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AzPS 2012 -- FRIDAY’S PROGRAM 
11:30 – 5:00 Registration in Lobby of Keating Bio5 Building 

12:15 - 1:00 Set-up posters in Room 102 MRB  

1:00 Welcome to the Meeting - Scott Boitano, President, AzPS 
 
1:10 – 2:45 SESSION I: “Physiology Research in Arizona -- I”  
    Keating Bio5 Room 103 
  Co-Chairs: Cara L. Sherwood, Ph.D. and Leah Vee Penrod, Ph.D 
 Bohuslav Dvorak, Ph.D., Professor, UA, Necrotizing enterocolitis and probiotics 
 Kari Taylor, M.S. Candidate, NAU, The effects of a titin mutation on tremor frequency during 

shivering thermogenesis 
 Layla Al-Nakkash, Ph.D., Professor, Midwestern University, The Ob/Ob Mouse jejunum has 

distinctly different characteristics than its lean counterparts 
 Johnnie Moore-Dotson, Ph.D., Postdoctoral Fellow, UA Retinal inhibitory signaling is 

increased in streptozotocin-induced diabetes 
 Jennifer Vranish, Ph.D. Candidate, UA, Inspiratory muscle strength training as a potential 

treatment of sleep-disordered breathing 
 Sarah Baker, Ph.D. Candidate, UA,  Bronchodilation during exercise in patients with cystic 

fibrosis: comparison to albuterol administration 
  

2:45 – 3:05 Break   

3:10 – 4:30 SESSION II: “Teaching Physiology in Arizona -- I” 
    Keating Bio5 Room 103 

Co-Chairs: Claudia Stanescu, Ph.D. and Scott Boitano, Ph.D. 
 Marcia Lutz, UA, Teaching Physiology: A look through the andragogical lens 
 Zoe Cohen, Ph.D., Lecturer, UA Two States, Two Schools, Two Courses: One Blog 

(Inflammablog: peer-to-peer online learning in Immunology) 
 Sara Ann Lewis, Ph.D. Candidate, UA Brain Academy: A unique educational outreach 

partnership to engage high school juniors in neuroscience and medicine outside of the 
classroom 

 Marti Lindsey, Ph.D., Co-Director, KEYS Program, UA Keep Engaging Youth in Science: 
High School Student Internship Program at Bio5 

 Cindy Rankin, Ph.D., Lecturer, UA, Why should WE care if THEY understand science: 
Teaching physiology to the non-scientist 

4:30 – 4:50 Break 

4:50 – 6:05         The AzPS Keynote Lecturer: 
 

Benjimen R. Walker, Ph.D. 
Department of Cell Biology and Physiology 

University of New Mexico Health Sciences Center 
“Novel Mechanisms of Vascular Control in Chronic Hypoxia” 

T.W. Keating (Bio5) Room 103 
 

Introduction by Karen L. Sweazea, Ph.D. 
Arizona State University 

 

 
6:05 Chapter Reception Begins 

6:25 - 6:45 Minute Poster Discussion T. W. Keating (Bio5) Room 103 

6:50 - 8:00 Break - Buffet Dinner Begins 

7:45 - 8:30 Posters in Session, MRB 102 - Odd numbered posters attended 

8:30 - 9:15 Posters in Session, MRB 102 - Even numbered posters attended  
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AzPS 2012 -- SATURDAY’S PROGRAM 
 

7:00 - 8:00 Poster Set Up in Room 102 MRB 

7:00 - 8:00 Continental Breakfast 

8:00 - 9:15 SESSION III: “Teaching Physiology in Arizona -- II” 
Keating Bio5 Room 103 

Chair: Cindy Rankin, Ph.D. 
 Donna Cataldo, Professor, Arizona State University: Using Active Learning Techniques in  

  the Classroom 
 Lucina Lopez, Flowing Wells High School, APS Teaching Fellow: Teaching HS Physiology. 

Is it true that...? The problem with the google generation 
 Open Discussion: What is the future for teaching Physiology in the State of Arizona 
  
9:15 - 9:35 Break 

9:35 - 10:45    The Arizona Distinguished Lecturer: 
 

 
Patricia B. Hoyer, Ph.D. 
Department of Physiology 

University of Arizona 
“VCD as a tool for understanding ovotoxicity and modeling menopause” 

T.W. Keating (Bio5) Room 103 
 

Introduction by Erik J. Henriksen, Ph.D. 
University of Arizona 

 

 
10:45 - 11:00 Break 

11:00 - 12:15 SESSION IV: “Physiology Research in Arizona -- II” 
T.W. Keating (Bio5) Room 103 

Co-Chairs: Sarah Kuzmiak, Ph.D. and Layla Al-Nakkash, Ph.D.  
 Taben Hale, Assistant Professor, UA-Phoenix, Role of cardiac fibroblasts in mediating early 

inflammatory responses in hypertensive heat disease 
 Michael Hicks, Ph.D. Candidate, UA-Phoenix Stretched fibroblasts regulate acetylcholine 

receptor expression and clustering on skeletal muscle 
 Mei Methawasin, Ph.D. Candidate, UA, Diastolic and systolic function in hearts deficient in titin 

splicing (RBM20∆RRM mice) 
 Cinnamon Pace, Ph.D., Postdoctoral Fellow, NAU Residual force enhancement among the 

mdm genotypes along the length tension curve 
 Christopher Pappas, Ph.D., Postdoctoral Fellow, UA Leiomodin2 is an antagonist of 

tropomodulin1 at the pointed end of the thin filaments in cardiac myocytes 
  
12:15 - 12:35 Break - Bag lunch available 

12:35 - 1:00 Minute Poster Session, Keating Bio5 103 

1:00 - 1:45 Posters in Session, MRB 102 - Odd numbered posters attended 

1:45 - 2:30 Posters in Session, MRB 102 - Even numbered posters attended 

  
2:45 Business Meeting/Awards, Keating Bio5 103 
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Posters arranged by poster board # 
 

Friday Lead Author TITLE 

F2 Vranish, J Inspiratory muscle strength training as a potential treatment for sleep-disordered 
breathing 

F3 Kidder, I Neonatal nicotine exposure increases the frequency and duration of apneic events 

F4 Baker, S. BRONCHODILATION DURING EXERCISE IN PATIENTS WITH CYSTIC FIBROSIS, 
COMPARISON TO ALBUTEROL ADMINISTRATION 

F5 Meehan, Shane BREATHING WITH A SPRING: EXPLORING THE ROLE OF TITIN IN RESPIRATION 

F6 Martineau, K. (Corbell, K) ACHILLES TENDON ESTROGEN RECEPTOR CONTENT AFTER OVARIECTOMY 
AND GENISTEIN TREATMENT 

F7 Rayyan, E. (Al-Nakkash, L) GENISTEIN AND R117H CF MOUSE JEJUNUM: A Lack of Effect Irrespective of 
Route of Administration 

F8 Pallow, D. VALIDATING THE VCD TREATED MOUSE AS A MODEL OF POSTMENOPAUSAL 
ANGIOTENSIN II-INDUCED HYPERTENSION 

F9 O'Connor VASCULAR REPSONSES AND AROMATASE LEVELS IN SMALL MESENTERIC 
ARTERIES FROM YOUNG AND MIDDLE AGED RATS 

F10 Hoffman, J Development of Antagonists for the Protease Activated Receptor-2 

F11 Jacobsen, N Aurora kinase inhibition in the treatment of multiple myeloma 

F12 Nawata, M CHARACTERIZATION OF TRANSPORTERS IN THE THIN LIMBS OF HENLE OF 
THE RAT KIDNEY 

F13 Mandal, A ACETAZOLAMIDE INCREASES cAMP IN PORCINE NONPIGMENTED CILIARY 
EPITHELIUM AND ELICITS SUBCELLULAR TRANSLOCATION OF H+-ATPASE 

F14 Mazade, R GABAERGIC INPUT COMPENSATES FOR DECREASED GLYCINERGIC INPUT TO 
MOUSE OFF BIPOLAR CELLS WITH LIGHT ADAPTATION 

F15 Shahidullah, M MECHANISM OF SNP-INDUCED Na,K-ATPase ACTIVITY REDUCTION IN PORCINE 
NONPIGMENTED CILIARY EPITHELIUM 

F16 Armstrong, T OUTER MEDULLARY Na-K-ATPase ACTIVITY AND THE URINE CONCENTRATING 
MECHANISM OF THE KANGAROO RAT AND MUNICH-WISTAR RAT 

F17 
Espineira, Madeline 

TUBULAR AQUAPORIN EXPRESSION PATTERNS MAY PARTLY EXPLAIN THE 
RELATIVELY HIGH URINE CONCENTRATING CAPABILITY OF THE KANGAROO 
RAT 

F18 Calhoun, M VARIATIONS IN GLUCOSE ACROSS PHYLOGENETICALLY DISTINCT AVIAN 
SPECIES 

F19 Mosher, KM DIFFERENCES IN BLOOD GENE EXPERSSION BETWEEN TRAINED AND NON-
TRAINED INDIVIDUALS 

F20 Kang, J. (Al-Nakkash, L) THE Ob/Ob MOUSE JEJUNUM HAS DISTINCTLY DIFFERENT CHARACTERISTICS 
THAN ITS LEAN COUNTERPARTS 

F21 Liss, T LIPID INFILTRATION OF RODENT LIVER AND PECTORALIS MUSCLES 
FOLLOWING 6 WEEKS OF HIGH CALORIC INTAKE 

F22 Hart, N Targeting and Signal Modulation of Pancreatic β-Cells Using Heterobivalent Ligands 
Directed Against β-cell Specific Receptor Combinations 

F23 Gao, Y Rapamycin, the inhibitor of mTOR signaling pathway, reverses lithium induced cell 
proliferation in renal collecting ducts 

F24 Weber MODIFIED CELL SIGNALING WITH MULTIVALENT LIGANDS TARGETING GPCR’S 

F25 Giovannini, F THE LIPID PEROXIDATION END-PRODUCT 4-HYDROXYNONENAL INDUCES 
INSULIN RESISTANCE IN ISOLATED RAT SLOW-TWITCH SKELETAL MUSCLE 

F26 Moore-Dotson, ,J RETINAL INHIBITORY SIGNALLING IS INCREASED IN STREPTOZOTOCIN-
INDUCED DIABETES. 

F27 Ricklefs, K EFFECTS OF ACUTE EXPOSURE TO HIGH GLUCOSE ON TISSUE OXIDATIVE 
STRESS 

F28 Leung, L (Vallejo-Elias, J) The effects of TNF-α and Ceramide on Insulin Receptor ignaling and its localization to 
Caveolae in C2C12 Myocytes 

F29 Richardson, VA GLUCAGON-LIKE PEPTIDE-1 ATTENUATES PRODUCTION OF F2a-
ISOPROSTANE BY ENDOTHELIAL CELLS 

F30 Ananthakrishnan, K Specific targeting of pancreatic β-cells by simultaneous binding of GLP-1 and α2-
adrenergic receptors with a multivalent ligand 
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Saturday Lead Author TITLE 

S1   

S2 Madhavpeddi L 3b-DIOL, AN ANDROGEN METABOLITE AND ERb AGONIST, BLUNTS 
INFLAMMATION AND ROS IN THE CEREBROVASCULATURE 

S3 Oulton, J INFLAMMATORY RESPONSE TO ISCHEMIC INJURY DIFFERS IN Cx40 DEFICIENT 
vs. WILD-TYPE MICE 

S4 Denn, M The impact of human dermal fibroblast patch and neonatal cardiomyocyte interactions 
on cardiomyocyte gene expression 

S5 Juan, TK PATHOPHYSIOLOGICAL CONSEQUENCES OF SCHISTOSOME INFECTIONS IN 
MOURNING DOVES (ZENAIDA MACROURA) 

S6 Querin, L Sex Differences in post-ischemic limb survival of wildtype and the Cx40 ablated mouse 

S7 Good, M Optimization of Methodology for Vascular Wall-Targeted, Localized Gene Delivery 
Using Ultrasound-Mediated Cavitation of Virus Decorated Microbubbles 

S8 Constantopoulos, E PROBIOTICS AS A TREATMENT FOR MYOCARDIAL INFARCTION 

S9 Pace, C Residual force enhancement among the mdm genotypes along the length-tension 
curve 

S10 Tipton ZUNTZ REVISITED: CONTRIBUTIONS TO EXERCISE PHYSIOLOGY 

S11 Fuqua, R Residual force enhancement: evidence for Ca2+-activation of titin 

S12 Hutchinson, K Characterization of myocardiac passive stiffness in a mouse model of volume overload 
heart failure 

S13 Kuzmiak, S The Effect of Dichloroacetate on NADH Fluorescence in Isolated Perfused Rat Hearts 

S14 Taylor, KR THE EFFECTS OF A TITIN MUTATION ON TREMOR FREQUENCY DURING 
SHIVERING THERMOGENESIS 

S15 Birch, C The Effect of Familial Hypertrophic Cardiomyopathy on Force Redevelopment Kinetics 

S16 Methawasin, M Diastolic and systolic function in hearts deficient in titin splicing (RBM20∆RRM mice) 

S17 Hale, T ROLE OF Cardiac Fibroblasts in MEDIATING EARLY INFLAMMATORY RESPONSES 
IN hypertensive heart DISEASE 

S18 Hicks, M Stretched Fibroblasts Regulate Acetylcholine Receptor Expression and Clustering on 
Skeletal Muscle 

S19 Hidalgo, C THE MULTIFUNCTIONAL CALCIUM/CALMODULIN-DEPENDENT PROTEIN KINASE 
II DELTA (CaMKIId) PHOSPHORYLATES TITIN SPRING ELEMENTS 

S20 Pappas, C LEIOMODIN2 IS AN ANTAGONIST OF TROPOMODULIN1 AT THE POINTED END 
OF THE THIN FILAMENTS IN CARDIAC MYOCYTES 

S21 Behunin, S Cardiac troponin I phosphorylation at ser149 by protein kinase A:  a potential 
modulator in myocardial contractility 

S22 Buck, D REMOVAL OF PROXIMAL IG DOMAINS OF TITIN IN SOLEUS MUSCLE RESULTS 
IN DIFFERENTIAL SPLICING OF TITIN mRNA 

S23 Anderson, B SINGLE MOLECULE STUDIES OF A TITIN MUTATION LINKED TO CARDIAC 
DISEASE 

S24   

S25 Slater, R Passive Viscosity Decreases with Deletion of PEVK Region of  Cardiac Titin 

S26 Hessel, A A NEW TWIST ON OBSERVING THE WINDING FILAMENT HYPOTHESIS: TEM 
APPROACHES 

S27 Martineau, Karl TISSUE SPECIFIC EFFECTS OF ACETAMINOPHEN AND TREADMILL EXERCISE 
ON COLLAGEN CONTENT IN MALE WISTAR RATS 

S28 Ford, AC Mechanical Characterization of Electrospun Protein Scaffolds 
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Posters, Arranged by Lead Author (alphabetical) 

 
Lead Author TITLE 

F30 Ananthakrishnan, K Specific targeting of pancreatic β-cells by simultaneous binding of GLP-1 and α2-
adrenergic receptors with a multivalent ligand 

S23 Anderson, B SINGLE MOLECULE STUDIES OF A TITIN MUTATION LINKED TO CARDIAC 
DISEASE 

F16 Armstrong, T OUTER MEDULLARY Na-K-ATPase ACTIVITY AND THE URINE CONCENTRATING 
MECHANISM OF THE KANGAROO RAT AND MUNICH-WISTAR RAT 

F4 Baker, S. BRONCHODILATION DURING EXERCISE IN PATIENTS WITH CYSTIC FIBROSIS, 
COMPARISON TO ALBUTEROL ADMINISTRATION 

S21 Behunin, S Cardiac troponin I phosphorylation at ser149 by protein kinase A:  a potential modulator 
in myocardial contractility 

S15 Birch, C The Effect of Familial Hypertrophic Cardiomyopathy on Force Redevelopment Kinetics 

S22 Buck, D REMOVAL OF PROXIMAL IG DOMAINS OF TITIN IN SOLEUS MUSCLE RESULTS IN 
DIFFERENTIAL SPLICING OF TITIN mRNA 

F18 Calhoun, M VARIATIONS IN GLUCOSE ACROSS PHYLOGENETICALLY DISTINCT AVIAN 
SPECIES 

S8 Constantopoulos, E PROBIOTICS AS A TREATMENT FOR MYOCARDIAL INFARCTION 

S4 Denn, M The impact of human dermal fibroblast patch and neonatal cardiomyocyte interactions 
on cardiomyocyte gene expression 

F17 
Espineira, Madeline 

TUBULAR AQUAPORIN EXPRESSION PATTERNS MAY PARTLY EXPLAIN THE 
RELATIVELY HIGH URINE CONCENTRATING CAPABILITY OF THE KANGAROO 
RAT 

S28 Ford, AC Mechanical Characterization of Electrospun Protein Scaffolds 

S11 Fuqua, R Residual force enhancement: evidence for Ca2+-activation of titin 

F23 Gao, Y Rapamycin, the inhibitor of mTOR signaling pathway, reverses lithium induced cell 
proliferation in renal collecting ducts 

F25 Giovannini, F THE LIPID PEROXIDATION END-PRODUCT 4-HYDROXYNONENAL INDUCES 
INSULIN RESISTANCE IN ISOLATED RAT SLOW-TWITCH SKELETAL MUSCLE 

S7 Good, M Optimization of Methodology for Vascular Wall-Targeted, Localized Gene Delivery 
Using Ultrasound-Mediated Cavitation of Virus Decorated Microbubbles 

S17 Hale, T ROLE OF Cardiac Fibroblasts in MEDIATING EARLY INFLAMMATORY RESPONSES 
IN hypertensive heart DISEASE 

F22 Hart, N Targeting and Signal Modulation of Pancreatic β-Cells Using Heterobivalent Ligands 
Directed Against β-cell Specific Receptor Combinations 

S26 Hessel, A A NEW TWIST ON OBSERVING THE WINDING FILAMENT HYPOTHESIS: TEM 
APPROACHES 

S18 Hicks, M Stretched Fibroblasts Regulate Acetylcholine Receptor Expression and Clustering on 
Skeletal Muscle 

