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Program  
 

Friday October 24th  
12.00-5.00 Registration in Foyer of Keating (Bio 5) Building. 
12.0-1.00  Set up Friday’s Posters in MRB 102 
 
1.00-1.15  Welcome to the Meeting – Layla Al-Nakkash, President, AzPS. 
 
1.15- 2.30 Session I: “Trainee Physiology  Research Presentations” 
     Chairs: Steve Wright, PhD. Professor, (UA-Tuc) & 
                                  Cara Sherwood, PhD. Post-doctoral fellow (UA-Tuc). 
 
1.15-1.30  T1. Sarah Lehman, Graduate Student, UA-Tuc (Mentor: Dr. J. Tardiff). “Calcium 

kinetics of the cardiac thin filament in the presence of cTnT mutations.” 
1.30-1.45  T2. Kristen Ricklefs, Graduate Student, ASU (Mentor: Dr. K. Sweazea). 

Downregulation of the vascular insulin signaling pathway may contribute to 
hyperglycemia following high fat intake.” 

1.45- 2.00  T3. Aaron Done, Graduate Student, NAU (Mentor: Dr. T. Traustadóttir). “Acute 
exercise activates NRF2 in young and older adults.” 

2.00-2.15  T4. Maura Cotter, Graduate Student, UA-Tuc (Mentor: Dr. J. Burt). “Drug 
discovery: Lipidation of connexin mimetic peptides increases efficacy in gap 
junction inhibition.”  

2.15-2.30   T5. Mathew Bull, Graduate Student, UA-Tuc (Mentor: Dr. H. Granzier). “Titin’s 
role in heart failure with preserved ejection fractions.” 

 
2.30-2.45  Break- Coffee 
 
2.45-4.30  Session II: “Trainee Physiology Research Presentations” 
     Chairs: Rayna Gonzales, Ph.D. Associate Professor (UA-Phx) & 
                  Leah Steyn, Ph.D. Post-doctoral Fellow (UA-Tuc). 
 
2.45-3.00   T6. Katon Kras, Graduate Student, ASU (Mentor: Dr. C. Katsanos). “Greater 

yield of subsarcolemmal mitochondria from skeletal muscle of obese subjects with 
no change in intrinsic mitochondrial function: 

3.00-3.15  T7. Anthony Hessel, Graduate student, NAU (Mentor: Dr. K. Nishikawa). 
“Mimicking human walking with a powered ankle-foot prosthesis, driven by a 
neuromuscular based control algorithm” 3.30-3.45 Smith 

3.15-3.30  T8. Kate Smith, Graduate Student, UA-Tuc (Mentor: Dr. K. Papas). “The effects 
of ischemia on human islets in vitro.” 

3.30-3.45   T9. Ruby Fernandez, Post-Doctoral Fellow, UA-Tuc. (Mentor: Dr. Yuan). 
“Upregulated expression of STIM2, TRP6, and Orai2 contributes to the transition 



of pulmonary arterial smooth muscle cells from a contractile to proliferative 
phenotype.”  

3.45-4.00  T10. Christiane Danillo, Post-Doctoral Fellow, UA-Tuc. (Mentor: Dr. J. 
Konhilas). “The role of the gut microbiota in cardiac injury.” 

 
4.00- 4.15 Break 
 
4.15- 5.15  Session III: Translational Physiology Lecture. 
     Introduction: Ralph Fregosi, Ph.D. Professor, Physiology & Neuroscience, UA-Tuc. 
 

Doug Seals, Ph.D. 
Professor, Department of Integrative Physiology,  

University of Colorado Boulder. 
 

 “Essential Role of Translational Physiology in Achieving 
Optimal Longevity.” 

 
 
5.15-5.30  Break 
 
5.30-6.30  The AzPS Keynote Lecturer:  
     Introduction: Taben Hale, Ph.D. Assistant Professor (UA-Phx) 
 

Gregory D. Fink, Ph.D. 
Professor, Pharmacology & Toxicology, Neuroscience 

Program. Michigan State University. 
 

 “Novel Sympathetic Mechanisms in obesity Related 
Hypertension.”  

 
6.30-7.30  Chapter Reception & Buffet Dinner - Foyer of Keating 
 
7.30-8.00  Minute Poster I - Discussion (21 posters) 
     All 16 Graduate Student posters and 5 Post-doctoral posters  

Chairs: Scott Boitano, Ph.D. Associate Professor (UA-Tuc), & 
             Johnnie-Moore  Dotson, Ph.D. Post-doctoral Fellow (UA-Tuc).  

  
8.00-9.30  Poster Presentations (21 posters)- MRB 102 
                    All 16 Graduate Student posters and 5 Post-doctoral posters 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

Saturday October 25th 

 
8.00-9.00      Breakfast/poster setup 
8.00-9.00       Post-doctoral fellows invited to have breakfast with Dr. Greg Fink 
 
9.00-10.00       Session IV: Alternative Career  Panel & Discussion. 
         Chairs: Kiisa Nishikawa, Ph.D. Professor (NAU) 
                                      Philip Sandoval, Graduate Student (UA-Tuc) 
                    
 
 
 
 
10.00-10.15       Break 
 
10.15- 11.30  The Arizona Distinguished Lecturer: 
     Introduction:  Scott Boitano, Ph.D. Associate Professor (UA-Tuc). 
 

Charles Tipton, Ph.D. Professor Emeritus 
Department of Physiology 

University of Arizona-Tucson 
 

“The Antiquities of the Advocacy of Exercise for Health Reasons, 
the History of Exercise Physiology, and of their Relationships to 

Exercise is Medicine (EIM)” 
 

 
11.30-12.00 Minute Poster II - Discussion (20 posters) 

 5 Post-doctoral Posters, All 8 Undergraduate Posters and all 7 Regular 
member posters   
Chairs:  L. Al-Nakkash, PhD. Professor (MWU) &   
              Nicole Jacobsen, Graduate Student (UA-Tuc).  
 

12.00-1.15   Poster Presentations in MRB 102 
5 Post-doctoral Posters, All 8 Undergraduate Posters and all 7 Regular member 
posters   

 
1.15-2.00  Lunch 
     Graduate Students invited to have lunch with Dr. Greg Fink. 
     Judges meet regarding poster awards. 
 
 

Dr. Yifat Guy, Medical Science Liaison, Ikaria 
 
Dr. Paul Eynott, Licensing Manager, College of Science, Tech Launch Arizona 



 
2.00-2.45  Session V: Physiology Research in Arizona 
     Chairs: Stan Lindstedt, Ph.D. Professor (NAU) &  
                  Robert LeMoyne, Ph.D. Post-doctoral Fellow (NAU). 
 
2.00- 2.15  T11. James Solyst, Post-doctoral Fellow, UA-Tuc (Mentor: E. Buffalo). 

“Intranasal oxytocin modulates attention to social stimuli in rhesus macaques.”  
2.15-2.30  T12. Tobias Reide, DVM, Ph.D., Assistant Professor (MWU). 

“Somatosensory feedback in rat vocal motor control.”   
2.30-2.45  T13. Tom Broderick, Ph.D., Professor (MWU). “Expression of 

gluconeogenic enzymes and 11β-HSD typeI in liver of diabetic mice after 
exercise.” 

 
2.45- 3.15          Business meeting/awards & adjourn 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

Housing Information 
 

The host hotel for the meeting is the ALOFT TUCSON UNIVERSITY located close to the medical campus at 
1900 East Speedway Blvd.  When making reservations request the block rate for AZPS which is $148.00+tax 
per night (no parking fees).  To book reservations call Chris Montgomery: 520-908-6822 Be sure to mention the 
Arizona Physiological Society to secure the special rate. 
 
Directions: 
From Interstate 10: 
Exit at Speedway Blvd.  Go east on East Speedway Blvd.   Go to Campbell Avenue.  The ALOFT is on the SE 
corner of Campbell and Speedway.  To get to the Medical Campus go left on Campbell and it is on the left side 
about 2 blocks down. 
 
 
ALOFT 
 University Plaza 
1900 E. Speedway Blvd. 
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Housing and Parking (Continued) 
 
UA Medical Campus 
 
 
 
 
 
 
 
 
Meeting location 

 
Parking Visitors may park at the UMC garage for a fee.  The University of Arizona lot located on the 

corner of Martin Avenue and Mabel Street has parking meters at the north end of the lot 
available to accommodate visitors (see map).  After 5:00 p.m. and before 7:00 a.m. during the 
week and all day on the weekends you may park in any parking lot at the Health Sciences 
Center for free.  However, during the weekdays, these lots are monitored and only those 
vehicles with appropriate tags may park there.  
 

 
 

 
 
 
 
 
 

ALOFT 



 
Friday Posters, Arranged by Lead Author (alphabetical) 
 Lead Author Title 
 POST DOCS  
F1 Ramon Ayon Adverse and Beneficial Effects of SGLT Inhibitors on 

Pulmonary Smooth Muscle Cells  
F2 Christiane Danilo The Role of Gut Microbiota in Cardiac Injury 
F3 Ruby Fernandez Upregulated Expression of STIM2, TRPC6 AND ORAI2 

Contributes to the Transition of Pulmonary Arterial 
Smooth Muscle Cells from a Contractile to Proliferative 
Phenotype 

F4 Robert LeMoyne Ankle Rehabilitation Device using 3D Printing for 
Therapy of Ankle Dorsiflexion 

F5 Cara Sherwood Apical PAR2 Transiently Alters Airway 
Epithelial Ion Flow 

 
 
 
 Lead Author Title 
 GRADUATE STUDENTS  
F6 Mathew Bull Titin’s Role in Heart Failure with Preserved Ejection 

Fractions 
F7 Maura Cotter Drug Discovery: Lipidation of Connexin Mimetic 

Peptides Increases Efficacy in Gap Junction Inhibition 
F8 Aaron Done Acute Exercise Activates NRF2 in Young and Older 

Adults 
F9 Jason Harmon Role of Caveolae in Marfan Syndrome: Caveolin-1 as a 

Regulator of TGF-β Signaling in Primary Human Aortic 
Smooth Muscle Cells 

F10 Anthony Hessel Mimicking Human Walking with a Powered Ankle-Foot 
Prosthesis, Driven by a Neuromuscular Based Control 
Algorithm. 

F11 Richard Huynh The Effect of TGF- Receptor Inhibition and Exercise on 
Rat Achilles Tendon Structural Properties 

F12 Nicole Jacobsen Connexin 37-Mediated Growth Regulation in Primary 
Endothelial Cells 

F13 Katon Kras Greater Yield of Subsarcolemmal Mitochondria from 
Skeletal Muscle of Obese Subjects with No Change in 
Intrinsic Mitochondrial Function  

F14 Sarah Lehman Calcium Kinetics of the Cardiac Thin Filament in the 
Presence of cTnT Mutations 

F15 Dennis Pollow 17-β Estradiol Treatment Prevents Angiotensin II-
Induced Hypertension in VCD-Treated Menopausal 
Female Mice, Independent of Renal T Lymphocyte 
Infiltration 



 
 Lead Author Title 
 GRADUATE STUDENTS, cont…  
F16 Puneet Raman Palmitate Increases Cyclooxygenase-2 in Primary Human 

Brain Vascular Smooth Muscle Cells 
F17 Kristin Ricklefs Downregulation of the Vascular Insulin Signaling 

Pathway may Contribute to Hyperglycemia Following 
High Fat Intake 

F18 Philip Sandoval The Effect of Unstirred Water Layers on the Kinetics of 
MPP and Metformin Uptake  - A Mathematical 
Simulation                                                                                                                       

F19 Kate Smith The Effects of Ischemia on Human Islets in Vitro  
and Implications for Islet Transplantation 

F20 Uzma Tahir Metabolic cost of transport with a biologically-inspired 
control algorithm for an active prosthetic device 

F21 Brent Volper The Influence of Hyperglycemia on the Mechanical and 
Structural Properties of Rat Tendon In Vivo 



 
Saturday Posters, Arranged by Lead Author (alphabetical) 
 
 
 Lead Author Title 
 REGULAR MEMBERS  
S1 Tom Broderick Expression of Gluconeogenic Enzymes and 11Β-Hsd 

Type 1 in Liver of Diabetic Mice after Exercise 
S2 Kathryn Corbell Influence of Resistance Exercise on Human Achilles 

Tendon Release of Matrix Metalloproteinases and 
Growth Factors 

S3 Lana Leung An assessment of the effect of genistein diet on 
contractility, motility and morphology in lean and ob/ob 
mice 

S4 Lakshmi Madhavpeddi Impact of Angiotensin Ii on Sex Steroid Receptors in 
Human Aortic Smooth Muscle Cells 

S5 Tobias Riede Somatosensory Feedback in Rat Vocal Motor Control 
S6 Mohammad Shahidullah Trpv4 Channels Enable Lens Epithelium to Sense and 

