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Effect of Exercise Training on the Expression of p53 and iNOS 
in the Cardiac Muscle of Type I Diabetic Rats
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Abstract

Background: Diabetes is associated with a marked increase in the 
risk of cardiac diseases, including atherosclerosis, cardiomyopathy, 
and impaired ventricular function. The ability of exercise to reduce 
the risk of cardiac troubles has been established, but no studies have 
examined this link in type 1 diabetes. A randomized, controlled ani-
mal study was designed using a standard rat model of type 1 diabe-
tes. The goal of this study was to investigate the expression of P53 
and iNOS in cardiac muscle of rat with Alloxan-induced diabetes.

Methods: Forty rats were randomized into four groups: sedentary 
control, exercise control, sedentary or exercised diabetic. Diabetes 
was induced by alloxan injection. After the development of dia-
betes, a 4-week treadmill training program was initiated. Cardiac 
muscle left ventricle was evaluated for the expression of p53 and 
iNOS using immunohistochemistry.

Results: Both levels of iNOS and p53 increased in the heart of dia-
betic rats. The expression level of p53 increased significantly in the 
diabetic sedentary group compared to sedentary control groups (P < 
0.02). Exercise training significantly decreased the expression level 
of p53 (P < 0.005), but the decrease level of iNOS in the exercised 
diabetic groups was not significant (P < 0.07).

Conclusions: Diabetes leads to harmful effects on the cardiac mus-
cle. Exercise training decreases in part the complications of diabe-
tes in the heart of type I diabetes.
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Introduction

It is well known that patients with diabetes have increased 
risk of cardiovascular diseases [1]. In type 1 diabetes, the 
heart is subject to a variety of pathological insults, including 
atherosclerosis, cardiac autonomic neuropathy, and possibly 
intrinsic cardiomyopathy [2]. Moreover, people suffering 
from diabetes are more likely to be at risk for heart attacks, 
strokes and high blood pressure. Vascular problems, such as 
poor circulation to the legs and feet, are also more likely to 
affect diabetes patients.

In the streptrozotocin treated rats there is a cardiomy-
opathy, which is characterized by reduced contractility force, 
relaxation time, and cardiac work [3]. Diabetic cardiomy-
opathy is a common complication leading to heightened risk 
of heart failure and death [4]. Excess reactive oxygen species 
(ROS) have been widely implicated in diabetes and its many 
complications [5]. The heart contains low levels of antioxi-
dants, making it prone to oxidative damage [6]. It has been 
shown that diabetic hearts display increased levels of lipid 
peroxidation and induction of antioxidant enzymes, indicat-
ing the involvement of oxidative stress in this disease [7]. 
While the association between glycemia and microvascular 
complication is already established, there have been very 
few studies that clarified the beneficial effects of exercise on 
the heart of type 1 diabetics [8].

Both types of diabetes are independent risk factors for 
cardiovascular diseases. Moreover, myocardial ischemia due 
to coronary atherosclerosis commonly occurs without symp-
toms in diabetic patients [9, 10]. As a result, multivessel 
atherosclerosis is usually present before ischemic symptoms 
occur and before treatment is planned. A delayed recognition 
of various forms of cardiovascular diseases may worsen the 
complications and prognosis in diabetic patients.

Nitric oxide (NO) and its isoforms, inducible, neuronal, 
and endothelial is an important signaling molecule that acts 
in many tissues to regulate a diverse range of physiological 
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and cellular processes. Because of its importance in vascular 
function, abnormal production of NO, as occurs in different 
disease states such as diabetes and heart failure, can adverse-
ly affect blood flow and other vascular functions [11].

P53 is a tumor suppressor gene known to promote car-
diac dysfunction in both type 1 and type 2 Diabetes [12]. 
When activated, p53 can result in cell cycle arrest [13].The 
role of exercise on the heart function is not well investigated 
in the literature; the main goal of this study was to examine 
the effect of exercise on the expression of p53 and iNOS in 
the heart of rats with induced type 1diabetes.

 
Materials and Methods

Animals

Forty Sprague-Dawley rats were used in this study and ran-
domly assigned into one of four groups. Sedentary control 
(SC, n = 10), exercise control (EC, n = 10), sedentary dia-
betic (SD, n = 10), exercise diabetic (ED, n = 10). Animals 
were housed in individual cages at a 22 ± 1 °C in a controlled 
room with a 12:12 light: dark cycle. The animals were al-
lowed free access to standard chow and water. Animal care 
and experiments were performed in accordance with Jordan 
University of Science and Technology research committee 
guidelines for animal experimentation. Rats in the two dia-
betic groups received an intraperitoneal injection of alloxan 
(120 mg/kg) or saline in the control groups. Three days later, 
a confirmation of successful induction of diabetes was as-
sessed by demonstration of hyperglycemia in the rats. Ani-
mals with fasting blood glucose above 250 mg/dL were clas-
sified as diabetic animals.