S19 Hidalgo, C THE MULTIFUNCTIONAL CALCIUM/CALMODULIN-DEPENDENT PROTEIN KINASE 
II DELTA (CaMKIId) PHOSPHORYLATES TITIN SPRING ELEMENTS 

F10 Hoffman, J Development of Antagonists for the Protease Activated Receptor-2 

S12 Hutchinson, K Characterization of myocardiac passive stiffness in a mouse model of volume overload 
heart failure 

F11 Jacobsen, N Aurora kinase inhibition in the treatment of multiple myeloma 

S5 Juan, TK PATHOPHYSIOLOGICAL CONSEQUENCES OF SCHISTOSOME INFECTIONS IN 
MOURNING DOVES (ZENAIDA MACROURA) 

F20 Kang, J. (Al-Nakkash, L) THE Ob/Ob MOUSE JEJUNUM HAS DISTINCTLY DIFFERENT CHARACTERISTICS 
THAN ITS LEAN COUNTERPARTS 

F3 Kidder, I Neonatal nicotine exposure increases the frequency and duration of apneic events 

S13 Kuzmiak, S The Effect of Dichloroacetate on NADH Fluorescence in Isolated Perfused Rat Hearts 

F28 Leung, L (Vallejo-Elias, J) The effects of TNF-α and Ceramide on Insulin Receptor ignaling and its localization to 
Caveolae in C2C12 Myocytes 

F21 Liss, T LIPID INFILTRATION OF RODENT LIVER AND PECTORALIS MUSCLES 
FOLLOWING 6 WEEKS OF HIGH CALORIC INTAKE 

S2 Madhavpeddi L 3b-DIOL, AN ANDROGEN METABOLITE AND ERb AGONIST, BLUNTS 
INFLAMMATION AND ROS IN THE CEREBROVASCULATURE 

F13 Mandal, A ACETAZOLAMIDE INCREASES cAMP IN PORCINE NONPIGMENTED CILIARY 
EPITHELIUM AND ELICITS SUBCELLULAR TRANSLOCATION OF H+-ATPASE 

F6 Martineau, K. (Corbell, K) ACHILLES TENDON ESTROGEN RECEPTOR CONTENT AFTER OVARIECTOMY 
AND GENISTEIN TREATMENT 

S27 Martineau, Karl TISSUE SPECIFIC EFFECTS OF ACETAMINOPHEN AND TREADMILL EXERCISE 
ON COLLAGEN CONTENT IN MALE WISTAR RATS 

F14 Mazade, R GABAERGIC INPUT COMPENSATES FOR DECREASED GLYCINERGIC INPUT TO 
MOUSE OFF BIPOLAR CELLS WITH LIGHT ADAPTATION 
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F5 Meehan, Shane BREATHING WITH A SPRING: EXPLORING THE ROLE OF TITIN IN RESPIRATION 

S16 Methawasin, M Diastolic and systolic function in hearts deficient in titin splicing (RBM20∆RRM mice) 

F26 Moore-Dotson, ,J RETINAL INHIBITORY SIGNALLING IS INCREASED IN STREPTOZOTOCIN-
INDUCED DIABETES. 

F19 Mosher, KM DIFFERENCES IN BLOOD GENE EXPERSSION BETWEEN TRAINED AND NON-
TRAINED INDIVIDUALS 

F12 Nawata, M CHARACTERIZATION OF TRANSPORTERS IN THE THIN LIMBS OF HENLE OF THE 
RAT KIDNEY 

F9 O'Connor VASCULAR REPSONSES AND AROMATASE LEVELS IN SMALL MESENTERIC 
ARTERIES FROM YOUNG AND MIDDLE AGED RATS 

S3 Oulton, J INFLAMMATORY RESPONSE TO ISCHEMIC INJURY DIFFERS IN Cx40 DEFICIENT 
vs. WILD-TYPE MICE 

S9 Pace, C Residual force enhancement among the mdm genotypes along the length-tension curve 

F8 Pallow, D. VALIDATING THE VCD TREATED MOUSE AS A MODEL OF POSTMENOPAUSAL 
ANGIOTENSIN II-INDUCED HYPERTENSION 

S20 Pappas, C LEIOMODIN2 IS AN ANTAGONIST OF TROPOMODULIN1 AT THE POINTED END 
OF THE THIN FILAMENTS IN CARDIAC MYOCYTES 

S6 Querin, L Sex Differences in post-ischemic limb survival of wildtype and the Cx40 ablated mouse 

F7 
Rayyan, E. (Al-Nakkash, 
L) 

GENISTEIN AND R117H CF MOUSE JEJUNUM: A Lack of Effect Irrespective of Route 
of Administration 

F29 Richardson, VA GLUCAGON-LIKE PEPTIDE-1 ATTENUATES PRODUCTION OF F2a-ISOPROSTANE 
BY ENDOTHELIAL CELLS 

F27 Ricklefs, K EFFECTS OF ACUTE EXPOSURE TO HIGH GLUCOSE ON TISSUE OXIDATIVE 
STRESS 

F15 Shahidullah, M MECHANISM OF SNP-INDUCED Na,K-ATPase ACTIVITY REDUCTION IN PORCINE 
NONPIGMENTED CILIARY EPITHELIUM 

S25 Slater, R Passive Viscosity Decreases with Deletion of PEVK Region of  Cardiac Titin 

S14 Taylor, KR THE EFFECTS OF A TITIN MUTATION ON TREMOR FREQUENCY DURING 
SHIVERING THERMOGENESIS 

S10 Tipton ZUNTZ REVISITED: CONTRIBUTIONS TO EXERCISE PHYSIOLOGY 

F2 Vranish, J Inspiratory muscle strength training as a potential treatment for sleep-disordered 
breathing 

F24 Weber MODIFIED CELL SIGNALING WITH MULTIVALENT LIGANDS TARGETING GPCR’S 
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Friday’s Abstracts 
(Alphabetical, by first author--poster board # shown) 

F30 SPECIFIC TARGETING OF PANCREATIC β-CELLS BY 
SIMULTANEOUS BINDING OF GLP-1 AND α2-ADRENERGIC 
RECEPTORS WITH A MULTIVALENT LIGAND 
Kameswari Ananthakrishnan1, Craig S. Weber1, Nathaniel Hart1, 
Josef Vagner3, Sean Limesand2 and Ronald M. Lynch1,3  
 Departments of Physiology1, Animal Sciences2 and the Bio5 Institute3, 
University of Arizona, Tucson, 85721 
Diabetes Mellitus is characterized by a decline in β-cell mass and 
function. The lack of specificity of β-cell targeting agents poses a 
challenge to observe changes in β-cell mass and thus monitor the 
progression of the disease. We propose that β-cell specificity can be 
enhanced by using multivalent ligands (MVLs) binding to multiple 
unique surface receptors that, as a combination, identify the cell type of 
interest. We synthesized a ligand composed of Yohimbine (Yhb) (α2 
adrenergic receptor (α2AR) antagonist) linked to Glucagon-like 
Peptide1 (GLP-1). Receptors to both ligands are expressed on βTC3 
cells at a ratio of ~ 0.7:1 (α2AR/GLP-1R). Microscopy with a 
fluorophore tagged ligand indicated that binding was rapid with removal 
of ligand from the cell surface seen within 2-3 min. From population 
based competition assays, the binding affinity for monovalent GLP-1 
was ~10 nM, whereas GLP-1/Yhb exhibited 2 distinct binding sites. The 
high affinity binding (9 pM) is correlated to MVL crosslinking the 
complementary receptors causing a decrease in ligand off rate, resulting 
in a 1000X increase in apparent affinity. The low affinity binding (225 
nM) is consistent with weak binding of the GLP-1 moiety in the MVL 
to the spare GLP-1 receptors in βTC3 cells. Our findings suggest that 
GLP-1/Yhb acts as a specific targeting agent to β-cell, as it exhibits 
enhanced binding to and retention in β-cells compared to other cells in 
the imaging field.  
Supported by: Juvenile Diabetes Research Foundation, the Arizona 
Biomedical Research Commission and TRIF grant 

F16 OUTER MEDULLARY Na-K-ATPase ACTIVITY AND THE 
URINE CONCENTRATING MECHANISM OF THE 
KANGAROO RAT AND MUNICH-WISTAR RAT. T. Armstrong, 
T. Pannabecker and M. Shahidullah, Dept. of Physiology, University of 
Arizona, Tucson. 
We hypothesize that a greater degree of Na active reabsorption in the 
thick ascending limb of the kangaroo rat relative to that of the common 
laboratory rat (Munich-Wistar) may contribute to the ability of the 
kangaroo rat to produce a more highly concentrated urine. The active 
transport step for thick ascending limb Na reabsorption involves Na-K-
ATPase at the basolateral membrane, and so we determined the 
abundance and activity of this protein in the renal outer medulla of the 
kangaroo rat and Munich-Wistar rat.  The outer medulla was dissected 
free and prepared for semiquantitative immunoblotting. For 
measurement of Na-K-ATPase activity, 3 pooled samples, each 
consisting of tissue from 2-4 outer medullas, were homogenized with 
protease inhibitors, centrifuged, and the pellets resuspended in buffer 
with or without ouabain. ATP hydrolysis was determined by measuring 
release of inorganic phosphate. Na-K-ATPase activity (nmoles ATP 
hydrolysed/mg protein/30min) is the difference between ATP 
hydrolysis in the presence and absence of ouabain. The total ATPase 
activity was 905 ± 122 for kangaroo rat and 721 ± 111 for Munich-
Wistar rat (Mean ± SE). The Na-K-ATPase activity was greater in the 
kangaroo rat, 204 ± 65 for kangaroo rat and 79 ± 62 for Munich-Wistar 
rat. Na-K-ATPase protein levels were modestly higher in the outer 
medulla of kangaroo rat, relative to Munich-Wistar rat. We conclude 
that a greater degree of Na active reabsorption occurs in the thick 
ascending limb of the kangaroo rat relative to that of the Munich-
Wistar rat.  It’s therefore reasonable to hypothesize that the greater 
concentrating capability of some smaller animals such as desert rodents 
may arise, in part, from greater thick ascending limb active transport. 
We further hypothesize that secondary active transport of NaCl at the 
apical membrane, chiefly by way of NKCC2, is also higher in the thick 
ascending limb of the kangaroo rat, relative to that of the Munich-
Wistar rat. 

F4 BRONCHODILATION DURING EXERCISE IN PATIENTS 
WITH CYSTIC FIBROSIS, COMPARISON TO ALBUTEROL 
ADMINISTRATION 
Sarah E. Baker1, Courtney M. Wheatley1, Meghan C. McCue2, Mary A. 
Morgan1, Eric C. Wong1, Monika Sattler2, and Eric M. Snyder2.  
1University of Arizona, 2University of Minnesota.   
Moderate intensity exercise causes bronchodilation and can also 
improve mucociliary clearance.  Cystic fibrosis (CF) patients are treated 
with albuterol to promote bronchodilation and to possibly stimulate 
mucociliary beat frequency.  Fitness has been associated with improved 
survival in CF patients and attenuation of the yearly 2-3% expected 
decline in pulmonary function.  We sought to compare the effects of 
albuterol and moderate intensity exercise on bronchodilation in patients 
with CF.  Sixteen patients with CF and 16 healthy control subjects 
underwent pulmonary function testing at baseline, 30, and 60 minutes 
post-albuterol administration.  On a separate day subjects performed a 
maximal expiratory flow-volume maneuver to determine airway 
function at baseline and at 50% VO2peak.  Percent change in forced 
expiratory flow at 25-75% of the forced vital capacity (FEF25-75) was 
significantly greater with moderate intensity exercise than at 30 or 60 
minutes post-albuterol administration in CF patients, while there was no 
difference in percent change FEF25-75 between albuterol and exercise in 
the healthy control subjects (change from baseline: 30min post-
albuterol=23±5 vs. 9±4%, 60min post-albuterol= 22±5 vs. 12±3%; 50% 
VO2peak=17±4 vs. 22±3% for healthy and CF, respectively).  Our 
results suggest that moderate intensity exercise promotes greater 
bronchodilation than albuterol administration in CF patients.   

F18 VARIATIONS IN GLUCOSE ACROSS PHYLOGENETICALLY 
DISTINCT AVIAN SPECIES 
Calhoun Ma, Witt Cb, Sweazea KLa 

aArizona State University, Tempe, AZ; bUniversity of New Mexico, 
Albuquerque, NM 
The purpose of this study was to quantify variations in plasma glucose 
(PGlu) and tissue glycogen concentrations across avian species. It is 
known that avian PGlu is naturally 1.5-2 times higher than mammals of 
similar size; however, in mammals, heightened concentrations lead to 
oxidative stress and tissue damage. Since PGlu negatively correlates with 
body mass, and may be related to phylogeny, the current study 
compared PGlu as well as tissue glycogen concentrations for 
phylogenetically distinct birds with varying body mass: mourning 
doves (Z. macroura), house sparrows (P. domesticus), Gambel’s Quails 
(C. gambelii), northern pintail ducks (A. acuta), and mallard ducks (A. 
platyrhynchos). PGlu was measured using a commercial assay. Liver and 
pectoralis muscle glycogen was measured using the phenol-sulfuric 
acid technique. Doves were found to have the highest levels of PGlu 

compared to the other species examined, whereas ducks maintained the 
lowest PGlu. Compared to doves, ducks also had significantly lower 
liver and pectoralis muscle glycogen concentrations, with mallard 
ducks having the lowest liver concentrations. The results of this study 
indicate that there is a significant difference in PGlu and tissue glycogen 
between phylogenetically distinct birds of varying body mass.  
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F17 TUBULAR AQUAPORIN EXPRESSION PATTERNS MAY 
PARTLY EXPLAIN THE RELATIVELY HIGH URINE 
CONCENTRATING CAPABILITY OF THE KANGAROO RAT. 
Espineira M, Siordia J, Armstrong T, and Pannabecker T. 
The goal of this study is to determine whether or not expression levels 
or trafficking patterns of renal inner medullary AQP 1 in the descending 
thin limbs and AQP 2 in collecting ducts contribute to the ability of the 
kangaroo rat to produce a more highly concentrated urine than that of 
the laboratory rat (Munich-Wistar). The renal inner medulla was 
dissected free, separated into three segments of equal length along the 
corticopapillary axis, and membrane fractions were prepared for 
semiquantitative immunoblotting. For immunolabeling studies of AQP1 
and AQP2, the inner medulla was embedded in Spurrs resin and 1 µm 
thick sections were prepared at several levels along the corticopapillary 
axis. Immunoblotting shows AQP1 abundance in the terminal third of 
the inner medulla of the kangaroo rat is substantially lower than in the 
upper two-thirds. Immunohistochemistry has previously shown that 
AQP1 expression occurs along a greater length of the kangaroo rat 
descending thin limb, relative to that of Munich-Wistar rat. This greater 
length of AQP1 expression enables greater concentration of luminal 
solutes by water reabsorption in the kangaroo rat; however, in both 
species, as AQP1 is only weakly expressed along the descending thin 
limb of the terminal papilla, solute secretion is necessary for 
equilibration between luminal fluid and the hypertonic interstitium. 
Equilibration by solute secretion may occur along a proportionately 
longer segment of the Munich-Wistar rat, relative to the kangaroo rat. 
The basolateral/apical AQP2 expression ratio is greater in the papillary 
collecting duct of kangaroo rat, relative to Munich-Wistar rat. 
Heightened AQP2 basolateral expression in collecting ducts of the 
kangaroo rat supports prior studies indicating peritubular hypertonicity 
is a significant regulatory factor of CD water permeability and 
basolateral AQP2 expression levels. 

F23 Rapamycin, the inhibitor of mTOR signaling pathway, reverses 
lithium induced cell proliferation in renal collecting ducts 
Yang Gao, Jill Romero-Aleshire, Qi Cai, Ted Price, Heddwen Brooks 
Department of Physiology, College of Medicine, University of Arizona, 
Tucson, AZ 85724 
Lithium is widely used as a treatment of bipolar disorders and post-
traumatic stress disorder. The most common renal side effect in patients 
undergoing lithium therapy is nephrogenic diabetes insipidus (NDI). 
NDI is characterized by polyuria and polydipsia, due to a urinary 
concentrating defect. In addition, lithium treatment can cause renal 
collecting duct cells to proliferate, which leads to renal cysts and 
chronic tubulointerstitial nephropathy. Lithium-induced 
downregulation of the vasopressin-regulated water channel, aquaporin-
2 (AQP2) occurs in NDI. In this study, we fed mice lithium for 14-28 
days and confirmed that AQP2 protein expression was significantly 
decreased to 16 ± 4.0% vs control 100 ± 8.8% in renal medulla. We 
found that 2 weeks lithium treatment significantly increased 
proliferating cell nuclear antigen (PCNA) protein level by 172 ± 8.6% 
vs control 100 ± 1.4% in renal inner medulla. The mammalian target of 
Rapamycin (mTOR) signaling pathway has been identified as a key 
regulator of cell growth and cell proliferation. We hypothesized that 
mTOR signaling pathway may be playing a role in lithium-induced cell 
proliferation of renal collecting duct. We performed Western blotting 
and immunohistochemistry, using phospho-specific antibodies; p-
mTOR (Ser 2448) was increased in renal inner medulla of lithium-
treated mice (154 ± 26.5%), as was phosphorylation of ribosomal S6 
protein (p-rS6), a downstream component of mTOR pathway (404 ± 
151.4%) in renal inner medulla of lithium treated mice. To test whether 
the inhibition of mTOR signaling pathway could reverse lithium-
induced cell proliferation, we treated mice with Rapamycin, an 
inhibitor of mTOR. Rapamycin reversed lithium induced proliferation 
of inner medullary collecting duct cells and decreased lithium-induced 
p-mTOR and p-rS6 levels in renal inner medulla. However, Rapamycin 
had no effect on the upstream components of mTOR, p-Akt or p-TSC2, 
levels which remained elevated in response to lithium. In conclusion, 
the mTOR signaling pathway is involved in lithium-induced collecting 
duct cell proliferation in renal medulla.   

