal,
Mark W. Chapleau
University of Iowa

12
G

21

Upregulated miR-29b and Degradation of Structural Matrix Proteins in the Aorta of
MsrA-/- Mice Treated with Angiotensin II Infusion
Yongjun Lu, Fuad Habash, Rasna Sabharwal, Michael Z. Cicha,
Francois M. Abboud, Mark W. Chapleau
University of Iowa

13
G

21

Combined Norepinephrine and ATP Antagonism Attenuates the Vasoconstriction
Response in Young Adult Skin
Alex C. Krajek, Kevin A. Smaller, James A. Lang
Des Moines University

14
G

22

15
UG

22

CNS
Neuroprotective Efficacy of P7C3 Compounds in C. elegans and HeLa Cell Models
of Huntington's Disease
Lance Heady, Min-Kyoo Shin, Edwin Vázquez-Rosa,
Andrew A. Pieper
University of Iowa

12

Poster

Page

Intersectional Strategies for Genetic Labeling of Mouse Central Nervous System
Zarin Rehman, Rachel Li, Sai Saichellappa, LiLian Yuan
Des Moines University

16
G

23

Hippocampal Mechanisms Linking Chronic Pain and Development of
Depressive-Like Behaviors
Misty Carder, Cory Langreck, Mai Lan Leong, Brad Lamb, Lori Semke,
Muhammad Spocter, LiLian Yuan, Vanja Duric
Des Moines University

17
G

23

Role of Carotid Body Chemoreceptors in Renal Inflammation, Oxidative Stress,
and Fibrosis in Chronic Heart Failure
Nathaniel Hitt, Andrew C. Hybarger, Jennifer Giles, Harold D. Schultz,
Rodrigo Del Rio3, Noah J. Marcus
Des Moines University

18
G

24

Renal Inflammatory Response Mediated by Chronic Pain and Related Stress
Brittany B. Duong, Misty Carder, Garrett S. Crosby, Vanja Duric, PhD,
Victor Babich, PhD, Francesca Di Sole, PhD
Des Moines University

19
G

25

Inhibition of BMP2-Inducible Kinase (BMP2K) Reduces Hypoxia/Reoxygenation
Injury and Decreases Autophagic Flux in H9c2 Cells
Samuel I. Engman, Nathaniel R. Nelson, Siwei Dong, Rachel Anderson,
Lee M. Graves, Eric M. Wauson
Des Moines University

20
G

25

The Effects of Astragalus on Heat Shock Stress & Inflammatory Pathways in
Caenorhabditis elegans
Qierra Brockman and Cassy Cozine
Coe College

21
UG

26

Dysfunctional Autophagy is Independent of Disease Progression in Dystrophic
Skeletal Muscle
Hannah R. Spaulding and Joshua T. Selsby
Iowa State University

22
G

26

The Effect of an Acute Bout of Exercise on Markers of Autophagy in the Livers of
Diet-Induced Obese Mice
Corey M. Summers, Kelly N.Z. Fuller, Rudy J. Valentine
Iowa State University

23
G

27

Lipopolysaccharide Induces TLR4 Dependent Activation of VRAC (LRRC8) in
Nodose Neurons and May Thereby Impair Satiety Signal
Runping Wang, Yanhui Zhang, Michael Z. Cicha, Rajan Sah,
Mark W. Chapleau, François M. Abboud
University of Iowa

24

27

25

28

Renal

Cell/Molecular

Educational Research
The Applied Learning Platform: Bringing Thought into View
Eric (Rick) M. Mills, DVM, PhD, LMSW
WhenKnowingMatters.com

13

Poster

Page

26
UG

28

Exercise Capacity and Muscular Adaptations to Treadmill Training Are Not Reduced
by AICAR Treatment in Mice
Kyle Godwin and Kimberly Huey
Drake University

27
UG

29

Effects of Statin Treatment on Muscle Hypertrophy and Function Induced by
Functional Overload in Mice
Kimberly Huey, Alexander Herold, Sophia Smith
Drake University

28

29

Exercise Science and Sports Medicine
Foot Temperature During American Football Drills in Various Footwear (and a Test
of the “Bellows Hypothesis”)
Sarah C. Larson, Tessa M. Heitkamp, Philip M. Rinehart, Leah B. Amundson,
Bridget C. Banks, Mary G. Hausler, Darrin A. MacLeod, Neha A. Patel,
Leanne S. Pettit, Demi L. Plathe, David S. Senchina
Drake University
Musculoskeletal and Integument

14

1 – UG
Autonomic
Anti-Inflammatory Effects Contribute to the Vasoprotective Actions of Chronic Vagal Nerve Stimulation in
Hypertensive Rats
Brianna K. Tan1, Diane L. Rotella1, Jason A. Ratcliff2, Sailesh C. Harwani2, Mark W. Chapleau2,3,4,
Harald M. Stauss1
1 Departments

of Health and Human Physiology, University of Iowa, Iowa City, IA
Medicine, University of Iowa, Iowa City, IA
3 Molecular Physiology and Biophysics, University of Iowa, Iowa City, IA
4 Veterans Affairs Medical Center, Iowa City, IA
2 Internal

In a previous study we demonstrated that four weeks of chronic vagal nerve stimulation (VNS) in stroke-prone
spontaneously hypertensive rats (SHR-SP) on high-salt diet prevents progression of endothelial dysfunction and
aortic stiffening. This study was designed to test the hypothesis that anti-inflammatory effects of VNS contribute to
these vasoprotective actions of chronic VNS. Aortic collagen I content, determined by immunohistochemistry, was
less in SHR-SP with VNS (n=8) than in sham-stimulated SHR-SP (Sham, n=8), confirming the effects of chronic
VNS on aortic stiffening. Furthermore, aortic collagen I content correlated with serum levels of the proinflammatory cytokines interleukin-1 beta (IL-1β, R=0.77, n=11, P<0.01) and tumor necrosis factor-alpha (TNF-α,
R-0.55, n=11, P=0.08). Pilot data suggest that protein contents of the pro-inflammatory cytokines interleukin-5 (IL5), macrophage inflammatory protein-1 alpha (MIP-1α), and TNF-α are reduced in SHR-SP with VNS (n=3)
compared to Sham (n=3). Finally, preliminary data obtained by aortic staining for CD3, CD45, and CD68-positive
cells suggest less migration of inflammatory cells into the aorta in VNS compared to Sham. Collectively, these
data suggest that anti-inflammatory effects contribute to the vasoprotective actions of chronic VNS in this rat
model of severe hypertension.
Supported by a pilot grant from the University of Iowa Hospitals and Clinics Center for Hypertension Research.
2 – UG
Metabolic Disease
Neonatal Supplemental Oxygen Exposure Promotes the Development of Metabolic Disease in Adult Rats
Madison Sturgeon, Michael Hoover, Rachel Luehrs, Shilpa Vellookunnel, Shreya Chandrasekar, Austin Murphy,
Melissa L. Bates
Department of Human Physiology, University of Iowa, Iowa City, IA
Premature infants frequently require supplemental oxygen to sustain life, but little is known about how
supplemental oxygen administered during the critical developmental window after birth increases the risk of agerelated disease, including obesity and diabetes. We hypothesized that neonatal rats exposed to supplemental
oxygen (OXY) would have impaired glucose tolerance and that they would develop a diabetes phenotype earlier
than controls (CON), when offered a high fat diet. We used an established rat model of neonatal oxygen exposure
(80% O2 for 8-14 days) and glucose tolerance was evaluated 14 days and 12 months post-natally. To evaluate
glucose tolerance, baseline blood glucose was measured after an overnight fast, followed by an intraperitoneal
injection of concentrated glucose. Blood glucose was then measured 15, 30, 60 and 120 minutes post-injection.
In a second experiment, two month old OXY and CON rats were randomly assigned to an animal-based fat diet
(60% of calories from fat), or standard, low fat diet for ten weeks. At the beginning of the study and each
subsequent week, glucose tolerance was measured. At 14 days and 12 months, OXY rats had higher blood
glucose at 15 and 30 minutes compared to CON rats. OXY rats fed a high fat diet developed frank glucose
intolerance after 4 weeks. Ten weeks of high fat diet had minimal effect on glucose tolerance in CON rats. Taken
together, these data suggest that supplemental oxygen during the neonatal period may pre-dispose the
premature infant to the development of metabolic disease later in life.
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3 – UG
Cancer
Chronic Intermittent Hypoxia Promotes Multiple Myeloma Development in Black/6 Mice
Sandeep Kowkuntla1, Hongwei Xu2, Michael H. Tomasson2, Melissa L. Bates1
1 Department
2 Department

