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Abstract 

 
Cardiovascular disease is the common cause of mortality in diabetic subjects. Recently, it is indicated that 
peroxisome proliferator-activated receptors (PPARs) agonists have beneficial effect on cardiovascular 
system especially on angiogenesis. PPARs have three isotypes: PPARα, PPARβ/δ and PPARγ. In this study, 
we evaluated the effect of bezafibrate as pan PPAR agonist on myocardial capillary density in type I diabetic 
rats. Eighteen male wistar rats were randomly divided into three groups (n=6 each): control, diabetic and 
diabetic+bezafibrate (400 mg/kg/day) by gavage every day. Diabetes was induced by a single dose of 
streptozotocin (55 mg/kg), intraperitoneally. After 21 days, capillary density in the myocardial tissue was 
evaluated by immunohistochemical staining and reported as capillaries per mm2. Blood samples were taken 
before and after the experiment. Diabetes was associated by lower serum nitric oxide (NO) concentration and 
reduced myocardial capillary density compared to control group (121.71 ± 13.32 vs. 158.78 ± 11.08 /mm2; 
P<0.05). Administration of bezafibrate significantly increased serum NO level and improved angiogenesis in 
myocardial tissue of diabetic animals (170.24 ± 15.76 vs.121.71 ± 13.32 /mm2; P<0.05). There was a 
positive correlation between serum NO concentration and myocardial capillary density (r=0.90). Activation 
of all isotypes of PPAR by bezafibrate improves heart capillary density in diabetic animals and it seems that 
it can be considered for treatment or prevention of coronary heart disease in diabetic subjects. 
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INTRODUCTION 

 
One of the most important causes of 

mortality and morbidity in diabetes in 
progressed society is coronary heart disease 
(CHD) which impose enormous economic 
burden (1,2). In general population, several 
long-term complications of vasculopathy in 
diabetes are characterized by impaired or 
increased growth of new blood vessels and 
alterations in vascular homeostasis (3-5). 

Peroxisome proliferator-activated receptors 
(PPARs) are members of nuclear receptors. 
After activation by appropriate ligand, they 
constitute heterodimer with retinoid x receptor 
(RXR) and bind to specific PPAR responsive 
elements to regulate target gene expression 
(6,7). Three subtypes of PPAR are designated: 
PPARα, PPARβ/δ and PPARγ. PPARs are 
involved in lipid metabolism, inflammation, 
angiogenesis and glycaemic control (6,8). It is 

indicated that bezafibrate has affinity to three 
PPAR isoforms and act as pan PPAR (9). It 
uses clinically for the treatment of 
dyslipidemia and prevention of diabetes 
mellitus in subjects with coronary artery 
disease (9,10).  

Since, recent studies have demonstrated the 
role of PPARs during angiogenesis process 
(8), the aim of the present study was to 
evaluate the changes of serum nitric oxide 
(NO) concentration and myocardial capillary 
density during diabetes and the effect of 
bezafibrate on coronary angiogenesis in male 
diabetic rats. 

 
MATERIALS AND METHODS 

 
Animals 

Male Wistar rats were provided by Pasteur 
Institute of Iran weighing between 240-300 g 
used in this study. They were housed two per 
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cages with 12 h light:dark cycle at temperature 
between 20-25°C. The animals were fed a 
standard rat diet and water ad libitum. All 
experimental procedures were approved by the 
ethical committee of the Isfahan University of 
Medical Sciences. 
 
Experimental protocol 

The study was done on 18 male rats and 
they were randomly divided into three groups: 
non–diabetics (control), diabetic and diabetic 
treated with bezafibrate. Bezafibrate (Sigma 
Co., USA) was dissolved in corn oil and 
administered 400 mg/kg/day by gavage (11). 
Diabetes was induced by single intraperitoneal 
injection of streptozotocin (Sigma Co., USA) 
at a dose of 55 mg/kg. After 48 h, blood 
glucose levels were measured. The animals 
with blood glucose concentrations higher than 
16.7 mmol/L were considered diabetic (12). 
The blood glucose levels were measured every 
week. The treatment was continued for 21 days. 
 