F25 THE LIPID PEROXIDATION END-PRODUCT 4-
HYDROXYNONENAL INDUCES INSULIN RESISTANCE IN 

ISOLATED RAT SLOW-TWITCH SKELETAL MUSCLE 
F. J. Giovannini, M. Prasannarong, F. R. Santos, and E. J. Henriksen, 

Muscle Metabolism Laboratory, Department of Physiology, University 
of Arizona College of Medicine, Tucson, AZ 85724 

A primary defect leading to the development of type 2 diabetes is 
insulin resistance of the glucose transport system in skeletal muscle.  
One factor known to induce insulin resistance is oxidative stress.  A by-
product of lipid peroxidation is the reactive aldehyde 4-hydroxynonenal 
(4-HNE), an oxidant that induces a number of deleterious consequences 
on cell function.  However, the impact of 4-HNE on the glucose 
transport system in rat slow-twitch skeletal muscle is currently not 
known.  Therefore, we assessed the impact of 4-HNE on insulin 
signaling factors (IRS-1 protein expression and phosphorylation of Akt 
Ser473 (pAkt) and AS160 Thr642 (pAS160)) and on glucose transport 
activity in mammalian slow-twitch muscle.  Strips of soleus muscle 
from lean Zucker rats were incubated with 4-HNE (50 µM) in the 
absence or presence of insulin (5 mU/ml) for up to 6 hr.  Insulin-
stimulated glucose transport activity (determined using 2-deoxyglucose 
uptake) was decreased by 4-HNE at 2 hr (30%), 4 hr (26%), and 6 hr 
(39%) (all p<0.05).  At 2 hr of 4-HNE treatment in the presence of 
insulin, pAS160 was decreased by 28%, whereas pAkt was only 
reduced 11% and IRS-1 protein levels were not changed.  At 4 hr, 
pAS160 was decreased by 22%, as was pAkt, and IRS-1 levels were 
39% lower than in the control muscles.  At 6 hr, pAS160 was 47% 
lower, pAkt was decreased by 26%, and IRS-1 protein levels were 
reduced by 51%.  Interestingly, IRS-2 protein levels were decreased by 
17% only at the 6 hr time point.  In summary, these data indicate that 
the lipid peroxidation end-product and oxidant 4-HNE induces insulin 
resistance of glucose transport activity in rat slow-twitch skeletal 
muscle, initially associated with impaired phosphorylation (and 
therefore reduced activation) of AS160.  Longer durations of 4-HNE 
exposure led to a greater impairment of Akt phosphorylation and to a 
selective loss of IRS-1 protein.  These results provide further support 
for an important role of oxidative stress in the etiology of skeletal 
muscle insulin resistance. 

F22 TARGETING AND SIGNAL MODULATION OF PANCREATIC 
Β-CELLS USING HETEROBIVALENT LIGANDS DIRECTED 
AGAINST Β-CELL SPECIFIC RECEPTOR COMBINATIONS  
NATHANIEL HART, KAMESWARI ANANTHAKRISHNAN, 
JOSEF VAGNER, WOO JIN CHUNG, CRAIG WEBER, SEAN 
W. LIMESAND, RONALD LYNCH, University of 
Arizona, Tucson, AZ.  
β-cell dysfunction and decline in β-cell mass (BCM) underlie the 
development of Diabetes. Current treatment of β-cell dysfunction 
and measurement of BCM are limited by inadequate specificity 
of β-cell targeting agents. We propose that improved β-cell 
specificity can be achieved by simultaneous targeting of multiple 
cell surface receptors that as a combination, distinguish β-cells 
from other cell types. To engage two receptors simultaneously, 
we synthesized bivalent ligands composed of Glucagon Like 
Peptide 1 (GLP-1) linked to Glibenclamide (Glb) a Sulfonyurea 
receptor antagonist, or linked to Yohimbine (Yhb) a α2 
adrenergic receptor antagonist, receptors that are expressed on 
βTC3 cells. Microscopy shows that both bivalent ligands (Cy5 
tagged) bind to βTC3 cells and are rapidly internalized (2-3 
mins). Competition binding analysis indicates an apparent Km of 
~10nM for GLP-1/Glb and a high affinity Km of ~10 pM for GLP-
1/Yhb. Binding constants for the individual binding moieties 
within the bivalent constructs were ~200 nM for GLP-1, 100 nM 
for Glb, and 10 nM for Yhb. Thus, the apparent binding constants 
for the bivalent ligands are greatly enhanced compared to 
binding to a single receptor. The signaling properties of GLP-
1/Glb also were investigated. Glb increases cell Ca2+ and GLP-1 
elevates cAMP. GLP-1/Glb elicits a half maximal Ca2+ response 
at ~10nM reflecting its Km, but the magnitude of the maximal 
Ca2+ response was significantly less than observed for 
monomeric Glb (37 +/- 7% vs 147 +/-9% increase). Unlike the 
Ca2+ response, maximal cAMP production elicited by GLP-1 and 
GLP-1/Glb were equal. Even though Ca2+ signaling is reduced, 
glucose activated insulin secretion remains potentiated by the 
GLP-1/Glb ligand (353 +/- 63% increase). Thus, these bivalent 
ligands exhibit enhanced apparent affinities, β-cell specificity and 
maintain functional efficacy, and thereby hold promise as β-cell 
specific therapeutic agents.  
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F10 Development of Antagonists for the Protease Activated Receptor-2 
Justin Hoffman1,3,4, Andrea N. Flynn1,3,4, Dipti V. Tillu2, Cara L. 
Sherwood1,4, Marina N. Asiedu2, Zhenyu Zhang3, Renata Patek3,  Josef 
Vagner3, Ted Price2,3, and Scott Boitano1,3,4 
University of Arizona Departments of Physiology1 and Pharmacology2, 
Bio5 Collaborative Research Institute3 and Arizona Respiratory Center4 
Protease Activated Receptor-2 (PAR2) activity plays a significant role in 
many disease states including allergic asthma, acute and chronic pain, 
and cancer. PAR2 has been considered a drug target for the treatment of 
such diseases; however limited pharmacological tools, particularly 
antagonists, to study the receptor have been developed. PAR2 is a G-
protein coupled receptor activated by trypsin-like and other serine 
proteases. Proteolytic cleavage of the extracellular N-terminus reveals a 
native tethered ligand which intramoleculary binds the receptor causing 
activation of downstream signaling pathways. Specific proteases such as 
those from Alternaria alternata and Kallikrein 14 can cleave PAR2 at 
distinct sites, which reveal different tethered ligand sequences and elicit 
different downstream signaling responses. PAR2 can also be activated 
by peptide/peptidomimetic ligands that mimic the native tethered ligand 
without the off target effects of proteases. We sought to design probes to 
antagonize the receptor based on peptide sequences from the different 
cleavage sites. We describe a PAR2 peptidomimetic derived from the 
sequence of the major trypsin cleavage site (C391) which blocks both 
PAR2 peptide agonist and protease induced signaling in vitro and 
thermal hyperalgesia mediated by mast cell degranulation in vivo. We 
further describe the first developed ligands from the PAR2 Kallikrein 14 
cleavage site: peptidomimetics (SSKGRS-NH2, 2-aminothiazol-
SKGRS-NH2, (2-atSKGRS-NH2)) and synthetic tethered ligands (STLs) 
(SSKGRSO-Peg3-Pam and 2-atSKGRSO-Peg3-Pam). None of the 
Kallikrein based ligands stimulated PAR2 Ca2+ signaling, MAPK 
signaling, or inhibited A. alternata protease activity. 2-atSKGRS-NH2 
and both STLs were able to inhibit A. alternata, trypsin, and PAR2 
agonist-induced Ca2+ signaling. N-terminal Serine substitution and STL 
addition increased antagonism. Development of high potency, specific 
PAR2 antagonists based on one of the many proteolytic cleavage sites 
will provide critical insight into understanding the role of PAR2 in a 
variety of disease states, the potential drugability of the receptor, and 
may serve as templates for the design of therapeutics. 

F11 Aurora kinase inhibition in the treatment of multiple myeloma 
N Jacobsen1, A Agarwal2, and T Landowski1, 2 

1Physiological Sciences GIDP, 2Arizona Cancer Center 
University of Arizona, Tucson, AZ 
Multiple myeloma is the second most common hematological disorder 
in the United States with an incidence of about 20,000 cases per year. 
Despite advances in discovering new therapeutic treatments for 
multiple myeloma, the disease remains incurable and new therapeutic 
strategies are needed. Aurora kinases are a family of serine/threonine 
kinases that are required for mitosis and have been implicated in 
tumorigenesis. Aurora kinase has been shown to be upregulated in 
multiple myeloma and correlates with aggressive disease. We 
hypothesize that inhibition of Aurora kinase will be an effective 
therapeutic strategy in treating multiple myeloma. In the present study, 
we investigate the effects of an Aurora kinase inhibitor (AT9283) on 
cytotoxicity, cell cycle progression, and Aurora kinase activity in 
multiple myeloma cell lines. Using standard MTT growth inhibition 
assays to determine the IC50 in a panel of multiple myeloma cell lines, 
we demonstrate a range of activity. Western blot analysis of Aurora 
kinase A demonstrates variable expression across the panel of multiple 
myeloma cell lines, however we do not find direct correlation between 
kinase expression and cytotoxic activity. Next, we used flow cytometry 
to assess the effects of AT9283 on cell cycle progression. Incubation 
for 48 hours with the pan-aurora kinase inhibitor results in G2/M arrest 
and the emergence of a polyploid population in all myeloma cell lines 
assessed suggesting that AT9283 is affecting mitotic spindle formation. 
These data suggest that inhibition of Aurora kinases may be a 
reasonable therapeutic target in multiple myeloma. Further 
investigation into the role of Aurora kinases in myeloma cell 
proliferation and survival is needed for therapeutic development. 
 

F20 THE Ob/Ob MOUSE JEJUNUM HAS DISTINCTLY DIFFERENT 
CHARACTERISTICS THAN ITS LEAN COUNTERPARTS.        
J. Kang,  E. Rayyan,  P. Nguyen, B. Barrett, A. Bhakta, L. Leung, D. Wilson, L. 
Tamura, K. Corbell, K. Brust, T.L. Broderick and L. Al-Nakkash. Midwestern 
University, 19555 N. 59th Ave, Glendale, AZ.85308. 
It is widely acknowledged that insulin resistance leads to hyperglycemia in the 
ob/ob mouse, however the role of intestinal glucose uptake and intestinal secretion 
is unclear.  The ob/ob mouse lacks functional leptin and presents as obese, as well 
as hyperglycemic. We used ob/ob and lean mice aged 13-14 weeks, and the ob/ob 
mice had a significantly increased weight (49.3±1.6 g, n=5) compared to the lean 
mice (25.1±0.5 g, n=5).  The goal of this study was to characterize jejunal function 
in this clinically relevant mouse model. We measured transepithelial short circuit 
current (Isc), across freshly isolated segments of jejunum from the ob/ob and lean 
mice. Basal Isc was significantly increased, by 2-fold, in the lean mice (95.2±20.3 
µA/cm2, n=4, P<0.05) compared to the ob/ob mice (50.5±9.5 µA/cm2, n=5). Isc in 
response to forskolin (10 µM, bilateral) was similar in both groups of mice, 
indicating no change in the cAMP-dependent Isc. Isc in response to bumetanide 
(100 µM, basolateral) to inhibit the Na+/K+/2Cl- co-transporter  and the Isc in 
response to acetazolamide (100 µM, bilateral) to block the HCO3

- secretory 
component was analogous in both groups. A comparison of jejunum morphology 
(i.e. villi length, number of goblet cells/villi, crypt depth, number of goblet 
cells/crypt) is currently in progress. Expression of the transporter protein, Glut5 
(normalized to GAPDH), was significantly increased in ob/ob mice 0.74 ±0.06 
(n=14, P<0.05), compared to lean counterparts (0.37±0.06, n=11).  Plasma glucose 
levels were almost 2-fold greater in the ob/ob mice (242±26 mg/dL, n=5, P< 0.05) 
compared to lean mice (124±8 mg/dL, n=5).  These data suggest that basal jejunal 
Isc in lean mice is ~2-fold that in ob/ob mice, and may reflect a slower transit time 
in the gastrointestinal tract in the ob/ob mice which may contribute towards 
increased nutrient absorption (specifically increased monosaccharide uptake via 
Glut5), an increased weight gain and the associated diabetic phenotype. This leads 
to speculation as to whether or not increased Glut5 expression in ob/ob mice is an 
effect of diabetes, or if Glut5 abundance results in the diabetic state. 

F3 Neonatal nicotine exposure increases the frequency and duration of 
apneic events Ian J. Kidder, Jordan. A Mudery, and E. Fiona Bailey 
Prenatal nicotine exposure (PNE) has a profound effect on respiratory 
development and is linked to an increased risk for developmental 
breathing disorders (DiFranza and Lew, 1995; Kinney et al., 1992). We 
tested the hypothesis that PNE decreases drive to muscles of the upper 
airway and increases the incidence and duration of obstructive apneic 
events. Sprague-Dawley rats were exposed to nicotine (6mg/kg/day) in 
utero or remained unexposed. At ages 7-10 days, rat pups were 
anesthetized (inactin, 70mg/kg) and instrumented with fine wire 
electrodes in the genioglossus muscle of the upper airway and the 
intercostal muscles of the respiratory pump. Respiratory-related chest 
expansion was monitored by a force transducer coupled to the chest 
wall. Rat pups were placed in a flow-through chamber while activity 
was monitored under room air and normoxic hypercapnia (3%, 6%, and 
9% FICO2). Our results reveal an increase in frequency of central 
apneic events in PNE animals compared to unexposed animals, while 
upper airway muscle activity remains unaffected. Such findings 
provide insight into the influence of nicotine on respiratory 
development in vivo and how nicotine alters output from respiratory 
centers in the brainstem. 
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F21 LIPID INFILTRATION OF RODENT LIVER AND 
PECTORALIS MUSCLES FOLLOWING 6 WEEKS 
OF HIGH CALORIC INTAKE  
Liss T, Frahm C, Sweazea KL 
School of Nutrition and Health Promotion, Arizona State 
University, Phoenix, AZ.  
High fat diets (HFD) are known to cause hepatic non-
alcoholic steatosis in rats in as few as four weeks. Studies 
examining the effects of high carbohydrate diets as well 
as lipid infiltration of non-hepatic tissues are not as 
prevalent. Accumulation of triglycerides in liver and 
skeletal muscle is associated with insulin resistance and 
obesity. Therefore, the aim of this study was to examine 
the effects of high fat and high sucrose diets on the 
development of hepatic steatosis as well as lipid 
accumulation in pectoralis and cardiac muscles. Male 
Sprague-dawley rats (140-160g) were maintained on a 
chow (5% fat, 57.33% carbohydrate, 3.4kcal/g), high 
sucrose (HSD; 10% fat, 70% carbohydrate, 4.73kcal/g) or 
high fat (HFD; 60% fat, 20% carbohydrate, 5.24 kcal/g) 
diet for 6 weeks.  At the end of the feeding protocol, 
tissues were harvested and embedded in OCT for 
analyses. Cryosections (12µm) were collected onto glass 
microscope slides and lipids stained with oil red O. HSD 
and HFD rats developed hepatic steatosis and HFD rats 
showed lipid accumulation in the pectoralis muscle 
compared to controls. Cardiac muscle showed no 
evidence of lipid infiltration in any group. Lipid 
accumulation in both liver and pectoralis muscles of 
overweight HFD rats may contribute to the observed 
insulin resistance, whereas HSD rats only develop hepatic 
steatosis supportive of the mild glucose intolerance 
previously measured.   
 

F13 ACETAZOLAMIDE INCREASES cAMP IN PORCINE 
NONPIGMENTED CILIARY EPITHELIUM AND ELICITS 
SUBCELLULAR TRANSLOCATION OF H+-ATPASE 
Mandal A, Shahidullah M, Wei G, El-Sharkawy E and Delamere NA*  
Department of Physiology and *Ophthalmology & Vision Science, 
University of Arizona, Tucson, AZ 85724, USA 
The carbonic anhydrase inhibitor acetazolamide (ACTZ) reduces 
aqueous humor (AH) secretion in species that do or do not concentrate 
bicarbonate in the AH. Earlier studies showed ACTZ increased the 
production of cAMP by rat renal cortical slices in vitro1. Because 
cAMP signaling in the ciliary body is known to affect AH secretion, 
studies were carried out to examine the possibility that ACTZ elicits a 
cAMP response in non-pigmented ciliary epithelium (NPE).  
Porcine NPE was established in primary culture according to our 
published method. Using an approach based on centrifugation2, a 
plasma membrane-rich fraction was isolated from the NPE and used for 
western blot analysis of soluble adenylate cyclase (sAC) and H+-
ATPase (V-ATPase) abundance. cAMP was measured by RIA using a 
commercial kit (Perkin Elmer).  
When cultured NPE cells were exposed to ACTZ (500µM) for 10 min 
the abundance of sAC protein detected in the plasma membrane-rich 
fraction was doubled, suggesting subcellular sAC translocation.  Cells 
exposed to ACTZ+IBMX for 1 -10 min displayed a rapid increase in 
cAMP which peaked at 2 min and remained significantly elevated for 
10 min. ACTZ treatment for 10 min was found to cause a significant 
increase in V-ATPase B1 subunit protein in the plasma membrane-rich 
fraction, pointing to intracellular translocation of H+-ATPase. A similar 
increase in V-ATPase B1 subunit protein was observed in the plasma 
membrane-rich fraction obtained from cells exposed for 10 min to 8-
Br-cAMP, a cell permeable cAMP analog. 
The findings suggest ACTZ increases cAMP in a response that may, in 
part, involve activation of sAC.  Subcellular translocation of H+-
ATPase that occurs in cells exposed to ACTZ appears to be a cAMP-
dependent response. This raises the possibility that some functional 
effects of carbonic anhydrase inhibitors on the NPE may be related to 
cAMP signaling.  
Grant: NIH Grant EY006915; Disclosure: No Commercial 
Relationship (N); References: Rodriguez HC et al (1974). J. Clin. 
Invest. 53:122-130. 
Lin PH et al (1987). Biochemistry. 26 : 731-736. 

