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Abstract: Diabetes mellitus is a known major risk factor for coronary artery disease. Recent multicenter 
clinical studies have demonstrated a significantly worse long-term outcome including a higher mortality in 
diabetic patients following balloon angioplasty when compared to coronary artery bypass surgery. The 
underlying pathogenesis for this is unknown. We hypothesize that both an abnormal vasomotor response as 
well as enhanced platelet adhesion occur in the setting of hyperglycemia and diabetes mellitus. The purpose 
of this study is to evaluate the effect of vascular injury on vasomotor activity and thrombosis in diabetes 
and then to investigate therapeutic approaches to inhibit these adverse events using an antioxidant and a 
new protease activation receptor-1 (PAR-1) inhibitor, thrombostatin. [The Journal of American Science. 
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1. Introduction  

Diabetes mellitus is a known major risk factor for coronary artery disease. Recent multicenter clinical 
studies have demonstrated a significantly worse long-term outcome including a higher mortality in diabetic 
patients following balloon angioplasty when compared to coronary artery bypass surgery (BARI, NEJM, 
1996).  The underlying pathogenesis for this is unknown.  We recently demonstrated that vascular injury in 
the presence of hyperglycemia significantly attenuates normal vasomotor response (Ma, FASEB, 1999).  
Thus, we hypothesize that both an abnormal vasomotor response as well as enhanced platelet adhesion 
occur in the setting of hyperglycemia and diabetes mellitus. The purpose of this study is to evaluate the 
effect of vascular injury on vasomotor activity and thrombosis in diabetes and then to investigate 
therapeutic approaches to inhibit these adverse events using an antioxidant and a new protease activation 
receptor-1 (PAR-1) inhibitor, thrombostatin.  

Vasomotor relaxation has been shown to be disturbed following balloon angioplasty and that this effect 
is enduring for several weeks despite reendothelialization (Weidinger, 1990).  Diabetic patients with 
angiographically normal coronary arteries have been shown to have an abnormal vasorelaxation response 
(Nitenberg, 1993).  The endothelial response of resistance vessels in the forearm of insulin-dependent 
diabetic patients has also been shown to be abnormal (Johnstone, 1993).  Studies have demonstrated that 
advanced glycosylation products quench nitric oxide and alter the normal vasomotor relaxation response in 
diabetic rats (Bucala, 1991).  Also, insulin has been shown to stimulate the production of endothelin from 
bovine endothelial cells in culture (Takahshi, 1990).   

Studies have demonstrated that antioxidants can preserve endothelial mediated vasorelation in 
atherosclerotic arteries (Keaney, 1994). Vitamin C has been shown to improve endothelium-dependent 
vasodilation in patients with non-insulin dependent diabetes (Ting, 1996). Recent work has demonstrated 
that certain HMG CoA reductase inhibitor drugs (i.e. pravastatin) can activate endothelial nitric oxide 
synthase activity in cultured bovine endothelial cells (Kaesemeyer, 1999).  Also, angiotensin-converting 
enzyme inhibition in non-insulin-dependent diabetes was shown to improve endothelial function 
(O'Driscoll, 1999). How these may influence outcomes following PTCA is unkown.   

Platelet function in diabetes has been shown to be abnormal (Stubbs, 1990) and VonWillibrant Factor 
concentrations increased (Lanberton, 1984). A new family of antiplatelet drugs, GpIIb/IIIa receptor 
inhibitors have been shown to be effective in reducing the thrombus load at sites of plaque disruption and 
thrombosis. Large randomized clinical studies have demonstrated that in subgroup analysis diabetic 
patients seem to have benefited the most from the use of GpIIb/IIIa platelet inhibiting drugs (Kleiman).  
Also, thrombostatin a biproduct of bradykinin has been shown to be an effective platelet inhibiting drug 
(Luchaisi). Antioxidants such as vitamin E have been shown to have a beneficial effect on platelet function.   