Respond to Remote Stimuli in the Fiber Mass 
S7 Haiyang Tang Pten/Akt1 Contributes to the Development 

of Pulmonary Hypertension 
 
 
 
 Lead Author Title 
 POST-DOCS  
S8 Amritlal Mandal Calcium Entry Via Connexin Hemichannels in Lens 

Epithelium 
S9 Michele Nawata Alternative Channels For Urea in the Rat Thin Limbs of 

Henle  
S10 James Solyst Intranasal Oxytocin Modulates Attention to Social 

Stimuli in Rhesus Macaques 
S11 Shanshan Song Plateau Phase of Intracellular Ca2+ Increase Induced by 

Atp Increases Bcl2/Bax Ratio in Lung Cancer Cells 
S12 Leah Steyn Enhanced function and viability of islets supplemented 

with oxygen within an implantable bioartificial pancreas 
device 

 
UNDERGRADS on next page



 
 
 Lead Author Title 
 UNDERGRADUATE 

STUDENTS 
 

S13 Christopher Gass Graphic User Interface of Winding Filament Hypothesis 
computational model for parametric analysis 

S14 Sarah Hanson Simulating Titin’s Role in Force Enhancement Using the 
Winding Filament Hypothesis 

S15 Mark Katsma The Effect of Chronic Il-6 Exposure on Rat Tendon 
Structural Properties, in Vivo 

S16 Soukaina Kouteib Adjusting to Urban Life: Endocrine and Immue 
Responses of a Songbird to Actue Stress  

S17 Brittney McCormick Bradykinin B1 Receptor Antagonism Prevents 
Angiotensin Ii-Induced Erectile Dysfunction 

S18 Noor Raad Replacing Dietary Meat with Fish Significantly Increases 
Plasma Glucose Without Affecting Protein Glycation 

S19 Farmin Samareh-Jahani Sex Differences in Microglia Activation During Low 
Dose of Angiotensin (Ang) II Sensitization of 
Subsequent High Dose of Ang II 

S20 Elizabeth Willis Simple Michaelis-Menten Kinetics  Describe Adp 
Control of Skeletal Muscle Mitochondrial 

 



Friday’s Abstracts 
(Alphabetical, by first author--poster board # shown) 

POST DOCS 
F1 ADVERSE AND BENEFICIAL EFFECTS OF SGLT INHIBITORS 

ON PULMONARY SMOOTH MUSCLE CELLS  
1,2Ayon RJ, 1,3Han Y, 3Cho Y-E, 3Pan M, 3Dai A, 1,2Yuan JXJ, and 
1,3Makino A 
1Department of Physiology and 2Department of Medicine, University of 
Arizona, Tucson, AZ 85724, USA. 
3Division of Endocrinology, Diabetes and Metabolism, Department of 
Medicine, University of Illinois at Chicago, Chicago IL 60612, USA 
Type 2 diabetes is a complex endocrine and metabolic disorder 
characterized by hyperglycemia due to reduced insulin sensitivity and 
secretion. Sodium-glucose contransporter 2 (SGLT2) inhibitors are a 
novel class of oral drugs for diabetic patients and they decrease plasma 
glucose levels by inhibiting glucose reabsorption in the kidney. However, 
little is known about the effect of SGLT inhibitors on vascular 
responsiveness. The present study was designed to determine whether and 
how the nonspecific SGLT1/SGLT2 inhibitor, Phlorizin, and the SGLT2 
specific inhibitor, Canagliflozin, regulate vascular tone and sodium 
nitroprusside (SNP, a NO donor)-induced relaxation in pulmonary 
arteries. The vascular responsiveness was assessed in mouse pulmonary 
arteries. Human pulmonary arterial smooth muscle cells (HPASMCs) 
were used to measure the membrane potential and K+ current. Both 
phlorizin and canagliflozin relaxed pulmonary arteries in a dose-
dependent manner, while SNP-induced vascular relaxation was 
significantly attenuated by pretreatment of SGLT inhibitors. SGLT 
inhibitors increased open probability of K+ channels and led to membrane 
hyperpolarization in HPASMCs. K+ channel activation and 
hyperpolarization induced by SNP were significantly attenuated by 
pretreatment with phlorizin and canagliflozin.  
These data suggest that the treatment of SGLT inhibitors has a beneficial 
effect on vascular tone (by relaxing the vessels), but it decreases SNP-
induced vasodilatation via attenuating SNP-induced hyperpolarization. 
Treatment with SGLT inhibitors in diabetic patients who require NO 
donor (e.g., for angina) needs special caution about the used and dosage.  

F2 The Role of Gut Microbiota in Cardiac Injury 
Danilo, C., Constantopoulos, E., McKee L., Konhilas, J.  
Recent evidence suggests a role for gut microbiota in modulating 
cardiovascular disease.  Here, we hypothesize a specific strain of 
probiotic, Bifidobacterium animalis ss Lactis 420 (B420), reduces 
myocardial infarct size and decreases systemic and local 
myocardial inflammation by the induction of regulatory T cell 
(Treg) populations.  Male wildtype mice fed a high fat diet were 
administered B420 or saline daily by gavage for 4 weeks and 
subjected to an ischemia/repurfusion (I/R) protocol.  The extent 
of cardiac injury was estimated using Evans Blue/TTC staining. 
Systemic Treg populations were determined by flow cytometry.  
To test the role of Treg in modulating the response to cardiac 
injury, we used a CD25 antibody to deplete Treg in high-fat fed 
male mice gavaged daily with B420 or saline and subjected them 
to the I/R protocol.   We found that daily gavage of B420 leads to 
an 18% reduction in infarct size compared to the saline control.  
Furthermore, splenic Treg populations are activated in mice 
administered B420.  Mice receiving probiotic lose protection 
against cardiac injury upon Treg knockdown.  These results 
suggest that administration of the probiotic B420 protects against 
cardiac injury and that this effect is mediated by regulatory T 
cells. Modulation of the inflammatory response by administration 
of a specific strain of probiotic may offer a rational, safe, and cost 
effective way to prevent inflammatory damage after cardiac 
injury. 

F3 Upregulated Expression of STIM2, TRPC6 and Orai2 Contributes to the 
Transition of Pulmonary Arterial Smooth Muscle Cells from a Contractile to 
Proliferative Phenotype.  
Fernandez RA1,2,3, Wan J2, Song S2,3, Smith KA2, Tauseef M1, Makino A2,4, 
Mehta D1 and Yuan JX1,2,3,4 
1Department of Pharmacology and 2Department of Medicine, University of Illinois 
at Chicago, Chicago, IL 60612; 3Division of Translational and Regenerative 
Medicine, Department of Medicine and 4Department of Physiology, University of 
Arizona College of Medicine, Tucson, AZ 85721 
Pulmonary hypertension (PH) is a progressive disease which, if left untreated, will 
eventually lead to right heart failure and death. Elevated pulmonary arterial pressure 
(PAP) in patients with PH is mainly caused by an increase in pulmonary vascular 
resistance (PVR). Sustained vasoconstriction and excessive pulmonary vascular 
remodeling are two of the major causes for elevated PVR in patients with PH. 
Excessive pulmonary vascular remodeling is mediated by increased proliferation of 
pulmonary arterial smooth muscle cells (PASMC) due to PASMC dedifferentiation 
from a contractile or quiescent to a proliferative or synthetic phenotype. Increased 
cytosolic Ca2+ concentration ([Ca2+]cyt) in PASMC is a key stimulus for cell 
proliferation and this phenotypic transition. Voltage dependent Ca2+ entry (VDCE) 
and store-operated Ca2+ entry (SOCE) are important mechanisms for controlling 
[Ca2+]cyt. Stromal interacting molecule proteins (e.g., STIM2) and Orai2 both 
contribute to SOCE and we have previously shown that STIM2 and Orai2, 
specifically, are upregulated in PASMC from idiopathic pulmonary arterial 
hypertension (IPAH) patients and from animals with experimental pulmonary 
hypertension in comparison to normal controls. Our data show that STIM2 and 
Orai2 are upregulated in proliferating PASMC compared with contractile phenotype 
of PASMC. Additionally, a switch in Ca2+ regulation is observed in correlation with 
a phenotype transition from contractile PASMC to proliferative PASMC. PASMC in 
a contractile state have increased VDCE, while in the proliferative state they have 
increased SOCE. The data from this study indicate that upregulation of STIM2 and 
Orai2 is involved in the phenotypic transition of PASMC from a contractile state to a 
proliferative state; the enhanced SOCE due to upregulation of STIM2 and Orai2 
plays an important role in PASMC proliferation. 

F4 Ankle rehabilitation device using 3D printing for therapy of ankle 
dorsiflexion 

LeMoyne R., Lemons D., Andaya J., Hessel A., Tester J., Nishikawa K. 
Northern Arizona University, Flagstaff, Arizona 

Abstract content has been redacted for online publication purposes.

“This abstract contains proprietary information and is being 
submitted to The Arizona Physiological Society on a confidential basis.  
The information contained herein is to be kept confidential by The 
Arizona Physiological Society until publication, if applicable.” 



 
 GRADUATE STUDENTS 
F5 APICAL PAR2 TRANSIENTLY ALTERS AIRWAY 

EPITHELIAL ION FLOW 
Cara L. Sherwood, and Scott Boitano 
The airway epithelium provides a barrier that separates inhaled air 
and its various particulates from the underlying tissues. It provides 
key physiological functions in both sensing the environment and 
initiating appropriate innate immune defenses to protect the lung. 
The protease-activated receptor-2 (PAR2) is expressed both apically 
and basolaterally throughout the airway epithelium. One 
consequence of basolateral PAR2 activation is the rapid, Ca2+-
dependent ion flux that favors secretion in normally absorptive 
airway epithelium. However, roles for apically expressed PAR2 
activation have not been demonstrated in part due to the lack of 
specific, high potency PAR2 ligands. In this study we used the 
newly developed PAR2 ligand 2at-LIGRLO(PEG3-Pam)-NH2, in 
combination with well-differentiated, primary cultured airway 
epithelial cells from wild type and PAR2

-/- mice to examine the 
physiological role of PAR2 in the conducting airway following 
apical activation. Using digital imaging microscopy of intracellular 
Ca2+ concentration ([Ca2+]i) changes, we verified ligand potency on 
PAR2 in primary cultured airway cells. Examination of airway 
epithelial tissue in an Ussing chamber showed that apical activation 
of PAR2 by 2at-LIGRLO(PEG3-Pam)-NH2 resulted in a transient 
decrease in transepithelial resistance that was due to increased 
apical ion efflux. We determined pharmacologically that this 
increase in ion conductance was through Ca2+-activated Cl- (CaCC) 
and large conductance K+ channels that were blocked with CaCC-
inhibitor and clotrimazole, respectively. Stimulation of Cl- efflux 
via PAR2 activation at the airway epithelial surface would increase 
airway surface liquid that would aid in clearing the airway of 
noxious inhaled agents. 
 

F6 Titin’s role in Heart Failure with Preserved Ejection Fractions 
Mathew Bull and Henk Granzier 

 
 There are approximately 6 million patients with heart failure in 
the United Stated alone.  While much effort has been directed at 
understanding heart failure and therapeutic targets since the 1950’s, heart 
failure still remains the leading cause of death in the United States.  What 
is most alarming is the lack of progress in care for patients with diastolic 
heart failure.  Diastolic heart failure, also known as heart failure with 
preserved ejection fraction (HFpEF), is a more clinically silent disease as 
opposed to systolic heart failure, and affect’s more than half of all heart 
failure patients.  Rather than the heart failing to eject normally (systolic 
heart failure), the heart becomes much stiffer and fails to fill with blood 
properly. Titin, a sarcomeric protein, is the largest protein in the body and 
responsible for diastolic properties in the heart and recent exciting 
evidence indicates that it plays a role in cardiac hypertrophic remodeling.  
By utilizing mouse models in which specific sequences of titin have been 
deleted from the TTN gene we are investigating how stress and strain on 
the giant sarcomeric protein titin contributes to diastolic dysfunction as 
well as hypertrophy signaling in the heart. In our most recent titin deletion 
mouse model, TtnΔIAjxn mice reveal titin’s prominent role in diastolic 
dysfunction of the heart.  Functional studies from the cellular to ex vivo 
and in vivo left ventricular (LV) chamber levels showed that this causes 
diastolic dysfunction and other symptoms of heart failure with preserved 
ejection fraction (HFpEF).   
 