F6 ACHILLES TENDON ESTROGEN RECEPTOR CONTENT 
AFTER OVARIECTOMY AND GENISTEIN TREATMENT 
Karl Martineau, Katie Corbell, Tom L. Broderick, Layla Al-Nakkash, 
and Chad C. Carroll 
Midwestern University, Arizona College of Osteopathic Medicine, 
Glendale, AZ 
We have previously shown that ovary removal leads substantial decline 
in Achilles tendon collagen content and administration of the 
phytoestrogen genistein prevented the reduction of collagen content 
after ovary removal (OVX). Genistein has been shown to bind estrogen 
receptors and changes in estrogen receptor content could contribute to 
the changes in collagen content noted in our previous work. To our 
knowledge, estrogen receptor content has yet to be evaluated in tendon 
from rats or humans. Rats were separated into eight groups (n=6-7 per 
group): intact or OVX, treadmill exercised or sedentary, genistein-
treated (300 mg•kg-1•day-1) or vehicle. After 6-weeks, the content 
tendon of estrogen receptor (ER) α and β were determined via Western 
blotting. ER-α and ER-β content were ~30% lower in OVX rats when 
compared to intact rats. Although genistein prevented a decline in 
tendon collagen, genistein had no influence on tendon ER content. This 
suggests that the effect of genistein on tendon collagen may be due to 
downstream signaling rather than changes in receptor content. 
Funding: MWU Kenneth A. Suarez Research Fellowship to K. 
Martineau, MWU Intramural Funds to C. Carroll, and NIH 
1R15DK071625-01A2 to L. Al-Nakkash. 
 

F14 GABAERGIC INPUT COMPENSATES FOR DECREASED 
GLYCINERGIC INPUT TO MOUSE OFF BIPOLAR CELLS 
WITH LIGHT ADAPTATION 
RE Mazade and ED Eggers, University of Arizona, Tucson AZ 
Sensory systems must avoid saturation to encode a wide range of 
stimulus intensities.  One way the retina accomplishes this is by using 
both dim light-sensing rod and bright light-sensing cone photoreceptor 
circuits.  OFF cone bipolar cells bridge the rod and cone pathways by 
receiving both excitatory input from cones and glycinergic input from 
the rod - AII amacrine cell pathway.  It is unknown how these 
inhibitory inputs to OFF cone bipolar cells change when switching 
between rod and cone pathways, or if all OFF cone bipolar cells receive 
rod pathway input.  Using whole-cell voltage clamp, L-IPSCs were 
recorded from dark adapted mouse OFF BCs and the magnitude of L-
IPSCs was measured as charge transfer.  A green LED was used to 
generate light stimuli and to set the background light level.  The current 
due to glycine, GABAA and GABAC receptors was determined with 
application of specific antagonists and a fluorescent dye was introduced 
during the recording to label and identify the cell. We found that one 
group of OFF cone bipolar cells (types 1,2, and 4) receive rod-mediated 
inhibitory inputs that likely come from the rod - AII amacrine cell 
pathway, while another group of OFF cone bipolar cells (type 3) do not.  
In both cases, dark-adapted rod dominant responses showed a 
significant contribution of glycinergic inhibition, which decreased with 
light adaptation and was, surprisingly, compensated by an increase in 
GABAergic inhibition.  Additionally, the signal-to-noise ratio increased 
in both OFF BC cell groups with light adaptation due to a decrease in 
spontaneous activity.  As GABAergic input has distinct timing and 
spatial sensitivity from glycinergic input, a shift from glycinergic to 
GABAergic inhibition could significantly alter OFF cone bipolar cell 
signaling to downstream OFF ganglion cells.  Larger GABAerigc input 
could reflect a widening of OFF pathway inhibitory surrounds which 
may be a mechanism to explain previous results showing increasing 
spatial acuity with light adaptation. 
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F5 BREATHING WITH A SPRING: EXPLORING THE ROLE OF 
TITIN IN RESPIRATION 
ST Meehan, KR Taylor, KC Nishikawa 
Northern Arizona University 
Flagstaff, AZ 
stm48@nau.edu 
Respiration in mammals requires continuous power output and thus a 
constant energy supply. For that reason, one would expect a strong 
selective pressure to reduce the energetic cost of respiration. Therefore, 
the properties of the diaphragm, including muscle stiffness, are expected 
to impact respiration. The diaphragm muscle in the muscular dystrophy 
with myositis (MDM) homozygous mutant is about 2-4 times stiffer 
than in nonmutant mice when the muscle is stretched passively. Mutant 
MDM mice have a deletion in the N2A region of titin, an integral elastic 
muscle protein. Nonmutant and mutant mice were filmed with a high-
speed digital camera to allow measurement of changes in abdominal 
width during resting respiration at room temperature. From these 
measurements, we calculated the respiration rate. The respiration 
frequency for both mutant and nonmutant mice conformed to allometric 
predictions and were not significantly different from one another in 
absolute terms. In addition, the duration of inspiration was similar 
between nonmutant (77 ms +/- 13 ms) and mutant (80 ms +/- 26 ms) 
mice. However, the duration of expiration in nonmutants (165 ms +/- 20 
ms) was about double the expiratory duration observed for mutants (86 
ms +/- 30 ms), meaning that the mutants expired twice as quickly as the 
nonmutants. The observed doubling of the speed of exhalation in 
mutants is not difficult to explain since the mutant diaphragm is more 
than twice as stiff as the nonmutant diaphragm and therefore would be 
expected to exhibit faster passive recoil. These results provide in vivo 
support for the idea that mutant muscles are stiffer during the passive 
phase. Thus, these data indicate that titin stiffness plays an important 
role in muscle function on the organismal level. 

F26 Retinal inhibitory signalling is increased in streptozotocin-induced 
diabetes. 
J.M. Moore-Dotson, R. Mazade, A.Bersnstein, E.D. Eggers 
Diabetic retinopathy is clinically defined by unregulated vascular 
growth and retinal edema as a result of chronic hyperglycemia.  Many 
previous studies have focused primarily on hyperglycemic-induced 
changes to the retinal vasculature.  However, recent studies have shown 
changes in  retinal electrical signalling prior to increased vascular 
growth that suggest changes in inhibitory GABAergic 
neurotransmission between cells of the inner retina including increased 
GABA production and metabolism, and accumulation of GABA in the 
vitreous of diabetic patients.  The purpose of this study is to determine 
whether inhibitory signalling of the inner retina is increased in diabetic 
retinopathy.  We generated a  mouse model of type 1 diabetes using 
streptozotocin, a toxin that targets pancreatic beta cells, and  measured 
spontaneous inhibitory postsynaptic currents (sIPSCs) mediated by 
GABAA or GABAC  receptors.  The average peak amplitudes of 
GABAC mediated sIPSCs measured in diabetic mice were significantly 
increased compared to mice treated with vehicle control. The average 
peak amplitude of GABAA mediated sIPSCs were on average higher 
but not significantly different. The frequency of GABAC and GABAA 
events show a trend towards higher frequency in rod bipolar cells from 
diabetic mice.  These results are consistent with an increase in 
GABAergic inhibitory signalling and likely contribute to the changes in 
retinal electrical signalling that occurs in diabetic retinopathy. 
 

F19 DIFFERENCES IN BLOOD GENE EXPERSSION BETWEEN 
TRAINED AND NON-TRAINED INDIVIDUALS 
 Mosher KM, Kline J, Coletta  D, Mandarino L, Katsanos CS. Center 
for Metabolic and Vascular Biology and School of Life Sciences, 
Arizona State University/Mayo Clinic Arizona, Tempe/Scottsdale, AZ. 
To create a novel list of genes that are changed in the blood of trained 
compared to non-trained individuals. 
We studied 10 male subjects: 5 trained (competed in a 50 mile ultra-
marathon race within the last 6 months and were still actively training) 
and 5 non-trained, that served as controls. Blood was drawn from the 
trained subjects 24 hours after exercise.  Blood mRNA extracted from 
each trained and non-trained subject, was labeled, hybridized, and put 
through a microarray scan. The resulting data was sorted using 
GeneSpring software. David’s Bioinformatics index was used to 
analyze the gene list and the significant pathways. 
270 genes were found to be significantly different between the two 
groups (P ≤ 0.05, Fold change > 1.5). The genes SPP1 (4.45 FC), GCK 
(1.86 FC), SLC2A4 (1.84 FC), PPP1R3B (1.57 FC), and RETN (1.64 
FC) were found to be significantly increased in the blood of the 
endurance trained individuals. Several pathways had multiple genes 
expressed indicating an effect of exercise on metabolic pathways. These 
groups include: immune system function, calcium homeostasis, 
inflammation, and insulin sensitivity. 
We generated a list of genes expressed differently between trained and 
non-trained individuals. The gene with the highest fold change in the 
trained group was osteopontin (SPP1), associated with bone 
remodeling, hypoxia and increases in immune cells. The up regulation 
of this gene agrees with previous research on chronic exercise and 
increased immune functioning. Other genes with significant increases in 
the trained group include glucokinase (GCK), GLUT4 (SLC2A4), 
PPP1R3B and Resistin (RETN).  The gene pathways affected by 
exercise support the role of a physically active lifestyle in improving the 
metabolic profile, and as assessed through this blood gene expression 
study. 

F12 CHARACTERIZATION OF TRANSPORTERS IN THE THIN 
LIMBS OF HENLE OF THE RAT KIDNEY 
M. Nawata, W. Dantzler, and T. Pannabecker, University of Arizona, 
Tucson, AZ 
The objective of our study was to identify transporters in the thin limbs 
of Henle that may be involved in the urine concentrating mechanism.  
Munich Wistar rats were water restricted for 72 hours.  The descending 
thin limbs (DTLs) and ascending thin limbs (ATLs) of Henle were then 
isolated from the inner medulla.  Real time PCR was performed to 
assess transcript levels of various transporters in the ATLs and DTLs of 
control rats vs. water-restricted rats.  Results showed that transcripts of 
claudin 4 (CLDN4), sodium-dependent glucose transporter 1 
(NaGLT1), a variant of sodium glucose cotransporter 1 (SGLT1), and 
sodium myo-inositol cotransporter 1 (SMIT1) were present in both 
types of tubules and that their expression levels increased in the ATLs 
after water restriction.  Chloride channel (Clcnka) mRNA, expressed 
only in the ATLs, and urea transporter mRNA (UTA2) expressed only 
in the DTLs, also increased after water restriction.  We have identified 
several transporters in the thin limbs of Henle that change in response 
to water restriction.  These transporters can now be further analyzed to 
understand how they may contribute to the process of urine 
concentration.  In particular, we focus on characterizing the variant of 
SGLT1 that we identified in the inner medulla. 
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F9 VASCULAR REPSONSES AND AROMATASE LEVELS IN SMALL 
MESENTERIC ARTERIES FROM YOUNG AND MIDDLE AGED RATS. 
O’Connor D, Madhavpeddi L, Ramirez A, and Gonzales R. Basic Medical Sciences 
Department, University of Arizona College of Medicine, Phoenix, AZ  
Clinical studies suggest that endothelial function declines with age and in part may 
be due to a decrease in circulating testosterone and estrogen leading to attenuated 
endothelium dependent vasodilation. However, local production and action of sex 
steroids on endothelial vascular function remains an area of investigation.  The 
enzyme aromatase metabolizes testosterone to 17β-estradiol (E2) and this enzyme is 
present in the vascular wall along with the sex steroid receptors. Therefore, one can 
hypothesize that the local metabolism of testosterone to E2 in the vasculature may 
confer preservation of endothelial function in an aging model. The impact of local 
steroid metabolism on the aging blood vessel wall is not fully understood. Thus, the 
purpose of this study was to investigate endothelium dependent relaxation 
responses in phenylephrine (PE) contracted resistance-sized mesenteric arteries 
isolated from male young (3 mo.) and middle-aged (8 mo.) rats using wire 
myography.  In addition, we assessed the expression of aromatase in resistance-
sized arteries freshly isolated from young and middle aged rats using western blot 
and PCR. Wake up responses to PE (10-6 M) were higher in arteries from middle-
aged compared to young rats. Additionally, the acetylcholine (ACh; 10-5 M) 
response in the presence of PE was decreased in middle-aged compared to young.  
However, unexpectedly the ACh concentration response curve (10-9 to 10-4.5 M) in 
pre-contracted arteries treated with PE (10-6 M) was augmented in arteries from 
middle-aged rats at low doses and no significant differences were detected at higher 
doses. Incubation with N-nitro-L-arginine methyl ester (a non-selective nitric oxide 
synthase inhibitor; 100 µM) and indomethacin (non-selective cyclooxygenase 
inhibitor; 10 µM) elicited the greatest impaired ACh response in arteries from 8 
month olds.  Furthermore, aromatase levels were elevated in arteries from 8 month 
old rats compared to arteries from 3 month old rats. These data suggest the 
preservation of endothelial function in middle-aged rats may in part be due to 
enhanced levels of aromatase and local steroid metabolism of testosterone to E2.  
Funding support: Sarver Heart Center and the Jim and Ann Madson gift fund (RG). 

F8 VALIDATING THE VCD TREATED MOUSE AS A MODEL OF  
POSTMENOPAUSAL ANGIOTENSIN II-INDUCED 
HYPERTENSION 
Pollow DP, Perez JN, Booth A, Konhilas JP, Brooks HL. The University 
of Arizona, Tucson, Arizona. A female’s risk of developing 
hypertension (HTN) increases dramatically after menopause. The most 
common model of postmenopausal ANG II-induced hypertension 
utilizes surgical removal of the ovaries via ovariectomy, immediately 
rendering the animal menopausal and reducing estrogen release. 4-
vinylcyclohexene diepoxide (VCD) injection has been shown to 
gradually induce menopause, while keeping the ovaries intact and more 
closely resembles the process of menopause. This study aimed to 
validate the VCD mouse model as a more physiologically relevant 
model of postmenopausal ANG II-induced HTN. Female BL/6 mice 
received injections of 160 mg/kg VCD or sesame oil control for 20 days. 
Once menopausal, 800 ng/kg/min ANG II was infused via mini-pump 
for 10 days. Baseline tail cuff mean arteriole pressure (MAP) was not 
different between groups. MAP increased by 22 mmHg in ANG II 
treated mice and an additional 15 mmHg in VCD/ANG II mice 
compared to control, indicating a loss of protection against ANG II after 
menopause. Renal macrophage infiltration, measured by F4/80 staining, 
was also elevated in the VCD/ANG II group, while cortical AQP2 
protein expression decreased in ANG II and VCD/ANG II experimental 
groups compared to control. We conclude that the VCD mouse model 
accurately depicts the systemic response to ANG II infusion and is a 
physiologically relevant model to study the underlying mechanisms of 
postmenopausal ANG II-induced HTN.    
 

  F7 GENISTEIN AND R117H CF MOUSE JEJUNUM : A Lack of 
Effect Irrespective of Route of Administration. 
E. Rayyan, S. Polito, B. Barrett, A. Bhakta, J. Kang, L. Leung and L. Al-
Nakkash.   Midwestern University, 19555 N. 59th Ave, Glendale, 
AZ.85308  
Cystic fibrosis (CF) results from the loss or reduction in function of the 
CFTR (cystic fibrosis transmembrane conductance regulatory protein) 
chloride channel. A clinically seen CFTR mutation is R117H, which has 
partial CFTR function. Genistein, a naturally occurring phytoestrogen, is 
known to stimulate CFTR function in vitro.  We have previously shown 
that female (but not male) wild-type mice (Wt, C57BL/6J) fed a 
genistein-containing diet (600 mg/kg food, 600Gd) for 4-weeks have 
significantly elevated basal levels of jejunal chloride (Cl) secretion 
(measured as transepithelial short circuit current, Isc) compared to 
genistein-free fed mice (0Gd). Interestingly, both male and female Wt 
mice injected with genistein (600 mg genistein/kg body weight, 600Gi) 
daily for 1-week have significantly elevated basal levels of Isc compared 
to DMSO treated controls (0Gi).  We aimed to determine whether route 
of administration of genistein, mediated differential effects in male and 
female R117H CF mice. In those R117H mice fed 600Gd or 0Gd diet for 
4-weeks, basal Isc was unchanged in 600Gd males (39.2±11.7 µA/cm2, 
n=9) compared to 0Gd controls (34.9±7.7 µA/cm2, n=9), and unchanged 
in 600Gd females (36.7±8.6 µA/cm2, n=10) compared to 0Gd controls 
(29.3±6.5 µA/cm2, n=7). In R117H mice injected with 600Gi or 0Gi for 
1-week, basal Isc was unchanged in 600Gi males (28.5±2.3 µA/cm2, 
n=5) compared to 0Gi controls (27.5±5.5 µA/cm2, n=4), and unchanged 
in 600Gi females (31.3±7.7 µA/cm2, n=5) compared to 0Gi controls 
(38.5±5.2 µA/cm2, n=5). We measured the effects of Isc in response to 
the following: forskolin (10 µM, bilateral), bumetanide (100 µM, 
basolateral) to indicate the Cl- secretory component and acetazolamide 
(100 µM, bilateral) to indicate the HCO3

- secretory component.  
Morphology analysis (i.e. villi length, number of goblet cells/villi, crypt 
depth, number of goblet cells/crypt) for the R117H mice is currently 
underway.  These data suggest that, in both male and female R117H 
mice, neither a 4-week genistein diet treatment nor 1-week of daily 
genistein injections, provide any benefit towards the overall magnitude 
of basal secretion, indicating that partial CFTR function is not sufficient 
for genistein’s action. These effects are in contrast to the stimulatory 
effects of genistein on Wt mice. 
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F29 GLUCAGON-LIKE PEPTIDE-1 ATTENUATES PRODUCTION 
OF F2α-ISOPROSTANE BY ENDOTHELIAL CELLS. 
Richardson, VA, Dokken, BB, University of Arizona College of 
Medicine, Tucson  
Endothelial dysfunction contributes to the excessive morbidity and 
mortality associated with cardiovascular disease in diabetes. Glucagon-
like peptide-1 (GLP-1) is an endogenous hormone that forms the basis 
of a class of drugs used to treat type 2 diabetes. The effects of GLP-1 on 
the endothelium have not been fully elucidated. Free radical generated 
F2α-isoprostanes are a group of compounds with vasoconstrictor 
properties. Earlier studies demonstrated that GLP-1 reduced F2α-
isoprostane production in vivo in swine after cardiac arrest and 
resuscitation, and this finding was associated with improved endothelial 
function in the coronary microcirculation. The aim of the present study 
was to determine the effects of GLP-1 on the production of F2α-
isoprostane by endothelial cells. Human umbilical vein endothelial cells 
(HUVECs) were grown to confluence and exposed to GLP-1 (0.3 nM) 
for 48 hr. Compared to control cells, GLP-1 resulted in a 62% 
attenuation of F2α-isoprostane release by HUVECS within 40 hrs (5.8 ± 
0.1-fold over baseline [control] vs. 3.6 ± 0.2-fold over baseline [GLP-1], 
P<0.05 ). These results suggest that GLP-1 may improve endothelial 
function in diabetic patients, in part by decreasing the formation of F2α-
isoprostane, an endothelium-dependent constricting factor. Because 
GLP-1 based drugs are emerging therapies for Type 2 diabetes, these 
findings support a potential cardiovascular benefit to the use of these 
drugs in diabetic patients.  
 