Exercise Protocol

The exercise training protocol utilized was based on previ-
ous publications providing evidence of adequate systemic 
and cellular adaptations with this level of aerobic exercise 
[14]. Aerobic exercise training was conducted on a custom 
treadmill with 8 separate lanes. Following the alloxan or sa-
line treatment, the rats in the exercised groups were intro-
duced to the treadmill slowly over the course of a week with 
initial orientation and walking on the moving treadmill. The 
4 week exercise protocol did not begin until rats could run at 
a speed of 18 m/min. The training protocol was individual-
ized for each animal, but in general consisted of running for 
40 min/day for 5 days/week at a speed of 18 m/min. Seden-
tary rats did not exercise; however, they were transported 
daily to the training room so that they were exposed to the 
same environment as the exercised groups of animals.

Immunostaining of p53 and iNOS in the heart

Tissues were collected from the left ventricle of the heart and 
fixed in 4% parafolmaldehyde and subsequently embedded 
in paraffin. Sections (5 μm) were mounted on coated slides 
(microslides sc-24976, Santa Cruz). Prior to staining, sam-
ples were deparaffinized in xylene twice for 2 minutes, then 
rehydrated through serial dilutions of alcohol (100%, 90%, 
80%, and 70%) ending in water (2 minutes each step). This 
was followed by treatment under pressure in the reveal solu-
tion (RV1000M, Biocare Medical, Concord, CA) for 2 min-
utes in the Decloaking chamber (Biocare Medical) in order 
to retrieve the antigens, and later to block endogenous biotin. 
After cooling to room temperature, sections were incubated 
with 3% hydrogen peroxide in methanol in order to block 

Figure 1. Expression of P53 in the cardiac muscle. The expression level of p53 increased significantly in the 
diabetic sedentary group compared to sedentary control groups (P < 0.02, #). Exercise training significantly 
decreased the expression level of P53 (P < 0.005), SC: Sedentary Control. EC: Exercised Control. SD: Sed-
entary Diabetic. ED: Exercise Diabetic.
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the endogenous peroxidase activity for 5 minutes and then 
were washed in phosphate buffered saline (PBS). According 
to the manufacturer’s instructions, sections were incubated 
for 1 hour at room temperature with P53 (Santa Cruz Bio-
technology, Santa Cruz, CA) and iNOS (Biocare Medical, 
San Antonio, TX) antibodies which were diluted according 
to vendor instructions. Subsequently sections were washed 
in PBS and incubated with biotinylated secondary antibody 
(LSAB kit, Dako Carpinteria, CA) for 15 minutes at room 
temperature, then washed with PBS. Sections were incu-
bated with streptavidin horse radish peroxidase (LSAB kit, 
Dako) for 15 minutes at room temperature and washed with 
PBS, 3, 3’-Diaminobenzidine (DAB) substrate was applied 
for 2 minutes or longer, until the desired color intensity was 
developed, and then the slides were washed with tap water 
to stop the reaction. Omission of the primary antibody from 
these samples served as negative controls. All sections were 
counterstained with hematoxylin and examined by light mi-
croscopy. Ten slides from each animal group were evaluated 
for p53 and iNOS expression in the left ventricle.

Data analysis

One way ANOVA was completed on all animals followed 
by paired and unpaired student t-test analysis to determine 
statistical significance within each group and to compare two 
groups. The area labeled with specific antibody and the per-
centage of cells positive for the antigen was calculated using 
published procedures [15, 16]. Differences at p value < 0.05 
were considered statistically significant.

Results

Levels of both iNOS and p53 increased in the heart of dia-
betic rats. The expression level of p53 increased significantly 
in the diabetic sedentary group compared to sedentary con-
trol groups (P < 0.02, #). Exercise training decreased the ex-
pression level of P53 (P < 0.005) (Fig. 1). The expression of 
iNOS showed significant increase in the sedentary diabetic 
rats compared to the sedentary control group (P < 0.03, #). 
There was a significant difference between exercise control 
and exercised diabetic group (P < 0.01). Exercise decreased 
the level of iNOS in the diabetic groups, but this decrease 
was not significant (P < 0.07) (Fig. 2).