of Health and Human Physiology, University of Iowa, Iowa City, IA
of Internal Medicine, University of Iowa, Iowa City, IA

Multiple myeloma (MM) is an incurable malignancy of bone marrow plasma B cells and is associated with obesity.
Decreased levels of the lipokine adiponectin are associated with disease risk in obese patients with MM, but the
mechanisms by which obesity contributes to MM remain unclear. Obesity is also associated with sleep apnea and
chronic intermittent hypoxia (CIH) and MM cells develop aggressive features when exposed to hypoxia, so we
hypothesized that CIH would facilitate disease progression in a mouse model of MM. 5TGM1 cells are a murine
MM cell line derived from KaLwRij strain that fail to engraft efficiently in Black6 strain mice. Two cohorts of Black/6
mice were placed in plexiglass environmental control cabinets. One was maintained at 21% O 2 as a control. In the
other, the O2 was decreased to 10% for 90s every five minutes, simulating 12 events of apnea per hour. We
injected 1x106 5TGM1 MM cells into these two cohorts of mice after one week of exposure, followed by an
additional three weeks of exposure after injection, for a total of four weeks. None of the control mice developed
disease after two months, but two of five (40%) CIH mice developed MM disease characterized by hind limb
paralysis and spleen and bone marrow infiltration with GFP-positive 5TGM1 cells. These results suggest that CIH
may contribute to the development of MM. Further studies are warrented.
4 – UG
Respiratory Physiology
Anatomic Characterization of Intrapulmonary Bronchopulmonary Anastomoses in Healthy Rat Lungs
Austin Murphy1, Michael Hoover2, Csaba Galambos3, Melissa L. Bates3
1,2 Department
3 University

of Health and Human Physiology, University of Iowa, Iowa City, IA
of Colorado, Aurora, CO

Many neonates with pulmonary hypertension die from right-to-left shunt and hypoxemia soon after birth.
Intrapulmonary bronchopulmonary anastomotic pathways (IBAPs) have been observed in the lungs of these
infants. We indirectly characterized right-to-left shunt recruitment by hypoxia (12% O2) in healthy humans and
animals that can be reversed by 100% O2. We hypothesized that IBAPs are a normal lung feature whose
recruitment is induced by hypoxia. Anesthetized rats were ventilated with 21% or 12% O2 for 20 minutes. Lungs
were then immediately removed, airway fixed with 10% formalin, sectioned, and stained for the histological
evaluation of IBAPs. The direction of blood flow through these pathways was evaluated by injecting red and
green fluorescent microspheres into the right (RV) and left (LV) ventricles of rats ventilated with 12% or 100% O 2
and determining their abundance in the lung. Histological sections demonstrated abundant IBAPs in 12% O 2ventilated lungs, connecting the pulmonary and bronchial arterial trees, but not 21% O 2-ventilated lungs.
Consistent with right-to-left shunt through these pathways, microspheres injected into the right ventricle were
found in the pleural and bronchial vascular beds, but LV-injected spheres were not found in the pleura. In 100%
O2-ventilated lungs, both RV- and LV-injected microspheres were found coincidentally in pleural vessels,
suggesting a possible left-to-right shunt. Future studies will aim to anatomically determine the vessel type
containing co-localized red and green microspheres and further characterize IBAPs, including describing their
receptor expression.
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5–G
Respiratory Physiology
Perinatal Supplemental Oxygen Alters the Ventilatory and Pulmonary Vascular Responses to Hypoxia
in Adult Rats
Michael J. Hoover, Tyler J. Greiner, Diane Rotella, Shilpa Vellookunnel, Shreya Chandrasekar, Melissa L. Bates
Department of Health and Human Physiology, University of Iowa, Iowa City, IA
Ascent to altitude is associated with increased ventilation and pulmonary vasoconstriction. These physiological
responses are related in healthy subjects such that a high ventilatory drive is associated with blunted pulmonary
vasoconstriction. Adults born prematurely and given supplemental oxygen at birth have a blunted ventilatory
response to hypoxia. We hypothesized that the hypoxic ventilatory and pulmonary vasoconstrictor responses
would be unrelated following neonatal exposure to supplemental oxygen. To test our hypothesis, we used a wellestablished rat model of 80% O2 (OXY) exposure for 14 days post-natally, with 21% O2 exposure as a control
(CON). Six-to-nine months later, we assessed the ventilatory response to graded hypoxia using barometric
plethysmography. We also catheterized the right and left ventricles to evaluate the hemodynamic response to 10
minutes of 12% O2 (hypoxia). We found that, to our surprise, OXY rats did not demonstrate a depressed
ventilatory response to hypoxia. However, these animals experienced increased right ventricular systolic pressure
in response to 12% O2. This was driven primarily by an increase in cardiac output and not increased vascular
resistance. There was no relationship between the hypoxic ventilatory drive and right ventricular pressure. In
CON animals, the increase in right ventricular pressure with hypoxia was driven primarily by vasoconstriction and,
as expected, there was a relationship between the ventilatory and pressure responses. These data suggest that
neonatal supplemental oxygen alters the hemodynamic response to hypoxia, possibly through enhanced
sympathetic drive. The relationship between ventilation and pulmonary pressure may not translate to individuals
born prematurely.
6 – UG
Cardiovascular
Cardiac Hypertrophy and Ventricular Contractility in Rats Exposed to Neonatal Supplemental Oxygen and
High Fat Diet
Shreya Chandrasekar, Shilpa Vellookunnel, Michael Hoover, Madison Sturgeon, Austin Murphy,
Melissa L. Bates
Department of Health and Human Physiology, University of Iowa, Iowa City, IA
Premature birth represents about 13% of live births each year. Since lungs of these infants are underdeveloped,
they receive supplemental oxygen right after birth, but little is known about its effects on the development of
normal physiological responses and whether it impacts long-term cardio-metabolic function. Based on previous
studies from our lab that showed increased pulse wave velocity in 12 month old rats exposed to neonatal
supplemental oxygen, we hypothesized that neonatal exposure to supplemental oxygen causes cardiac
hypertrophy and decreased left ventricular contractility. We also hypothesized that these effects to supplemental
oxygen would be enhanced by 10 weeks on a high fat diet. To test the hypothesis, we used our rat model of OXY
and CON rats exposed to FlO2=0.80 and 0.21 respectively, for 8 days post-birth. Two months after birth, these
OXY and CON rats were randomly assigned to either a high fat diet (60% of calories from animal fat) or low fat
diet for 10 weeks during which their weights and caloric consumptions were monitored. After 10 weeks, a Miller
conductance catheter was inserted into the left ventricle to obtain pressure volume loops and end-systolic
pressure volume relationship, which was used to evaluate contractility. OXY rats tended to have larger left
ventricles (1.40±0.24 g vs 1.18±0.08g) and OXY rats fed a high fat diet showed greater average weight gain than
CON rats on the same diet. There was no difference in contractility. These data suggest that neonatal
supplemental oxygen may promote left ventricular hypertrophy and weight gain.
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7 – UG
Cardiovascular
Arterial Pulse Wave Velocity is Increased in Prematurely-Born Adults and Rats Given Neonatal
Supplemental Oxygen
Matthew Peters1, Michael J. Hoover1, Madison Sturgeon1, Shilpa Vellookunnel1, Shreya Chandrasekar1,
Gilbert V. Schaeffer1, Amy L. Sindler1, Gary L. Pierce1, Harald M. Stauss1, Emily T. Farrell2,
Marlowe W. Eldridge2, Melissa L. Bates1
1 Department
2 Department