F27 EFFECTS OF ACUTE EXPOSURE TO HIGH GLUCOSE ON 
TISSUE OXIDATIVE STRESS 
Ricklefs K, Soweidan D, Jarrett C, Sweazea KL.  
Arizona State University, Phoenix, AZ 
Oxidative modification of lipids and proteins is commonly associated 
with inflammation and hyperglycemia. Additionally Type 2 diabetes is 
linked to increased risk of cardiovascular morbidity and mortality. 
Oxidative LDL (oxLDL) is a known mediator of atherogenesis and is 
used as a marker of coronary heart disease (CAD). Therefore, the aim 
of this study was to examine the effects of exposing isolated tissues 
from Sprague-dawley rats and mourning doves to varying levels of 
glucose on oxLDL concentrations in brain, kidney, liver, pancreas, 
adipose, cardiac and pectoralis muscles. Isolated rat tissues were 
exposed for four hours to a physiological buffer containing 0, 7.5, or 15 
mmol glucose heated to 37˚C, whereas avian tissues were exposed to 0, 
20, or 40 mmol glucose, at 41˚C. Repeated measures ANOVA and 
independent t-tests were used to analyze and interpret results. There 
were no significant differences in lipid peroxidation among rodent or 
avian tissues exposed to varying glucose concentrations (p >0.05). 
These data suggest that acute exposure to high glucose may not be 
sufficient to elicit lipid peroxidation in either rats or birds. However, 
when comparing isolated rodent or avian tissues exposed to 
normoglycemic conditions (7.5 vs. 20 mmol), birds had significantly 
higher brain (p=0.008) and lower kidney (p=0.025) oxLDL. 
Additionally, similar oxLDL for rodent and avian liver, pancreas, 
adipose, heart and pectoralis muscles exposed to physiological 
conditions suggests that birds may tolerate much higher glucose 
concentrations without developing significant oxidative stress.  
 

F15 MECHANISM OF SNP-INDUCED Na,K-ATPase ACTIVITY 
REDUCTION IN PORCINE NONPIGMENTED CILIARY 
EPITHELIUM  
Shahidullah M, Mandal A, Wei G, and Delamere NA*  
Department of Physiology and *Ophthalmology & Vision Science, 
University of Arizona, Tucson, AZ 85724, USA 
SNP reduces aqueous humor secretion in isolated porcine eye and 
inhibits Na,K-ATPase activity in porcine nonpigmented ciliary 
epithelium (NPE) through a cGMP/PKG-mediated pathway (1, 2). Here 
we study how SNP-induced PKG activation affects Na,K-ATPase 
activity. 
Primary culture of porcine NPE was obtained according to our 
published method (3). Na,K-ATPase activity in NPE was measured by 
quantification of ATP hydrolysis. Protein phosphorylation and 
translocation were studied by western blot and surface protein 
biotinylation technique, respectively.   
SNP markedly inhibited Na,K-ATPase activity in porcine NPE. SNP 
and 8-Br-cGMP significantly increased phosphorylation of a Src Family 
Kinase (SFK), ERK1/2 and p-38 MAPK. PP2, a specific SFK inhibitor, 
blocked SNP or cGMP-mediated activation of SFK, ERK1/2 and p-38 
MAPK. PP2 also blocked SNP-induced reduction of Na,K-ATPase 
activity. ODQ, a PKG inhibitor also blocked SNP-induced SFK, 
ERK1/2 and p-38 activation as well as Na,K-ATPase activity reduction. 
U0126, a specific ERK1/2 inhibitor was able to block SNP induced 
ERK/12 and p-38 MAPK activation but had no effect on SNP-induced 
SFK phosphorylation or on Na,K-ATPase activity reduction. SNP did 
neither change Na,K-ATPase α1 abundance on the plasma membrane 
nor induced Ser-16 phosphorylation on the Na,K-ATPase α1. On the 
other hand SNP significantly induced Try-10 phosphorylation on Na,K-
ATPase α1. 
We conclude that SNP reduces Na,K-ATPase activity through PKG-
mediated phosphorylation of an SFK. Na,K-ATPase activity reduction 
appears to be due to SFK-mediated Tyr-10 phosphorylation on the 
Na,K-ATPase α1. 
Grant: NIH Grant EY006915 
Disclosure: No Commercial Relationship (N) 
References: 
1. Shahidullah et al (2005) British J Pharmacol. 144:1-9. 
2. Shahidullah & Delamere (2006) British J Pharmacol. 148 : 
871-880. 
3. Shahidullah et al (2007) Curr. Eye Res. 32 : 511-22. 

F28 The effects of TNF-α and Ceramide on Insulin Receptor ignaling 
and its localization to Caveolae in C2C12 Myocytes. 

Leung, L., Tran, J., Javid, J., Gordon, C., and Vallejo J., Department of 
Physiology, Midwestern University, Glendale, AZ  

Caveolae are specialized plasma membrane microdomains thought to 
serve as signaling platforms for several receptors including the insulin 
receptor (IR) and glucose transporters (e.g. Glut-1, Glut-4), via 
interaction with caveolin-1 and caveolin-3 (Cav-3) proteins. Recent 
research suggests that TNFα and free fatty acids may have an effect on 
the insulin signaling pathway by up-regulating the incorporation of 
ganglioside-GM3 to the plasma membrane. Both TNFα and non-
esterified fatty acids (e.g. palmitate, ceramide) have been proposed to 
be crucial factors in the development of the insulin-resistant state. The 
increased secretion of TNFα contributes to altered systemic as well as 
adipose tissue lipolysis, leading to elevated levels of circulating free 
fatty acids that might potentially increase sphingolipids and 
gangliosides. Since skeletal muscle is a key metabolic tissue, defects in 
insulin signaling in this tissue are central to the pathogenesis of type 2 
diabetes mellitus (T2DM). We hypothesized that exposure of C2C12 
cells to TNFα and ceramide will result in deregulation of the insulin 
signaling cascade and affect the pattern of IR localization to the plasma 
membrane by promoting a shift of IR from caveolae to other membrane 
domains enriched in ganglioside-GM3 expression. In this research 
study, C2C12 mouse myocytes were differentiated into skeletal 
myotubes and treated with TNF-α, ceramide, and insulin, individually 
and in combination. The treated cells were subjected to Western blot 
analysis with antibodies against insulin receptor-β (IR), phosphorylated 
insulin receptor (p-IR S308), Protein Kinase B (PKB or Akt), 
phosphorylated Akt (p-Akt), Cav-3, Glut-4, and actin (as loading 
control).  The total protein expression of IR, Akt, Cav-3, and Glut-4 
was unaltered with treatment. There was a significant increase in the 
activation Akt in cells treated with TNF-α as evidence by a higher p-
Akt expression with no change in p-IR activation as compared to 
control. This data suggests that the effect of TNF-α on insulin signaling 
in a result of a cross-talk mechanism. Analysis of total glucose uptake 
after TNF-α treatment is currently underway. This data could provide 
information relevant to the treatment of T2DM. 
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F2 Inspiratory muscle strength training as a potential treatment for         
sleep-disordered breathing 
Vranish, J.R., Kidder, I.J., and Bailey, E.F. 
The University of Arizona, Tucson, AZ 
Obstructive sleep apnea (OSA) is the most common form of sleep-
disordered breathing, and is characterized by repeated episodes of 
airflow limitation or complete airway obstruction during the night.  OSA 
has a profound effect on daytime function with typical symptoms 
including somnolence and fatigue, and increased risk of chronic 
hypertension, cardiovascular disease and stroke.  The standard treatment 
for individuals diagnosed with OSA is continuous positive airway 
pressure (CPAP).  Although CPAP is effective, compliance is very poor.  
Our long-term objective is to test an alternative intervention known as 
inspiratory muscle strength training (IMST) in individuals with OSA.  
IMST entails use of a small hand-held device that offers a variable 
resistance to the inspiration of air.  A larger inspiratory pressure requires 
that greater force be generated by the inspiratory muscles. In the present 
study, we tested the effects of IMST on ventilatory and upper airway 
muscle function of healthy adults (18-28 years).  Eleven subjects were 
randomly assigned to two groups (training or placebo) and completed 
IMST 5-10 minutes a day for six weeks.  The training group trained at 
75% of their maximal inspiratory pressure (PImax) and the placebo group 
trained at 15% of PImax.  Pre- and post-training assessments included: 
spirometry, PImax, mean arterial pressure (MAP), airflow and 
electromyography (EMG) of an upper airway muscle during exercise.  
Our results show a significant increase in PImax in the training group (-
74.24±17.41 pre versus -103.64±17.00 post) as compared to the placebo 
group (-71.06±21.14 pre versus -84.99±20.74 post).   In addition, MAP 
decreased in the training group (86.94±7.77 pre versus 77.83±9.06 post) 
as compared to the placebo group (85.53±7.96 pre versus 82.43±7.03 
post).  These preliminary results obtained from healthy adults support 
our subsequent objective, the expansion of IMST to incorporate 
individuals with moderate-severe OSA.   
 

F24 MODIFIED CELL SIGNALING WITH MULTIVALENT 
LIGANDS TARGETING GPCR’S.  Craig Weber1, Josef Vagner2, 
Victor Hruby2, Robert Gillies3 and Ronald Lynch1.  Departments of 
Physiology1, Chemistry2 and Radiology3, University of Arizona, 
Tucson, AZ and the Moffitt Cancer Center, Tampa, FL. 
Ligands composed of multiple melanotropin-4 (MSH-4) exhibit 
increased apparent binding affinity and signaling relative to the low 
affinity monomer; binding affinity of a trivalent MSH-4 was >350X 
higher than the monomer.  To maintain the improved binding affinity 
and signaling with enhanced specificity of targeting, we developed a 
heterobivalent ligand (HBL) of MSH-7 linked to cholecystokinin (CCK-
6).  In cells with the complimentary receptors, the Kd of the HBL was 
~5 nM compared to > 250 nM when one receptor was blocked with cold 
MSH (i.e., monovalent CCK binding).  At <5 nM HBL, binding to cells 
with only one receptor was negligible, demonstrating high specificity.  
Monomeric MSH elevated cAMP while CCK increased cell Ca2+.  
When both CCK and MSH are added together, cAMP was elevated, but 
the Ca2+ response was abolished.  When cells were treated with the 
HBL, cAMP production was elevated, but the Ca2+ response to the HBL 
was attenuated by only 30% relative to monovalent CCK-6.  This was 
similar to the effect of the HBL on cells expressing only the CCK 
receptor.  The ability of the HBL to activate signaling is further 
evidence that the HBL binds to and activates both receptors.  Moreover, 
the high selectivity and binding affinity coupled with altered signaling 
may be a useful pharmacological property of these new multivalent 
ligands.  Supported by NIH, CA097360 
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Saturday’s Abstracts 
(Alphabetical, by first author) 

 
S23 SINGLE MOLECULE STUDIES OF A TITIN MUTATION 

LINKED TO CARDIAC DISEASE 
Brian R. Anderson1, Julius Bogomolovas2, Siegfried 
Labeit2, and Henk Granzier1 
1: University of Arizona, Tucson, AZ, USA 
2: Universitatsmedizin Mannheim, Mannheim, Germany 
Recently, a mutation in the 10th immunoglobulin(Ig)-like domain 
in titin's elastic I-band was found in a family affected with 
arrhythmogenic cardiomyopathy (AC). AC is characterized by 
fibrofatty replacement of myocardium, which can lead to fatal 
ventricular arrhythmias. Titin is a gigantic sarcomeric protein 
that is responsible for passive tension development in stretched 
cardiac muscle. We investigated the effect that the AC-linked 
point mutation (T16I in Ig10) has on the mechanical and kinetic 
stability of Ig10 using single molecule force spectroscopy (AFM) 
and degradation assays. Our AFM data indicate that T16I 
Ig10 unfolds at a lower force than WT Ig10, which shows that it is 
mechanically less stable. We also performed force clamp and 
refolding experiments with AFM and found that the unfolding rate 
of T16I Ig10 is four times higher than WT Ig10 (.02/s vs. .005/s at 
zero force), but that this difference is further increased in a force-
dependent manner; refolding rates were found to be similar. We 
also performed degradation assays to determine if the T16I 
mutation affects the highly-stable beta barrel tertiary structure 
typical of Ig domains. We found that T16I Ig10 has a greater 
proteolytic susceptibility compared to WT Ig10, and subsequent 
mass spectrometry analysis determined that the primary 
cleavage site in T16I Ig10 is the lysine residue that flanks T16I 
(K17). This strongly suggests that the disease-
linked titin mutation disrupts the local structure of Ig10 in the 
vicinity of T16, which leaves Ig10 vulnerable to cleavage. Peptide 
bond breakage anywhere along titin's elastic region (which 
includes Ig10) would likely abolish titin's ability to generate force 
and lead to severe physiological responses. 

S21 Cardiac troponin I phosphorylation at ser149 by protein kinase A:  
a potential modulator in myocardial contractility  
S.M. Behunin, Hao Chen, Carlos Hidalgo, John Konhilas. University of 
Arizona; Tucson, Arizona 
In the heart, stimulation of β-adrenergic pathway and subsequent 
activation of protein kinase A (PKA) is known to increase myocardial 
contractility. The increase in contractility is, in part, due to target 
phosphorylation of troponin I (TnI). In this study, we sought to identify 
novel target sites for PKA that could potentially contribute to this 
increase in contractility. To induce phosphorylation of TnI, cardiac and 
fast skeletal muscle from 3-4 month old Sprague Dawley rats was 
mechanically disrupted and demembranated followed by incubation 
with the catalytic subunit of PKA (50U PKA/ 3mg , 0-30 min). To 
identify target specific phosphorylation on fast skeletal (fsTnI) or 
cardiac (cTnI) TnI, western blot analysis with phospho-specific 
antibodies was performed. PKA treatment increased phosphorylation of 
cTnI at ser22/23, as expected, but also at ser149. Similarly, PKA 
treatment increased phosphorylation of fsTnI at ser117, which is the 
equivalent to ser149 in cTnI. Accordingly, fsTnI demonstrated no 
observable phosphorylation at ser22/23. Adenosine-monophosphate 
activated kinase (AMPK) has been shown to target ser149 of cTnI. 
Therefore, to validate PKA-dependent phosphorylation of cTnI at 
ser149, hearts were excised and perfused with AICAR, a known 
activator of AMPK. AICAR-perfused hearts demonstrated a time-
dependent increase in phosphorylation of cTnI at ser149. These results 
demonstrate that PKA-dependent phosphorylation can target ser149 in 
cTnI and, equivalently, ser117 in fsTnI. The functional consequence of 
this target site phosphorylation and how it impacts contractility is 
currently under investigation. 
 

S15 The Effect of Familial Hypertrophic Cardiomyopathy on Force 
Redevelopment Kinetics 
C.L. Birch, J.P. Konhilas, PhD. 
The University of Arizona 
Tucson, Arizona 
Familial hypertrophic cardiomyopathy (FHC) is a primary disease of the 
sarcomere.  The R403Q mutation resides at the actin-interaction site on 
myosin and leads to progressive hypertrophic cardiomyopathy and 
ultimately ends with heart failure. Along with deteriorating cardiac 
function, these hearts experience an overall change in metabolic 
landscape, suggesting altered energetic function in hearts that express 
the R403Q mutation.  
Therefore, we sought to determine energetic parameters associated with 
this sarcomeric mutation.  The purpose of this study is to then assess the 
differences that arise in cross-bridge kinetics between wild-type (WT) 
and R403Q mice at 2 months of age. The rate of force redevelopment 
(ktr) in skinned cardiac tissue was measured following unloaded isotonic 
shortening and a rapid re-stretch to %10 of the original muscle length. 
This procedure was performed at sarcomere lengths of 2.0µm and 
2.2µm as well as high, mid, and low calcium levels. It was found that ktr 
values for R403Q and WT did not vary significantly nor was there any 
significant length effect for 2-month-old mice. Ktr variability did occur 
at high, mid and low calcium levels; however there was no significant 
difference between R403Q and WT.  Along with no overt pathological 
phenotype displayed at 2 months of age, there was no net difference in 
tension redevelopment. We can then conclude that at early time points, 
the total on plus off rate for cross-bridge formation is unchanged 
between the R403Q mutation and controls.  Future studies will pursue 
elucidating the cross-bridge off rate through measurement of ATP 
hydrolysis to develop a full kinetic picture for 2 month R403Q and WT 
mice. 
 

