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Upregulation of Vascular Endothelial Growth Factor 
Expression in the Kidney Could Be Reversed Following 

Treadmill Exercise Training in Type I Diabetic Rats

Muhammed Al-Jarraha, d, Nour Erekatb, Ahed Al Khatibc

Abstract

Background: Nephropathy is a significant complication of diabe-
tes mellitus, which is associated with high morbidity and mortality. 
Exercise training has been shown to have renoprotective effects in 
diabetes. Unregulated vascular endothelial growth factor (VEGF) 
has been demonstrated in the diabetic kidney. Thus, the aim of our 
study is to illustrate the impact of endurance exercise training on 
the renal VEGF expression in type I diabetic rats.

Methods: Forty normal Sprague-Dawley rats were randomly di-
vided into the following equal groups: sedentary control (SC), ex-
ercised control (EC), sedentary diabetic (SD) rats and exercised 
diabetic (ED) rats. Then, diabetes mellitus was induced by strep-
tozotocin in the rats in the two diabetic groups. The expression of 
VEGF in the renal tissue in each of the four different groups was 
assessed by immunohistochemistry.

Results: Renal VEGF expression was significantly (P < 0.01) high-
er in SD compared with that in SC. However, exercise training sig-
nificantly (P < 0.01) reduced VEGF expression in the renal tissue in 
ED compared with that in SD.

Conclusion: Our present data suggest that treadmill exercise train-
ing suppressed diabetes-induced upregulation in the renal VEGF 
expression.
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Introduction

Nephropathy is a significant complication of diabetes mel-
litus [1]. Pathophysiology of diabetic nephropathy has been 
shown to involve the upregulation of VEGF expression [2-
6]. VEGF is an angiogenic and permeability-inducing factor, 
whose altered expression has been demonstrated in many 
different tissues in diabetes mellitus [7-9]. For example, 
VEGF is increased in diabetic retinopathy and decreased in 
diabetic cardiac tissues [10-13].

VEGF has been implicated in the pathogenesis of many 
renal diseases, such as diabetic nephropathy, high protein-
induced nephropathy and glomerulonephritis [2]. Diabetes 
mellitus is a major risk factor for nephropathy, which signifi-
cantly increases the risk for morbidity and mortality in dia-
betic patients [14-20]. VEGF expression has been implicated 
in the pathogenesis of diabetic nephropathy [2-6]. VEGF has 
been upregulated in diabetic renal tissue [2-6]. In addition 
to that, the administration of antibodies against VEGF has 
improved early renal dysfunction in experimental type I dia-
betic rats and ameliorated long-term renal changes in obese 
type 2 diabetic mice [21, 22].

Exercise training has been shown to improve vascular 
endothelial function in patients with type I diabetes [23]. 
Treadmill exercise training has, indeed, suppressed VEGF 
upregulation in the diabetic retinas [24]. In addition to that, 
exercise training has improved the downregulated VEGF ex-
pression in the aging hearts, as well as in the skeletal muscle 
of diabetic patients [25, 26].

Regular moderate exercise has been reported to reduce 
advanced glycation and ameliorate early diabetic nephropa-
thy in obese Zucker rats [27]. However, the impact of tread-
mill exercise training on VEGF expression has never been 
examined in diabetic renal tissue. Therefore, using immuno-
histochemistry and light microscopy, the goal of this study 
was to assess the effect of treadmill exercise training on 
VEGF expression in kidneys from rats with streptozotocin-
induced diabetes mellitus.
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Materials and Methods
   

Animals

Forty Sprague-Dawley rats were randomly divided into the 
four following groups: sedentary control (SC, n = 10), exer-
cised control (EC, n = 10), sedentary diabetic (SD, n = 10) 
and exercised diabetic (ED, n = 10). Animals were housed 
in individual cages at 22 ± 1 °C in a controlled room with a 
12:12 light:dark cycle. The animals were allowed free access 
to standard chow and water. Animal care and experiments 
were performed in accordance with the research committee 
guidelines for animal experimentation at Jordan University 
of Science and Technology. Rats in the two diabetic groups 
were intraperitoneally injected with alloxan (120 mg/kg). Si-
multaneously, rats in the two control groups were intraperi-
toneally injected with saline (120 mg/kg). Three days later, 
fasting blood glucose above 250 mg/dL was detected in rats 
in the two diabetic groups confirming successful induction 
of diabetes.