of Health and Human Physiology, University of Iowa, Iowa City, IA
of Pediatrics, University of Wisconsin-Madison, Madison, WI

Thirteen percent of infants are born prematurely and this population is at increased risk of cardiovascular disease
(CVD) as they age. We hypothesized that compared with term-born controls (CON), individuals born prematurely
would have premature aortic stiffening, indicating greater CVD risk.
To test this hypothesis in humans, aortic pulse wave velocity (aPWV) was used to determine aortic stiffness in
young adults born preterm between 1989 and 1991 (PT, 21-23 years) and age-matched controls (CON). Intraarterial brachial artery pressure waveforms from 9 PT and 11 CON subjects were converted to central aortic
pressure waveforms using a published transfer function. aPWV was then derived from the time delay between the
forward and reflected waves and the effective reflecting distance, estimated based on individual anthropometric
data. To test the hypothesis in a rodent model that perinatal supplemental oxygen (O2) promotes aortic stiffening,
newborn rat pups were exposed to 80% O2 for 14 days, or 21% O2 as a control.
aPWV was higher in PT (10.1±2.6 m/s) compared with CON (7.2±0.8 m/s, p=0.025). aPWV did not correlate with
systolic blood pressure in either group (PT R2=0.02, p=0.73; CON R2=0.17, p=0.20). At age 12 months, aortic
stiffness, determined by aPWV, was higher in 80% O2-exposed rats (487.1±27.8 cm/s) compared with controls
(371.1±13.25 cm/s, p=0.02).
These data suggest that individuals born prematurely experience accelerated vascular aging of the aorta and that
exposure to supplemental O2 as part of clinical care in premature infants may be a potential mechanism mediating
this novel observation.
8–G
Cardiovascular
Reduced SIRT3 Contributes to Large Elastic Artery Stiffness with Aging
Alexander L. Brodjeski1, Gilbert V. Schaeffer1, Po H. Ear4, Charles Brenner3,4, Amy L. Sindler1,2,3
1 Department

of Health and Human Physiology, University of Iowa, Iowa City, IA
Cardiovascular Research Center, University of Iowa, Iowa City, IA
3 Obesity Research and Education Initiative, University of Iowa, Iowa City, IA
4 Biochemistry Department, University of Iowa, Iowa City, IA
2 Abboud

Age-related increases in arterial stiffness are mediated in part by mitochondrial dysfunction. Sirtuin 3 (SIRT3) is a
mitochondrial-specific NAD+-dependent deacetylase that regulates mitochondrial function by affecting the
acetylation status of mitochondrial proteins. Impaired SIRT3 is known to contribute to physiological dysfunction in
a variety of pathological conditions. Here, we tested the hypothesis that age-associated arterial stiffness,
assessed by aortic pulse wave velocity (aPWV), would be accompanied with decreased SIRT3 expression and
activity. Old (O; ~26 mo, n = 9) C57BL/6N male mice had higher aPWV vs. young (Y; 6 mo, n = 10) (448 ±14 vs
382 ± 13, p < 0.005), which was associated with reduced arterial and renal SIRT3 protein expression (0.17 ± 0.04
n=5 vs 0.57 ± 0.11 n=7, p<0.05; 0.70 ± 0.09 n=6 vs 0.96 ± 0.08 n=6, p =0.05, respectively). Aortic SIRT3 protein
expression was negatively correlated aPWV (R=-0.7798, p<0.005). Furthermore, SIRT3 KO male mice
demonstrated higher aPWV compared to age-matched control mice (480±20.77 n=6 vs. 391.3±12.3 n=7,
p<0.005). Downstream markers of SIRT3 regulatory activity were examined. Taken together, these data suggest
that impaired mitochondrial specific SIRT3 contributes to increased arterial stiffness and may be a potential target
for normalizing vascular function with aging by improving mitochondrial function.
Supported by NIH K01AG047626 and University of Iowa Department of Health and Human Physiology.
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9–G
Cardiovascular
Greater 24-Hour Blood Pressure Variability is Independent of Age and Large Elastic Artery Stiffness in
Normotensive Adults
Lyndsey E. DuBose1, Seth W. Holwerda1, Amy K. Stroud1, Nealy A. Wooldridge1, Janie E. Myers1,
Kaitlyn M. Dubishar1, Gary L. Pierce1,2,3
1 Department

of Health and Human Physiology, University of Iowa, Iowa City, IA
for Hypertension Research, University of Iowa, Iowa City, IA
3 Abboud Cardiovascular Research Center, University of Iowa, Iowa City, IA
2 Center