 83

mailto:hongbao@msu.edu
mailto:cherngs@csu.edu.tw


Journal of American Science, 3(2), 2007, Ma and Cherng, Effect of Vascular Injury on Vasomotor Activity 
and Thrombosis in Diabetes  

 
Antioxidants may reverse some of the adverse effects noted in DM.  Antioxidants such as vitamin E 

and β-carotene have been shown to impact the development of atherosclerosis (Carpenter, 1997; Porkkala-
Sarataho, 1996). Antioxidants can reduce the oxidized LDL and protect arterial vasomotor reactivity.  Thus, 
the use of antioxidants may have a positive role on both the thrombosis as well as the vasomotor reactivity. 
 
 
2. Design of Materials and Methods 
2.1 Experimental Model   

 Sixty rabbits will be utilized in this study.  Forty rabbits will be made diabetic by using intraperitoneal 
streptozotocine (65 mg/kg).  After one week, blood glucose levels will be measured and 20 rabbits started 
on a high cholesterol (1%) diet to induce atherosclerosis over 4 to 6 months.  At this time rabbits will be 
sacrificed using an overdose of pentobarbital then carotid arteries will be isolated. These will then be 
placed in a dual organ chamber and both arteries injured with a balloon angioplasty catheter by 2 inflations 
for 60 sec each at 10 atms.  Fresh human platelet rich plasma (PRP) from normal donors will be labeled 
using 111In-tropolone according to Dewanjee et al (1982).  These will be mixed with unlabeled platelets in a 
ratio of 10:1 and used to perfuse the vessels following balloon injury using a roller pump (Figure 2).  
Vasomotor relaxation will be evaluated by preconstriction with NE (1 x 10-6 M) followed by baseline 
response to acetylcholine (Ach; 1 x 10-5 M) and sodium nitroprusside (SN; 1 x 10-5 M).  Vessel lumen 
changes will be measured using digitized images of the whole artery preparation by planimetry and a 
customized computer program. 

Platelet function will be pretested by using standard aggregometery with ADP, collagen, α-thrombin 
and CPG.  A sample of 111In-labeled platelets will be tested in order to assess functionality. Platelet 
aggregation will be measured continuously by laser-light scattering technique that was developed in our 
laboratory.  This uses a He-Ne laser beam split by a motorized chopper wheel and passed through cuvettes 
in the tubes draining the arteries.  The scattering light from the particles in the cuvettes is spread on the 
diode array of a multichannel analyzer.  From the angle of incidence, the ratio of scattering light at 1° to 5° 
represents the particle size distribution and is a measure of platelet aggregation. Radioactivity in the arterial 
segments represents the adhesion of 111In-labeled platelets and will be measured in a γ-counter.  This 
method has been verified using a dog arteries injured by balloon angioplasty.  Other studies are pending to 
evaluate human arteries. 

Measurement of nitric oxide production by the vascular cells will be performed using the NO electrode 
method with a A meter (ISO-NO MARK II Nitric Oxide Meter, World Precision Instruments, Sarasota, FL).  
The electrode will be placed at the outflow site of the artery in the organ chamber (Figure 2).  This will 
provide constant monitoring of NO.  Also, the same system will be used to measure NO production in the 
primary endothelial cells isolated in culture medium.   

 
2.2 Platelet Adhesion and Aggregation Following Balloon Injury in the Presence of Hyperglycemia 
using Normal, Atherosclerotic and Diabetic Rabbits:   

The arteries from normal or atherosclerotic rabbits will be placed in the dual perfusion chamber and 
treated as described above. However, in this study, glucose concentrations will be varied for each of the 
two arteries respectively. One artery will be immersed in physiologic buffered solution with 100 mg/dl and 
the other with 250 mg/dl.  Baseline vasomotor relaxation will be obtained using pharmacologic challenge 
followed by balloon angioplasty and then rechallenged. Platelet aggregation, adhesion and vasomotor 
responses will be measured.  Also, NO products will be monitored throughout the experiment.   