Exercise protocol

The rats were exercised according to the exercise training 
protocol previously described and suggested to provide ad-
equate systemic and cellular adaptations with this level of 
aerobic exercise [14]. Briefly, rats in the exercised control 
and exercised diabetic groups were running on a custom 
treadmill with eight separate lanes, at a speed of 18 m/min, 
40 min/day for 5 days/week. In order to expose sedentary 

rats to the same environment as the exercised groups of ani-
mals, sedentary rats were transported daily to the training 
room simultaneously with the exercised rats.

Immunohistochemistry of VEGF in the kidney

After dissecting the kidneys, they were fixed in 4% para-
formaldehyde. Then, 5 μm thick paraffin-embedded sections 
were prepared and processed via immunohistochemistry ac-
cording to the protocol described previously [15]. Briefly, 
the sections were deparaffinized in xylene for 2 min twice, 
and subsequently rehydrated through consecutively de-
scending dilutions of alcohol (100%, 90%, 80% and 70%) 
ending in water (2 min each step). After that, the sections 
were treated in the reveal solution (RV1000M; Biocare 
Medical, Concord, CA) in the Decloaking chamber (Biocare 
Medical) for 2 min. Subsequently, 5 min incubation of the 
sections with 3% hydrogen peroxide in methanol was used 
to block endogenous peroxidase activity. After washing the 
sections in phosphate-buffered saline (PBS), they were incu-
bated with anti-VEGF antibody (Santa Cruz Biotechnology, 
Santa Cruz, CA), diluted according to vendor instructions, 
for 1 h at room temperature, and then washed with PBS. 
Then, sections were incubated with biotinylated secondary 
antibody (LSAB kit, Dako Carpinteria, CA) for 15 min at 
room temperature, and subsequently washed with PBS. Sec-
tions were incubated with streptavidin horse radish peroxi-
dase (LSAB kit, Dako) for 15 min at room temperature and 
washed with PBS. Finally, 3,3’-diaminobenzidine substrate 
was applied for 2 min or longer, until the desired color in-

Figure 1. Expression of VEGF in the kidney. The expression level of VEGF increased significantly in the diabetic sedentary 
group compared to sedentary control groups (P < 0.01, *). Exercise training significantly decreased the expression level of 
VEGF (P < 0.01, #) in diabetic rats. SC: sedentary control; EC: exercised control; SD: sed¬entary diabetic; ED: exercised 
diabetic.
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tensity was developed, and then the slides were washed with 
tap water to stop the reaction. Negative control slides were 
processed without the primary antibody. All sections were 
counterstained with hematoxylin and viewed under the light 
microscopy.

Data collection and analysis

The sections were photographed with digital camera. Ten 
slides from each animal of all 10 animals in each of the four 
groups were analyzed by counting the total pixels area occu-
pied by positive staining, using Adobe Photoshop software, 
as described previously [15, 16]. VEGF expression was ana-
lyzed, in the renal tissue from the different groups, and sta-
tistically compared among the four different groups using 
one-way ANOVA followed by independent samples t-test. 
Differences in VEGF expression were considered statisti-
cally significant at P value < 0.05.

 
Results

  
Immunohistochemical staining revealed a similar distribu-
tion of VEGF expression in the kidneys from all groups, 
being localized in the epithelial glomerular cells and distal 
tubules present in the renal cortex. VEGF immunoreactivity 
has also been observed in the collecting ducts. VEGF expres-
sion was detected in both sedentary and exercised control 
kidneys. However, VEGF immunoreactivity was obviously 
increased in the diabetic kidney. On the other hand, exercise 
training conspicuously decreased VEGF immunoreactivity 
in the kidneys from exercised diabetic rats.