Greater 24-hour systolic blood pressure variability (BPV) is an independent risk factor for cardiovascular disease
(CVD) and is linked to large artery stiffness in middle-age/older (MA/O) adults with hypertension and diabetes.
However, its relation with the age-related increase in arterial stiffness in adults with low CVD risk factor burden is
unclear. We hypothesized that higher systolic BPV would be: 1) associated with advancing age (n=98, age 19-70
yrs), 2) related to elevated aortic and carotid stiffness among healthy MA/O adults. Systolic BPV was not
associated with age, carotid-femoral pulse wave velocity (cfPWV) or carotid β-stiffness (all P>0.05). Interestingly,
24-hr systolic BPV (11.4 ± 0.4 vs. 11.4 ± 0.5 mmHg, P=0.99) did not differ between young (n=55; 29.0 ± 0.7 yrs)
and MA/O (n= 43; 53.0 ± 1.2 yrs) adults despite higher cfPWV (594 ± 12 vs. 913 ± 39 cm/sec, P<0.001), carotid
β-stiffness (6.8 ± 0.6 vs. 9.3 ±0.9 U, P=0.001) and 24-hr systolic BP (121 ± 1 vs. 125 ± 2 mmHg, P<0.05). Systolic
BPV was associated with BMI (r= 0.42, p< 0.01) and fasting glucose (r= 0.54, P= 0.001) in MA/O only. In a
stepwise regression model among MA/O only, 24-hr systolic BP (β= 0.18 ± 0.04, R2= 0.36, P<0.001) and fasting
glucose (β= 0.10 ± 0.05, R2change= 0.07, P<0.001) were the only significant correlates of systolic BPV (Model
R2= 0.43, P<0.001). In conclusion, 24-hr systolic BP and fasting glucose, but not age or arterial stiffness, were the
strongest determinants of higher systolic BPV in healthy MA/O adults.
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Synergistic Pro-Oxidant Actions of Angiotensin II and MsrA Deficiency: Role of Sympathetic Activity and
Implications for End-Organ Damage
Rasna Sabharwal1, Ramzi N. El Accaoui1, Robert M. Weiss1, Melissa K. Davis1, Francois M. Abboud1,
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Methionine sulfoxide reductase A (MsrA) selectively reverses oxidation of protein methionine and protects against
oxidative damage. We reported previously that MsrA deficient (-/-) mice exhibit mild hypertension, increased
sympathetic tone, and enhanced proinflammatory gene expression under basal conditions. Moreover, Ang IIinfused MsrA-/- mice exhibit exaggerated hypertension, left ventricular (LV) dysfunction/remodeling, and aortic
aneurysms. While the concept that Ang II-induced oxidative stress increases sympathetic activity is well
established, the possibility that sympathetic activity contributes to oxidative stress has received less attention. The
aims of this study were to determine if Ang II-induced oxidative stress is enhanced in MsrA-/- mice, and if
sympathetic activity contributes to oxidative stress, increased blood pressure (BP), and end-organ damage.
Control C57BL/6 and MsrA-/- mice were studied at 12-16 weeks of age (n=3–8/group per protocol). BP, LV
function/remodeling, and ascending aorta diameter were measured by telemetry and echocardiography.
Superoxide (O2•-) was measured in LV and aorta in mice either untreated or infused with Ang II (1000 ng/kg/min)
by osmotic minipump for 4 weeks. While basal O2•- levels were twofold higher Ang II markedly accentuated O2•- in
MsrA-/- vs. C57BL/6 tissues (P<0.05). Furthermore, O2•- levels were positively correlated with sympathetic tone in
the same mice (r2 = 0.76 for LV, P<0.05). To assess the contribution of sympathetic activity, the central
sympathoinhibitory drug rilmenidine (RIL) was infused ICV (2.5 mg/kg/day) in subgroups of mice over the last two
weeks of Ang II infusion. Remarkably, RIL infusion normalized tissue O2•– levels despite continued administration
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of Ang II; decreased BP and BP variability (P<0.05); and also reversed LV dysfunction and dilatation of the
ascending aorta in Ang II-infused MsrA-/- mice.
We conclude: (1) MsrA-/- mice exhibit oxidative stress under basal conditions; (2) Ang II infusion and MsrA
deficiency synergistically increase oxidative stress; (3) Oxidative stress in Ang II-infused mice is dependent on
sympathetic activity; and (4) RIL-induced sympathoinhibition abrogates Ang II-induced end-organ damage in
MsrA-/- mice.
(Funded by HL14388, VA)
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RORgt-Dependent Preferential Induction of IL-17F by TLR3 Activation in Spontaneously Hypertensive Rat
(SHR) Immune Cells
Madhu V. Singh1, Michael Z. Cicha1, Mark W. Chapleau1,2, François M. Abboud1
Departments of Internal Medicine, and Molecular Physiology and Biophysics, Abboud Cardiovascular Research
Center, Carver College of Medicine, University of Iowa, Iowa City, IA
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We have found that spontaneously hypertensive rats (SHR) have an abnormally large population of CD161+
immune cells at birth that increases further with age compared with age matched normotensive Wistar Kyoto rats
(WKY). We also found in SHR spleens a greater abundance of CD161+CD4+ cells that expressed IL-17A and IL17F cytokines known to be synthesized predominantly by T helper 17 (Th17) lymphocytes that are
prohypertensive and anti-T regulatory cells. Here we further define the phenotype of the proinflammatory Th17 in
SHR vs. WKY. When subjected to in vitro programming by T cells receptor activation in the presence of IL-6 and
TGF-b, SHR splenocytes showed significantly greater induction of IL-17F than WKY (1.4 fold in WKY vs 4.7 fold
in SHR, p< 0.05). In contrast activation of the TLR3/TRIF-mediated pathway with the TLR3 agonist poly-IC
resulted in a preferentially much greater expression of IL-17F in SHR (2.9 fold in WKY vs. 27 fold in SHR)
compared to the modest increase in IL-I7A in both WKY and SHR (1.7 fold in WKY vs. 2.2 fold in SHR). We also
found that this enhanced IL-17F expression in SHR is dependent on a master regulator transcription factor (the
orphan receptor RORgt) which polarizes immune cells into IL-17 producing Th17 cells. RORgt RNA expression
was significantly greater in SHR than in WKY splenocytes (5.7 fold more RORgt in SHR). Using flow cytometry,
we confirmed the greater expression of RORgt in CD4+CD161+ cells of SHR. Furthermore, the pronounced
induction of IL-17F by TLR3 activation was suppressed by digoxin (5µM), a specific inhibitor of RORgt. We
conclude that SHR has an abnormally large population of CD4+CD161+ Th17 cells with a markedly enhanced
potential for expression of proinflammatory, prohypertensive IL-17F in response to TLR3 activation, driven by the
master regulator transcription factor orphan receptor RORgt.
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Ascending and Abdominal Aortic Aneurysms in Angiotensin II-Infused MsrA Deficient Mice and
Responses to Rilmenidine Infusion
Tianyi Wei4, Madhu Singh1,4, Melissa K. Davis1,4, J. Adam Goeken3,4, Ryan M. Glanz3,4, Francois M. Abboud1,2,4,
Robert M. Weiss1,4, David K. Meyerholz3,4, Rasna Sabharwal1,4, Mark W. Chapleau1,2,4,5
1 Department
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4 University of Iowa Carver College of Medicine, Iowa City, IA
5 Veterans Affairs Medical Center, Iowa City, IA