Serum nitric oxide measurement 

Blood sample were taken before and after 
experiment. The samples were centrifuged at 
3000 rpm for 20 min and serums were 
collected in separate eppendorf tubes and kept 
at -70°C for further analysis. Serum NO 
concentration was measured using an Elisa kit 
(Promega Corp, USA; Cat#G2930) using 
available reagents.  
 
Measurement of capillary density 

At the time of sacrifice, left ventricular 
samples were fixed in 10% formalin overnight, 
embedded in paraffin and cut in 5µm sections. 
Then, the sections were deparaffinized with 
xylosine, rehydrated and endogenous peroxidase 
was blocked with 3% H2O2 in dark.  

Subsequently, for detection of CD31, the 
sections were incubated with rat monoclonal 
antibody against murine CD31 (Abcam, 
Cambridge UK) in a 1:50 dilution for 45 min 
and subsequent antibody for 45 min (13). 
Finally, capillaries were visualized by             
3-3-diaminobezedine (DAB) and counterstained 
using hematoxilin. Then, the microvessels 
were counted in ten random microscopic fields 
using ×400 objective by two independent 
observers having no knowledge of characte-
ristics of the samples and reported as the 
number of capillaries per square millimeter. 
 
Statistical analysis 

All values are reported as mean ± SEM. 
One way ANOVA was used to compare the 
means between groups. Paired t-test was used 
for the data analysis before and after experi-
ment. Bivariate correlations were calculated 
using Pearson’s correlation coefficient. P<0.05 
was considered statistically significant. 

 
RESULTS 

 
Blood samples and body weight 

Blood glucose concentration, body weight 
and serum lipid profile before and after the 
experiment are shown in Table 1. Blood 
glucose concentrations were maintained over 
16.7 mmol/L in diabetic animals throughout 
the study. Bezafibrate did not affect blood 
glucose level in diabetic animals (P>0.05). 
Body weight in diabetic animals was 
significantly reduced during the experiment 
(P<0.05) which did not change by bezafibrate 
administration. . Results also showed that there 
were no significant differences in serum lipid 
profile between groups before and after 
experiment (P>0.05). 

Table 1: Serum lipid profile, body weight and fasting blood glucose in experimental groups. 

Parameters/groups 
Control Diabetic Diabetic+Bezafibrate 

Before After Before After Before After 
Total cholesterol (mg/dl) 69±6.79 79±8.74 70.33±5.44 75.22±7.06 72.25±7.07 82±9.18 
Triglyceride (mg/dl) 63.16±6.72 73.4±5.89 81.08±15.02 71.25±12.37 71±12.71 73.2±5.43 
HDL (mg/dl) 28.33±6.19 43.66±6.09 26±3.85 33.4±4.77 32.04±3.59 37.13±5.68 
LDL (mg/dl) 25.56±2.93 28.52±3.94 21.63±2.44 21.76±2.56 21.16±2.87 24.02±5.67 
Fasting blood glucose (mmol/L) 8.2±1.12 8.29±1.33 7.9±1.3 26.49±2.59* 28.05±0.9 26.01±1.49* 
Body weight (g) 290±25 298±22 256±16 202±13* 254±8 206±14* 

Data are reported as mean±SEM. *: P<0.05 compared to before experiment in each group. 
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Fig. 1. Effect of diabetes and administration of pan PPAR agonist, bezafibrate, on myocardial capillary density. n=6 
each group; *: P<0.05 compared to diabetic group. 
 
 
                           Control                                                Diabetic                                       Diabetic+Bezafibrate 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Representative photographs of immunohistochemical staining (×400) of myocardial tissue with anti-CD31 
monoclonal antibody in experimental groups. Arrows indicate CD31 positive cells. 
 
 

 
 

Fig. 3. Correlation between serum NO concentration and myocardial capillary density (r=0.9). 
 
Serum nitric oxide concentration 

Results showed that diabetic animals had 
lower serum NO concentration compared to 
control (4.73 ± 0.45 vs. 5.68 ± 0.79 µmol/L). 
Bezafibrate increased serum NO concentration 
in diabetic animals (4.73 ± 0.45 vs. 8.68 ± 1.34 
µmol/L). 