F7 Drug Discovery: Lipidation of Connexin Mimetic Peptides Increases 
Efficacy in Gap Junction Inhibition 
Cotter, M.L., Boitano, S., and Burt, J.M.  
University of Arizona, Tucson, AZ 
 
Peptides mimicking short, conserved sequences in the extracellular loops of 
connexins (Cxs) are commonly used as reversible inhibitors of gap junction 
channel (GJC)-mediated intercellular communication. These Cx-mimetic 
peptides also inhibit the diffusion of ions and small molecules across 
hemichannels (HCs), or unopposed hexameric Cx channels that have not yet 
docked with their HC counterparts on neighboring cells to form GJCs.1 The 
inhibitory actions of mimetic peptides derived from the extracellular loops of 
Cx43 have demonstrated therapeutic benefits, especially with regards to wound 
healing.2 However, such peptidomimetics are typically used at high 
concentrations (i.e. 100-200μM, IC50 ~ 20-30μM3) to achieve HC and GJC 
block.4 Therefore, development of more potent inhibitors is critical. We 
hypothesized that lipidation of Cx mimetic peptides could improve their ability 
to localize to the plasma membrane, and thus more effectively interfere with HC 
and GJC function. To quantitatively assess potency and efficacy of our novel 
lipidated Cx-mimetic peptides, the extent of gap junction-dependent 
propagation of mechanically-induced Ca2+ waves in a confluent culture of rabbit 
tracheal epithelial cells (RTECs) was monitored. Using this physiologically-
relevant system, we conclude from our current data that lipidation greatly 
improves the inhibitory action of the peptide, increasing its potency by up to 
five orders of magnitude with an IC50 well into the picomolar range. Our 
results demonstrate that the lipidation approach is a powerful tool for increasing 
known Cx-mimetic inhibition of GJC communication and represents a paradigm 
for the development of HC, GJC and Cx-specific inhibitory drugs. 

F8 ACUTE EXERCISE ACTIVATES NRF2 IN YOUNG AND OLDER 
ADULTS 
Done, AJ1, Plummer, J1, Rice, J2, Gage, M2, 
and Traustadóttir, T1 
1Department of Biological Sciences, 2Department of Chemistry and 
Biochemistry, Northern Arizona University, Flagstaff, AZ 
The transcription factor nuclear erythroid-2 like factor-2 (Nrf2) is the 
master regulator of antioxidant defense. Data from animal studies 
suggest exercise elicits significant increases in Nrf2 signaling, and that 
signaling is impaired with aging resulting in decreased induction of 
phase II detoxifying enzymes and greater susceptibility to oxidative 
damage. We hypothesized that a single bout of submaximal exercise 
would elicit increased nuclear accumulation of Nrf2, and that this 
response to exercise would be attenuated with aging. Nrf2 signaling 
in response to 30-min cycling at 70% VO2max was compared in 
young (24 ±2y, n=4) and older (64 ±6, n=4) men. Blood was collected 
at 8 time points; pre-exercise, and 10min, 30min, 1hr, 2hr, 4hr, 8hr, 
and 24hr post-exercise. Nrf2 signaling was determined by measuring 
nuclear protein expression (western blot, normalized to lamin-B1) of 
Nrf2, as well as downstream targets SOD1, and SOD2 (western blot, 
normalized to B-actin) in isolated leukocytes. The exercise trial 
elicited significant increases in nuclear Nrf2, SOD1, and SOD2 
(p<0.05). The young group had a significantly greater response in 
SOD1 expression in response to the acute exercise as compared to the 
older (p=0.002). Both groups returned to baseline within 24 hours post 
exercise. Changes in SOD2 and nuclear Nrf2 expression did not differ 
between groups. These preliminary data suggest sub-maximal exercise 
is an effective Nrf2 activator, and that age related differences in 
downstream targets may be related to Nrf2 binding capacity as 
opposed to nuclear import. 



 
F9 Role of Caveolae in Marfan Syndrome: Caveolin-1 as a Regulator of 

TGF-β Signaling in Primary Human Aortic Smooth Muscle Cells 
1 Harmon J., 2Leung, L., 1Esfandiarei, M. and 2Vallejo J., 1Biomedical 
Sciences and 2Physiology Department, Midwestern University, Glendale 
AZ 
Marfan syndrome (MFS) is primarily a systemic connective tissue 
disorder caused by an autosomal dominant mutation in the gene coding 
for the matrix glycoprotein fibrillin-1. The fibrillin-1 mutation occurs at a 
binding site which is responsible for the latent sequestration of 
transforming growth factor beta (TGF-β). Free TGF-β is able to bind to 
the TGF-β receptor (TβR) leading to activation of the SMAD pathway. 
SMAD activation leads to increased matrix metalloproteinase (MMP) 
activity resulting in collagen and elastin fiber degradation, and vascular 
smooth muscle cell (VSMC) proliferation. Fragmentation of the 
extracellular matrix combined with the high vascular pressure of the 
ascending aorta causes aortic dilation and rupture in MFS. Recent 
research has identified Caveolin-1 (Cav-1), a structural protein within the 
caveolae lipid rafts, as an important regulator of VSMC contractility, 
proliferation, metabolism, lipid transport, and fibrosis. Cav-1 is 
associated with both the TβR and the angiotensin II type I receptor 
(AT1R) signaling cascades. Cav-1 has been reported as responsible for 
the colocalization of the TGF-β receptor 1 (TβR1) and the 
SMURF/Smad7 complex within caveolae leading to proteosomal 
degradation of the TβR complex. Interestingly, non Cav-1 associated 
signaling of TGF-β leads to increased Smad activation, increased MMP 
transcription, and decreased transcription of Cav-1.  Many fibrotic 
conditions exhibit down regulation of Cav-1 and upregulation of TβR1. 
Cav-1 knock-out models (cell and murine) exhibit increased TGF-β 
levels. Reintroduction of Cav-1 attenuates the effects of increased TGF-β 

signaling. The association of Cav-1 and TGF-β has little been described 
in VSMCs, and has never been studied in a model of MFS. In this study 
we are investigating the role of Cav-1 in the regulation of TGF-β 
signaling using primary human aortic smooth muscle cells (hASMCs). 
hASMCs were treated with TGF-β in a dose dependent manner (0, 5, 10, 
15, 25, and 50 ng/mL) for 24 hours. Whole cell lysates were subjected to 
Western blot analysis of TβR, Smad2/3, pSmad2/3, and Cav-1 proteins. 
Treatment with TGF-β resulted in no significant change in total protein 
expression of TβR.  Both total protein expression of Smad2/3 and p-
Smad2/3 were increased following treatment with TGF-β in a dose-
dependent manner.  Total Cav-1 protein expression and colocalization 
analysis with TβR is currently underway. 

F10 Mimicking Human Walking with a Powered Ankle-Foot Prosthesis, 
Driven by a Neuromuscular Based Control Algorithm. 
Hessel AL, Petak J, LeMoyne R,  Tester J, Nishikawa KC 
Center for Bioengineering Innovation 
Northern Arizona University 
617 S. Beaver Street, Flagstaff AZ 86011 
In the U.S., almost 40,000 people experience limb loss each year. Over 
the past decade, robotic advancements have allowed researchers to 
develop prosthetic devices that not only serve an aesthetic purpose, but 
also supply mechanical energy to the body to mimic healthy human 
functions. For a person with a trans-tibial amputation (PTTA), the iWalk 
BiOM is a commercially available powered ankle-foot prosthesis. The 
stock BiOM control algorithms use equations, not based upon muscle 
theory, to control the ankle torque output. In our research, we have 
developed a muscle model based on the winding filament hypothesis 
(WFH), which adds to the cross bridge theory and can explain the 
phenomena of force enhancement, force depression, and eccentric 
negative work. We developed a neuromuscular model control algorithm 
based on the WFH and incorporated it into the BiOM operating system 
to test whether human-style walking is attainable within a muscle-based 
control algorithm. We measured walking gait characteristics of a PTTA 
wearing a passive prosthesis, the BiOM with the original stock 
controller, and the BiOM with our WFH based controller. Our 
preliminary data indicate that the WFH-based BiOM is capable of 
producing a human-like ankle torque profile during walking that is lost 
in PTTA with a passive prosthesis, similar to the capability of the 
commercial BiOM. We have also identified modifications to our 
controller that we predict will improve walking gait. This will be tested 
in the next evolution of the controller. Our future work will tests on 
uneven terrain, ramps and stairs. We hope that this work will inspire 
bioengineers to create next-generation powered prostheses using control 
algorithms inspired by an understanding of muscle biology. 
 

F11 THE EFFECT OF TGF- RECEPTOR INHIBITION AND EXERCISE ON 
RAT ACHILLES TENDON STRUCTURAL PROPERTIES 
1,2Huynh, R.T., 1,2Volper, B.D., 1Corbell, K.A., 2Hale, T.M., and 1Carroll, C.C. 
1Midwestern University, Glendale, AZ; 2University of Arizona, College of Medicine 
– Phoenix 
Exercise increases collagen synthesis and cross-link formation in tendon. Exercise 
also increases the expression of TGF-β1, which may contribute to the upregulation 
of tendon collagen synthesis during exercise, but this relationship has not been 
established in tendon in vivo. The purpose of this study was to evaluate the effects 
of TGF-β1 receptor inhibition on tendon collagen and cross-linking. Male Wistar 
rats were divided into sedentary (SED, n = 9) or exercised (RUN, n=15) groups. 
Exercised animals completed 4-days of treadmill exercise (60 minutes/days). In 
both groups, the peritendinous space of one Achilles tendon was injected with LY-
364947 (ALK5 inhibitor; INHIB) while the opposite leg was injected with a vehicle 
(SHAM). Injections were given daily after each exercise bout. ERK 
phosphorylation was evaluated with Western blotting. Collagen I and III gene 
expression were evaluated via qRT-PCR. Achilles tendons were also assayed for the 
collagen-specific hydroxyproline and hydroxylyslpyridinoline (HP) cross-linking 
content via HPLC. A longitudinal section of tendon was stained with H&E for 
evaluation of cell numbers. Phosphorylation of ERK increased by 2.5-fold in both 
legs given LY-364947 (p<0.05) but was not influenced by exercise (p>0.05). 
Neither type I nor type III collagen gene expression was affected by TGF-β1 
receptor inhibition or exercise (p>0.05). Collagen content was not altered by either 
exercise or LY-364947 (p>0.05, SED-SHAM: 237±26, SED-INHIB: 225±44, 
RUN-SHAM: 247±29, RUN-INHIB: 238±29 μg collagen/mg dry weight). In 
contrast, HP cross-linking was 3-fold lower in the RUN-INHIB (100±27 mmol 
HP/mol collagen) when compared to the RUN-SHAM (300±54 mmol HP/mol 
collagen) tendon (p<0.05). No effect of inhibitor on HP was noted in the sedentary 
animals. Cell numbers were greater (p<0.05) in the Achilles tendon of exercised 
animals (SED: 7.5 cell/100 m2, RUN: 10.3 cell/100 m2) but were not influenced 
by TGF-β1 receptor inhibition (p>0.05). Our data suggest that neither acute exercise 
nor TGF-β1 receptor inhibition alters collagen gene expression. In contrast, TGF-β1 
appears to be important for regulating Achilles tendon cross-link formation during 
exercise training. 

F12 CONNEXIN 37-MEDIATED GROWTH REGULATION IN 
PRIMARY ENDOTHELIAL CELLS 
Jacobsen NL and Burt JM 
Physiological Sciences GIDP and Department of Physiology, University 
of Arizona, Tucson, AZ 
 
We have previously shown that connexin 37 (Cx37) is growth 
suppressive in vivo, as suggested by increased ischemia-induced 
angiogenesis and collateral vasculogenesis in Cx37-deficient mice 
(Am.J.Physiol. 301: H1872-H1881, 2011). To provide an in vitro system 
for studies of microvascular capillary growth control mediated by Cx37, 
we isolated primary skeletal muscle endothelial cells (ECs) from the 
hindlimb of both wild type (WT) and Cx37-/- mice. Using VE-cadherin 
as the positive selection marker and a live cell sorting strategy, we are 
able to culture primary ECs for 14-21 days before they lose endothelial 
character. Evidence of their endothelial nature was provided by cell 
morphology and the continued expression of VE-cadherin. As expected, 
proliferation of ECs isolated from WT mice was slowed compared to 
ECs originating from Cx37-/- mice. Additionally, there was a 4-day delay 
in the time required to reach confluence in Cx37-deficient compared to 
WT EC cultures. These data provide further indication that Cx37 
regulates growth of ECs, and suggests Cx37 is growth suppressive in 
microvascular ECs. Future studies will provide further insight into the 
mechanisms underlying Cx37-mediated growth suppression in primary 
ECs. Supported by: R01HL058732 and T32HL007249. 