Oxidative stress is implicated in aortic aneurysm formation and rupture. Methionine sulfoxide reductase A (MsrA)
protects against oxidative damage. We reported previously that MsrA deficient (-/-) mice infused with angiotensin
II (Ang II) exhibit increased sympathetic tone, hypertension and aneurysms in ascending (in vivo) and abdominal
(post-mortem) aorta (FASEB J, 2012). Furthermore, intracerebroventricular (ICV) infusion of the
sympathoinhibitory drug rilmenidine (RIL) reversed the hypertension and ascending aortic dilatation (FASEB J,
2015). The aims of this study were to compare dilatation of ascending vs. abdominal aorta in vivo in Ang IIinfused MsrA-/- and C57BL6 mice; determine if subcutaneous (SC) infusion of RIL at the same dose
(2.5mg/kg/day) administered ICV previously reverses Ang II hypertension and aortic dilatation; and relate
changes in aortic diameter in vivo to diameter/histopathology measured post-mortem. Male C57BL6 and MsrA-/mice (n=35) were studied at 10-16 weeks of age. Ang II infused for 4 weeks (1000ng/kg/min SC) increased
systolic BP and ascending aortic diameter in both genotypes, but did not increase abdominal aortic diameter
(ultrasound) in either group. Co-infusion of RIL for 2 weeks failed to decrease BP or ascending aortic diameter.
Post-mortem analysis revealed focal arterial dilatations in ascending and abdominal aorta from Ang II-infused
mice, with or without RIL treatment. We conclude: (1) Ang II infusion increases ascending but not abdominal
aortic diameter measured by ultrasound, despite presence of focal arterial dilatations/pathology in both regions;
and (2) ICV infusion of RIL more effectively targets cardiovascular regulatory sites responsible for inhibiting
sympathetic activity than SC infusion.
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Upregulated miR-29b and Degradation of Structural Matrix Proteins in the Aorta of MsrA-/- Mice Treated
with Angiotensin II Infusion
Yongjun Lu1, Fuad Habash1, Rasna Sabharwal1, Michael Z. Cicha1, Francois M. Abboud1, Mark W. Chapleau1,2
1 Department
2 Veterans
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Aneurysm is a blood-filled balloon-like bulge in the wall of a blood vessel with a lethal risk of bleeding rupture and
abdominal aortic aneurysms (AAA) are the third leading cause of sudden death in men over age 60 in USA. AAA
progression accompanied degradation of structural matrix proteins (elastin and interstitial collagens) to weaken
the aortic wall. MicroRNAs (miRNAs) are endogenous small non-coding RNAs (~17-30 nucleotides) with the
capacity to regulate gene expression post-transcriptionally. miR-29b is the most highly expressed member of
miRNA-29 family in aorta, targeting elastin and collagens. Studies have demonstrated an aberrant expression of
miR-29b in the aorta of angiotensin II (Ang II) induced aneurysmal mice, increased in aged C57BL/6 mice, and
decreased in young ApoE-/- mice. We recently observed AAA develop in mice with methionine sulfoxide
reductase-A (MsrA) deficiency treated with Ang II infusion. The goal of this study was to explore the changes of
miR-29b in the abdominal aorta of MsrA-/- mice versus C57BL/6 control mice with Ang II infusion (1000
ng/kg/min) or saline for 1-4 weeks. At the end of study, mouse aorta was harvested for miRNA and mRNA
measurements by qPCR. miR-29b was significantly up-regulated in Ang II infused MsrA-/- mice from 2.2 to 12.1
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fold versus in Ang II infused C57BL/6 mice from 1 to 8 fold (p<0.05). Elastin mRNA was down-regulated in
C57BL/6 mice (p<0.05), but kept unchanged low levels in MsrA-/- mice. Meanwhile collagen mRNAs (col1a1,
col3a1 and col5a1) were down-regulated in both types of mice (p<0.01). A miR-29b functioning as a suppressor
inhibits the collagen expression in the aorta of mice treated with Ang II, but not elastin in MsrA-/- mice probably for
its low expression level caused by MsrA deletion.
(HL14388, VA).
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Combined Norepinephrine and ATP Antagonism Attenuates the Vasoconstriction Response in Young
Adult Skin
Alex C. Krajek1, Kevin A. Smaller2, James A. Lang1
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Norepinephrine (NE) is responsible for ~60% of the vasoconstriction (VC) response to cold exposure in young
adults whereas the remainder is due to unknown coreleased sympathetic adrenergic neurotransmitter(s). We
hypothesize that ATP is a cotransmitter and thus, combined ATP and NE antagonism will further inhibit the reflex
cutaneous VC response. Two protocols were conducted in young adults; both involved the placement of three
microdialysis (MD) fibers in forearm skin and whole-body cooling (Tsk = 30.5 oC). Protocol 1 infused 1) lactated
Ringer’s solution (control), 2) 10mM L-NAME, and 3) purinergic receptor blockade with 1mM suramin + L-NAME.
Protocol 2 infused 1) Ringer’s, 2) suramin + L-NAME, and 3) suramin + L-NAME + adrenoreceptor blockade with
5mM yohimbine + 1mM propranolol. Laser Doppler flux (LDF) was measured over each MD site and cutaneous
vascular conductance (CVC) was calculated as CVC = LDF/MAP and expressed as percent changes from
baseline (%∆CVC). L-NAME was used to block the vasodilatory influence of ATP and unmask the P2X-mediated
VC response to exogenous ATP infusion (-21 ± 2 %∆CVC). During whole body cooling, the VC response
(control: -39 ± 3 %∆CVC) was attenuated in the suramin site (-21 ± 2 %∆CVC) and further blunted with combined
adrenoreceptor blockade (9 ± 1 %∆CVC; p < 0.05). Compared to control (22 ± 1 %∆CVC), suramin inhibited
pharmacologically-induced VC to tyramine (12 ± 2 %∆CVC), which acts to displace adrenergic neurotransmitters
from axon terminals. Collectively, these data indicate that ATP contributes to the cutaneous adrenergic VC
response in humans.
**Funded by Iowa Osteopathic & Education Research Grant (IOER #03-14-01).
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Neuroprotective Efficacy of P7C3 Compounds in C. elegans and HeLa Cell Models of Huntington's
Disease
Lance Heady2, Min-Kyoo Shin2, Edwin Vázquez-Rosa2,4, Andrew A. Pieper1,2,3,4
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Protein aggregation is a major pathologic component of polyglutamine (polyQ) neurodegenerative diseases, such
as Huntington’s disease (HD). HD, a genetic disorder of progressive dysfunction and death of nerve cells in the
brain, leads to abnormal and involuntary movement, cognitive dysfunction, depression, and death. An expanded
PolyQ chain in the huntingtin protein drives the disease pathology. HD manifests when an individual has more
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than the 40-glutamine repeats within the Huntingtin gene, with greater number of repeats correlating with earlier
onset and increased disease severity. No treatments to slow the progressive neurodegeneration in HD are
currently available. The P7C3-class of neuroprotective molecules potently block neuronal cell death in pre-clinical
models of neurodegeneration, including Parkinson’s disease, amyotrophic lateral sclerosis, stroke, and traumatic
brain injury. Here, we examine the efficacy of P7C3 neuroprotective compounds in Caenorhabditis elegans (C.
elegans) and a HeLa cell model of HD. Both models mimic the human disease with glutamine repeats above the
40-glutamine threshold that precipitate protein aggregation. The C. elegans model also have aggregationassociated behavioral deficits. Utilization of biochemical and behavioral tests allow for the investigation of the
protective efficacy of P7C3 compounds in these outcome measures. Currently no treatments slow the progression
of HD and treat the underlying disease pathology. HD currently afflicts approximately 200,000 individuals
worldwide. The overall goal is to foster development of new treatment strategies for patients suffering from HD.
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Intersectional Strategies for Genetic Labeling of Mouse Central Nervous System
Zarin Rehman, Rachel Li, Sai Saichellappa, LiLian Yuan
Department of Physiology and Pharmacology, Des Moines University, Des Moines, IA
The brain is composed of many neuronal and non-neuronal cell types. The connectivity and interactions between
these cells are critical to the brain’s function. Thus the ability to selectively label and further manipulate specific
cell types is crucial. However, cell-type specificity is rarely defined by a single gene. An increasingly effective
method is to use intersectional genetic targeting of protein-based promoters in order to achieve more specific
labeling of desired cell types.
Our long-term goal is to identify genetic tools to achieve high specificity of genetic labeling in the cell types,
neuronal pathways (projections), and brain regions. Using existing transgenic lines that carry Cre and the Cre/Flp