111In-labeled platelet rich plasma with or without thrombostatin (50 mM) will be perfused through the 
arteries separately for 60 min.  To measure platelet adhesion, radioactivity counts will be measured with a 
γ-counter for each arterial segment.  Platelet aggregation will be measured continuously with the laser-light 
scattering method described by us.  This will also be done using a Coulter counter.  Platelet aggregation 
and adhesion measurements will be compared to control at 100 and 250 mg/dl glucose concentrations.  
Other agents including an antioxidant, vitamin E (1000 IU/kg chow for 28 days) will be given to 10 rabbits 
and arteries isolated for evaluation in the organ chamber. Also, GpIIb/IIIa inhibitor (Integrelin) will be 
evaluated by addition to the perfusate in the organ chamber as described. Pravastatin can also be used in 
this setting since it enhances NO production and has been shown to be associated with reduce platelet 
thrombus in human coronary arteries.   
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2.3 Measurement of cAMP, cGMP, adenylyl cyclase, guanylyl cyclase, and G-proteins 

The G proteins are involved in signal transduction that is responsible for both platelet aggregation and 
adhesion as well as arterial vascular relaxation. The nucleotides cyclic adenosine-3’, 5’-monophosphate 
(cAMP) and cyclic guanidine-3’, 5’-monophospohate (cGMP) serve as a secondary messenger for 
intracellular metabolic regulation of many hormones that cannot cross the cell membrane or can do so only 
with difficulty.  cAMP is a secondary messenger for NE and cGMP is a secondary messenger for Ach.  
cAMP is synthesized by adenylyl cyclase and cGMP is synthesized by guanylyl cyclase.  These are a 
family of membrane-bound enzymes that exhibit inactive and active configurations resulting from the 
actions of a variety of agents, acting indirectly and directly on the enzyme. Guanylyl cyclase catalyzes the 
biosynthesis cGMP from GTP. cGMP plays an important role in relaxation the endothelium-dependent and 
-independent vasodilators ultimately leading to its physiologic effect via a complex phosphorylation 
cascade.  These will be measured in endothelial cells cultured in normoglycemic and hyperglycemic 
medium.  Also, the perfusate in the organ chamber will be analyzed to measure the amount of G-proteins 
and cGMP, cAMP and enzymes produced by platelets and arterial wall in the presence and absence of 
balloon injury and hyperglycemia.   

G Proteins Measurement (Ohmori, et al., 1989): G proteins are GTP-binding proteins. GTP combines 
with G proteins specifically. Incubate sample with radioactivity-labeled GTP and isolate free GTP then 
measure radioactivity in the sample is the way to measure G protein amount. Samples are incubated for 2 
hours at 30°C in 40 µl of the reaction mixture containing 20 mM HEPES at pH 8.0, 1 mM EDTA, 1 mM 
DTT, 0.8 mM NaCl, 6 mM MgCl2, 3 mM L-α-dimyristoylphosphatidylcholine, and 1 µM [35S]GTPγS 
(1000-2000 cpm/pmol, Boehringer Mannheim). The reaction will be stopped by the addition of about 2 ml 
of the iced-cold 20 mM Tris-HCl at pH 8.0 containing 100 mM NaCl and 25 MgCl2, followed by rapid 
filtration on nitrocellulose filters. Filters are washed five times with the same ice-cold buffer. After the 
filters are dissolved in 8 ml of scintillation mixture, the radioactivity will be counted.  

GTPase Measurement (Kikuchi, et al., 1988): GTPase is the enzyme for the degradation of GTP. 
GTPase can be measured by the detection of 32P from [32P]GTP. The GTPase activity is determined by a 
modification of the method of Brandt et al. (Brandt et al.). 20 µl of the sample is incubated for 30 minutes 
at 30°C in 80 µl of the reaction mixture containing 20 mM Tris-HCl at pH 7.5, 1 mM EDTA, 1 mM DTT, 5 
mM MgCl2, 0.8 M NaCl, 3 mM L-α- dimyristoylphosphatidylcholine, and 1 µM [32P]GTP (2000-3000 
cpm/pmol). After the incubation, 50 µl of aliquots are added to 0.75 ml of ice-cold 5% (w/v) charcoal in 50 
mM NaH2PO4. The mixtures are centrifuged at 1000 × g for 10 minutes at room temperature. The amount 
of 32Pi released from [γ-32P]GTP is then estimated by counting the radioactivity of 0.5 ml of the clear 
supernatants.  

cAMP measurement (Armbruster, 1990): cAMP will be measured by standard ELISA and Western 
Blotting method. The cAMP antibody will be bought from Sigma (Catalogue No.: A0670). 