 
F13 GREATER YIELD OF SUBSARCOLEMMAL MITOCHONDRIA FROM 

SKELETAL MUSCLE OF OBESE SUBJECTS WITH NO CHANGE IN 
INTRINSIC MITOCHONDRIAL FUNCTION  
Kras K., Willis W., Tran L., DeFilippis E., Roust L., Katsanos CS., School of Life 
Sciences and Center for Metabolic and Vascular Biology, Arizona State University 
and Mayo Clinic in Arizona, Scottsdale, AZ 85259, USA *Author of 
Correspondence (katon@asu.edu) 
Whether human obesity influences the content and/or functional capacity of skeletal 
muscle mitochondria (MITO) remains unresolved. In this study we obtained 
biopsies of vastus lateralis from lean (n = 7; age = 34.3 ± 4.3 years; % body fat = 
19.4 ± 2.9; mean ± SE) and obese (n = 7; age = 35.3 ± 3.3 years; % body fat = 33.0 
± 2.4; mean ± SE) human subjects and isolated the two subpopulations of 
myocellular MITO: subsarcolemmal (SS) and intermyofibrillar (IMF). IMF MITO 
were liberated using selective protease treatment, and standard differential 
centrifugation procedures were used to pellet both SS and IMF separately. Per gram 
wet tissue, muscle from the obese subjects gave higher MITO protein yield than that 
from the lean subjects in the SS (3.39 ± 0.47 vs. 2.24 ± 0.36 mg/g, P=0.05) but not 
in the IMF (2.07 ± 0.37 vs. 1.54 ± 0.27 mg/g, P=0.27). Isolated yields of citrate 
synthase (CS) activity, a marker for MITO content, in the two MITO 
subpopulations paralleled the pattern of the MITO protein yields between lean and 
obese subjects. Specifically, there was a trend for higher CS activity in the muscle 
of the obese subjects compared to lean subjects in SS MITO (2.14 ± 0.35 vs. 1.37 ± 
0.34 nmol/min/g muscle, P=0.09) but not in IMF MITO (1.62 ± 0.22 vs. 1.29 ± 0.23 
nmol/min/g muscle, P=0.32). Polarographic measurement of maximal ADP-
stimulated (state 3) O2 consumption (JO) and ATP production rates were measured 
with NAD-linked substrates (malate+pyruvate+glutamate). Jo values and ATP 
production rates expressed, either per mg MITO protein or per unit CS activity, 
were not different in obese vs. lean in either SS or IMF MITO subpopulations. The 
similarities in MITO function observed in SS and IMF from both lean and obese 
human muscle suggests similar functional capacity per unit mitochondria, 
regardless of the location within the myocyte (SS or IMF), or whether the MITO 
reside in lean or obese skeletal muscle. However, higher total yield of both protein 
and CS activities in the SS MITO subpopulation from muscle of the obese subjects, 
points to the possibility for greater content of SS MITO in the muscle of obese 
individuals. This conclusion must be qualified by noting that this outcome may 
have resulted from greater fractional yield during the isolation procedure in the 
muscle of the obese subjects. 

F14 Calcium Kinetics of the Cardiac Thin Filament in the Presence of 
cTnT Mutations 
Sarah J. Lehman, Mark T. McConnell, Jayant James Jayasundar, Steve 
D. Schwartz, Jil C. Tardiff 
University of Arizona, Tucson, AZ USA. 
 
Human cardiac troponin T (hcTnT) mutations account for approximately 
15% of Hypertrophic Cardiomyopathy (HCM), a disease characterized 
by diastolic dysfunction and cardiac remodeling.  Within hcTnT are 
numerous mutational hotspots that are associated with HCM including 
Arg92 (R92L, R92W, and R92Q) and Phe110 (F110I, F110L, F110V).  
To further characterize these mutants in the time domain, stopped flow 
kinetics studies were performed on reconstituted thin filaments.  The 
thin filaments contained human cardiac troponin C (hcTnC) labeled with 
IAANS (an environmentally sensitive fluorescent probe) at site 53C, 
hcTnI, mutated hcTnT, actin, and tropomyosin.  Using IAANS as a 
reporter of Ca2+ dissociation from hcTnC, the Ca2+ dissociation rates of 
the mutated thin filaments were determined.  R92L significantly 
decreased the Ca2+ dissociation rate (Koff = 74.5/sec) as compared to 
wild-type hcTnT (Koff= 110.8/sec) and R92Q (Koff= 112.0/sec) while 
R92W significantly increased the Ca2+ dissociation rate (Koff= 342.6).  
These data provide evidence that the Ca2+ dissociation rate of the thin 
filament is altered in the presence of R92L and R92W and these altered 
dissociation rates could be a mechanism by which these two mutations 
progress toward their unique presentation of Hypertrophic 
Cardiomyopathy.  Upon determination of the F110 mutant dissociation 
rates, it will be possible to characterize the role of Ca2+ dissociation in 
the progression of HCM for these hcTnT mutations. 

F15 17-β ESTRADIOL TREATMENT PREVENTS ANGIOTENSIN II-
INDUCED HYPERTENSION IN VCD-TREATED MENOPAUSAL 
FEMALE MICE, INDEPENDENT OF RENAL T LYMPHOCYTE 
INFILTRATION. Pollow DP, Romero-Aleshire J, Goldberg E, 
Nikolich-Zugich J, Brooks HL. University of Arizona, Tucson, AZ. 
T lymphocytes are required for the development of Angiotensin II (Ang 
II) hypertension in male mice. Cycling female mice are protected against 
Ang II hypertension, and inducing ovarian failure (menopause) 
eliminates this protection. We have previously shown that female Rag-1-/- 
mice with adoptively transferred T cells have significantly reduced renal 
T cell infiltration compared to males. Therefore, we hypothesized that an 
increase in renal T cell infiltration underlies the genesis of hypertension 
in menopausal female mice. 10 week old C57Bl/6 female mice received 
ip VCD injections for 20 consecutive days to induce ovarian failure. 
Cyclicity was monitored daily via vaginal cytology. Once in menopause, 
an osmotic minipump was implanted, releasing Ang II (800ng/kg/min) 
for 14 days. In a subset of mice, a 17-β estradiol pellet (0.1mg) was 
implanted subcutaneously. Upon harvest, T cell infiltration was measured 
via flow cytometry. Baseline blood pressure was similar among all 
groups. Ang II infusion elicited a significantly greater increase in MAP in 
menopausal mice compared to cycling control (Ang Δ11±10mmHg vs 
Meno/Ang Δ32±6, p<0.05), which was prevented by 17-β estradiol 
replacement (Meno/Ang/E2 Δ5±2mmHg). Despite elevated MAP, there 
was no significant increase in renal CD3+, CD4+ or CD8+ T lymphocyte 
infiltration in Meno/Ang group vs control. However, 17-β estradiol 
replacement decreased IL-2 renal mRNA expression (0.45±0.13 fold), 
and increased IL-10 expression (2.41±0.73 fold) compared to Ang II-
treated menopausal mice. Ang II induced glomerular hypertrophy in all 
groups, independent of hormonal status (Control 2156±54µm2 vs. Ang 
3970±383*µm2 vs. Meno/Ang 3729±51*µm2 vs. Meno/E2/Ang 
3505±71*µm2, *p<0.05 vs. control). These results demonstrate that the 
enhanced hypertensive response to Ang II in VCD-treated menopausal 
mice results from the loss of estrogen function, and does not require an 
increase in renal T lymphocyte infiltration. Ang II-induced glomerular 
hypertrophy occurs independently of blood pressure or hormonal status. 
The VCD model of ovarian failure is a useful model for investigating the 
underlying mechanisms of estrogen’s role in blood pressure regulation. 

F16 PALMITATE INCREASES CYCLOOXYGENASE-2 IN 
PRIMARY HUMAN BRAIN VASCULAR SMOOTH MUSCLE 
CELLS.   
Raman P, Techapinyawat R, and Gonzales R. Department of Basic 
Medical Sciences, University of Arizona College of Medicine, Phoenix, 
AZ 
Epidemiological studies have demonstrated that obesity can lead to the 
development of insulin-resistance, hyperglycemia, diabetes, 
hypertension and atherosclerosis. All are major risk factors that can 
negatively impact cerebrovascular health and function. One possible 
cause of obesity is poor diet and nutrition, including the consumption of 
diets with an excess of saturated fatty acids. Since vascular 
inflammation is a key etiological factor in cardio- and cerebrovascular 
disease, we explored the effect of the saturated fatty acid, palmitic acid, 
on levels of cyclooxygenase-2 (COX-2), a pro-inflammatory enzyme 
expressed in the vasculature during pathophysiological conditions.  
Methods: Primary male human brain vascular smooth muscle cells 
(VSMCs; Cell Systems) were grown in smooth muscle growth medium 
containing 5% FBS to passage 7. When cells reached 80% confluency 
they were treated with vehicle (5% BSA, 0.1% Ethanol) or palmitate 
(anionic salt form of palmitic acid) for a duration of 12 hours.  Western 
analysis was used to assess the effect of palmitate on COX-2 levels and 
light microscopy was used to assess cell density and morphology.  
Results:  Two distinct bands for COX-2 were detected in brain VSMC 
following palmitate treatment which correspond to the 72 kDa and 74 
kDa COX-2 glycoforms reported in the literature. The assessment of 
palmitate (10, 50 and 100 µM) on COX-2 levels resulted in a dose-
dependent increase in total COX-2 protein level with a significant 
increase in the 74 kDa form. Similar to brain VSMC, in aortic VSMC 
derived from a separate male donor (Lonza Clonetics), COX-2 protein 
levels were also elevated following palmitate treatment (100µM). Light 
microscopy showed that palmitate treatment increased brain VSMC 
density as well as altered cell morphology and these effects were 
reversed in the presence of selective COX-2 inhibition with NS-398.  In 
conclusion, this study suggests that saturated fatty acids such as palmitic 
acid may contribute to the development of cerebrovascular disease in 
part by regulating the expression of a pro-inflammatory mediators like 
COX-2 which in turn may impact VSMC structure and function.  This 
work is funded by the generous support from the Sarver Heart Center 
(RJG). 



 
F17 Downregulation of the vascular insulin signaling pathway may 

contribute to hyperglycemia following high fat intake 
Ricklefs Ka, Simperova Ab, Sweazea KLa, 
aSchool of Nutrition and Health Promotion, bSchool of Life Sciences,  
Arizona State University, Phoenix, AZ 
The incidence of type 2 diabetes (T2D) worldwide has increased 
markedly and constitutes one of the major threats to global health. Insulin 
resistance is a major factor in the pathogenesis of T2D. High fat diets 
(HFD) are associated with accumulating adiposity as well as the 
development of mild hyperglycemia, insulin resistance, and impaired 
vasodilation, all major risk factors for T2D and cardiovascular disease. 
While insulin sensitivity has been studied extensively in skeletal muscle, 
the potential impacts of HFD and impaired insulin signaling in the 
vasculature is less known. Additionally, HFD impaired insulin-mediated 
vasodilation may contribute to decreased blood flow further attenuating 
glucose uptake and metabolism. The purpose of this study was to explore 
the effects of a HFD on the insulin-mediated vasodilatory pathway (i.e., 
IRS-1, PI3K, Akt, and eNOS) in isolated aortas from adult male Sprague-
Dawley rats fed a HFD (60% fat) for 6 weeks versus standard chow-fed 
controls. Western blot analyses indicate that protein expression of IRS-1, 
p-PI3K(p85), Akt, and p-Akt(t308) were not significantly affected by 
HFD. In contrast, p-IRS-1 and p-Akt(s473) expression were modestly but 
not significantly (p=0.089 each) decreased. The ratio of p-AKT (t308) to 
total AKT as well as the expression of p-PI3K(p55) were significantly 
diminished (p=0.032 and p=0.045, respectively) in HFD aortas compared 
to chow-fed controls. These results suggest that endothelial dysfunction 
and hyperglycemia observed in rats fed a HFD may be attributed in part 
to reduced expression of insulin signaling pathway intermediates 
resulting in reduced blood flow and glucose delivery. 