S22 REMOVAL OF PROXIMAL IG DOMAINS OF TITIN IN 
SOLEUS MUSCLE RESULTS IN DIFFERENTIAL SPLICING 
OF TITIN mRNA.  
Danielle E. Buck, John E. Smith, Charles S. Chung and Henk L. 
Granzier 
Department of Physiology, University of Arizona, Tucson, AZ 
Titin is the largest protein known that functions as a molecular spring 
in striated muscle.  Its elastic properties are acquired through 
differential splicing of spring-like domains of titin including the 
immunoglobuline-like (IG) and PEVK.  Our lab has recently created a 
novel mouse model in which nine of the proximal IG domains (titin 
exons 30-38, 90kDa reduction in protein size) have been deleted (IG 
KO).  Surprisingly in the skeletal muscles from IG KO mice, titin was 
found to undergo additional differential splicing to yield smaller titin 
isoforms.  These changes in splicing were found to be developmentally 
regulated and occur to different extents in various muscles. Most 
prominently, in the adult soleus muscle, two smaller titin isoforms were 
present in the IG KO (3.42MDa ± 0.008 and 3.24MDa ± 0.027 
respectively) as compared to one larger isoform found in wild-type 
mice (3.61MDa ± 0.057).  Titin microarray analysis revealed IG KO 
mice had significant downregulation exons in the PEVK region as 
compared to wild-type.  Consistent with a decrease in titin size, IG KO 
soleus muscles produced an increased passive tension (19%, p=0.02) at 
20% above slack length of the muscle as probed by intact mechanics.   
However, maximal active tension in the soleus and other muscles were 
not significantly different in the wildtype as compared to IG KO. Two 
titin binding proteins were found to be differentially expressed by 
Affymetrix Array, CARP (7.23 fold increased in IG KO, p<0.001) and 
myomesin (2.13 fold decreased in IG KO, p<0.001).  The reason for the 
differential expression of titin binding proteins and the muscle specific 
changes in alternative splicing need to be further studied.   
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S8 PROBIOTICS AS A TREATMENT FOR MYOCARDIAL 
INFARCTION 
Eleni Constantopoulos, Hao Chen, Jessica Regan, John Konhilas 
University of Arizona 
Cardiovascular disease (CVD) is the leading cause of death in 
industrialized countries accounting for 33% of all deaths in the United 
States.  CVD is most commonly associated with atherosclerosis in which 
plaques often rupture leading to acute coronary events such as 
myocardial infarction (MI).  It is now recognized that the progression of 
atherosclerosis and CVD risk factors such as obesity and diabetes are 
regulated by inflammatory responses of the immune system.  Intestinal 
microbiota act as pro-inflammatory mediators and mediators of fat and 
energy storage, possibly altering atherosclerotic susceptibility.  We 
hypothesize that administration of pro-biotics to male mice will 
minimize the pathological impact of an acute coronary event (MI) as 
measured by a reduction in infarct size, monocyte/macrophage 
infiltration and systemic and local inflammation.  Mice were fed a high-
fat diet, administered Bifidobacterium lactis and Lactobacillus salivarius 
strains of pro-biotics and then subjected to an acute coronary event by 
surgical ligation of the left coronary artery.  Weight data shows treated 
mice do not gain weight compared to untreated mice.  Results also show 
reduced infarct sizes in treated mice, 1/3 the size of control mice. Hearts 
were also examined for Il-6 and ICAM-1 and the presence of these 
inflammatory markers was relative to the size of the infarct.  The data 
suggests pro-biotic therapy minimizes the impact of an acute coronary 
event.  These studies will provide a critical foundation upon which to 
guide future research into re-defining the fundamental approach to 
cardiovascular disease. 

S4 Title The impact of human dermal fibroblast patch and neonatal 
cardiomyocyte interactions on cardiomyocyte gene expression 
Authors Denn M, Lancaster J, Pandey A, Goldman S 
University of Arizona, Sarver Heart Center, Tucson, AZ 
Purpose This study aims to shed light on the cell-cell communication 
pathways present in a tissue engineered patch seeded with 
cardiomyocytes. This information will help obtain preliminary data for 
determining if the microenvironment of a fibroblast patch is a suitable 
delivery device for transplanting cells and will enhance future studies 
that investigate the mechanism of action of cell based therapies for heart 
failure. 
Methods The following in-vitro  neonatal cardiomyocyte (NCM) cell 
culture conditions were studied at 12, 18, 24, and 48 hour time points: 1) 
NCM cultured with human dermal fibroblast (HDF) conditioned media, 
2) NCM cultured directly on top of HDF, 3) NCM cultured without 
direct contact with HDF through the use of a membrane insert, and 4) 
NCM cultured on top of the HDF patch. The RNA from the in-vitro 
NCM cultures were isolated and mRNA expression of various genes 
were relatively quantified with real-time PCR (qPCR), using GAPDH 
for normalization. Genes of interest included connexin40, connexin43, 
connexin45, Ilk, Akt1, and Akt2. 
Results The expression profile of cardiac ventricle connexins slowly 
went from neonatal connexin expression, elevated connexin 40 and 45, 
to mature cardiomyocyte expression, elevated connexin 43 in all culture 
conditions. Connexin 43 expression was only decreased when the NCM 
were directly grown on top of the HDF. Ilk, Akt1, and Akt2 expression 
was increased in all groups except when NCM were directly grown on 
top of the HDF, with similar expression profiles seen between NCM 
grown with HDF on a cell culture insert and NCM grown on the HDF 
patch. 
Conclusions These results suggest that the components of the HDF 
patch provide a suitable microenvironment for NCM to organize and 
develop, which is essential in designing a delivery mechanism for 
transplanting cells to repopulate the fibrotic area of a heart failure heart. 

 NECROTIZING	  ENTEROCOLITIS	  AND	  PROBIOTICS	  
Dvorak	  B.	  
Department	  of	  Pediatrics	  and	  Steele	  Children’s	  Research	  Center,	  
University	  of	  Arizona,	  Tucson.	  AZ.	  
	  
Neonatal	  necrotizing	  enterocolitis	  (NEC)	  continues	  to	  be	  a	  major	  cause	  
of	  morbidity	  and	  mortality	  in	  premature	  babies.	  The	  exact	  cause	  of	  this	  
disease	   remains	  unclear,	   however	  bacterial	   colonization	  of	   developing	  
intestine	   plays	   a	   significant	   role	   in	   the	   pathogenesis	   of	   NEC.	   The	  
manipulation	   of	   the	   microbial	   environment	   of	   the	   intestinal	   tract	   is	  
considered	  a	  viable	  strategy	  to	  promote	  health	  and	  prevent	  NEC.	  	  
Probiotic	   bacteria	   are	   natural,	   non-‐pathogenic	   microorganisms	   that	  
provide	   beneficial	   effects	   to	   the	   host.	   The	   most	   commonly	   tested	  
probiotics	  include	  Bifidobacteria	  and	  Lactobacillus	  strains.	  Results	  from	  
human	   trials	   suggest	   that	   oral	   administration	   of	   live	   probiotics	  
decreases	  the	  incidence	  on	  NEC.	  However,	  these	  trials	  tested	  different	  
formulations	  of	  bacteria,	  at	  differing	  doses,	  and	  using	  varied	  protocols	  
for	  administrations.	  Thus,	  the	  molecular	  mechanisms	  of	  protection	  and	  
safety	  issues	  were	  not	  evaluated	  in	  these	  clinical	  studies.	  
Our	   laboratory	   showed	   that	   oral	   administration	   of	   Bifidobacterium	  
bifidum	  protects	   against	  NEC	   in	   the	   rat	  model	   of	  NEC.	   This	   protective	  
effect	  is	  associated	  with	  reduction	  of	  inflammatory	  reaction	  in	  the	  small	  
intestine	   and	   improvement	   of	   intestinal	   integrity.	   Expression	   of	  
antimicrobial	  peptides	   in	   the	   intestinal	   tissue	   is	   regulated	  by	  probiotic	  
treatment.	  The	  ability	  of	  B.	  bifidum	  to	  down	  regulate	  apoptosis	   in	   the	  
rat	   NEC	   model	   and	   in	   intestinal	   epithelial	   cells	   (IEC-‐6)	   suggests	   a	  
molecular	  mechanism	  by	  which	  B.	  bifidum	  reduce	  mucosal	  injury.	  	  
Future	   studies	   should	   evaluate	   long-‐term	   consequences	   and	   safety	  
issues	  of	  this	  treatment.	  
Supported	  by	  the	  NIH	  Grant	  HD-‐39657	  and	  a	  gift	  from	  Meiji	  Dairies	  
Corporation. 
 

S28 Mechanical Characterization of Electrospun Protein Scaffolds 
Ford, A.C., Machula, H.C., Kellar, R.S., Nelson, B. 
Department of Mechanical Engineering and Department of Biology, 
Northern Arizona University, Flagstaff, AZ. 
This poster reports on mechanical characterization of electrospun 
biomaterials formed from varying blends of collagen and human 
tropoelastin, which is an elastic structural protein found in skin, 
vasculature, and other tissues.  The electrospun tropoelastin-based 
scaffolds have an open, porous structure conducive to cell attachment 
and have been shown to exhibit strong biocompatibility.  These 
scaffolds can be altered by blending multiple proteins into the same 
scaffold, changing the porosity of the material, and manipulating the 
degree to which the spun protein is crosslinked.  Calibrated tensile 
testing was used to characterize the stress-strain relationship of the 
scaffolds.  A marked difference between the mechanics of crosslinked 
versus non-crosslinked protein scaffolds was observed.  It was found 
that hydrated scaffolds were significantly more compliant than dry 
scaffolds.  A relationship was also observed between the stiffness of the 
material when tested at different strain rates.  By understanding and 
controlling these parameters, the protein scaffolds can be manipulated as 
customized biomaterials, ensuring mechanical robustness and 
potentially improving biocompatibility through minimization of 
compliance mismatch.   
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S11 RESIDUAL FORCE ENHANCEMENT: EVIDENCE FOR CA2+-
ACTIVATION OF TITIN 
R.D. Fuqua, J.A. Monroy, K.C. Nishikawa 
Northern Arizona University 
Flagstaff, AZ 
When active muscles are stretched, tension increases and then settles to 
a steady state that is greater than the isometric force at the stretched 
length. The mechanism underlying this behavior, termed residual force 
enhancement (RFE), remains unknown. Previous studies have suggested 
that titin-based stiffness increases in the presence of Ca2+ and 
contributes to RFE. We hypothesized that the N2A region of titin binds 
Ca2+ to increase titin stiffness. To elucidate the role of the N2A region 
during active stretch, we tested soleus muscles from three genotypes of 
mdm mice, in which the mutant gene has a deletion in the N2A region. 
Muscles were actively stretched in two of three solutions, Krebs buffer 
then BDM, which prevents the formation of strongly-bound 
crossbridges, or Krebs buffer then dantrolene, which inhibits Ca2+ 
release. By comparing RFE of muscles in these solutions we isolated the 
effects of Ca2+ activation. BDM was used to determine if crossbridge 
interaction plays a role in RFE. Dantrolene was used to determine the 
roles of other elements in muscle that are also Ca2+-dependent. In all 
three genotypes there was no difference in RFE following stretch in 
BDM, suggesting that the observed increase in force is not due to 
crossbridge interaction. However, both wildtype and heterozygous 
muscles showed a decrease in RFE following stretch in dantrolene, 
suggesting that RFE is Ca2+-dependent whereas, mdm mutant muscles 
were not affected. Data from wildtype and heterozygous mice suggest 
that RFE is due to a non-crossbridge, Ca2+-dependent mechanism. Data 
from mdm mutants suggest that this mechanism involves the N2A 
region of titin. Supported by NSF IOS-1025806. 
 

S7 Optimization of Methodology for Vascular Wall-Targeted, 
Localized Gene Delivery Using Ultrasound-Mediated Cavitation of 
Virus Decorated Microbubbles 
Good, ME; Matsunaga, TO; Burt, JM 
University of Arizona, Tucson, AZ 
Alteration of gene expression in endothelial cells of a specific vascular 
bed could be a desirable therapeutic approach to improve wound 
healing and vascular function in diseased tissues. We have previously 
demonstrated that recovery from ischemic injury to the hindlimb in 
mice is impaired in Cx40 deficient animals but facilitated in Cx37 
deficient animals. This leads us to hypothesize that re-introduction of 
Cx37 or Cx40 (or mutants of each) specifically to the endothelial cells 
of the vasculature in the ischemic hindlimb would return the post-injury 
recovery process to a level observed in wild-type animals, as well as 
provide new insights on the role of these connexins in vascular 
remodeling and wound repair. A possible method for targeted gene 
delivery to the endothelium is ultrasound-induced cavitation of plasmid 
or viral vector- coated microbubbles introduced into the bloodstream. 
The ultrasound-mediated microbubble destruction should release the 
attached plasmids or viral vectors locally (in the insonated tissue only), 
where they can then incorporate into the endothelial cells lining the 
blood vessels. Using a luciferase encoding plasmid and in vivo 
bioluminescence imaging, we have successfully demonstrated the 
feasibility of this approach. However, use of plasmids and transfection 
as our gene delivery mechanism proved to have low efficiency (not all 
cells express the luciferase gene) and, more importantly, resulted in 
transient expression for a period of less than a week. Since our goal is 
to induce stable Cx37 or Cx40 expression throughout a two-three week 
ischemic-injury recovery period, we are now implementing lentiviral 
particles in conjunction with targeted microbubble delivery techniques 
to determine whether viral infection, which introduces the gene into the 
genomic DNA for stable gene expression, will improve the expression 
efficiency and functional duration of the desired gene in all endothelial 
cells. 

S17 ROLE OF CARDIAC FIBROBLASTS IN MEDIATING EARLY 
INFLAMMATORY RESPONSES IN HYPERTENSIVE HEART 
DISEASE 
D’Souza KM, Biwer LA, Hale TM; University of Arizona, College of 
Medicine – Phoenix, AZ 
Treatment of spontaneously hypertensive rats (SHR) with a nitric oxide 
synthase inhibitor (L-NAME) induces maladaptive cardiac remodeling 
characterized by multifocal cardiomyocyte necrosis, inflammation and 
fibrosis.  We have recently shown that prior, transient angiotensin 
converting enzyme (ACE) inhibition protects against L-NAME-induced 
cardiac remodeling and dysfunction. However, the mechanisms 
responsible for this protection remain elusive. The present study 
investigated the impact of prior enalapril treatment on L-NAME 
induced cardiac inflammatory responses both in vivo and in vitro. L-
NAME was administered for 7 days to male SHR that were previously 
treated with placebo (C+L) or enalapril (E+L, 14 day ACE inhibition 
plus 14 day washout).  Untreated SHR served as controls. In vivo 
cellular proliferation and macrophage infiltration were determined by 
immunohistochemistry and inflammatory markers by cytokine array. In 
separate rats from the same treatment groups, left ventricular fibroblasts 
were isolated and cultured. In P1 fibroblasts, MCP-1 and GM-CSF 
expression was determined by Real Time PCR. In vivo data revealed a 
marked increase in left ventricular MCP-1 and GM-CSF from C+L SHR 
as compared to E+L. In addition, there was a significant increase in 
macrophage infiltration and cellular proliferation in C+L hearts. In vitro 
studies revealed that the three groups had phenotypically distinct 
populations of fibroblasts based on proliferation rates and chemokine 
production. Preliminary studies show that fibroblasts isolated from C+L 
SHR had enhanced basal levels of MCP-1 and GM-CSF, as well as a 
two-fold increase in proliferation rates. In contrast, fibroblasts from 
E+L SHR displayed a proliferation rate that was comparable to the 
untreated control group. This is the first evidence that prior ACE 
inhibition results in a persistent change of cardiac fibroblast phenotype 
that may be related to the cardioprotective effects of these drugs. 
Identifying the role that fibroblasts play in mediating the early 
inflammatory response in the pathologically remodeling heart is a 
critical early step in the development of novel therapeutic strategies to 
stall the progression of heart failure - a condition that affects over 5 
million Americans. 

S26 A NEW TWIST ON OBSERVING THE WINDING FILAMENT 
HYPOTHESIS: TEM APPROACHES 
Hessel A.L.; Whiteworth T, Nishikawa, K. 
Northern Arizona University (Flagstaff, AZ) 
Muscular dystrophy with myositis (mdm) is a recessive mutation that 
causes severe and progressive muscular degeneration. Phenotypic 
differences of mdm mice are believed to be caused by a deletion within 
the N2A region of the protein titin (TTN).  
Titin is the largest known protein and the third most abundant protein 
in striated muscle (Wang et al. 1984; Warren et al. 2003). Titin spans 
an entire half-sarcomere and is associated with the proteins in muscle 
(actin and myosin). Early studies of titin established its roles in 
maintaining sarcomere integrity (Horowits & Podolsky, 1987) and 
contributing to passive tension (Linke et al. 1998). Current work has 
demonstrated that an active tension element to titin (Nishikawa, 2011) 
may exist. 
In this two-step “winding filament” model of muscle sarcomeres, titin 
is “activated” mechanically at the N2A region by Ca2+ influx (which 
occurs during normal muscle stimulation), which then allows it to 
attach to the thin filament. Titin is then wound upon the thin filaments 
by cross-bridge action, which both translates and rotates the thin 
filaments (Nishikawa et al 2011). The Winding Filament Hypothesis 
(WFH) has yet to be observed directly. 
We are currently using the mdm mouse model in conjunction with 
electron microscopy techniques to test the Winding Filament 
Hypothesis (WFH) of titin.  
Transmission electron microscopy (TEM) can be used to visualize 
molecular processes via the use of gold particle molecular tags. This 
becomes useful when working at the molecular level of the WFH 
model (2nm). Here, we describe the proposed TEM protocol for fixing 
and staining an activated mouse (wild type and mutant) soleus muscle 
with the goal of observing the "winding" directly. We expect the TEM 
studies to present data that: a) supports the WFH and b) shows a 
breakdown of the winding filament model in mdm mice.  
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S18 Stretched	  Fibroblasts	  Regulate	  Acetylcholine	  Receptor	  Expression	  
and	  Clustering	  on	  Skeletal	  Muscle	  
Michael	  R.	  Hicks1,2,	  Thanh	  V.	  Cao1,	  Paul	  R.	  Standley1	  
1Department	  of	  Basic	  Medical	  Sciences,	  University	  of	  Arizona-‐	  College	  
of	  Medicine,	  Phoenix,	  Arizona	  85004	  
2Molecular	  and	  Cellular	  Biology	  Program,	  Arizona	  State	  University,	  
School	  of	  Life	  Sciences,	  Tempe,	  Arizona	  85281	  
Introduction:	  Repetitive	  tasks	  reduce	  fine	  motor	  control,	  while	  
manipulative	  therapy	  may	  improve	  sports	  performance.	  Both	  these	  
activities	  stretch	  muscle	  fascia	  that	  in	  turn	  secrete	  cytokines	  to	  act	  on	  
underlining	  skeletal	  muscle.	  	  At	  the	  motor-‐endplate	  of	  skeletal	  muscle	  
expression	  or	  clustering	  of	  acetylcholine	  receptors	  (AChR’s)	  regulate	  
muscle	  contraction	  by	  facilitating	  the	  influx	  of	  cations	  needed	  for	  an	  
action	  potential.	  We	  hypothesize	  that	  stretch	  variations	  applied	  to	  
fibroblasts	  regulate	  skeletal	  muscle	  AChR’s.	  	  
Methods:	  We	  modeled	  repetitive	  strain,	  manipulative	  therapy,	  and	  a	  
combined	  treatment	  using	  fibroblasts	  seeded	  on	  Bioflex	  plates.	  C2C12	  
myotubes	  were	  grown	  on	  non-‐deformable	  coverslips	  for	  24hrs,	  then	  
transferred	  above	  the	  fibroblasts	  in	  Bioflex	  wells	  at	  diffusible	  range	  for	  
secreted	  cytokines.	  Fibroblasts	  were	  then	  subjected	  to	  stretch	  
paradigms	  mentioned	  above.	  96hrs	  after	  stretch,	  myotubes	  were	  
analyzed	  for	  AChR	  expression	  by	  Western	  Blot	  (N=7),	  and	  for	  AChR	  
clustering	  by	  fluorescent	  imaging.	  130	  images	  were	  analyzed	  for	  AChR	  
clusters	  per	  mm2	  via	  CellProfiler	  (N=11).	  Agrin-‐induced	  myotubes	  and	  
myoblasts	  in	  uniculture	  served	  as	  a	  positive	  and	  negative	  control,	  
respectively.	  	  ANOVA	  with	  posthoc	  Tukey	  were	  used	  to	  determine	  
significance,	  p<0.05.	  
Results:	  AChR	  cluster	  numbers	  reached	  196±21	  for	  agrin	  and	  16±5	  for	  
uniculture.	  Non-‐strain	  and	  manipulative	  therapy	  increased	  AChR	  
clusters	  to	  65±16	  and	  56±12	  vs.	  uniculture,	  p<0.05,	  but	  repetitive	  
strain	  and	  combined	  treatment	  could	  not.	  Inversely	  we	  found	  that	  
non-‐strain	  and	  manipulative	  therapy	  did	  not	  significantly	  increase	  
AChR	  vs.C2C12	  in	  uniculture,	  while	  repetitive	  strain	  and	  combined	  
treatment	  increased	  AChR	  expression	  by	  >2-‐fold	  vs.	  uniculture.	  	  
Conclusion:	  These	  results	  show	  that	  stretched	  fibroblasts	  regulate	  
AChR	  expression	  and	  clustering	  on	  skeletal	  muscle	  cells.	  Expression	  
and	  clustering	  were	  inversely	  regulated	  by	  different	  stretch	  
treatments,	  and	  suggests	  a	  unique	  mechanism	  regulating	  each.	  As	  
stretch	  induces	  fibroblast	  cytokine	  secretion,	  these	  data	  also	  suggest	  
that	  fibroblasts	  may	  regulate	  AChR’s	  and	  subsequent	  muscle	  
functionality	  through	  paracrine	  mediators.	  	  	  
Funding:	  AOA,	  Arizona	  Biomedical	  Collaborative	  