Adenylyl cyclase catalytic activity (Johnson and Salomon, 1991): Adenylyl cyclase catalyze the 
synthesis of cAMP and it can be measure by cAMP formation. 250 µl of the reaction solution is incubated 
at 30°C for 10 minutes, which contains 20 mM Tris-HCl, pH 7.5, 1 mM [α-32P]ATP (10 cpm/pmol), 2 mM 
cAMP, 5 mM MgCl2, 1 mM EDTA, 1 mM 2-mercaptoethanol and 0.1% (w/v) BSA. After the incubation 
600 µl of 120 mM zinc acetate is added as the reaction stopping reagent. Isolate cAMP with a Dowex AG-
50W-X8 column (BioRad, USA) and the radio-labeled product [α-32P]cAMP is measured by a scintillation 
counter. cGMP (Sambrook, 1989): cGMP will be measured by standard ELISA and Western Blotting 
method. cGMP antibody will be bought from Sigma (Catalogue No.: G4899). 

Guanylyl cyclase catalytic activity (Domino, 1991): Guanylyl cyclase catalyze the synthesis of cGMP 
and it can be measured by cGMP formation. Prepare 3 ml assay buffer as the following:  containing 600 µl 
of 200 mM 2-(N-morpholino)ethanesulfonic acid (MES), 180 µl of 100 mM MnCl2 or MgCl2, 600 µl of 10 
mM 1-methyl-3-isobutylxanthine (MIX), 600 µl of 10 mM cGMP, 300 µl of 10 mg/ml bovine serum 
albumin and 720 µl of water, 1.5 mg of creatine kinase and 33.1 mg of creatine phosphate (disodium salt). 
Take 50 µl of the above buffer and add 25 µl of 2 mM GTP (50 nmol) containing 500,000 cpm [α-32P]GTP, 
incubate at 37°C for 5 minutes. Start the assay with the addition of 25 µl of the enzyme source (perfusion 
solution). In time zero controls, stop the assay reactions with 500 µl of 120 mM zinc acetate before addition 
of enzyme. The time zero control is used to subtract background radioactivity when calculating the amount 
of cGMP formed. Non-enzymatic formation of cGMP will be tested by adding 25 µl of the buffer from the 
enzyme source or 25 µl of the enzyme boiled in a 100°C water bath for 5 minutes in separate control 
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reaction mixtures. Stop assay reaction with the addition of 500 µl of 120 mM zinc acetate. Place samples in 
an ice bath. Once all of the assay reactions have been stopped, add 600 µl of 144 mM sodium carbonate to 
precipitate 5’-nucleotides, including unreacted [α-32P]GTP. Centrifuge at 2000 × g for 10 minutes. Samples 
could be frozen and thawed prior to centrifugation. Pour the sample over a neutral alumina column (0.7 × 
15 cm, Econo-Column from BioRad). Elute [32P]GTP with 5 ml of 100 mM Tris-HCl, pH 7.5, into 
scintillation vials. Add 10 ml scintillation fluid or water and determine the radioactivity of the samples in a 
scintillation counter. Recoveries will be determined by measuring the absorbance at 252 nm of aliquots of 
each sample before and after column separation or with a tracer amount of cyclic. Recovery is usually 
between 60%-70% (Domino, 1991).  

 
2.4 Primary Cells in Culture Medium 

To compare the effect of different cell contribution to the vasomotor function under the specific 
conditions studied we will evaluate the effect of hyperglycemia on rabbit endothelial and smooth muscle 
cells. Primary cells will be used and obtained from the aorta and carotid arteries.  The endothelial and 
smooth muscle cells will be obtained from the three groups studied (i.e. normal artery, diabetic with and 
without atherosclerosis) using culture techniques (Davies, 1990). Cells will be placed in a culture medium 
with various glucose concentrations as used in the organ chamber environment. G proteins, cAMP, 
adenylyl cyclase catalytic activity, cGMP, guanylyl cyclase catalytic activity and GTPase catalytic activity 
will be measured in culture medium. These experiments will help elucidated the various cellular 
contribution to the above.   