double recombinase system (driver lines) in conjunction with the tdTomato reporter, we investigated labeling
patterns of various interneuron specific markers: somatostatin (SOM), parvalbumin (PV), cholecystokinin (CCK),
and tachykinin 1 (TAC1) as well as their intersections: SOM+PV, CCK+PV, and Tac1+PV. As expected,
intersections result in more specific labeling (e.g. fewer cells) of interneurons than individual markers. Out of
expectation, we have also identified two pathways labeled with high specificity from non-interneuron marker
intersections: Lateral perforant pathway (Layer 2/3 pyramidal neurons projecting to dentate gyrus in
hippocampus) and the retrosplenial projection to layer 5 pyramidal neurons in the entorhinal cortex.
While further characterization and establishment of both driver and reporter lines are necessary, intersectional
strategies are demonstrating great potential for targeting expression in specific cell types as well as specific
pathways.
17 – G
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Hippocampal Mechanisms Linking Chronic Pain and Development of Depressive-Like Behaviors
Misty Carder, Cory Langreck, Mai Lan Leong, Brad Lamb, Lori Semke, Muhammad Spocter, LiLian Yuan,
Vanja Duric
Department of Physiology and Pharmacology, Des Moines University, Des Moines, IA
Clinical reports indicate that many chronic pain patients also develop symptoms of major depression; however,
the underlying neural mechanisms linking the two conditions are still poorly understood. Our previous studies
have demonstrated that rodent models of chronic pain mimic some of the stress-like alterations in intracellular
signaling and cellular architecture (e.g., decreased MAPK signaling and reduced rate of neurogenesis) within the
hippocampus, a limbic brain region involved in regulation of mood. Thus, in this study, we examined the effects of
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persistent pain on activation of immune-inflammation processes in the hippocampus. Male rats were exposed to
either injection of complete Freund’s adjuvant (CFA; model of chronic inflammatory pain) or spared nerve injury
(SNI; model of chronic neuropathic pain). Both pain models produced robust mechanical hypersensitivity
throughout the 21 or 42 day period, accompanied by depressive-like behaviors. Biochemical analysis of
hippocampal tissue showed that exposure to inflammatory, but not neuropathic, chronic pain induces changes in
expression of proteins involved in activation of interlukin-1-beta (IL-1ß)-mediated signaling, specifically members
of Nod-like receptor (NLR) family of inflammasome multiprotein complex. Chronic inflammatory pain also evoked
elevated levels of IBA1 protein within specific subregions of the hippocampus, suggesting potential increases in
microglial activation which may, in part, underlie enhanced activation of NLRP3 inflammasome. These results
resemble previous findings linking stress-induced IL-1ß up-regulation and suppression of neurogenesis in the
adult rat hippocampus and, thus, may present novel factors contributing to the depressive-like behaviors
observed in chronic pain models.
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Role of Carotid Body Chemoreceptors in Renal Inflammation, Oxidative Stress, and Fibrosis in Chronic
Heart Failure
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Renal impairment occurs in approximately 25% of patients with chronic heart failure (CHF) and is associated with
higher morbidity and mortality. Decreased renal blood flow (RBF), inflammation, and oxidative stress are thought
to contribute to renal fibrosis and decline in renal function in CHF. Previous studies indicate that decreased RBF
in CHF is mediated in part by tonic increases in carotid body chemoreflex (CBC) control of renal sympathetic
nerve activity. The extent to which CBC activity affects renal inflammation, oxidative stress, and development of
fibrosis is undetermined. We hypothesized that CBC-mediated reductions in RBF in CHF would result in
increased superoxide levels, increased expression of pro-inflammatory cytokines, and development of fibrosis.
Chronic heart failure was induced by coronary artery ligation in rats. Selective CBC denervation (CBD) was
performed to remove CBC drive in the CHF state. CBC sensitivity was assessed as the ventilatory response to
isocapnic hypoxia (Hx) and RBF was measured using ultrasound. At the end of the experimental period, renal
cortical tissue was assayed for superoxide levels using electron paramagnetic resonance (EPR), and for protein
expression of SOD-1 and IL-1β (western blot). Tri-chrome stain of kidney sections were performed to determine
renal collagen content.
Ventilatory responses to Hx were enhanced in CHF and abolished after CBD. RBF was decreased in CHF and
was improved in CHF-CBD. Superoxide levels and renal collagen content (indicative of fibrosis) were increased in
CHF. Superoxide levels and collagen content were attenuated in tissue from CHF-CBD animals.
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Renal Inflammatory Response Mediated by Chronic Pain and Related Stress
Brittany B. Duong1, Misty Carder1, Garrett S. Crosby1, Vanja Duric, PhD1, Victor Babich, PhD1,2,
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Chronic pain is one the most distressing symptoms among patients with chronic kidney disease (CKD). The
prevalence of pain has been associated with development of depressive symptoms, while major depression
episodes have been linked with a substantially increased risk of death in CKD patients. These evidences suggest
that an effective treatment of chronic pain-related stress and depression may reduce mortality in people with
CKD. Moreover, chronic pain-related stress can correlate to the development of mood disorders and disease of
peripheral organs, such as kidney disease, via chronic systemic inflammation and elevation of proinflammatory
cytokines. This study aims to determine whether an immune reaction is the mechanism that links depressive
behavior induced by chronic pain and anomalies of kidney function. The neutrophil gelatinase-associated lipocalin
(NGAL) and IL-18 are early diagnostic inflammatory biomarkers. They accumulate in the kidney in response to
inflammation, kidney injury and decreased kidney function. Protein levels of NGAL and IL18 were analyzed by
immunocytochemistry in rat models of neuropathic (spared nerve injury) and inflammatory (injections of complete
Freund’s adjuvant) pain, and their controls. NGAL and IL18 protein levels were significantly increased in both pain
models; with prevalent increase in NGAL and IL18 in the inflammatory model (~40% increase in both glomeruli
and tubules, quantified using novel MATLAB algorithm). These observations suggest that chronic pain and related
stress effects induce renal inflammation and possibly a reduction in kidney function. In summary, this study might
support a mechanistic understanding of a bidirectional pathway between chronic pain related-stress and kidney
dysfunction.
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Inhibition of BMP2-Inducible Kinase (BMP2K) Reduces Hypoxia/Reoxygenation Injury and Decreases
Autophagic Flux in H9c2 Cells
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Background: A small percentage of the 518 kinases in the human genome are known to play important roles in
the pathophysiology of ischemia/reperfusion (I/R) injury in cardiomyocytes. However, there are many
understudied kinases that may impact the damage to cardiomyocytes caused by I/R. Thus, there are likely unmet
therapeutic opportunities in targeting kinases to reduce death caused by myocardial infarction.
Methods and Results: H9c2 cardiomyocytes were subjected to hypoxia/reoxygenation [H/R]. Control cells were
incubated in complete nutrient medium in normal atmospheric oxygen levels for the duration of the experiment. A
novel mass spectrometry affinity chromatography method then was used to quantify the activity of hundreds of
kinases in the H9c2 lysates. Our data suggest that the activity of BMP2-inducible kinase (BMP2K) increases in
cells exposed to H/R. To test the hypothesis that reducing BMP2K expression protects H9c2 cells during H/R, we
silenced BMP2K in H9c2 cells and subjected them to H/R. We observed that reducing BMP2K expression
significantly reduced H/R-induced apoptosis. Overall cell death was significantly decreased in BMP2K knockdown
cells. Finally, because BMP2K has been implicated in autophagy regulation in cancer cells, we analyzed the role
that BMP2K plays in autophagic flux in H9c2 cells. We observed a significant increase in p62 levels in H9c2
BMP2K knockdown cells when compared to control cells, suggesting a decrease in autophagy.
Conclusion: Data from our kinome-profiling experiments suggest that H/R increases BMP2K activity in H9c2
cells. Silencing BMP2K in H9c2 cells decreases both cell death and autophagic flux in response to H/R.