Streptozotocin-induced diabetes has statistically sig-
nificantly increased VEGF expression in the kidney (P < 
0.01) when compared with that in the control kidney (Fig. 
1). However, treadmill exercise training has statistically in-
significantly increased (P > 0.05) renal VEGF expression in 
the control group (Fig. 1). On the other hand, renal VEGF 
expression is statistically significantly decreased (P < 0.01) 
in the exercised diabetic group when compared with that in 
the sedentary diabetic group (Fig. 1).

Discussion
  
This is the first study to reveal the impact of treadmill exer-
cise training on VEGF expression in the kidney of rats with 
streptozotocin-induced diabetes mellitus. Our analysis sug-
gests that treadmill exercise training suppressed VEGF up-
regulation in the renal tissues of diabetic rats.

VEGF is normally expressed in the renal tissue, particu-
larly in glomerular podocytes, distal tubules and collecting 
ducts [28, 29]. This is consistent with our finding of VEGF 
detection in the kidneys of control rats (Fig. 1). VEGF has 

been suggested to play a role in the formation and mainte-
nance of the glomerular capillary endothelial fenestrations 
[30, 31]. In addition to that, VEGF has been considered as 
an important factor for nephrogenesis [32, 33]. Our results 
reveal a statistically insignificant increase in the VEGF ex-
pression in the renal tissues of the exercised controls com-
pared with the non-exercised controls. Our findings are in 
agreement with the previous studies showing insignificant 
increase in VEGF expression in many tissues, such as skele-
tal muscles and heart, following endurance exercise training 
[26, 34, 35]. However, although VEGF protein expression 
significantly increased 1 day after exercise training in intact 
mice, it gradually returned to baseline after 4 days [36].

Our results reveal VEGF upregulation in the kidneys fol-
lowing the induction of diabetes mellitus by streptozotocin 
(Fig. 1). Incubating cultured podocytes in high concentra-
tions of glucose have been shown to increase VEGF mRNA 
expression [37]. Thus, the increased VEGF levels in the dia-
betic kidney revealed by our results are consistent with the 
previous studies suggesting hyperglycemia-induced VEGF 
upregulation, which has been assumed to underlie some of 
the renal alterations causing the development of diabetic ne-
phropathy [3, 38, 39].

Exercise training has been suggested to have a beneficial 
effect on diabetic nephropathy [40]. To examine the mecha-
nism by which exercise training may beneficially affect dia-
betic nephropathy, we tested the impact of treadmill exercise 
training on the renal VEGF expression in rats with strepto-
zotocin-induced diabetes mellitus. Upregulation of VEGF 
expression has been demonstrated in retinas of diabetic pa-
tients and animals [41]. However, VEGF upregulation has 
been attenuated in diabetic retinas following endurance 
exercise training [24]. Similarly, our results (Fig. 1) reveal 
decreased renal VEGF levels in rats with streptozotocin-
induced diabetes mellitus following treadmill exercise train-
ing. The decreased levels of VEGF in the diabetic kidney 
after exercise training, shown by our study (Fig. 1), may ex-
plain the improved vascular endothelial function in diabetic 
patients following exercise training [23]. Regular moderate 
exercise has been suggested to reduce advanced glycation 
and ameliorate early diabetic nephropathy in obese Zucker 
rats [27]. Thus it can be concluded that exercise training re-
duces VEGF upregulation in the diabetic kidney by decreas-
ing the hyperglycemia resulting from the improved glucose 
uptake due to the increased insulin sensitivity as suggested 
by previous reports [42-44].

In conclusion, the present study is the first to report the 
impact of endurance exercise training on VEGF expression 
in kidneys from rats with streptozotocin-induced diabetes 
mellitus. In summary, treadmill exercise training attenuates 
streptozotocin-induced diabetes mellitus-induced upregula-
tion of VEGF expression in kidney. Thus VEGF inhibition 
might be considered as a therapeutic strategy in the treatment 
diabetic nephropathy.
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