 
2.5 Data Analysis  

The data will be analyzed by Sigma Stat and Excel software.  Comparisons will be made between 
vasomotor relaxation in normal and atherosclerotic arteries with and without diabetes using multivariate 
analysis.  The effect of elevated glucose among the various groups will also be evaluated.  The use of 
various antiplatelet drugs will be compared to controls within the various groups including those treated 
with thrombostatin, vitamin E and Gp IIb/IIIa inhibitors using Student's t-test.  Intergroup analysis will be 
done using ANOVA. These data on aggregation and adhesion will also be correlated to NO production by 
regression analysis.   
 
3. Results and Discussions  

Recent work by the applicant has demonstrated that hyperglycemia greatly attenuates the vasomotor 
relaxation response following balloon angioplasty.  Also, use of the antioxidant, β-carotene was 
demonstrated to preserve vasomotor relaxation in atherosclerotic arteries of a rabbit model using a high 
cholesterol diet. Results of these investigations are presented as follows: 
 
3.1 Effect of hyperglycemia on vasomotor relaxation following balloon angioplasty 
 Fourteen carotid arteries from 7 NZW rabbits were isolated and the whole artery mounted in a dual 
organ chamber and perfused with a physiologic buffered solution using either 100, 250 or 500 mg/dl 
glucose concentrations. Using norepinephrine (1 x 10-6 M) preconstriction, pharmacologic challenge was 
conducted with acetylcholine (1 x 10-5 M) and nitroprusside (1 x 10-5 M).  Balloon angioplasty was done 
with a 3 mm balloon and arteries rechallanged with the same pharmacologic agents.  High glucose 
concentrations significantly reduced vasorelaxation after balloon angioplasty.  The arteries in 100 mg/dl 
glucose had twice as much vasomotor reactivity compared to arteries in 250 and 500 mg/dl medium (Figure 
1).  The exact cause for this is not well established at present. In order to determine if the mechanism was 
due to an osmotic stress, we conducted another study using four carotid arteries.  In this study manitol was 
substituted for the excess glucose load used earlier.  This did not result in the deterioration of vasomotor 
function. Two balloon treated arteries were exposed to glucose at 100 mg/dl and another two were exposed 
to a mixture of glucose (100mg/dl) and manitol (150 mg/dl).  Thus, it seems from these preliminary data 
that the effect of glucose is not an osmotically mediated event but more likely the result of a biochemical 
process.   
 
3.2 Effect of β-carotene on vasomotor function 
 Vasodilator Effects of β-carotene: Twenty rabbits were studied in a model that was developed by the 
principal investigator at Harvard Medical School to study plaque disruption and thrombosis (Abela, 1995).  
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Briefly, the model utilized atherosclerotic rabbits that were triggered with histamine, a known 
vasoconstrictor in rabbits and Russel viper venom, a procoagulant.  Eighteen of the 20 rabbits were made 
atherosclerotic by balloon endothelial debridement and a high cholesterol diet for six months. β-carotene 
was given to eight atherosclerotic rabbits (30 mg/kg) 5 days prior to triggering.  In another eight rabbits no 
β-carotene was given and these were also triggered. Two atherosclerotic rabbits (atherosclerotic control) 
and two additional normal rabbits (normal control) were evaluated.  Vasomotor relaxation studies were 
conducted using acetylcholine (Ach) and sodium  nitroprusside (SN) by measuring the responses of both 
carotid and femoral arteries after preconstriction with norepinephrine (NE). The results demonstrated that 
arteries pretreated with β-carotene had a significantly greater vasodilation response when challenged with 
Ach when compared to arteries that had not received β-carotene.  This suggests that β-carotene preserves 
the vasorelaxation response. 
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Figure 1: Effect of glucose concentration on vasomotor relaxation following balloon angioplasty 
 
 
 