F18 The Effect of Unstirred Water Layers on the Kinetics of MPP and 
Metformin Uptake  - A Mathematical Simulation                                                                                                                       
Philip J. Sandoval and Stephen H. Wright, Department of Physiology, 
University of Arizona, Tucson AZ  
Organic cations (OCs) are organic compounds that carry a positive 
charge at physiological pH. OCs are commonly ingested in the form of 
prescription drugs. The clearance of OCs in the kidney is mediated by 
the OC transporters OCT2 and MATE1. The hallmark of these 
transporters is that they interact with a variety of structurally dissimilar 
OCs. As a result of this broad range of compound selectivity there is a 
potential risk for drug-drug interactions to occur in patients taking two 
or more prescription drugs. Studying the kinetics of substrate transport 
in cultured cells expressing OCT2 or MATE1 has been used as a means 
for predicting potential drug-drug interactions. However, under these 
experimental conditions determining the accuracy of these kinetic 
parameters can be complicated by unstirred water layers (UWLs). In 
order to determine the effect of UWL on the kinetics of uptake we used 
a computer model (Matlab) of a simple carrier. In this model we tested 
the uptake of metformin and MPP in the presence and absence of 
UWLs. Assuming a competitive interaction between MPP and 
Metformin we also investigated how UWLs would affect their 
competitive kinetic profile. The addition of UWLs resulted in a decrease 
in the apparent affinity the transporter has for substrate. Additionally, in 
the absence of UWLs MPP and Metformin demonstrated a perfect 
competitive kinetic profile which was modified with the introduction of 
an UWL. The mechanistic profile of these modified kinetic parameters 
is consistent with mixed type inhibition instead of purely competitive 
inhibition. These results demonstrate how UWLs can influence the 
accuracy of kinetic values and our understanding of mechanisms of 
substrate binding.  
PJS is funded National Institute of Health Grant 5T32HL07249 

F19 The Effects of Ischemia on Human Islets in Vitro and Implications 
for Islet Transplantation 
Smith K, Weber C, Min C, Assimacopoulos A, Lynch R, Papas K 
Islets of Langerhans comprise the endocrine pancreas and contain 
multiple cell types which are critical for blood glucose homeostasis. Type 
1 Diabetes (T1D) is an autoimmune disorder affecting pancreatic islets 
and is specifically characterized by the progressive loss of islet β – cells. 
β-cells play a major role in blood glucose sensing and insulin secretion. 
Transplantation of pancreatic Islets of Langerhans to replace lost β - cells 
is a promising and minimally invasive therapeutic option for T1D. Islet 
transplantation avoids the risks of alternative treatments, such as the 
severe hypoglycemic events that can occur with insulin supplementation 
and the complications of major surgical interventions that accompany 
whole pancreas transplantation. However, isolating and transplanting 
islets is logistically problematic since they are highly sensitive to 
ischemic stress. In order to investigate how this stress impacts pancreatic 
islets, human islets were subjected to normoxic or ischemic (“pelletized”) 
culture for a 12 hour period at 37°C. After this time period, the ischemia-
stressed islets were returned to normoxic culture, and islet viability, 
measured using oxygen consumption rate (OCR) normalized to DNA, 
and function, measured with a perifusion system, were then evaluated. 
For human islets subjected to pelletized culture at 37°C (n=7), a 
substantial loss in viability of over 70% as compared to controls was 
observed. Glucose stimulated insulin secretion was also severely 
impaired with pelletized culture at 37°C (n=2). Additionally, when 
pelletized islets cultured at 37°C were then returned to normoxic 
conditions for 48 hours and re-evaluated (n=2), they did not appear to 
recover. These data demonstrate the severe and lasting consequences of 
hypoxic stress for pancreatic islets, and underline that interventions such 
as externally supplied oxygen will be necessary in order to make islet 
transplantation an effective therapy for T1D patients.  

F20 Metabolic cost of transport with a biologically-inspired control 
algorithm for an active prosthetic device. 
Tahir U, Petak JL, Tester J, Nishikawa KC. Northern Arizona 
University. Flagstaff, AZ 
Prosthetic devices are commonly used by persons with an amputation 
(PWA).  While these devices provide freedom, they lack many of the 
physiological properties of the limbs that they were designed to replace. 
Many commercially available ankle-foot prostheses utilize lightweight, 
passive structures that provide appropriate elasticity for use in the stance 
phase of walking, permitting some energy storage during stance, and 
subsequent energy release during swing, much like the Achilles tendon 
in the intact human. The iWalk BiOM is a powered prosthetic device 
that utilizes a motor, assisting the user throughout the gait cycle. The 
BiOM control algorithms, however, are designed specifically for level-
ground walking. Consequently the device was not developed to emulate 
a number of properties of muscle physiology, such as force enhancement 
with stretch and force depression with shortening. In this study we 
utilize the BiOM as a research platform in order to test a novel Winding 
Filament Model (WFM) of muscle contraction which captures the 
history-dependent behaviors of muscles. In the present study we 
measured the cost of transport of 3 PWAs utilizing their own passive 
prosthesis, the BiOM stock controls, as well as a biologically-inspired 
WFM-based control system. Our preliminary data indicates that, 
compared to walking with a passive prosthesis, the commercially 
available BiOM decreased the cost of transport for the subject. Future 
testing is planned to collect data from the BiOM with the WFM-based 
control. Future work will also include testing the WFM controller’s 
adaptation to uneven terrain, stairs and ramps. 



 
F21 THE INFLUENCE OF HYPERGLYCEMIA ON THE 

MECHANICAL AND STRUCTURAL PROPERTIES OF RAT 
TENDON IN VIVO. 
1,4Volper, B.D., 1,4Huynh, R.T., 1Corbell, K.A., 2Howden, R., 
3Magnusson, S.P., 1Broderick, T.L., 4Hale, T.M., and 1Carroll, C.C. 
1Department of Physiology, Midwestern University, Glendale, AZ; 
2Department of Kinesiology, University of North Carolina at Charlotte; 
3Faculty of Health & Medical Sciences, University of Copenhagen, 
Musculoskeletal Rehabilitation Research Unit & Institute of Sports 
Medicine Copenhagen, Bispebjerg Hospital, Denmark; 4Department of 
Basic Medical Sciences, University of Arizona, College of Medicine – 
Phoenix 
Diabetes is a major risk factor for tendon problems. The effects of 
chronic hyperglycemia on the mechanical, structural, and cellular 
properties of tendon have, however, not been well defined in vivo. To 
evaluate the effect of hyperglycemia on tendon, male Sprague Dawley 
rats were divided into four groups: control, chronic diabetic, acute 
diabetic, and insulin treated diabetic. All animals were maintained for ten 
weeks. Diabetes was induced by a single injection of streptozotocin. 
Streptozotocin injections were given to the acute group during the ninth 
week of the study. The mechanical properties, e.g. stiffness, of the 
Achilles tendon were evaluated by pulling the tendon to failure. Fibril 
organization and cell numbers were evaluated by staining tendon 
longitudinal sections with Hematoxylin and Eosin. Collagen content and 
hydroxylysyl pyridinoline (HP) cross-linking of the patellar tendon were 
evaluated by high performance liquid chromatography. Achilles tendon 
mechanical properties were similar across all groups. Cell numbers were 
33% greater in chronic diabetic tendons when compared to tendons from 
control animals (p<0.05). Tendon cell numbers were similar to controls 
in insulin treated animals (p>0.05). In the patellar tendon, collagen 
content was ~32% greater in in the chronic and acute diabetic groups 
when compared to tendons from control or insulin treated animals 
(p<0.05). Diabetes or insulin treatment did not alter the patellar tendon 
HP cross-linking content when normalized to collagen (p>0.05). Our 
findings suggest hyperglycemia has an immediate affect on collagen 
accumulation while cell counts are only increased with chronic diabetes. 
Insulin treatment seems to minimize the affects of hyperglycemia on 
tendon properties. 
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S1 EXPRESSION OF GLUCONEOGENIC ENZYMES AND 11β-HSD 

TYPE 1 IN LIVER OF DIABETIC MICE AFTER EXERCISE. 
Brust K, Corbell K, Al-Nakkash L, Carroll CC, Broderick TL. 
Department of Physiology and College of Health Sciences, Midwestern 
University, Glendale, AZ 
During acute exercise, normoglycemia is maintained by a precise match 
between hepatic glucose production and its peripheral utilization. This is 
met by a complex interplay of hepatic responses and glucose uptake by 
muscle. However, the effect of a single bout of exercise on hepatic 
gluconeogenesis, corticosterone (CORT) secretion, and glucose 
homeostasis in the db/db mouse model of type 2 diabetes is poorly 
understood. Diabetic db/db and lean control littermates were subjected to 
a 30-minute session of treadmill running and sacrificed either 
immediately after exercise or 8-h later. Plasma glucose levels were 
markedly increased in db/db mice after exercise, whereas no change in 
glucose was observed in lean mice. Post-exercise measurements revealed 
that plasma CORT levels were also significantly increased in db/db mice 
compared to lean mice. Plasma hypothalamic corticotropin releasing 
hormone (CRH) and pituitary adrenocorticotropic hormone (ACTH) 
levels were reciprocally decreased in both db/db and lean mice after 
exercise, indicating intact feedback mechanisms. Protein expression, 
determined by western blot analysis, of the glucocorticoid receptor (GR) 
in liver was significantly increased in db/db mice subjected to prior 
exercise. In liver of db/db mice, a significant increase in the expression of 
phosphoenolpyruvate carboxykinase (PEPCK) was noted compared to 
lean mice after exercise. However, no change in the expression of 
glucose-6-phosphatase (G6Pase α or β) was observed in db/db mice. 
Expression of 11β-hydroxysteroid dehydrogenase type 1 (11β-HSD1) was 
increased significantly in db/db mice compared to lean mice after 
exercise. Our results show differences in plasma glucose and protein 
expression of gluconeogenic enyzmes after acute exercise between lean 
and diabetic db/db mice. The db/db diabetic mouse is hyperglycemic after 
acute exercise. This hyperglycemic state may be explained, in part, by 
enhanced endogenous CORT secretion and regulated hepatic PEPCK and 
11β-HSD1 protein expression.  

S2 INFLUENCE OF RESISTANCE EXERCISE ON HUMAN ACHILLES 
TENDON RELEASE OF MATRIX METALLOPROTEINASES AND 
GROWTH FACTORS 
Corbell, K.A., Katsma, M.S., Cauthon, D.J., and Carroll, C.C. 
Department of Physiology, AZCOM, Midwestern University, Glendale, AZ 
Tendon responds to exercise by increasing collagen synthesis and 
extracellular matrix (ECM) remodeling. ECM remodeling relies on a balance 
between the production of matrix degrading metalloproteinases (MMP) and 
tissue inhibitors of MMPs (TIMP). IL-6 and IGF-I are implicated as growth 
factors, which stimulate tendon collagen synthesis. The influence of resistance 
exercise on these contributors to tendon ECM remodeling has yet to be 
evaluated. The purpose of this study was to evaluate the effect of calf-press 
resistance exercise on Achilles tendon production of MMP-9, MMP-2, TIMP-
1, IGF-1, and IL-6. Male subjects (n=8, 271 y) performed a single bout of 
calf press exercise (8 sets of 15 repetitions at 70% of 15-rep maximum). A 
microdialysis fiber was inserted into the space adjacent to the Achilles tendon 
immediately after the exercise bout. A control experiment was completed 
without exercise ~2-weeks prior to the exercise testing session. MMP-9, 
MMP-2, and TIMP-1 were evaluated at 2 and 5 hours post-exercise while 
IGF-1 and IL-6 were evaluated 3 and 4 hours post-exercise. All post-exercise 
values were compared to the control microdialysis experiment. IGF-I was 
45% greater (p<0.05) than the control experiment at 3-hours post-exercise but 
had returned to baseline by 4-hours. IL-6 was increased 8-fold at 3-hours post-
exercise (p<0.05) but was not significantly elevated above baseline at 4-hours 
post-exercise. MMP-9 was ~250% greater (p<0.05) at both 2 and 5 hours 
post-exercise when compared with the control experiment. MMP-2 was also 
elevated (~100-120%) post-exercise at both 2 and 5 hours (p<0.05). TIMP-1 
also increased with exercise (340%) but only at the 5-hour (p<0.05) time 
point. Our findings indicated that resistance exercise is a potent stimulus for 
the production of several enzymes and growth factors that are important for 
tendon ECM remodeling. Resistance exercise results in a large but transient 
increase in tendon production of collagen synthesis stimulating growth factors 
IL-6 and IGF-1. The increase in MMPs and TIMP-1 appear to be more 
prolonged. The increased production of the compounds may contribute to the 
chronic changes in tendon mechanical and structural properties that have been 
previously observed. 

S3 An assessment of the effect of genistein diet on contractility, motility and 
morphology in lean and ob/ob mice 
Lana Leung, Sydney Schacht, Robert Dolan, Ashesh Bhakta, Zhenyu Li, Amy 
Anderson, Wade Grow, Kelly Ezell, and Layla Al-Nakkash 
Midwestern University, 19555 N. 59th Ave, Glendale, AZ. 85308  
 
The goal of this study was to characterize intestinal function with respect to 
contractility, motility and morphology to better understand the intestinal 
dysfunction (delayed gastrointestinal transit) seen in the ob/ob clinically 
relevant mouse model of diabetes and obesity. We examined the effects of a 4-
week genistein-containing diet (600 mg genistein/kg food, 600G) with 
comparisons made to lean mice. Contractility (tension) of freshly isolated 
segments of jejunum in response to incrementally increased concentrations of 
KCl was assessed. In lean females, genistein-diet significantly reduced the 
maximal tension generated from 0.77±0.07 g (n=8, P<0.05) to 0.58±0.07 g 
(n=10). This was not associated with changes in jejunum total smooth muscle 
wall thickness, inner circular smooth muscle depth, nor, outer longitudinal 
smooth muscle depth (as determined from measures of H&E stained sections). 
However, there was a trend for 600G-mediated decreases in each. 
Interestingly, there was no effect of genistein on the tension generated in ob/ob 
females. Since the enteric nervous system (the myenteric plexus and the 
submucosal plexus) plays an important role in the control of local 
gastrointestinal functions (i.e. contraction and relaxation of smooth muscle), 
we are visualizing clusters of acetylcholine receptors, AChR, in the jejunum 
wall, by using  fluorescence microscopy to determine binding of α-
bungarotoxin conjugated to tetramethyl-rhodamine to AChR’s. Data thus far, 
indicates a trend for decreased numbers of AChR in 600G fed lean females and 
males. We will determine whether there are changes in the number of events 
(contractions) per second in freshly isolated segments of jejunum. These data 
suggest that the decreased contractility/tension in 600G fed lean female mice is 
associated with (1) no change in the structure of the jejunum wall, (2) 
decreased AChR’s, Whether there is decreased contraction events occurring  
per unit time, and decreased expression of key proteins involved in smooth 
muscle contraction remains to be seen. Our study will determine whether ob/ob 
jejunum contractility, motility, and morphology are dysfunctional compared to 
leans, and whether there are sex-dependent differences. Work supported by 
DAREF and MWU ORSP (LA). 