Myocardial capillry density 
Capillary density (expressed as number of 

CD31 positive cells per mm2) in ventricular 
muscle was lower in diabetic animals 
compared to control (121.71 ± 13.32 vs. 
158.78 ± 11.08 /mm2;P<0.05). Administration 
of bezafibrate improved myocardial capillary 

* 
* 
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density in diabetic rats (170.24 ± 15.76 
vs.121.71 ± 13.32 /mm2; P<0.05) (Fig. 1). 
Samples of immunohistochemical staining by 
anti-CD31 antibody in ventricular muscles are 
presented in Fig. 2. 

 
Correlation between serum nitric oxide 
concentration and capillary density 

In the correlation analysis, there was a 
positive correlation between serum NO 
concentration and myocardial capillary density 
(r=0.90) (Fig. 3). 

 
DISCUSSION 

 
This study reported the changes of 

myocardial capillary density in type I diabetic 
animals. We found that diabetes was associated 
with reduced serum NO concentration and 
angiogenesis in ventricular muscle and 
bezafibrate improved them independent of 
changing in blood glucose or serum lipid 
profile. Cardiovascular disease is one of the 
most important causes of morbidity and 
mortality in diabetic subjects (3). It is 
indicated that impaired growth of collateral 
artery in diabetes leads to reduced blood flow 
to myocardium and elevated death (14,15). A 
possible explanation for impaired collateral 
formation in myocardium is lower expression 
of angiogenic factors such as vascular 
endothelial growth factor (VEGF) and its 
receptors (VEGFR-2) and NO in diabetic state 
compare to euglycemic subjects (16-19). Thus, 
development of new therapeutic strategies for 
stimulating angiogenesis can improve tissue 
perfusion and organ function in coronary and 
peripheral ischemia in diabetes (20).  

Bezafibrate, a well-known pan PPAR agonist, 
uses clinically for improving dyslipidemia, 
hyperglycemia and insulin sensitivity (21,22). 
Also, it induces atherosclerotic plaques 
regression and prevents heart injury resulting 
from ischemic conditions (23). In the present 
study, we found that treatment with bezafibrate 
improved angiogenesis in myocardium of 
diabetic animals. A clinical study on a subset 
of 164 diabetic subjects showed that 
administration of bezafibrate was related to 
reduced incidence of coronary artery diseases 
(24). Another clinical study demonstrated that 

bezafibrate prevents myocardial infraction in 
subjects with metabolic syndrome (25). In our 
laboratory, we recently found that bezafibrate 
restored neovascularization in ischemic 
skeletal muscle of diabetic rats in hind limb 
ischemia model possibly by increasing 
angiogenic factors specially NO (26). In this 
study, we found reduced serum NO con-
centration in diabetic animals and improvement 
of serum NO level after bezafibrate treatment 
and interestingly, myocardial capillary density 
had a positive correlation with serum NO 
concentration. NO has beneficial effects on 
cardiovascular system specially improvement 
of angiogenesis (27). Thus, increased serum NO 
concentration may be a candidate for increased 
capillary density after bezafibrate administration.  

One of the limitations of this study was the 
evaluation of myocardial capillary density in 
normoxic condition. Since, hypoxia is the most 
important stimulator of angiogenesis, it is 
suggested that this experiment is done in 
ischemic condition such as after coronary 
artery ligation. In our study, bezafibrate imp-
roved capillary density in heart muscle even in 
normoxic condition and it seems that it will be 
able to act the same in hypoxic condition.  

 
CONCLUSION 

 
In conclusion, bezafibrate improves coronary 

angiogenesis in diabetic animals and can be 
considered in prevention or treatment of 
cardiovascular complications in diabetes. 
Further studies can help to clarify whether a 
sufficient developed vasculature will  result 
from long-term use of pan PPAR agonist 
therapy in diabetic patients. D Elucidation of 
exact functional mechanisms of bezafibrate are 
also imperative. 
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