Table 1. The Diameter measurement for rabbit carotid arteries (mm) 
Treatment NE  Ach  SN  A-N (%)  S-N (%) 
Non-carotene 18.05±3.39 19.68±3.64 20.21±3.62 9.98±9.68* 12.43±11.84** 
Carotene 16.52±3.22 18.75±3.32 19.16±3.29 14.30±10.0* 16.93±11.37** 
Atherosclerotic  
Control  18.56±7.16 18.94±2.98 19.88±2.96 16.80±14.91 20.30±15.22 
Normal Control 13.98±2.34 18.21±2.81 18.83±2.45 35.27±29.76 39.38±26.07 
NE: Diameter of artery perfused by phosphate buffer with NE (1×10-6 M); Ach: Diameter of artery 
perfused by phosphate; buffer with Ach (1×10-5 M); SN: Diameter of artery perfused by phosphate buffer 
with SN (1×10-5 M); A-N (%): (Ach perfusion-NE perfusion)/NE perfusion × 100; S-N (%): (SN perfusion-
NE perfusion)/NE perfusion × 100; *p<0.001; **p<0.003. 

 
 

3.3 Human Platelet - Rabbit Artery Model 
A pilot study was conducted to test the feasibility of using human platelets in rabbit arteries. Fresh 

human platelets were obtained from collected whole blood in citrate buffer and PRP prepared by 
centrifugation at 200 g for 10 min. Then 10% of platelets were labeled with 111In-Tropolone. Platelet 
aggregation was tested using ADP, collagen and cationic propyl gallate (CPG) to assess platelet function.  
Normal rabbit carotid arteries were isolated and mounted in a dual perfusion organ chamber.  Balloon 
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angioplasty was performed in one artery and the other was used as control.  Both arteries were then 
perfused using 111In-labeled platelets for one hour. Particle size was evaluated by sampling every five 
minutes using both a laser-light scattering method and a Coulter counter. Radioactive counts were 
measured in each artery using a γ-counter. This represented platelet adhesion to the arterial wall. In this 
study, the radioactive count was 48 times greater for the balloon treated artery when compared to the non-
balloon treated control.   

The same study was repeated after the human subject took aspirin (325 mg) 2.5 hours prior to blood  
retrieval.  In this experiment, the platelet adhesion as represented by radioactive count was 1.7 times greater 
in the balloon treated artery when compared to control.  However, aggregation as measured by Coulter 
counter and laser-light scattering was not significantly different for the balloon treated and non-treated 
artery.  Also, the response of platelets to ADP, collagen and CPG were significantly reduced by 1.4 times 
when compared with and without aspirin pretreatment.  This preliminary work confirms the feasibility to 
use rabbit arteries with human platelets.  Also, it demonstrated that the effect of aspirin on platelet adhesion 
and aggregation was not equivalent. 
 
3.4 The Effect of Antiplatelet Drugs on Platelet Adhesion and Aggregation after Balloon Injury  

A new method was developed in our laboratory to monitor platelet aggregation continuously for 
evaluating the effect of various antiplatelet drugs (Huang, 1999). The intima of 10 carotid dog arteries was 
injured using a 3 mm balloon catheter. A He-Ne laser beam was split and passed through cuvettes in the 
tubes draining the carotid arteries in the organ chamber (Figure 2, 3). Laser-light scattering from the 
particles in the cuvetts was spread on the diode array of a multichannel analyzer. From the angle of 
incidence, the ratio of scattering light at 1° and 5° represented the particle size distribution. Also, particle 
size was measured using a Coulter counter. 111In-labled platelets with or without aspirin were perfused 
through the arteries for 60 min. Radioactivity counts in the arterial segments was measured in a γ-counter.  
The aspirin treated platelet aggregation and adhesion were less than control by both laser-light scattering 
(234.2+106.4 vs. 308.8+100.3; p<0.002) and radioactive counts (331.1+251.9 vs 581.0+471.5; p<0.02) 
respectively. Particle size by Coulter counter and laser method were highly correlated (r=0.75). A similar 
study was conducted with thrombostatin, a PAR1 inhibitor. This demonstrated results comparable to aspirin.  
  