S19 THE	  MULTIFUNCTIONAL	  CALCIUM/CALMODULIN-‐DEPENDENT	  PROTEIN	  KINASE	  
II	   DELTA	   (CaMKIId)	   PHOSPHORYLATES	   TITIN	   SPRING	   ELEMENTS.	   1Hidalgo	   C,	  
1Methawasin	  M,	  1Chung	  CS,	  2Tsaprailis	  G,	  3Bogomolovas	  J,	  3Gasch	  A,	  3Labeit	  S,	  
4Mattiazzi	   A,	   1Granzier	   H.	   1Dept	   Physiology,	   U	   Arizona	   USA.	   2Arizona	  
Proteomics	  Consortium,	  U	  Arizona.	  3Inst	   Integr	  Pathophysiology,	  U	  Mannheim	  
Germany.	  4Centro	  Invest	  Cardiovasc,	  Facultad	  Cs	  Medicas,	  U	  Nacional	  La	  Plata	  
Argentina.	  
The	  aim	  of	  the	  present	  study	  is	  to	  determine	  whether	  CaMKIId	  phosphorylates	  
titin	  and,	  if	  so,	  which	  segments	  are	  targeted	  and	  at	  which	  residues.	  Titin	  is	  a	  
potential	  substrate	  because	  there	  is	  a	  consensus	  sequence	  for	  CaMKII	  in	  the	  
PEVK	  segment	  that	  corresponds	  to	  the	  PKCa	  phosphorylation	  site	  (S170).	  Titin	  
functions	  as	  a	  molecular	  spring	  that	  develops	  passive	  force.	  Titin’s	  spring	  region	  
comprises	  three	  highly	  modular	  sequence	  motifs:	  the	  serially-‐linked	  
immunoglobulin	  (Ig)-‐like	  domains,	  the	  N2B	  element,	  and	  the	  PEVK	  segment.	  Titin	  
is	  phosphorylated	  by	  several	  kinases,	  including	  PKA,	  PKG	  and	  PKC	  that	  
significantly	  affect	  its	  mechanical	  properties.	  PKA/PKG	  phosphorylate	  titin’s	  N2B	  
element	  and	  decrease	  titin’s	  stiffness,	  while	  PKCa	  phosphorylates	  titin’s	  PEVK	  
spring	  element	  and	  significantly	  increases	  titin’s	  stiffness.	  CaMKIId,	  a	  
multifunctional	  Ca2+/CaM-‐dependent	  serine/threonine	  kinase	  that	  is	  activated	  by	  
increases	  in	  Ca2+,	  is	  the	  predominant	  isoform	  in	  the	  heart	  and	  phosphorylates	  
several	  Ca2+-‐handling	  proteins	  as	  well	  as	  myofilament	  proteins.	  Titin	  
phosphorylation	  was	  assessed	  by	  phosphorylation	  assays	  with	  mouse	  left	  
ventricle	  skinned	  fibers	  incubated	  with	  CaMKIId.	  The	  sites	  phosphorylated	  by	  
CaMKIId	  on	  titin	  were	  identified	  by	  mass	  spectrometry	  using	  titin	  recombinant	  
proteins	  expressed	  in	  E	  coli	  incubated	  with	  CaMKIId,	  separated	  by	  SDS-‐PAGE,	  
digested	  with	  trypsin	  or	  chymotrypsin,	  and	  analyzed	  by	  nano-‐LC	  tandem	  MS.	  The	  
phosphorylation	  sites	  were	  confirmed	  by	  western	  blot	  using	  titin	  recombinant	  
proteins	  incubated	  with	  CaMKIId.	  Phosphorylation	  assays	  showed	  that	  CaMKIId	  
phosphorylates	  titin	  and	  that	  pre-‐incubation	  of	  the	  fibers	  with	  protein	  
phosphatase	  1	  (PP1)	  significantly	  increases	  titin	  phosphorylation.	  In	  vitro	  
phosphorylation	  assays	  showed	  that	  N2B	  is	  a	  substrate	  for	  CaMKIId	  but	  not	  Ig8-‐
15	  or	  Ig27-‐34.	  MS	  analysis	  of	  the	  N2B	  segment	  digested	  with	  trypsin	  or	  
chymotrypsin	  showed	  phosphorylation	  of	  two	  highly	  conserved	  sites	  (S34	  and	  
S493).	  MS	  analysis	  of	  the	  PEVK	  segment	  digested	  with	  trypsin	  showed	  
phosphorylation	  of	  two	  highly	  conserved	  sites	  (S26	  and	  S170).	  In	  vitro	  
phosphorylation	  assays	  with	  PEVK	  WT	  and	  PEVK	  with	  single	  or	  double	  mutation	  
(S26A,	  S170A,	  S26A/170A)	  showed	  that	  the	  mutation	  of	  S	  to	  A	  produces	  a	  
reduction	  in	  32P	  incorporation	  in	  the	  mutants	  relative	  to	  the	  WT	  supporting	  the	  
finding	  that	  they	  are	  substrates	  for	  CaMKIId.	  By	  WB	  the	  phospho-‐specific	  
antibodies	  confirmed	  the	  identification	  of	  PEVK	  S26	  and	  S170	  as	  substrates	  for	  
CaMKIId.	  In	  the	  present	  study	  we	  found	  that:	  titin	  can	  be	  phosphorylated	  by	  
CaMKIId,	  the	  target	  domains	  include	  titin’s	  N2B	  and	  PEVK	  spring	  elements,	  and	  
the	  CaMKIId	  phosphorylation	  sites	  overlap	  with	  the	  PKCa	  sites	  found	  previously	  
on	  titin’s	  PEVK	  element.	  These	  findings	  suggest	  that	  CaMKIId	  could	  play	  a	  role	  in	  
modulating	  titin-‐based	  passive	  stiffness.	  In	  conclusion,	  CaMKIId	  phosphorylates	  
titin	  at	  highly	  conserved	  serine	  residues	  in	  the	  spring	  segments	  N2B	  and	  PEVK. 

S12 Characterization of myocardiac passive stiffness in a mouse model 
of volume overload heart failure 
Hutchinson KR, Chung CS, Saripalli C, Hidalgo C, Granzier H 
Volume overload (VO) heart failure occurs due to pathologies such as 
mitral valve regurgitation, infarcts and ventricular septal defects, and 
leads to characteristic eccentric dilation.  Changes in passive myocardial 
stiffness are not well understood and here we dissected the contribution 
of extracellular matrix (ECM)-based and titin-based stiffness to overall 
passive stiffness.   Titin is a giant protein that regulates passive tension 
and hence diastolic function in the myocardium.  In heart failure, 
differential splicing and phosphorylation events can occur that alter the 
stiffness of this protein and influence hemodynamics.  Increased 
diastolic stiffness due to differential splicing and phosphorylation of 
titin has been observed in pressure overload hypertrophy; however, 
there are no published studies investigating whether pure LV VO during 
compensated heart failure leads to changes in titin based passive 
stiffness. We studied the role of titin in modulating diastolic function in 
VO induced by aortocaval fistula (ACF) in the mouse.  ACF was 
induced in three-month-old male C57BL/6 animals and allowed to 
progress for 4 weeks.  At 4 weeks, echocardiography confirmed the 
presence of eccentric dilation and decreased systolic function as 
expected.  Tissues mechanics indicated an increase in titin, which 
correlated with a significant decrease in N2BA/N2B ratio.  ECM based 
passive stiffness was unchanged in VO. In summary, VO causes an 
increase in titin based passive stiffness. 

S5 PATHOPHYSIOLOGICAL CONSEQUENCES OF 
SCHISTOSOME INFECTIONS IN MOURNING DOVES 
(ZENAIDA MACROURA) 
Juan TKa, Jarrett CLa, Brant Sb, Sweazea KLa 
aArizona State University, Tempe, AZ; bUniversity of New Mexico, 
Albuquerque, NM 
Mourning doves captured during the summer of 2011 in Tempe, AZ 
had an increased prevalence of parasitic worms (schistosomes) within 
the mesenteric veins compared to prior years. In humans, infections 
with avian schistosome can lead to cercarial dermatitis or swimmer’s 
itch, an allergic reaction, but the larvae are killed in the skin. To our 
knowledge, this is the first documentation of a schistosome infection in 
mourning doves. We hypothesized that infected doves would exhibit 
weight loss and have upregulated immune system responses compared 
to uninfected birds. Effects of the schistosomes on body condition were 
assessed by weighing the animals. To determine whether schistosome 
infections altered the stress response, relative expression of heat shock 
proteins 60 & 70 were examined in erythrocytes and plasma 
homogenates using western blots and plasma oxidized lipoproteins, a 
marker of oxidative stress, was measured using a TBARS assay kit. 
Innate immune system responses were analyzed using assays for 
hemagglutination and lysis and blood smears were collected to measure 
changes in the leukocyte to erythrocyte ratios. There were no 
significant differences in body mass (p=0.072), protein expression of 
HSP60 (p=0.328) or HSP70 (p=0.783), hemagluttination, lysis 
(p>0.05), or leukocyte to erythrocyte ratios (p=0.072) between infected 
and healthy animals, whereas plasma TBARS were significantly 
increased in infected birds (p=0.006). These findings show that 
schistosome infections cause oxidative stress in infected doves, but do 
not otherwise negatively affect immune system reactivity. Samples 
from potential vectors (snails) in the area of collection are currently 
being examined for infection. 
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S13 The Effect of Dichloroacetate on NADH Fluorescence in Isolated 
Perfused Rat Hearts 
Sarah Kuzmiak, Rafael Jaimes, and Matthew Kay 
The George Washington University, Washington DC 
Enhanced oxidation of glucose after cardiac ischemia has been linked to 
improved recovery of myocardial function.  As dichloroacetate (DCA) 
promotes complete glucose oxidation by increasing the activity of 
pyruvate dehydrogenase, an NADH producing reaction, the goal of the 
present study was to assess the effects of DCA on NADH fluorescence 
along with left ventricular developed pressure (LVDP) in isolated, 
perfused rat hearts.  Hearts were excised from Sprague-Dawley rats and 
Langendorff perfused with a media containing glucose as the sole 
substrate.  Hearts were monitored for epicardial NADH fluorescence 
and LVDP via a balloon inserted into the left ventricle both before and 
after the addition of 1 mM DCA to the perfusate.  LVDP increased 
linearly for 15 seconds after the addition of DCA and was followed by a 
7.3±0.98% increase in NADH fluorescence.  These data indicate 
functional improvements observed when glucose oxidation is increased 
may result from an increase in the rate of NADH production, causing 
improved contractile function of the heart. 
 

 DETERMINING THE ROLE OF CTNT ISOFORM SWITCHING IN THE 
DEVELOPMENT OF CHILDHOOD TM-LINKED DCM 
Lynn ML, Tal L, Tardiff JC 
Cardiomyopathy is a leading cause of death among children with cardiac disease; 
dilated cardiomyopathy (DCM) being the leading form. A major advance in 
cardiac research has been the discovery that 30-50% of all cases of “idiopathic” 
DCM are actually familial in nature. In a recent study of two large unrelated 
multigenerational families with the tropomyosin (Tm) mutation D230N, a striking 
“bimodal” distribution of severity was observed. In these families, children (<1 
year) with the mutation presented with a severe form of DCM that led to sudden, 
often fatal congestive heart failure. Adults in these families, however, typically 
had a mild to moderate phenotype. Given the presence of mutant Tm throughout 
life, we began to investigate the potential role of isoform switching by other 
cardiac sarcomeric components. We hypothesize that the age dependent 
remodeling seen in children with D230N Tm is a result of temporal isoform 
switches involving a closely linked tropomyosin binding partner cardiac Troponin 
T (cTnT). Preliminary data using a regulated in vitro motility assay and two 
isoforms of cTnT revealed an additive decrease in Ca2+ sensitivity for the cTnT1 

(fetal)+D230N Tm filaments as compared to cTnT3 (adult), supporting our 
hypothesis. The goal of our current study is to determine the role of isoform 
switching in a murine model expressing D230N Tm. To directly address our 
hypothesis we bred female heterozygous dominant cTnT1 mice (~70% 
expression) to male heterozygous dominant D230N Tm mice (~50% expression). 
This approach produces litters with a 1:1:1:1 ratio of cTnT3+Tm: cTnT3+D230N 
Tm: cTnT1+Tm: cTnT1+D230N Tm. This novel model has produced provocative 
findings that show a clear relationship between cTnT isoform switching and 
DCM. Hearts harvested from cTnT1+D230N mice showed a profound decrease in 
wall thickness and severe dilation when compared to either age matched non-
transgenic mice or D230N Tm mice. Of note cTnT1+TM hearts appear normal. A 
future goal is to understand the mechanism of this severe ventricular remodeling. 
To address this we will utilize an α-MHC-tet-system in which cTnT1 expression 
is induced to study both the disease progression and asses reversibility. We hope 
to integrate our in vitro and in vivo approaches in order to clarify the underlying 
mechanism of this severe pediatric cardiomyopathy. 

S2 3b-‐DIOL,	  AN	  ANDROGEN	  METABOLITE	  AND	  ERb	  AGONIST,	  
BLUNTS	  INFLAMMATION	  AND	  ROS	  IN	  THE	  
CEREBROVASCULATURE.	  Madhavpeddi	  L,	  Zuloaga	  K,	  O’Connor	  D,	  
and	  Gonzales	  R.	  Basic	  Medical	  Sciences	  Department,	  University	  of	  
Arizona	  College	  of	  Medicine,	  Phoenix,	  AZ	  	  
Cerebrovascular inflammation is an early event in the pathogenesis of 
stroke and is believed to contribute to secondary brain injury. 
Cyclooxygenase-2 (COX-2), a proinflammatory mediator that is 
expressed in the blood vessel wall catalyzes the conversion of 
arachidonic acid to inflammatory prostaglandins.  In addition, COX-2 
has been implicated as a source of reactive oxygen species (ROS) 
during ischemia or inflammatory stimuli (e.g. cytokine) because of its 
enzymatic activity.  Our past studies have shown that 
dihydrotestosterone (DHT), a potent androgen receptor (AR) agonist, 
attenuates cytokine- and endotoxin-induced COX-2 in the vasculature 
independent of AR activation.  Experimental studies have shown that 
androgens relieve oxidative stress in diabetic rodent arterioles and 
decrease endotoxin-induced proinflammation in human umbilical vein 
endothelial cells.  Because COX-2 and oxidative stress (a downstream 
endpoint) have been implicated in ischemic-induced inflammation, we 
hypothesized that DHT and its androgenic metabolite and estrogen 
receptor (ER) agonist, 3b-diol, will attenuate endotoxin or cytokine 
induced COX-2 and reactive oxygen species (ROS) in the 
cerebrovasculature.  The effect of DHT (10nM) or 3b-diol (10nM) 
followed by endotoxin or cytokine stimulation on COX-2 levels and 
ROS generation was determined in cultured human primary brain 
vascular smooth muscle (HBVSM) and rat middle cerebral arteries 
(MCA) using western blot.  ROS was detected using the indicator dye 
carboxy-H2DCFDA.  AR and both subtypes of ER are expressed in 
HBVSM and MCA. Cytokine treatment increased COX-2 levels and 
DHT inhibited this response.  DHT’s effects were reversed in the 
presence of ICI 182, 780 (non-selective ER antagonist) and PHTPP 
(selective ERb antagonist). DHT and 3b-diol also inhibited cytokine-
induced increases in ROS production in human brain vascular smooth 
muscle. Thus, these data suggest that DHT and its androgenic 
metabolite, 3b-diol, may provide protection against inflammation-
induced injury in part by attenuating COX-2 levels and ROS production 
in the cerebrovasculature. Funding support: Sarver Heart Center and 
the Jim and Ann Madson gift fund (RG).   