S4 IMPACT OF ANGIOTENSIN II ON SEX STEROID RECEPTORS 
IN HUMAN AORTIC SMOOTH MUSCLE CELLS 
L Madhavpeddi, T Hale, and R Gonzales. Department of Basic Medical 
Sciences, University of Arizona College of Medicine, Phoenix, AZ 
Sex steroids influence angiotensin II (AngII)-induced vascular 
remodeling in vivo and vascular smooth muscle (VSM) cell proliferation 
in vitro; however, the action and balance of local sex steroid metabolism 
in these processes is not well understood. Moreover, AngII has been 
shown to modulate sex steroid metabolism and action. For example, we 
previously demonstrated that AngII increased the levels of aromatase, the 
enzyme that catalyzes the conversion of testosterone to 17β-estradiol, in 
human primary male coronary VSM cells. In addition, we have 
demonstrated that AngII alters gene expression for estrogen receptors α 
(ERα) and β (ERβ) in rat male cardiac fibroblasts.  In the present study, 
we investigated the impact of AngII on sex steroid receptor and 
aromatase expression in aortic VSM, a known cell type that is highly 
susceptible to proliferation and remodeling during pathophysiological 
conditions. Methods: Human primary male aortic VSM cells (Lonza 
Clonetics) were cultured in smooth muscle growth medium containing 
5% FBS, and treated at passage 6 in 0.1% charcoal-stripped FBS with 
AngII (100 M; 18 hr) or vehicle (24h). Quantitative PCR was applied 
to assess receptor/enzyme expression and verify male origin.  Results: 
Aortic VSM cells were SRY positive and expressed alpha smooth muscle 
actin.  In terms of receptor expression, aortic VSM cells expressed ERα 
and ERβ.  AngII treatment resulted a 4-fold increase in mRNA 
expression of ERα, but had no impact on ERβ.  Although aortic VSM 
cells expressed aromatase, AngII treatment did not influence its 
expression. Taken together with our previous results, these findings 
suggest that AngII alters sex steroid metabolizing enzymes and receptors 
in a tissue-specific manner.  However, future studies will investigate the 
functional consequence of these effects and lead to a greater 
understanding of the local regulation of sex steroid production and action 
under pathophysiological conditions.  Supported by AHA Beginning 
Grant in Aid (TH). 



 
S5 SOMATOSENSORY FEEDBACK IN RAT VOCAL MOTOR 

CONTROL. 
Riede T, Midwestern University, Glendale, AZ 
Feedback mechanisms are critical for songbirds and humans in order to 
develop and maintain normal singing behavior or speech. Vocal patterns in 
nonhuman mammals are assumed to be hardwired and non-flexible, however, 
the identification of unique and ubiquitous mechanisms in motor control is the 
first step toward establishing a model system. Rat ultrasonic vocalization 
demonstrates features of a sequential modular behavior. Modularity and 
flexible laryngeal-respiratory coordination are also important characteristics 
of vocal motor control in human speech and could therefore be studied in a 
rodent model. Recording underlying movements of vocal production in awake 
and spontaneously behaving male Sprague Dawley rats interacting with a 
female, I tested whether the underlying movements of ultrasonic calls can be 
modulated in real time using small pressure pertubations in the trachea. 
Movements were quantified by laryngeal muscle EMG activity and subglottal 
pressure changes. This is the first time that comprehensive peripheral recording 
was maintained while the animal is engaged in mating/courtship behavior and 
producing more complex vocal behavior. When subglottal pressure was 
suddenly increased by injection of a very small amount of compressed air into 
the trachea, vocalization can be interrupted prematurely terminating 
vocalization. In contrast, call duration increased, sometimes dramatically, 
when subglottal pressure increased slowly and continuously, but only slightly 
above baseline for a long time. The call elongating effect is probably facilitated 
via lung stretch receptors, whereby lung inflation causes inspiratory 
termination and expiratory prolongation. Surprisingly, not only was the 
expiratory phase elongated, but the association between laryngeal vocal motor 
pattern and respiration was maintained almost like during normal ultrasound 
vocalization. Lung pressure and electromyogram traces indicated that motor 
patterns of the respiratory system and the vocal organ remain synchronized 
during the perturbation. Vocal patterns in nonhuman mammals are assumed to 
be driven by call-type specific central pattern generators (CPG). Results allow 
a better characterization of these CPGs. Furthermore, instantaneous feedback 
control maintaining laryngeal-respiratory coordination may prove to be a basal 
mammalian characteristic of vocal motor control. 

S6 TRPV4 CHANNELS ENABLE LENS EPITHELIUM TO SENSE 
AND RESPOND TO REMOTE STIMULI IN THE FIBER MASS 
Shahidullah M, Mandal A and Delamere NA 
Department of Physiology, University of Arizona, 1501 N Campbell 
Avenue, Tucson, AZ, 85724, USA 
Lens fiber cells have little or no Na,K-ATPase activity. Ion and water 
homeostasis of the entire structure is made possible by Na,K-ATPase 
activity in a single layer of epithelial cells at the anterior lens surface.  
The lens epithelium expresses TRPV4 and hyposmotic swelling of lens is 
known to evoke a TRPV4-mediated connexin and pannexin 
hemichannels opening, ATP release and Na,K-ATPase activity increase 
in the epithelium. Here we examine whether localized damage to a 
remote area of the posterior fiber mass can activate TRPV4 channel in 
the lens epithelium at the anterior surface, effectively making the Na,K-
ATPase mechanosensitive. 
The posterior pole of intact pig lenses was damaged either by a 2.5 mm 
freeze-thaw wound or by injecting 5 µl of hyperosmotic saline just 
beneath the surface.  After 2-30 min the epithelium was removed from 
the lens and assayed for Na,K-ATPase activity, Src family tyrosine 
kinase (SFK) activation, or propidium iodide (PI) (Mol. Wt. 680) uptake.  
PI was measured as an index of hemichannel opening.  
Localized damage to lens fibers at posterior pole caused a significant 
increase in PI uptake by the epithelium at the lens anterior surface. A 
significant increase of SFK phosphorylation and an increase of Na,K-
ATPase activity occurred within minutes. The changes in SFK 
phosphorylation and Na,K-ATPase activity were suppressed by a TRPV4 
antagonist, HC067947. The damage-induced increase in Na,K-ATPase 
activity in the epithelium was prevented by a SFK inhibitor, PP2.  
Taken together, the data indicate that TRPV4 located on the anterior 
lens epithelium can sense an insult in the fiber mass in a remote area at 
the posterior of the lens. Activation of TRPV4 responds to the remote 
insult by opening hemichannels which likely release a signaling 
molecule, ATP, that activates purine receptors that, in turn, increasing 
Na,K-ATPase activity. This chain of events effectively makes Na,K-ATPase 
mechanosensitive.Funding: NIH Grant EY009532 

S7 PTEN/AKT1 CONTRIBUTES TO THE DEVELOPMENT 
OF PULMONARY HYPERTENSION 
Haiyang Tang1, Jiwang Chen2, Dustin R. Fraidenburg2, 
Shanshan Song1, Joe G.N. Garcia1, Roberto F. Machado2, Ayako 
Makino3, Jason X.-J. Yuan1, 2, 3 
1Department of Medicine; 3Department of Physiology, University 
of Arizona, Tucson, AZ 85721 
2Section of Pulmonary, Critical Care Medicine, Sleep and 
Allergy, Department of Medicine, University of Illinois, Chicago, 
IL 60612 
Pulmonary arterial hypertension (PAH) is a severe, progressive 
disease that results in increased pulmonary vascular resistance 
(PVR). The aim of this study is to examine whether activation of 
PI3K-Akt-mTOR signaling in pulmonary arterial smooth muscle 
cells (PASMCs) is involved in the pathogenesis of PAH. Akt1-/-, 
Akt2-/-, PTEN transgenic mice, and mTOR conditional knockout 
mice were used in hypoxia-mediated Pulmonary Hypertension 
(PH) model. Akt1 KO mice, not Akt2 KO mice, had significantly 
lower RVSP, RV/LV+S ratios, and displayed less pulmonary 
vascular remodeling when exposed to hypoxia compared to their 
WT mice. Conditional deletion of mTOR in smooth muscle cells 
was found to prevent hypoxia-induced PH and vascular 
remodeling. PTEN transgenic mice were also found to attenuate 
the rise in RVSP and the development of RV hypertrophy in 
hypoxia-induced PH. The PI3K-Akt1-mTOR pathway is a central 
process controlling cell proliferation in PASMC and plays an 
important role in pulmonary vascular remodeling associated with 
pulmonary hypertension. 
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S8 CALCIUM ENTRY VIA CONNEXIN HEMICHANNELS IN LENS 

EPITHELIUM 
Mandal A, Shahidullah M,  and  Delamere NA  
Dept. of Physiology, University of Arizona, 1501 N Campbell Avenue, 
Tucson, AZ, 85724, USA 
Exposure to hyposmotic solution causes release of ATP from lens cells 
via hemichannels.  Because hemichannel opening feasibly could swamp 
the cells with calcium, we carried out studies to measure the magnitude 
of the increase in cytoplasmic calcium concentration caused by 
hemichannel opening.    
In studies on porcine lens epithelial cells in primary culture, propidium 
iodide (PI) uptake was measured as an index of hemichannel opening 
Cytoplasmic calcium was measured by fluorescence ratiometry imaging 
in Fura 2-loaded cells. Proteins were detected by western blot analysis.   
PI uptake was increased significantly in cells exposed to hyposmotic 
solution.  The PI increase under hyposmotic conditions was suppressed 
by GAP 27, a connexin inhibitor peptide.  In studies on cells loaded with 
Fura-2, continuous exposure to hyposmotic solution caused a 
cytoplasmic calcium concentration increase that peaked within ~30 sec 
then remained elevated at or below peak response for more than 60 min.  
The magnitude of peak calcium increase was only ~180 nM from a 
baseline value of ~90 nM. The cytoplasmic calcium increase in 
hyposmotic solution was abolished by GAP 27.  Calcium returned to 
baseline in cells exposed to hyposmotic solution then treated with GAP 
27 starting 2 min after the onset of the calcium rise.  The calcium 
increase in hyposmotic solution did not occur when calcium was 
eliminated from the bathing medium.  The responses to hyposmotic and 
hyperosmotic stress were different. There was no detectable increase in 
calcium or PI entry in cells exposed to hyperosmotic solution (500 
mOsm).   
In summary, GAP 27-sensitive accumulation of PI by cultured lens 
epithelium points to connexin hemichannel opening in cells subjected to 
hyposmotic stress.  However, the magnitude of calcium entry does not 
increase the cytoplasmic calcium concentration beyond a tolerable 
physiological range.  Funding: NIH Grant EY009532 

S9 ALTERNATIVE CHANNELS FOR UREA IN THE RAT THIN 
LIMBS OF HENLE                                      

 M. Nawata, W. Dantzler, and T. Pannabecker, University of Arizona, 
Tucson, AZ 

To investigate why some segments of the rat thin limbs of Henle have 
high urea permeability but appear to lack urea channels, we functionally 
tested the urea transport capability of several novel membrane 
transporters identified in the rat thin limbs.  cDNAs encoding for 
SGLT1a, UT-A2c, UT-A2d, and Naglt1 were isolated and cloned from 
the Munich-Wistar rat inner medulla and [14C] urea uptake assays were 
performed on Xenopus oocytes heterologously expressing these proteins.  
SGLT1a is a novel truncated variant of SGLT1 with 10 rather than 14 
predicted transmembrane domains.  SGLT1 is a sodium-glucose 
cotransporter that has been shown by earlier investigators to transport 
urea.  UT-A2c and UT-A2d are novel variants of the urea transporter, 
UT-A2. While the full-length UT-A2 is predicted to have 10 
transmembrane domains, UT-A2c has 6 and UT-A2d has 8 predicted 
transmembrane regions.  Naglt1 is a sodium-dependent glucose 
transporter primarily located in the proximal tubules and not previously 
described in the thin limbs.  We show that despite having structural 
differences from their full-length versions, the Sglt1a, UT-A2c and UT-
A2d variants retained some urea transport capacity.  Naglt1 also 
facilitated urea uptake which was inhibitable by phloretin (0.7 mM) and 
phloridzin (50 M).  The ability of these transporters to conduct urea 
may account for the high urea permeability in the lower sections of the 
descending and ascending thin limbs where urea channels have not been 
found. 