 
 

NO Detector

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Dual Organ Chamber and Laser-light Scattering System 

 88



Journal of American Science, 3(2), 2007, Ma and Cherng, Effect of Vascular Injury on Vasomotor Activity 
and Thrombosis in Diabetes  

 
 
 

Figure 3.  Laser-light Scattering at 1° to 5° 
     

 
 

 Thrombostatin, the angiotensin converting enzyme (ACE)  breakdown product of bradykinin, is a 
selective inhibitor of α-thrombin activation of platelets.  Previous work in our lab using dog carotid arteries 
demonstrated that thrombostatin inhibits platelet aggregation and adhesion following balloon injury.  
Control arteries that had balloon angioplasty when compared to thrombostatin had 2.3 times more platelet 
adhesion. Particle size of platelet aggregates was 1.5 times more for control when compared to 
thrombostatin treatment.  The effect of thrombostatin as well as other antiplatelet agents (i.e. GpIIb/IIIa 
inhibitors and vitamin E) on platelet function following balloon injury in diabetic patients is unknown.  Our 
hypothesis is that there is enhanced platelet aggregation during hyperglycemic states and this response can 
be attenuated by administration of thrombostatin.   
 
3.5. Discussions 

The nucleotides cyclic adenosine-3’, 5’-monophospohate (cAMP) and cyclic guanidine3’, 5’-
monophospohate (cGMP) serve as a secondary messenger for intracellular metabolic regulation of many 
hormones that cannot cross the cell membrane or can do so only with difficulty.  Primarily, cAMP is a 
secondary messenger for NE and cGMP is a secondary messenger for Ach. cAMP and cGMP play an 
important role in relaxation the endothelium-dependent and -independent vasodilators ultimately leading to 
its physiologic effect via a complex phosphorylation cascade. Adenylyl cyclase (ATP pyrophosphate-lyase, 
cyclizing, EC 4.6.1.1) is a family of membrane-bound enzymes that exhibit inactive and active 
configurations resulting from the actions of a variety of agents, acting indirectly and directly on the enzyme. 
Guanylyl cyclase (GTP pyrophosphate-lyase, cyclizing, EC 4.6.1.2) catalyzes the biosynthesis of guanosine 
3', 5'-cyclic monophosphate (cGMP) from GTP. cAMP is synthesized by adenylyl cyclase and cGMP is 
synthesized by guanylyl cyclase.  These are a family of membrane-bound enzymes that exhibit inactive and 
active configurations resulting from the actions of a variety of agents, acting indirectly and directly on the 
enzyme. Guanylyl cyclase catalyzes the biosynthesis cGMP from GTP.  
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The G proteins are involved in signal  transduction that is responsible for both platelet aggregation and 

adhesion as well as arterial vascular relaxation. G proteins are heterotrimers comprised of α, β and γ 
subunits, each of which can exist in multiple forms. Some, but not all, of the known variants of Gα are 
substrates for ADP-ribosylation by pertussis toxin, a modification which disrupts the flow of information 
from receptor to effector. The proteins that have been identified in platelets to date are Gs, Gi1, Gi2, Gi3, Gz 
and Gq.  

Decrease in nitric oxide (NO) can lead directly to thrombosis as was demonstrated by laser-induced 
endothelial damage in vivo resulting in platelet aggregation (Rosenblum, 1987). The inhibition of NO 
synthesis in the rabbit by NG-nitro-L-arginine (LNMMA) potentiates the pulmonary accumulation and 
prolongs disaggregation of 111In-labeled platelets induced by sub-maximal doses of ADP, platelet activating 
factor and thrombin (May, 1991).  Cytokine-stimulated endothelial and smooth muscle cells produce NO in 
amounts to vasodilate the artery and inhibit platelet adhesion and aggregation (Durante, 1991).  NO is 
formed during platelet aggregation and L-arginine inhibits this process.  Excess NO inhibits platelet 
aggregation and adhesion. Continuous exposure of the endothelium to low density lipoproteins also inhibits 
endothelium-dependent relaxation of aorta (Andrews, 1987).  