S27 TISSUE SPECIFIC EFFECTS OF ACETAMINOPHEN AND 
TREADMILL EXERCISE ON COLLAGEN CONTENT IN 
MALE WISTAR RATS 
Karl Martineau, Amity Peterson, Tom Broderick, and Chad C. Carroll 
Arizona	   College	   of	   Osteopathic	   Medicine,	   Midwestern	   University,	  
Glendale,	  AZ	  	  
The purpose of this study was to determine if chronic exercise and/or 
acetaminophen (APAP) alters collagen content in the gastrocnemius, 
soleus, heart, femur, or tibia. Male Wistar rats (n=50, 8-week-old) were 
divided into placebo (P) or APAP groups and into sedentary (S) or 
exercised (R) groups. APAP (200 mg•kg-1) was administered once 
daily by oral gavage. Exercised groups ran on a treadmill 5 days•week-

1 for 8 weeks with progression to 60 minutes per day, 20 m•min-1, and 
8° incline. Tissues were assayed for hydroxyproline content by HPLC. 
All data was expressed as µg collagen•mg dry weight-1. Gastrocnemius 
(p<0.05, S-P: 55±8 vs. R-P: 108±15) and soleus (p<0.05, S-P: 52±7 vs. 
R-P: 104±27) collagen increased with exercise. The increase in 
collagen was blunted by APAP in the gastrocnemius (S-APAP: 54±8 
vs. R-APAP: 65±8) and soleus (S-APAP: 57±8 vs. R-APAP: 57±10). 
Heart collagen was not influenced by exercise or APAP (S-P: 28±2; R-
P: 26±1; S-APAP: 26±1; R-APAP: 27±2). Exercise did not influence 
femur collagen content (S-P: 223±5 vs. R-P: 226±6) but collagen was 
greater in S-APAP (p<0.05, 235±5) compared to S-P. Exercise nullified 
the effect of APAP on femur collagen (p<0.05, R-APAP: 217±5). Tibia 
collagen content was not influenced by APAP but was lower (p<0.05) 
in exercised animals (S-P: 284±7; R-P: 262±7; S-APAP: 282±15; R-
APAP: 269±8). Our findings suggest that exercise increased collagen 
content only in skeletal muscle and APAP has tissue specific effects on 
collagen. 
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S16 DIASTOLIC AND SYSTOLIC FUNCTION IN HEARTS 
DEFICIENT IN TITIN SPLICING (RBM20∆RRM MICE).   
Methawasin M, Hutchinson KR, Buck D, Hidalgo CG, Chung CS and 
Granzier HL.  Department of Physiology, The University of Arizona, 
Tucson, AZ, USA. 
RBM20 (RNA binding motif protein 20) assembles in the spliceosome 
that regulates alternative splicing of titin pre-messenger RNA. We made 
a mouse model deficient in RBM20, as a tool for studying the 
importance of titin stiffness in cardiac function. Using homologous 
recombination we deleted exons 6 and 7 of the RBM20 gene (the RNA 
recognition motif (RRM)). Titin protein gels showed a single giant titin 
isoform in the heart of Hom mice and two large titin isoforms in Het 
mice. Titin exon microarray analysis revealed upregulation of PEVK  
and Ig exons in titin’s spring region, and no changes elsewhere.   
Skinned cardiac myocyte mechanics revealed that the slack sarcomere 
length (SL) was increased and that passive stiffness was reduced in 
RBM20∆RRM mice with the largest effects in Hom mice.  A closed-chest 
pressure-volume (PV) analysis revealed a significant reduction of end-
diastolic PV relation ( EDPVR) in RBM20∆RRM  mice.  
Frank-Starling Mechanism (FSM) was studied at both the single cell 
level and the LV chamber level. Intact twitch activated single cardiac 
cells were studied using the carbon fiber system, the FSM was 
characterized by the slope of the systolic stress vs. the systolic SL. FSM 
was found to be significantly attenuated in RBM20∆RRM  single intact 
cells. Analogous to the findings in single cells, the slope of the end-
systolic PV relation (ESPVR) from closed-chest PV analysis revealed a 
significant reduced FSM in the  RBM20∆RRM mice, with the largest 
effect in Hom mice.   
We conclude that at levels that range from the intact single cell to the in 
vivo LV chamber, diastolic stiffness and the FSM are greatly reduced in 
RBM20∆RRM mice.  This supports that titin plays an important role in 
both diastolic and systolic function of the heart. 

S3 INFLAMMATORY RESPONSE TO ISCHEMIC INJURY 
DIFFERS IN Cx40 DEFICIENT vs. WILD-TYPE MICE.  
Oulton JR, Munger SJ, Fang JS, Burt JM 

University of Arizona, Tucson, Arizona 
Connexin 40 (Cx40) comprised gap junction channels in the 
endothelium of the arterial vasculature are essential for upstream 
communication of vasodilatory and constrictive signals that coordinate 
blood flow response to a multitude of stimuli. We showed previously 
that femoral-saphenous artery-vein pair resection (“severe” surgery) 
compromised distal limb blood flow and survival to a greater extent in 
Cx40 deficient (Cx40-KO) vs. wild-type (WT) animals. In animals 
without distal necrosis, activated macrophage infiltration of the 
gastrocnemius 14-days after surgery was significantly greater in Cx40-
KO animals. Here we use a less severe form of ischemic injury, ligation 
of the femoral artery (“mild” surgery) distal to the gracilis feed artery 
(which maintains collateral circulation to the distal limb), to evaluate 
whether the inflammatory response occurring within 24-h of surgery 
differed in a genotype specific manner. Available data indicate that 
recovery of hindlimb blood flow following this mild surgery is 
compromised in Cx40-KO mice, but distal limb survival comparable 
across genotypes. The impact of the mild surgery on distal limb blood 
flow is quantified and the infiltration of pro- and anti-inflammatory 
macrophages as well as neutrophils into the gastrocnemius at 8 and 24h 
post surgery will be examined in Cx40-KO and WT mice. Preliminary 
data indicate, as expected, that neutrophils are detected 24h post 
surgery in the gastrocnemius; it remains to be seen whether the extent 
of infiltration differs in a genotype specific manner. 

S9 Residual force enhancement among the mdm genotypes along the 
length-tension curve. 
CM Pace, JA Monroy, KC Nishikawa 
Cinnamon.Pace@nau.edu 
Northern Arizona University 
Flagstaff, AZ 
Force enhancement is when steady state muscle forces are larger after 
stretch and can result in muscle forces that exceed isometric force at Lo, 
even on the descending limb. This muscle property is not well explained 
by the sliding filament theory; however, many studies suggest a role for 
titin in force enhancement via calcium activation of titin. To study titin's 
contribution to force enhancement, we used an mdm mouse model in 
which mutant mice have a deletion in the N2A region of their titin 
protein and exhibit different active and passive in vitro muscle 
properties compared to wildtype and heterozygote mice. Using the mdm 
mouse genotypes, we asked how does force enhancement change along 
the length tension curve and does it vary among the genotypes? Soleus 
muscles from the mdm genotypes were activated and then subjected to a 
5% stretch using a servomotor force lever. Force enhancement was 
calculated as the difference between the steady state force after stretch 
and an isometric contraction performed at the stretched length. These 
muscle tests were performed from -10%Lo to +25%Lo in 5% 
increments. For all genotypes, passive tension was high, and force 
enhancement was low, when the muscle was stretched greater than 
+15%Lo. Mutant mice had particularly high passive tensions, which 
made their force enhancement appear quite large. However, once 
passive tension was accounted for, mutant mice showed less force 
enhancement than the other genotypes. This suggests that having a 
normal N2A region of titin increases force enhancement. Ultimately, we 
can use our empirical data to test computer simulations of how titin 
contributes to force enhancement. Supported by NSF IOS-1025806.	  

S20 LEIOMODIN2 IS AN ANTAGONIST OF TROPOMODULIN1 
AT THE POINTED END OF THE THIN FILAMENTS IN 
CARDIAC MYOCYTES 
Christopher T Pappas1, Takehiro Tsukada1, Natalia Moroz2, 
Parker B Antin1, Alla S Kostyukova2, Carol C Gregorio1 
1University of Arizona, Department of Cellular and Molecular 
Medicine, Sarver Heart Center, Tucson, AZ, USA 
2Washington State University, School of Chemical Engineering and 
Bioengineering, Pullman, WA, USA 
Regulation of actin filament assembly is essential for efficient 
contractile activity in striated muscle. Leiomodin (Lmod) is an actin-
binding protein and homolog of the actin filament pointed end capping 
protein, tropomodulin (Tmod). These proteins are structurally similar, 
sharing a common domain organization that includes two actin-binding 
sites. Lmod also contains a unique C-terminal extension that has a third 
actin-binding WH2 domain. The striated muscle specific isoform of 
Lmod (Lmod2) was reported to be an actin nucleator in 
cardiomyocytes.  Here we have identified a novel function of Lmod2 in 
the regulation of thin filament lengths. We show that Lmod2 localizes 
to the pointed ends of thin filaments where it competes for binding with 
Tmod1. Overexpression of Lmod2 results in loss of Tmod1 assembly 
and elongation of the thin filaments from their pointed ends. 
Interestingly, overexpression of Tmod1 has the opposite effect resulting 
in thin filament shortening (as published by others previously). We also 
discovered that Lmod2’s WH2 domain is required for thin filament 
lengthening since its removal results in a molecule that caps the pointed 
ends similar to Tmod1. Furthermore, Lmod2 transcripts are first 
detected in the heart after it has begun to beat, suggesting that Lmod2’s 
primary function is to maintain thin filament lengths in the mature 
heart. Together, our data reveal that Lmod2 antagonizes the function of 
Tmod1 and together these molecules appear to fine-tune thin filament 
lengths. 
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S6 Sex Differences in post-ischemic limb survival of wildtype and the 
Cx40 ablated mouse 
Lauren M. Querin, Stoyan N. Angelov, Miranda E. Good, Janis M. Burt 
Physiological Sciences, The University of Arizona, Tucson, AZ 
Gap junctions, composed of connexin proteins, serve a fundamental role 
in the post-ichemic injury vascular response.  Recent studies have 
shown a diminished survival of distal limb tissue in Cx40-/- animals 
following induction of hindlimb ischemia by femoral-saphenous-artery-
vein pair resection.  Moreover, macrophage infiltration is increased in 
the ischemic hindlimbs of Cx40-/- vs. wild-type animals.  These studies 
have also demonstrated sex differences, with females displaying further 
reduction in distal limb survival than males of the same genotype.  To 
determine the mechanistic basis for these sex differences, the 4-
vinylcyclohexene diepoxide (VCD) menopausal model was 
implemented to induce pre-mature ovarian failure and thus a drastic 
reduction in circulating levels of 17β-estradiol.  We hypothesize that 
female mice treated with VCD and consequent ovarian failure will 
demonstrate enhanced limb survival as compared to control-injected 
females of the same genotype.  VCD treatment induced ovarian failure 
within 12 weeks in 100% of wild-type mice but only 57% of Cx40-/- 
mice.  The basis for this difference in response to VCD remains 
uncertain, but regardless, only the animals that reached ovarian failure 
were included within ischemia studies.  Preliminary results regarding 
the impact of VCD treatment and consequent reduction in circulating 
17β-estradiol suggest that hindlimb recovery is diminished still further 
rather than improved in VCD-treated Cx40-/- mice and unchanged in 
wild-type mice.  The data thus suggest that contrary to our hypothesis, 
poor recovery of female compared to male mice from hindlimb 
ischemia is not explained by their higher estrogen levels.   

S25 Passive Viscosity Decreases with Deletion of PEVK Region 
of  Cardiac Titin  
Rebecca Slater1,2, Charles S. Chung2, Michael Gotthardt3, and 
Henk L Granzier2  . 
1 Graduate Interdisciplinary Program in Biomedical Engineering, 2 

Department of Physiology, the University of Arizona, Tucson, AZ, 
USA, 3 Max-Delbrück-Center for Molecular Medicine, Berlin-
Buch, Germany. 
Diastolic dysfunction is a poorly understood but clinically 
pervasive syndrome that is characterized by increased diastolic 
stiffness.  Diastolic stiffness needs to be better understood, 
especially the mechanisms that give rise to viscous stiffness. 
Viscous stiffness is strain-rate sensitive stiffness giving rise to 
hysteresis and stress relaxation. Here we focused on passive 
viscosity by measuring hysteresis from the area between the 
stretch and release passive force-sarcomere length curves and 
used both wild-type (WT) mice and PEVK knockout (KO) mice in 
which the PEVK element has been deleted.  The PEVK element 
is a proline-glutamate-valine-lysine (PEVK) rich segment that is 
part of titin’s spring region and that has previously been shown to 
be an important source of viscosity in the cardiac sarcomere.  A 
physiological stretch protocol which mimics the cardiac cycle 
was performed on both KO and WT skinned fiber bundles.  This 
protocol consists of a series of triangles stretches which take the 
prep from slack sarcomere length to a sarcomere length of 2.2 
um at 300%/s(i.e. ~600 beats/min). In both KO and WT, 
hysteresis during the first stretch and release cycle was highest 
and quickly decreased to about ~45% of the initial value during 
steady state. Hysteresis was significantly lower in the KO during 
both the initial stretch and steady state but did not completely 
disappear. After 100 cycles, hysteresis was 225±53 
pJ/mm2/sarcomere in the WT and 120±32 pJ/mm2/sarcomere in 
the KO. Because hysteresis was not completely absent in the 
PEVK KO tissues, we are currently studying the possibility that 
cMyBP-C contributes to viscosity as well, using both c-MyBP-C 
extraction and post-translational modifications of C-MyBP-C. 

S14 THE EFFECTS OF A TITIN MUTATION ON TREMOR 
FREQUENCY DURING SHIVERING THERMOGENESIS 
K.R. Taylor, K.C. Nishikawa 
Northern Arizona University 
Flagstaff, AZ 
Muscular springs, such as titin, play an important role in determining 
muscle properties. The muscular dystrophy with myositis mdm mouse 
model is characterized by a deletion in the N2A region of titin. Previous 
work suggests that muscle from mdm mutants are stiffer when passive 
and more compliant when activated than wild type muscles. Shivering 
frequency is an ideal way to measure the in vivo consequences of 
muscle stiffness because frequency of tremor (f) should be directly 
proportional to (k/m)1/2 where k is stiffness and m is body mass. Because 
mutants have more compliant active muscles (i.e., decreased k), we 
expected that mutant mice would exhibit lower frequency tremors 
during shivering than predicted based on body mass. Further, we 
predicted that wild type and heterozygous mice would exhibit tremor 
frequencies expected based on body mass. Shivering was elicited by 
reducing ambient temperature, and tremor frequency was measured 
using an accelerometer attached dorsally to the trunk. The predicted 
tremor frequencies and the observed frequencies were not significantly 
different for wild type (expected: 41.5 Hz +/- 0.5 Hz; observed: 40.5 Hz 
+/- 3.5 Hz) and heterozygous mice (expected: 40.8 Hz +/- 0.8 Hz; 
observed: 39.5 Hz +/- 3.0 Hz). However, the observed tremor frequency 
for mutant mice (19.2 Hz +/- 4.1 Hz) was significantly lower than 
predicted by body mass (50.5 Hz +/- 0.7 Hz). These results support the 
hypothesis that the mdm mutation results in reduced active muscle 
stiffness in vivo.  Thus, the results of this study demonstrate the 
important role that muscle stiffness, provided by titin, has in setting 
shivering frequency. Supported by NSF IOS-1025806. 

S10 ZUNTZ	  REVISTED:	  CONTRIBUTIONS	  TO	  EXERCISE	  	  	  
PHYSIOLOGY	  
Tipton,	  Charles	  M.,	  Department	  of	  Physiology,	  University	  of	  Arizona	  
During	  his	  career,	  Zuntz	  was	  nominated	  three	  times	  for	  the	  Nobel	  
Prize	  for	  his	  collective	  contributions	  to	  respiration,	  circulation,	  
hematology,	  thermoregulation,	  metabolism	  and	  nutrition.	  Besides	  
high	  altitude	  physiology,	  he	  was	  also	  interested	  in	  the	  physiologyof	  
performance	  by	  both	  humans	  and	  animals	  while	  being	  associated	  
with	  the	  development	  
of	  respiratory	  apparatus,	  climatic	  chambers,	  treadmills	  and	  the	  
methodology	  to	  secure	  response	  measurements	  .	  He	  obtained	  O2	  
consumption	  values	  of	  individuals	  marching,	  cycling,	  swimming,	  
climbing,	  typing	  and	  working	  in	  mines	  while	  establishing	  
procedures	  
for	  	  securing	  basal	  values.	  	  He	  also	  recorded	  oxygen	  consumption	  
values	  for	  exercising	  hounds	  	  Cardiac	  outputs,	  work	  of	  the	  heart	  
and	  aortic	  blood	  pressures	  were	  obtained	  from	  horses	  performing	  
light	  to	  moderate	  exercise	  while	  X-‐ray	  changes	  in	  cardiac	  
dimensions	  (reductions)	  were	  noted	  	  in	  humans	  exercising	  on	  a	  6	  0	  	  
incline.	  With	  marching,	  he	  found	  increases	  in	  erythrocyte	  and	  
leukocyte	  counts	  and	  that	  improper	  clothing,	  elevated	  air	  
temperatures	  and	  high	  humidity	  caused	  overheating	  and	  impaired	  
thermoregulation	  Dehydration	  was	  to	  be	  avoided	  because	  it	  altered	  
thermoregulation	  and	  he	  opposed	  any	  attempt	  to	  withhold	  water	  
from	  workers	  or	  athletes.	  	  He	  believed	  contracting	  muscles	  utilized	  
carbohydrates	  and	  fats	  in	  proportion	  to	  the	  amount	  being	  
delivered	  to	  the	  tissues	  ;	  carbohydrates	  were	  not	  converted	  into	  fat	  
before	  being	  utilized,	  	  proteins	  were	  not	  the	  substrate	  for	  exercise	  
and	  that	  the	  RQ	  (RER)	  value	  	  would	  decrease	  with	  	  
prolonged	  exercise.	  	  	  Aspects	  of	  these	  views	  were	  in	  disagreement	  
with	  Liebig	  and	  a	  cause	  of	  a	  controversy	  with	  Chauveau	  of	  France.	  
	  
 

 
 