 

S10 INTRANASAL OXYTOCIN MODULATES ATTENTION TO 
SOCIAL STIMULI IN RHESUS MACAQUES 
J.A. Solyst1,2,3, E.A. Buffalo1,2,4 
1Physiol. and Biophysics, Univ. of Washington, Seattle, WA, USA 
2Washington Natl. Primate Res. Ctr., Univ. of Washington, Seattle, WA, 
USA, 3Physiol., Univ. of Arizona, Tucson, AZ, USA, 4Center for 
Translational Social Neuroscience, Atlanta, GA, USA 
Intranasal administration of the hormone oxytocin (OT) to individuals 
with autism increases the time spent viewing faces in social scenes, 
addressing a critical impairment that emerges early in life and 
significantly impacts social development. It is unclear whether OT has 
similar effects in rhesus monkeys, an important model for understanding 
the neural mechanisms of OT’s effects on social behavior. To address 
this question, three adult male rhesus macaques freely viewed social 
scenes composed of initially novel objects and unfamiliar rhesus 
monkeys while their point of gaze was monitored with an infrared eye 
tracker. In alternating sessions, either saline or 48 IU of OT was 
administered intranasally through a pediatric nebulizer 40 minutes prior 
to scene presentation. In each of twelve behavioral sessions, the monkey 
viewed a set of 90 images (540 unique scenes) with each image presented 
twice in a session. Although prolonged eye contact with an unfamiliar 
monkey is a threatening gesture, upon first fixation of a face, subjects 
treated with OT held their gaze longer. Treatment with OT also increased 
the time spent viewing monkeys in the scenes, and this effect was 
strongest for infants and juveniles and faces with direct gaze. 
Importantly, these effects were not related to image salience in terms of 
low-level image features like contrast and brightness. These data support 
previous research in humans showing that OT promotes attention to 
social stimuli, possibly by reducing the social anxiety typically exhibited 
by rhesus macaques when faced with unfamiliar monkeys. Future studies 
will examine whether OT alters the cardiovascular responses elicited by 
eye contact, and how neurons in the amygdala tuned to detect eye contact 
respond after treatment with OT.  

S11 PLATEAU PHASE OF INTRACELLULAR Ca2+ INCREASE INDUCED 
BY ATP INCREASES BCL2/BAX RATIO IN LUNG CANCER CELLS 
Song SS1, Reddy SP2, Makino A1, and Yuan JX*1 
1Department of Medicine and Physiology, College of Medicine, University of 
Arizona College of Medicine, Tucson, AZ 85721; 2Departments of Pediatrics, 
University of Illinois at Chicago, Chicago, IL 60612. 
Adenosine triphosphate (ATP) which acts as an ubiquitous extracellular 
messenger is in much higher concentration in tumor microenvironment. It 
regulates cell functions through acting on P2X/P2Y receptor to activate a series of 
intracellular signal pathways, in which Ca2+ plays an indispensable role. In this 
study, we showed that ATP induced much longer term of plateau phase of 
intracellular Ca2+ ([Ca2+]cyt) increase in A549 and H23 lung cancer cells than in 
control of airway epithelial cell (AEC) which exhibited only transient phase of 
[Ca2+]cyt increase. Whereas ATP caused only transient [Ca2+]cyt increase in both 
of control and cancer cells when depriving extracellular Ca2+. Cylcopiazonic acid 
(CPA)-induced store operated Ca2+ entry (SOCE) was not enhanced in 
cancer cells compared with control cells. ATP itself could induce small 
amplitude of SOCE as well as extra Ca2+ influx on the basis of CPA-induced 
SOCE, which indicates that ATP activated other ion channels besides 
storeoperated channels. We found that P2X3, P2X4 and P2X5 receptors that are 
considered as ionotropic receptor expressed higher level in cancer cells as well as 
metabotropic receptors P2Y2, P2Y4 and P2Y6 than in control cells. UTP, a P2Y 
receptor agonist, induced transient intracellular Ca2+ increase without obvious 
Ca2+ influx in control and cancer cells. Treating cells with a,b-meATP and D-b,g-
meATP, two drugs used as P2X receptor agonists, caused small and 
slow intracellular Ca2+ increase in cancer cells. Phospholipase C (PLC) 
inhibitor U73122 blocked transient [Ca2+]cyt increase induced by ATP, 
however, TNP-ATP, a P2X receptor inhibitor, almost attenuated [Ca2+]cyt plateau 
increase phase that followed [Ca2+]cyt transient increase phase. We also found 
that ATP increased bcl2/bax ratio substantially in different time points during 24 
hours treatment and maintained cell high viability in cancer cells. BAPTA-AM, a 
membrane permeable Ca2+ chelator, decreased ATP induced enhanced bcl2/bax 
ratio and attenuated the protective effect of ATP from apoptosis in cancer cells. 
Applying U73122 had no effect on enhanced bcl2/bax ratio and high cell viability 
caused by ATP, however, using TNP-ATP or moving extracellular Ca2+ decreased 
increased bcl2/bax ratio and cell viability 
induced by ATP in cancer cells. These observations support a role for ATP in lung 
cancer, and one potential mechanism of maintaining anti-apoptosis or high cell 
viability is through the enhanced bcl2/bax ratio modulated by long term calcium 
signaling caused by ATP stimulation on overexpressed P2X receptors. 



 
 UNDERGRADUATES 
S12 Enhanced function and viability of islets supplemented with oxygen 

within an implantable bioartificial pancreas device 
Steyn, L.V., Davis, M., Kitzmann, J., Smith, K., Purvis, W., Papas, K.K., 
and Limesand, S.W. 
The University of Arizona, William J Parker Agricultural Research 
Center, Tucson, AZ 85719 
According to the American Diabetes Association, 25.8 million people in 
the United States have diabetes, with 79 million who are pre-diabetic. 
Islet transplantations and bioartificial pancreas are emerging as promising 
treatment options for patients with Type 1 Diabetes. Preserving islet 
function and viability following isolation and post transplantation is 
critical, especially in regards to hypoxia. Islets are sensitive to hypoxia. 
Hypoxic conditions result in loss of function (insulin secretion) and 
viability and cell death. For experiment 1,Theracyte devices were loaded 
with either 500, 2000, 4000, or 8000IE of  human islets and transplanted 
into nude rats. The devices were explanted on day 7 and fixed for 
histology. Oxygen consumption and glucose stimulated insulin secretion 
was performed on each device pre and post-transplant. For experiment 2, 
Theracyte devices were loaded with 25,000IE porcine or human islets 
and transplanted into diabetic nude rats. Daily blood glucose levels were 
measured and IPGTTs performed weekly. Half of the devices received 
oxygen supplementation (oxygen was pumped into the center chamber of 
the device and allowed to diffuse out into the islet compartments). 
Devices were explanted on day 30 and fixed for histology. For 
experiment 1, islet viability (measure by oxygen consumption) and 
function (measured by insulin secretion) decreased as the number of 
islets loaded in a Theracyte device increased. For experiment 2, blood 
glucose concentrations were normal (below 200mg/dL) for devices in 
animals supplemented with oxygen, compared to high blood glucose 
concentrations in non-oxygen supplemented animals. For the day 14 
IPGTT, oxygen supplemented animals had blood glucose levels within 
the normal (control) range, whereas the non-oxygen supplemented 
animals had high, above average levels. Total pancreas insulin content 
levels of diabetic animals were lower than non-diabetic control animals. 
Oxygen supplementation can increase the viability and function islets 
post-transplant in a bioartificial pancrease device. More work is needed 
to determine the length of these effects and how they can be implemented 
into human islet transplantation.  
Supported by: Juvenile Diabetes Research Foundation and HBL Training 
Grant T32 HL007249. 

S13 Graphic User Interface of Winding Filament Hypothesis computational model 
for parametric analysis 
Gass C., LeMoyne R., Dillingham E., Nishikawa K. 
Northern Arizona University, Flagstaff, Arizona 
A Graphic User Interface (GUI) facilitates computational modeling by providing 
access to a diversity of scientists beyond persons with a highly specialized level of 
programming experience.  We have developed a GUI capable of conducting 
parametric analysis for a computational model of the Winding Filament 
Hypothesis. The hypothesis proposes that N2A titin binds to actin upon Ca2+ influx 
in skeletal muscle, and that PEVK titin winds on thin filaments during force 
development because cross-bridges not only translate but also rotate thin filaments.  
The GUI simulates iso-velocity muscle experimentation with considerable 
accuracy. In the simulations, N2A binds to thin filaments on Ca2+- activation, 
cross-bridges produce axial and radial forces according to the F-L relationship, and 
radial forces wind titin on thin filaments. Our software application using Matlab 
can be implemented in a teaching environment in an academic setting.  The GUI 
can be used by students without a preclusive threshold of programming experience. 
For example, parameters such as PEVK stiffness and N2A location can be varied 
with considerable ease by adjusting the GUI slider bars.  Our software emphasizes 
ease of use for a diversity of scientists who seek to evaluate the features of the 
Winding Filament Hypothesis parametrically. 

S14 SIMULATING TITIN’S ROLE IN FORCE ENHANCEMENT 
USING THE WINDING FILAMENT HYPOTHESIS 
Hanson, S., Pace, C., Fuqua, R., LeMoyne, R., Dillingham, E., Monroy, 
J,. Nishikawa, K. 
Gaps in our understanding have prevented development of models that 
predict force during in vivo movements. We developed a “winding 
filament” hypothesis for muscle contraction that includes a role for titin 
in active muscle. The hypothesis proposes that N2A titin binds to actin 
upon Ca2+ influx in skeletal muscle, and that PEVK titin winds on thin 
filaments during force development because cross-bridges not only 
translate but also rotate thin filaments. We developed a kinematic model 
of titin activation and winding based on the winding filament hypothesis 
and sarcomere geometry. We used the model to simulate residual force 
enhancement on the descending limb of the force-length (F-L) 
relationship in mouse soleus and extensor digitorum longus (EDL). In the 
simulations, N2A binds to thin filaments on Ca2+- activation, cross-
bridges produce axial and radial forces according to the F-L relationship, 
and radial forces wind titin on thin filaments. Model variables are N2A 
distance (nm) from the Z-line and PEVK contour length. Residual force 
enhancement in soleus is consistent with N2A binding, titin winding 
geometry, and PEVK contour length predicted by the kinematic model. 
We asked what changes in N2A or PEVK can explain observed 
differences in residual force enhancement between soleus and EDL. The 
simulations predict that N2A is 21 nm closer to the Z-line in EDL than in 
soleus. This corresponds to a deletion of ~4-5 proximal tandem Ig 
domains. Results show that the kinematic model of titin winding makes 
testable predictions about titin structure and function. Supported by NSF 
IOS-1025806. 

S15 THE EFFECT OF CHRONIC IL-6 EXPOSURE ON RAT TENDON 
STRUCTURAL PROPERTIES, IN VIVO 
1Katsma, M.S., 1Corbell, K.A., 2Shimkus, K.L., 2Fluckey, J.D., and 1Carroll, C.C. 
1Midwestern University, Glendale, AZ and 2Texas A&M University, College 
Station 
In humans, acetaminophen (APAP) use during exercise training has been shown to 
reduce tendon stiffness and modulus. We have shown that tendon collagen cross-
linking is reduced in rats chronically treated (8 weeks) with APAP, which may 
contribute to the changes in stiffness seen in humans. APAP taken during acute 
exercise markedly increased IL-6 release from tendon when compared to placebo. 
IL-6 stimulates tendon collagen synthesis. We hypothesized that the increase in IL-
6 may contribute to the changes in tendon that have been noted with APAP 
consumption. Eight-week old male Wistar rats (n=16) were used for this 
investigation. IL-6 was injected (3/per week for 8-weeks) into the Achilles 
peritendinous region in one leg with the opposite leg injected with saline (SHAM). 
The amount of IL-6 injected was comparable to the amount induced by APAP 
during acute exercise (~3000 pg/ml). Five days prior to termination rats (n=8) were 
given on oral gavage of deuterium oxide (2H2O) to measure tendon fractional 
synthesis rates (FSR). After 8-weeks Achilles tendons were extracted, freeze-dried 
for 36 hours, and then hydrolyzed for 24-hours. Collagen (hydroxyproline) content 
and hydroxylysl pyridinoline (HP) cross-linking of the Achilles tendon were 
analyzed by HPLC. Achilles tendon collagen content was not altered by IL-6 
(p>0.05, IL-6: 59529 g collagen/mg dry weight) when compared to SHAM 
(64030 g collagen/mg dry weight). Tendon FSR was not altered by IL-6 
administration (p>0.05, SHAM: 0.660.05%/day, IL-6: 0.640.05%/day). Wet 
content was not altered by IL-6 (SHAM: 49.50.7%, IL-6: 50.81.1%). Achilles 
tendon HP crosslinking was not affected by IL-6 (p>0.05, SHAM: 45538 IL-6: 
47730 mmol HP/mol collagen). Our data suggest that chronic exposure to 
physiological, but higher than normal levels of IL-6 do not impact tendon collagen 
or FSR. We conclude that the elevated tendon IL-6 production noted after acute 
exercise and APAP consumption may not contribute to changes in collagen cross-
linking and water content noted in our previous studies. 