Discussion
  
Diabetes mellitus has been shown to be associated with sev-
eral cardiovascular complications including atherosclerosis, 
cardiac autonomic neuropathy, as well as cardiac myopathy 
[2]. These complications lead to increased morbidity and 
mortality rate among these patients [1]. Nitric oxide (NO) is 
a gaseous free radical that is generated under the influence 
of nitric oxide synthase (NOS) and has been proven to plays 
an integral role in several physiological activities in cell-cell 
communication, cellular defense, and cell injury [17] as well 
as being an intermediate in the pathology of several systemic 
diseases including cardiovascular diseases and both types of 
diabetes mellitus [18].

In this study, there was a marked increase in iNOS ex-

Figure 2. The expression of iNOS in cardiac muscle. The expression of iNOS showed significant increase 
in the sedentary diabetic rats compared to the sedentary control group (P < 0.03, #). There was a significant 
difference between exercise control and exercised diabetic group (P < 0.01). Exercise decreased the level 
of iNOS in the diabetic groups, but this decrease was not significant (P < 0.07). SC: Sedentary Control. EC: 
Exercised Control. SD:Sedentary Diabetic. ED: Exercise Diabetic.
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pression in the hearts of both sedentary and exercise rats. In 
support of these findings, Ceriello et al have demonstrated 
that hyperglycemia induced iNOS gene expression in the 
hearts of studied rats [19]. Accordingly, the induction of 
iNOS expression suggests an increased release of NO that 
in turn increase the oxidative damage on cardiac myocytes 
mediated by the generation of peroxynitrite and other reac-
tive nitrogen species [20]. NO production has been shown to 
be associated with contractile dysfunction and subsequently 
death of cardiac myocytes [21]. In support to that, Dias et al 
have reported that the iNOS expression in cardiac myocytes 
is induced following pathological situations where it con-
tributes to myocardial dysfunction [22].

Cosenzi et al have shown that following to the induction 
of diabetes in rats, iNOS is activated in their kidney which is 
suggestive of the protective role of NO observed in diabetes 
where NO may be involved in inducing glomerular filtration 
observed in diabetic patients [23].

Apparently, the protective role of iNOS expression on 
the development and progression of certain pathological set-
tings is context specific where in cardiovascular disorders it 
is deleterious and may result in death of cardiac mycoytes. 
Therefore, to investigate the survival of cardiac myocytes, 
the expression of p53 was examined and results showed a 
significant induction of p53 expression in the heart of sed-
entary diabetic rats compared to sedentary control rats (P < 
0.05). Considering the role of p53 in initiating programmed 
cell death (apoptosis), these findings indicates that hypergly-
cemia in diabetic rats indicates apoptotic death of myocytes 
and is, therefore, supportive to the possible harmful rather 
than protective effect of iNOS on myocytes in response to 
hyperglycemia.

In this study, we aimed to investigate the effect of exer-
cise on reducing the risk of developing cardiovascular com-
plications, specifically cardiac myopathy among diabetic 
rats. It is well established that exercise are advantageous to 
type II diabetic patients and associated with effective con-
trol of hyperglycemia [24]. While in type I disease, patients 
should follow a treatment regimen that consider a combina-
tion of exercise, dietary pattern as well as insulin therapy to 
avoid the risk of hypoglycemia [24, 25]. Herein, we have 
shown that the exercised diabetic rats were having a signifi-
cant reduced expression of iNOS in their hearts compared to 
sedentary animals (P < 0.05). Exercise has an effect on glu-
cose and nutrient metabolism and accordingly on the results 
in a better control of hyperglycemia in both type I and type 
II diabetes. Subsequent to the exercise-mediated control of 
glucose levels, iNOS levels are reduced (P < 0.07). This may 
suggest a beneficial effect of exercise in reducing cardiovas-
cular complications mediated by the release of NO in car-
diac tissues. P53 levels in rats following to exercise were 
determined and data have shown a significant reduction in 
its expression in cardiac myocytes of diabetic rats compared 
to sedentary diabetic rats (P < 0.005) indicating a highly ef-

fective reduction in apoptosis of cardiac myocytes even to 
the slight non-significant reduction of iNOS expression. This 
significant reduction in p53 versus non-significant reduction 
in iNOS may suggest that exercise may also interfere with 
the reduction of p53 through other pathways that ultimately 
improve the survival of cardiac mycoytes.

In conclusion, our data suggests that exercise has posi-
tive impact on reducing the risk of cardiac myopathy medi-
ated by hyperglycemia in type I diabetes.
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