Diabetic patients with coronary artery disease have more adverse outcomes including an increased 
mortality following balloon angioplasty when compared to coronary bypass surgery. Vasomotor relaxation 
and platelet reactivity are known to be altered in diabetes. Based on preliminary observations from our 
recent work, we hypothesise that the higher incidence of adverse events may be related to vasomotor and 
thrombotic dysfunction. Thus, the aims of this study are to evaluate the mechanism of vasomotor inhibition 
following balloon angioplasty in the presence of hyperglycemia. This will be accomplished by 
investigating various intracellular signaling pathways by using an organ chamber and isolated cells 
suspended in culture medium to determine the site of glucose inhibition of vasomotor relaxation. Also, 
various antiplatelet agents will be tested to evaluate the effect of hyperglycemia on platelet aggregation and 
adhesion. More specifically, evaluation of platelet adhesion will be compared to platelet aggregation 
functions as related to hyperglycemia and various drug effects. Normal, diabetic, and atherosclerotic 
diabetic arteries will be used in evaluating these effects.  It is anticipated that the elucidation of these basic 
mechanisms will lead to more effective therapeutic approaches in diabetic patients.   

Many studies have been performed to evaluate the risk of diabetes mellitus on the development of 
atherosclerosis and coronary artery disease.  These include a hypercoagulable state (Ware, 1993), enhanced 
oxidation of LDL (Napoli, 1997), glycosylation of proteins (Brownlee, 1988) and disturbances in 
vasomotor relaxation (Ludmer, 1986).  More recently, clinical studies have demonstrated that patients with 
diabetes mellitus had worse outcomes and higher mortality following PTCA when compared to coronary 
bypass graft surgery (CABG) (Frye, 1997).  The underlying cause of this observation is unkown.  Also, it is 
not known whether certain therapies including tight glucose control or antioxidant agents can alter these 
outcomes following PTCA. 

Experimental problems may be encountered using the radioactive labeled platelets technique.  The 
carotid arteries have several small side branches.  These can leak into the organ chamber bath and result in 
111In-labeled platelets to adhere to the adventitial surface of the artery.  This can result in an abnormally 
elevated radioactive count.  To prevent this we test the arteries prior to circulating the platelets by injecting 
air and looking for bubbles in the solution bathing the medium.  This is done only at the beginning of the 
study and at low pressures since high velocity air injection can dry out and injure the endothelium.   

The laser-light scattering method to evaluate aggregation is a new technique developed in our 
laboratory.  This technique has been evaluated in dog carotid arteries. Thus, the laser-light scattering 
method will always be performed together with the more established Coulter counter method.  Other 
studies independent of this grant will be conducted on the validation of this technique.   

Cells in culture do not represent the ideal environment since this is not a the same as their native 
environment.  This limits the ability to extrapolate the behavior of the cells in situ especially after several 
generations of cell passes.  Therefore to minimize some of  this limitation we propose to use the primary 
cells for the studies.  This will involve endothelial and smooth muscle cells freshly obtained by 
disaggregation from the rabbit aorta.  It is expected that cells from diabetic and atherosclerotic arteries will 
still have responses that may be more representative of their natural state.   

For the future project, three groups of 20 rabbits will be utilized in this study: Group 1, will be rabbits 
made diabetic with streptozodesine; Group 2, will be diabetic rabbits with atherosclerosis induced by 
feeding a high cholesterol (1%) diet; and Group 3, will be normal rabbit s as controls.  
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The following studies are designed to test the above hypothesis by:  
(1) Evaluating platelet adhesion and aggregation following vascular balloon injury in the presence of 

hyperglycemia using normal, diabetic, and atherosclerotic diabetic rabbits.  
(2) Evaluating vasomotor response to pharmacologic challenge in normal and atherosclerotic arteries 

from diabetic rabbits in the presence of hyperglycemia and normoglycemia.  
(3) Evaluating signal transduction by cyclic GMP/AMP molecular pathways to characterize the 

response of the endothelial and smooth muscle cells to hyperglycemic stress following balloon injury.  
(4) Evaluating therapeutic approaches using vitamin E as an antioxidant to prevent the inhibition of 

vasomotor relaxation with hyperglycemia and to evaluate inhibition of platelet adhesion to the injured 
arterial wall by using a PAR-1 inhibitor and Gp IIb/IIIa antagonists. 
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