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Philadelphia College of Osteopathic Medicine 
 

Annual Progress Report:  2011 Formula Grant 
 

Reporting Period 

 

July 1, 2013 – June 30, 2014 

 

Formula Grant Overview 

 

The Philadelphia College of Osteopathic Medicine received $16,761 in formula funds for the 

grant award period January 1, 2012 through December 31, 2015.  Accomplishments for the 

reporting period are described below. 

 

Research Project 1:  Project Title and Purpose 

 

Evaluation of Tetrahydrobiopterin/Dihydrobiopterin Ratio in Vascular Injury Tissues – Vascular 

endothelial dysfunction is an early event in vascular injuries, such as ischemia/ reperfusion 

injury, diabetes, hypertension and extracorporeal shock wave lithotripsy. Endothelial nitric oxide 

(NO) synthase (eNOS) is the primary enzyme to release NO in the presence of 

tetrahydrobiopterin (BH4) to facilitate normal vascular function.  In vitro, eNOS can be a source 

of superoxide when the ratio of BH4 to dihydrobiopterin (BH2) is reduced, and is referred to as 

eNOS uncoupling. However, the role of eNOS uncoupling in vascular injury has not been well 

established in vivo.  Therefore, measuring the ratio of BH4 to BH2 in vascular injury tissues is 

critical to identify a potential treatment strategy (e.g. BH4) to reduce endothelial dysfunction. 

 

Anticipated Duration of Project 

 

1/1/2012 – 12/31/2015 

 

Project Overview 
 

Cardiovascular disease is a major health concern in the United States.  Vascular endothelial 

dysfunction is an early event initiating the pathogenesis in many of these diseases.  The reduced 

endothelial-derived nitric oxide (NO) and the accompanying increased superoxide 

(SO)/hydrogen peroxide (H2O2) are primary characteristics of endothelial dysfunction.  

Normally, endothelial NO synthase (eNOS) is the primary source of NO requiring the presence 

of tetrahydrobiopterin (BH4).  Endothelial-derived NO is critical to maintain an anti-

inflammatory and antithrombotic endothelial surface to facilitate normal blood flow. In vitro, it 

has been shown that eNOS can produce SO instead of NO when the ratio of BH4 to 

dihydrobiopterin (BH2) is reduced, and this is referred to as eNOS uncoupling. SO is rapidly 

converted to the more stable oxidant, H2O2, by superoxide dismutase. Furthermore, 

cardiovascular patients with more risk factors, such as hyperlipidemia, hypertension, diabetes or 

smoking have significantly reduced plasma BH4/BH2 ratio, which is associated with significant 

vascular dysfunction. BH4 and BH2 compete for eNOS binding to the heme oxygenase domain 
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with equal affinity. Therefore, the BH4/BH2 ratio is a sensitive biomarker to reflect the vascular 

endothelial function under different disease conditions.  We will measure the BH4/BH2 ratio in 

our vascular injury animal models. We’ve shown that femoral ischemia/reperfusion (I/R) and 

renal extracorporeal shock wave lithotripsy (ESWL) treatment increased blood H2O2 levels and 

decreased NO levels to induce endothelial dysfunction. Endothelial dysfunction is a key 

mediator amplifying the damage from the blood vessels into the perfused tissues.  Our BH2-

induced inflammation animal model increases leukocyte-endothelial interactions in the 

mesenteric circulation, and these interactions are attenuated by increasing the BH4/BH2 ratio. 

Data from our three animal models suggests that eNOS uncoupling is a key step inducing 

vascular endothelial dysfunction and inflammation. Therefore, the tissue or plasma BH4/BH2 

ratio needs to be determined via high performance liquid chromatography (HPLC) to understand 

the role of eNOS uncoupling in vascular injury. 

 

Principal Investigator 

 

Lindon H. Young, PhD 

Professor 

Philadelphia College of Osteopathic Medicine 

4170 City Ave.  

Philadelphia, PA 19131 

 

Other Participating Researchers 

 

Robert Barsotti, PhD; Qian Chen, PhD – employed by the Philadelphia College of Osteopathic 

Medicine 

 

Expected Research Outcomes and Benefits 

 

Vascular endothelial dysfunction and the subsequent chronic inflammation have been 

highlighted in various cardiovascular diseases.  Identifying the key components initiating the 

pathogenic process is thus beneficial to develop new treatment strategies. Endothelial NOS 

uncoupling can be a primary factor initiating vascular dysfunction. This uncoupling is mediated 

by reduced BH4/BH2 ratio, since BH4 and BH2 bind to eNOS with equal affinity. Measuring the 

ratio of these two eNOS cofactors is essential to determine if eNOS uncoupling is a key 

mechanism mediating oxidative stress and endothelial dysfunction in vascular injury. We 

hypothesize that the BH4/BH2 ratio is a key indicator for the eNOS coupling/uncoupling status 

and vascular function. By using tissue or plasma from the three vascular injury animal models, 

we expect that there will be a decreased BH4/BH2 ratio in I/R, ESWL, or BH2-induced 

inflammation groups compared to their own sham controls. Furthermore, we will further measure 

the BH4/BH2 ratio in drug-treated groups (i.e., addition of BH4) and expect that BH4-treated 

groups will show an increased BH4/BH2 ratio associated with decreased vascular injury. These 

experiments will provide evidence indicating that eNOS uncoupling can be an important factor 

facilitating vascular endothelial dysfunction and chronic inflammation.  Therefore, beneficial 

outcomes from this research would be to supplement BH4 in vascular injury to maintain eNOS 

coupling and reduce vascular dysfunction and chronic inflammation associated with diabetes, 

atherosclerosis, ESWL treatment and cardiovascular diseases. 
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Summary of Research Completed 

 

We have submitted an abstract to the 2014 Comparative Physiology Meeting in San Diego, CA 

entitled: The Effects of Modulating Endothelial Nitric Oxide Synthase (eNOS) Activity and 

Coupling in Coronary, Hindlimb, Renal, and Mesenteric Vascular Inflammation Models by 

Lopez et al., 2014 based on work completed during prior reporting periods.   

 

Using non-grant funding, we have begun measuring tissue and plasma levels of BH4 and BH2 

from samples collected from the heart and femoral I/R experiments.  The hearts used for these 

measurements were rapidly frozen in liquid nitrogen and will be finely ground, and suspended in 

water containing diethylenetriamene penta-acetate and 1 mg/ml ascorbate to prevent auto-

oxidation. The suspension will be homogenized, and the samples loaded into Centricon filters 

(6,000 molecular weight cutoff; Millipore, Billerica, MA) and centrifuged for 30 min at 10,000 × 

g, 4°C. The filtrate will be dried under vacuum and then resuspended in 50 mM Tris buffer pH 

7.1, and 100 μl and loaded into sample vials and injected on the HPLC column by using a 

Perkin-Elmer autosampler. The peaks will be separated using a 10μm Econosil RP-18 column 

and an isocratic mobile phase of 25% methanol/water with flow rate of 1.0 ml/min. BH4 is 

measured indirectly, based on the quantification of biopterin, a highly fluorescent BH4 analogue. 

Oxidation of BH4 to biopterin under acidic conditions is quantitative. However, under basic 

conditions, BH4 is further oxidized to nonfluorescent compounds. Thus, BH4 concentrations are 

calculated from the difference of biopterin measured in these conditions. To date, we have 

completed running the standard curves for biopterin under a variety of conditions and will begin 

analyzing tissue and plasma samples in the next few days.    

 