 
S16 ADJUSTING TO URBAN LIFE: ENDOCRINE AND IMMUE 

RESPONSES OF A SONGBIRD TO ACTUE STRESS  
S. Kouteib, S. Davies, P. Deviche 
Arizona State University,Tempe, Arizona. 
Urbanization profoundly impacts the environment, creating novel 
habitats that differ vastly from surrounding non-urban habitats. This 
transformation may result in urban birds adjusting phenotypically such 
that they are better suited for the opportunities and challenges of their 
new habitats. To address this question, we compared free-ranging adult 
male Abert’s Towhees, Melozone aberti, sampled during their breeding 
season in urban (n = 16) and surrounding non-urban (n = 20) areas in 
metropolitan Phoenix, Arizona. Birds were caught and bled within two 
minutes (Initial), restrained for 60 minutes, bled again (Stress), measured, 
and released on site. Urban towhees were heavier and had longer wings 
than non-urban birds, but were in similar body condition and had similar 
visible fat reserves and sizes of the cloacal protuberance, an androgen-
dependent secondary sexual characteristic. Urban birds had lower Initial 
plasma corticosterone (CORT) than non-urban birds, but the two groups 
of towhees increased plasma CORT to similar levels during stress, 
suggesting higher stress sensitivity in urban settings. The lysis and 
agglutination capacities of blood did not differ between non-urban and 
urban towhees, but in both groups decreased during stress, suggesting 
rapid modulation of immune function during a stressful event. In 
summary, the adjustment of Abert’s Towhees to urban areas involves 
changes in body size and in the endocrine, but not immune, response to 
acute stress. Supported by BCS-1026865, Central Arizona-Phoenix 
Long-Term Ecological Research (CAP LTER). 

S17 BRADYKININ B1 RECEPTOR ANTAGONISM PREVENTS 
ANGIOTENSIN II-INDUCED ERECTILE DYSFUNCTION 
McCormick BA1, Huot-Marchand J-E2, Carrol C3, Carrier S4, deBlois 
D2, Hale TM1 
1University of Arizona, College of Medicine – Phoenix, 2Universite de 
Montreal, 3Midwestern University, 4McGill University.  
Angiotensin II (AngII) induces erectile dysfunction in part through 
increased reactive oxygen species (ROS) production that results in 
endothelial dysfunction, cellular proliferation, and fibrosis. In addition, 
AngII induces smooth muscle cell contraction leading to detumescence, 
while vasodilatory factors such as bradykinin promote relaxation to 
facilitate erection. AngII has been shown to modulate bradykinin B1 
receptor (B1R) expression in the heart and vasculature, however an 
interaction between these opposing systems has not been determined in 
erectile tissue. The present study investigated the impact of bradykinin 
B1R antagonism on AngII-induced erectile dysfunction in adult male 
Sprague-Dawley rats. Rats were treated for 4 weeks with vehicle or 
AngII in the presence or absence of the B1R antagonist R-954. At the 
end of treatment, mean arterial pressure (MAP) and erectile function 
were assessed in anesthetized rats. Corpora cavernosa were evaluated for 
collagen content, vascular remodeling, superoxide production, and 
protein expression.  AngII induced a 60% increase in MAP, a 35% 
increase in left ventricular mass, and a significant impairment in erectile 
function relative to control rats. While concomitant B1R antagonism had 
no impact on MAP, it completely prevented the impact on cardiac mass 
and erectile function. Impaired erectile responses were not associated 
with changes in cavernosal collagen content, dorsal artery remodeling, 
ROS production, or expression of endothelial nitric oxide synthase or 
SMAD2/3. Moreover, the number of proliferating cells or 
myofibroblasts in the corpora cavernosa was also not different across 
treatment groups. The B1R was found to be expressed in cavernosal 
tissue, but levels were not altered by AngII or R-954 treatment. The 
present study reveals for the first time that the bradykinin B1R blockade 
can offset AngII-induced erectile dysfunction – an effect that was 
independent of blood pressure, and unrelated to cavernosal tissue 
remodeling. Future studies will determine the mechanism underlying 
this effect and provide greater insight into the inter-regulation of the 
renin angiotensin and kallikrein kinin systems within the erectile tissue. 

S18 REPLACING DIETARY MEAT WITH FISH SIGNIFICANTLY 
INCREASES PLASMA GLUCOSE WITHOUT AFFECTING 
PROTEIN GLYCATION 
N Raad1,  DS Rehder1, ND Sherma1, BL Beezhold2, CS Johnston1, CR 
Borges1, KL Sweazea1 

1Arizona State University, Tempe, AZ; 2Benedictine University, Lisle, IL 
The typical western diet is associated with hyperglycemia and weight 
gain, symptoms that promote insulin resistance and diabetes. Elevated 
blood glucose concentrations lead to the glycation of circulating proteins 
such as albumin. The hypothesis was that lowering meat consumption 
would lower blood glucose and protein glycation in healthy omnivorous 
subjects. Subjects were randomized into one of three groups and 
instructed to either consume meat or poultry twice per day (control), 
eliminate meat and increase fish consumption (pesco-vegetarian), or 
adopt a vegetarian diet devoid of fish, meat or poultry (lacto-vegetarian) 
for four weeks. Fasting plasma samples were collected from participants 
at baseline and after 4 weeks of the dietary intervention. Plasma glucose 
concentrations were measured using a commercially available kit (Cat 
No 10009582; Cayman Chemical Company, Ann Arbor, MI). Percent 
glycated albumin was measured on a separate aliquot of plasma by 
dilute-and-shoot LC-electrospray ionization mass spectrometry. Plasma 
glucose concentrations were significantly increased following 4-weeks of 
pesco-vegetarian diet (pre-treatment; P=0.002, paired t-test). Neither the 
lacto-vegetarian (P=0.898) or the control diet (P=0.233) affected plasma 
glucose concentrations. Despite the significant increase in plasma 
glucose following a pesco-vegetarian diet, no impact on percent glycated 
albumin was observed in this group or between the other dietary groups 
(P>0.620, ANOVA). These findings may indicate a protective effect of 
the pesco-vegetarian diet on protein glycation in the presence of elevated 
plasma glucose and suggest the need for additional studies to examine the 
link between increased fish consumption and glucose regulation. 

S19 Sex Differences in Microglia Activation During Low Dose of Angiotensin 
(Ang) II Sensitization of Subsequent High Dose of Ang II 
Farmin Samareh- Jahani1 Baojian Xue4, Alan Kim Johnson4,5,6 and Meredith 
Hay1,2,3  
Department of Physiology1, Evelyn McKnight Brain Institute2, Saver Heart 
Center3, University of Arizona, Tucson, AZ; Departments of Psychology4 and 
Pharmacology5 and the Cardiovascular Center6, University of Iowa, Iowa City, IA. 
In previous studies using the Induction-Delay-Expression (I-D-E) experimental 
design we have shown that there are sex differences in the effects of one-week Ang 
II pre-treatment to sensitize the brain to produce an enhanced hypertensive 
response to subsequent Ang II.  Further, we have shown that females are protected 
from hypertension and brain infiltration of T lymphocytes during Ang II infusion. 
The purpose of present study was to test whether there is a sex difference in brain 
microglia activation on the sensitizing effects of Ang II. The present studies 
followed an I-D-E experimental design.  Three male and three female Sprague-
Dawley rats were assigned to each of the following experimental groups:  1) 
Control (Induction(I) saline+Delay(D)) ; 2) I-Ang II+D+E-Ang II (Induction (low 
dose Ang II,10 ng/kg/min SQ)+Delay+ Expression (pressor dose Ang II, 120 
ng/kg/min for 2 weeks; 3) I-Sal+D+E-Ang II (Induction (saline)+Delay+ 
Expression (pressor dose Ang II); 4) I-Ang II+D+E-Saline. At the end of the 
experiment, animals were anesthetized, decapitated and brains were perfused with 
formalin.  Thirty-micron frozen slices of the area postrema (AP), nucleus tractus 
solitarius (NTS), and subfornical organ (SFO) were processed for IHC staining 
with IBa-1 microglia antibody (WAKO, 1:200).  The number of IBa-1+ activated 
microglia (MG) in each region were counted in an approx 3 consecutive brain 
slices from 3 separate animals.  Compared to females, males in the  I-Ang II+D+E-
Ang II group exhibited a 3.5 fold increase in activated microglia in the NTS (males 
22.9 MG vs females 8.8 MG) and a 4.5 fold increase in the NTS as compared to 
control males (p>05).  The numbers of activated microglia in the AP was similar in 
males and females in the  I-Ang II+D+E-Ang II group, but in the  I-Sal+D+E-Ang 
II, males had greater number of MG in the AP as compared to females (21.5 vs 
11.8, P=0.05).  The number of MG in the SFO were low across all groups 
compared to the number of MG in other regions examined (males I-Ang II+D+E-
Ang II group averaged 3.9 MG vs females averaged 2.3 MG).  These results 
suggest that sex differences observed in the brain sensitization to Ang II may 
involve differential induction of microglia activation in selective brain regions 
important for Ang II generation of hypertension. 



 
S20 SIMPLE MICHAELIS-MENTEN KINETICS  DESCRIBE ADP 

CONTROL OF SKELETAL MUSCLE MITOCHONDRIAL 
OXIDATIVE PHOSPHORYLATION 
 1,2 Willis E, 3Hudgens J, 2Langlais P,  2Mandarino  L, 2Willis W. 
1Department of Physiology, Univ of Arizona, Tucson, Arizona; 2Center 
for Metabolic and Vascular Biology, Mayo Clinic Scottsdale/Arizona 
State Univ; 3Dept of Biochemistry, Arizona State Univ, Tempe, Arizona. 
The cytosolic ADP concentration ([ADP]) plays a central role in the 
control of mitochondrial ATP production rate (Jp). In both rodent and 
human skeletal muscle, in vivo measurements using 31P-magnetic 
resonance spectroscopy suggest the [ADP]:Jp relationship is markedly 
sigmoidal, with a Hill coefficient (nH) of roughly 2.0. These observations 
importantly imply that some type of cooperative event operates when the 
ADP signal stimulates mitochondria to produce ATP. However, other 
cytosolic changes also occur when muscle is activated to contract, such as 
rising substrate, Ca2+, and inorganic phosphate concentrations. We 
hypothesized that simple Michaelis-Menten (M-M) kinetics would 
describe the [ADP]:Jp relation if these other factors were maintained at 
saturating and stable values in vitro. Intact mitochondria were isolated 
from biopsied mouse and human skeletal muscle (n=7), and also mouse 
liver (n=8). We developed a high throughput luciferase-based assay 
capable of measuring mitochondrial ATP production at ADP 
concentrations ranging from 3 - 500 micromolar (uM). Mitochondria 
oxidized a combination of NAD- and FAD-linked substrates. Skeletal 
muscle mitochondria conformed to simple M-M kinetics with KMADP = 
42.4 + 7.9 uM and nH = 0.93 + 0.06. The Hill coefficient, nH, was not 
different from 1.0 (p=0.244). Rodent and human values were not 
different. In contrast, in liver KMADP = 142.0 + 25.7 uM and nH = 1.28 + 
0.08 (nH greater than 1.0, p<.005). Liver KMADP was over threefold 
greater than muscle (p<.004). We conclude that the direct interaction 
between skeletal muscle mitochondria and the ADP respiratory signal 
conforms to simple M-M kinetics, with a KMADP similar to the value 
observed in vivo. In liver mitochondria, in contrast, much lower 
sensitivity and higher order cooperativity appear to characterize ADP 
signaling.  (EW was a fellow supported by the Mayo SURF Program) 

  

 
  
 
 
 
 
 
 
 
 
 