25

21 – UG
Cell/Molecular
The Effects of Astragalus on Heat Shock Stress & Inflammatory Pathways in Caenorhabditis elegans
Qierra Brockman and Cassy Cozine
Biology Department, Coe College, Cedar Rapids, IA
The heat shock protein response (HSP) of C. elegans, a major component of the organism’s response to stress,
is homologous to the HSP response of humans and shares several homologous inflammatory signaling
molecules. When thermal stress is applied to C. elegans, these homologous stress and inflammatory pathways
associated with HSPs are upregulated. Mediating stress responses and inflammatory pathways has a variety of
implications; in some instances, inducing or enhancing an inflammatory response may be protective for an
organism in terms of innate immunity. In the case of chronic inflammatory conditions, dampening the stress and
inflammatory response may improve quality of life and disease progression. Astragalus membranaceus is a
traditional Chinese herb and has been reported to have various inflammatory and immunoregulatory
effects. However, alternative medicine in general has not been well documented in regards to the effects these
compounds have on cells and signaling pathways. The work presented aimed to examine the effects of
Astragalus on the stress and inflammatory pathways of C. elegans to further understand the mechanisms that
Astragalus uses to mediate its reported effects on inflammation. Using a wild-type strain and the HSP16.2 GFP
transgenic strain of C. elegans, the effects of Astragalus at various concentrations with and without heat shock
were examined. Astragalus appears to increase the transcript levels of several inflammatory and stress response
components demonstrating that this homeopathic compound may modulate inflammation and stress response
pathways in C. elegans.
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Dysfunctional Autophagy is Independent of Disease Progression in Dystrophic Skeletal Muscle
Hannah R. Spaulding and Joshua T. Selsby
Department of Animal Science, Iowa State University, Ames, IA
Duchenne muscular dystrophy (DMD) is a muscle wasting disease caused by the absence of functional
dystrophin protein. Dystrophin deficiency results in numerous secondary effects such as membrane instability,
oxidative stress, and dysfunctional calcium homeostasis. It was recently reported that pro-autophagic signaling is
decreased and autophagic flux is suppressed in dystrophic skeletal muscle, however, how this may be impacted
by disease progression is unknown. We hypothesized that autophagy would become increasingly dysfunctional
with disease progression. To address this hypothesis, protein was isolated from healthy and dystrophic
diaphragms taken from 7 week and 17 month old mice for subsequent measures of relative protein abundance.
Consistent with previous work we found that phosphorylated AMPK/total AMPK was decreased in dystrophic
muscle independent of disease progression. Despite this, we found that relative protein abundance of autophagic
machinery, including Belcin-1, PI3K class III and Atg12-5 protein complex, was increased 3.5-fold in dystrophic
muscle independent of disease progression. P62, a marker of autophagic flux, was dramatically increased and
conversion of LC3 I to II was decreased suggesting impairment of autophagy in dystrophic muscle. Completion of
autophagy requires fusion of autophagosomes to lysosomes to enable degradation of autophagosomal contents.
A lysosomal membrane marker, LAMP2, was use to assess lysosomal abundance and was decreased 2-fold in
17 month old dystrophic diaphragms compared to age-matched controls. These findings suggest robust
activation of autophagic signaling coupled with impaired autophagic flux in dystrophic muscle in a disease
severity-independent fashion that may be due, in part, to lysosomal dysregulation.
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The Effect of an Acute Bout of Exercise on Markers of Autophagy in the Livers of Diet-Induced
Obese Mice
Corey M. Summers1,2, Kelly N.Z. Fuller1,3, Rudy J. Valentine1,2,3
1 Kinesiology,

Iowa State University, Ames, IA
Iowa State University, Ames, IA
3 Food Science and Human Nutrition, Iowa State University, Ames, IA
2 Immunobiology,

Exercise has been shown to increase autophagic signaling, an important cellular metabolic process, in many
tissues. However, due to mixed data, there is little consensus on the impact of obesity in autophagy. The purpose
of this study was to help bridge this gap in knowledge, by examining immediate effects of an acute bout of
exercise on autophagic signaling in the liver of diet-induced obese mice.
16 Male C57BL/6 mice were assigned to either a Low-fat sedentary (LF-SED), exercise (LF-EX), High-fat
sedentary (HF-SED), or exercise (HF-EX) group. Exercise groups ran on a treadmill for 30 min at a moderate
intensity of 12 m/min. Immediately after exercise, mice were euthanized and livers were excised and snap-frozen.
Liver samples were homogenized and analyzed via Western blot. Data were analyzed either by two-way ANOVA
or unpaired t-test (α=0.05).
The HF group gained more weight (p<0.01) and were more insulin resistant than LF mice (p<0.01). Exercise
tended to increase the p-AMPK and p-mTOR (main effect of exercise p<0.06). HFD tended to increase basal
markers of autophagy, including Atg3, LC3I, and LC3II (p<0.1), which were also elevated in HF-SED vs LF-SED
(p<0.05). In the LF group, exercise increased p-AMPK and Atg3, and tended to increase p-ACC, Atg12, LC3II/I
ratio (p<0.1).
Exercise appears to upregulate autophagic proteins involved in the initiation (p-AMPK), phagaphore formation
(Atg12), and sequestration (LC3II/I) of autophagy, primarily in LF mice. HF diet led to increased basal expression
of autophagic proteins, but hindered the acute exercise-induced increase in autophagy signaling, in the liver.
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Lipopolysaccharide Induces TLR4 Dependent Activation of VRAC (LRRC8) in Nodose Neurons and May
Thereby Impair Satiety Signal
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Recent reports indicate that lipopolysaccharide (LPS) reduces the response of vagal afferent nodose neurons to
CCK and leptin and thereby reduces satiety signaling and contributes to hyperphagia (de La Serre et. al. 2015).
Here we defined the specific ion channel involved in the response of nodose neurons to LPS. We suspected that
a Chloride (Cl-) channel may be responsible based on our earlier finding that high fat diet reduces the CCKsensitive Ca2+-dependent Cl- current in intestinal vagal afferent nodose neurons (FASEB J 2015. 29: 818.4). We
used whole-cell voltage-clamp on dissociated nodose neurons from C57BL/6 mice, and found that application of
10μg/ml LPS induced a large, slowly developing inward Cl- current in 14 of 18 cells (17.2±3.0 pA/pF, n=14). The
current was attenuated (4.0±1.1 pA/pF, n=14; p<0.01) when intracellular Cl- concentration was reduced from
133mM to 4mM. We concluded that this LPS-induced Cl- channel is the ubiquitous Volume-Regulated Anion
Channel (VRAC) with Leucine Rich Repeats Containing protein 8a (LRRC8a or SWELL1) for two reasons: 1) the
current was significantly reduced (6.6±2.0 pA/pF, n=6, p<0.01) by DCPIB (4-(2-butyl-6,7-dichloro-2cyclopentylindan-1-on-5-yl)oxybutyric acid), a selective blocker of VRAC; and 2) the current was reduced from
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18.1±2.9 pA/pF (n=7) to 4.3±1.3 pA/pF in neurons exposed to LRRC8a-shRNA (n=5, p<0.01) compared to a
scrambled shRNA control. Our data also suggests that the effect of LPS on the channel is not a direct one but is
mediated by TLR4 (toll-like receptor 4) since HEK293 cells, which express SWELL1/LRRC8a but not TLR4, rarely
responded to LPS (1 out of 6 cells), and the response was not significant (7.8±4.7 pA/pF, n=6, p>0.05) compared
to the positive control response to hypoosmolarity (30.9±7.9 pA/pF, n=5, p<0.01). We conclude that LPS activates
LRRC8 in nodose neurons. Excessive TLR4 mediated activation of this channel by LPS may inhibit the CCK and
leptin induced satiety signal, leading to hyperphagia in high fat diet and LPS induced obesity.
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The Applied Learning Platform: Bringing Thought into View
Eric (Rick) M. Mills, DVM, PhD, LMSW
WhenKnowingMatters.com
Educators possess a rich mental schema consisting of facts, relationships among those facts, and expert
judgment for activating relevant portions when presented with a problem to solve. Learners need to build their
own mental schema, and educators can help them by modeling critical thinking skills, and by providing activities
for learners to practice. Unfortunately, educators have limited, cumbersome, and costly tools for implementing this
process.
The Applied Learning Platform is a web-based resource used by educators to create and deliver authentic realworld case scenarios for modelling expert thinking skills to learners, and for helping learners develop and practice
their own. All that is required is a browser, an Internet connection, and a word processor. Educators can create a
scenario from existing teaching materials in less than 30 minutes. The Applied Learning Platform also supports
Framework-Applied Learning by providing educators with the option of defining and implementing guiding
frameworks. These frameworks provide learners with a consistent approach to solving similar problems.
Examples include an evidence-based diagnosis; radiograph interpretation; emergency response;
psychotherapeutic patient formulation; or human action context, observation, analysis, and intervention plan.
Frameworks are gradually removed as they become incorporated into a learners thinking. Learners build an
outline assessment that is a visualization of relevant portions of their mental schema, consisting of assertions,
and the evidence for those assertions. This allows educators and learners to say, “I see what you mean.” A fullyfunctional free version of the Platform is available at WhenKnowingMatters.com along with a subscription version
that has advanced features.
26 – UG
Exercise Science and Sports Medicine
Foot Temperature During American Football Drills in Various Footwear (and a Test of the
“Bellows Hypothesis”)
Sarah C. Larson, Tessa M. Heitkamp, Philip M. Rinehart, Leah B. Amundson, Bridget C. Banks,
Mary G. Hausler, Darrin A. MacLeod, Neha A. Patel, Leanne S. Pettit, Demi L. Plathe, David S. Senchina
Exercise Science and Sports Medicine Lab, Biology Department, Drake University, Des Moines, IA
Foot thermoregulation is poorly understood, despite the important role it plays in proprioception and comfort, and
thus performance. The “bellows hypothesis” states that airflow through the shoe collar is more important for foot
thermoregulation than airflow through the upper (the shoe material around the foot). The purpose of this study
was to determine if there was a difference in foot temperature between high-top and low-top American football
cleats after brief exercise trials. It was hypothesized that low-top cleats would yield lower post-exercise foot
temperature when compared to high-top cleats because the former permits the “bellows effect” whereas the latter
does not. Eleven male subjects completed three 12-minute exercise trials separated by 10-minute cool down
periods. Each trial consisted of a 3-minute run, a 40-yard dash, four 5-10-5’s, a set of six routes, and a cone drill.
The first trial was a “warm-up” in a running shoe, and the second and third trials were counterbalanced for low-top
and high-top cleats. Heart rate and foot temperature at the big toe, dorsal arch, and heel were monitored
throughout the trials. Drill-specific performance outcomes were measured based on time. Perceptual scores of
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foot temperature, comfort, stability, and fatigue were measured by visual analogue scale. There were no
significant differences between low-top and high-top cleats on performance, physiological responses, or
perception. These results do not support the “bellows hypothesis” and suggest that—in the context of American
football cleats—foot thermoregulation may only be minimally influenced by airflow around the collar.
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Exercise Capacity and Muscular Adaptations to Treadmill Training Are Not Reduced by AICAR
Treatment in Mice
Kyle Godwin and Kimberly Huey
Drake University College of Pharmacy and Health Sciences, Des Moines, IA
Exercise and AICAR activate AMP-protein kinase (AMPK) and are used in type II diabetes treatment. Their
effectiveness may be due to both AMPK activation and up-regulation of heat shock protein 25 (HSP25); however,
some evidence suggests combining exercise and AICAR may decrease training adaptations. These experiments
tested the hypothesis that AICAR + treadmill training (TM) would attenuate increases in exercise capacity, muscle
force, and HSP25 expression compared to training alone. Adult male C57 mice were divided into 4 groups (n=810/group): 1-Placebo, 2-AICAR, 3-Placebo + TM, and 4-Aicar + TM. Groups received daily placebo or AICAR with
or without TM over 7 days. Plantarflexor muscle force and fatigue (% of max force after 10 contractions) were
measured in vivo and exercise capacity assessed with pre- and post-treadmill tests. Muscle HSP25 protein was
quantified with western blot. AICAR + TM did not affect increases in exercise capacity compared to Placebo + TM
(p<0.05). Muscle force was unchanged with TM; however, AICAR increased force in sedentary and TM groups vs.
Placebo (1.4±0.07 vs. 1.2±0.07 and 1.5±0.12 vs. 1.3±0.09 g/mg BW, respectively, p<0.05). Fatigue resistance
was lower with AICAR in sedentary mice; however, AICAR + TM increased fatigue resistance vs. AICAR alone
(p<0.05). TM increased HSP25 levels independent of treatment (p<0.05). AICAR increased HSP25 in sedentary
groups vs. placebo (0.15±0.02 vs. 0.09±0.01 AU, p<0.05). These findings suggest AICAR does not impair
training-induced increases in exercise capacity or HSP25, which may positively impact type II diabetics who often
have reduced exercise capacity and HSP25.
Supported by APS UGSRF.
28
Musculoskeletal and Integument
Effects of Statin Treatment on Muscle Hypertrophy and Function Induced by Functional Overload in Mice
Kimberly Huey, Alexander Herold, Sophia Smith
Drake University, College of Pharmacy and Health Sciences, Des Moines, IA
Muscle hypertrophy induced by functional overload (FO) provides an in vivo model to study muscle growth. Statin
treatment is strongly implicated in muscle myopathy and we previously reported that statin treatment during
running wheel exercise reduced muscle force compared to placebo. We hypothesized that statin treatment would
impair contractile and myogenic muscle adaptations to a growth stimulus. Adult mice underwent FO of the
plantaris or sham surgery. In vivo plantaris isometric force and fatigue resistance (% of maximal force after 10
contractions) were measured 14d after FO or sham surgery in mice receiving daily atorvastatin (30 mg/kg body
mass) or placebo (n= 8-10/group). Basic fibroblast growth factor (bFGF) and insulin-like growth factor 1 (IGF-1)
were measured in the plantaris by ELISA. Plantaris mass increased in both groups with increases of 92 and 57%
in placebo and statin groups, respectively (p<0.05). Plantaris maximal force increased 14% with FO in placebo
mice (0.42±0.02 to 0.48± 0.02 g/mg body mass), but decreased 34% in statin mice (0.44±0.03 to 0.32± 0.03 g/mg
body mass) when compared to sham (p<0.05). Statin did not affect maximal force compared to placebo in sham
groups. Fatigue resistance was not different among all conditions. [IGF-1] and [bFGF] increased with FO in both
groups vs. sham (p<0.05); however, greater increases were observed in placebo than statin mice (p<0.05). These
data suggest that statin treatment negatively affects contractile and myogenic adaptations to a hypertrophic
stimulus and is associated with attenuated bFGF and IGF-1 responses to FO compared to placebo.
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