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Introduction
Diabetes Mellitus (DM) is the most persistent disease and is 

considered a Cardiovascular Disease (CVD) risk equivalent [1,2]. 
CVD accounts for the majority of deaths in people with type 
2 diabetes mellitus (T2DM). T2DM has been associated with 
elevated risk for myocardial infarction, heart failure, and sudden 
cardiac death. Hyperglycemia is associated with left ventricular 
hypertrophy in T2DM [2]. In diabetes, myocardial damage and 
fibrosis are results of pathological cardiac hypertrophy [3-5] 
which leads to defects in the filling and contractility of the heart. 
Subsequently, cardiac dysfunction presents as decreased activity 
tolerance, ejection fraction, cardiac output and heart failure 
[6]. Changes in QRS, PR, QT intervals, P-wave morphology, and 
heart-rate variability have been associated with diabetes [7-14]. 
An abnormal Electrocardiogram (ECG) is a marker of high risk 
associated with cardiac mortality and morbidity [15]. The ECG 
offers a quick, non-invasive technique for the early detection of 
CVDs. Hence, a better perception of how the electrical cardiac 
conduction is affected by diabetes is much needed.

Several animal models of T2DM have been developed, 
though not a single animal model is exactly same as human 
T2DM induced cardiac disorders [16]. Though a number of 
genetic diabetic models are used to study a particular pathway, 
such models are not useful to study multiple pathways 
involved in the development of cardiac dysfunction in diabetes 
holistically [17-19]. Recently a new rat model was proposed by  

 
Mansor et al. [20] which induces T2DM by using High Fat Diet  
(HFD) followed by a low dose of the Streptozotocin (STZ) [20]. 
At a dose of 25 mg/kg STZ in combination with HFD feeding for 
three weeks caused mild hyperglycemia, hypercholesterolemia 
and exhibited cardiac metabolic changes that mirror the 
decrease in glucose metabolism in diabetic patients. Though, at 
this dose cardiac metabolic changes were observed, no change in 
heart: body weight ratio was observed indicating no structural 
changes [20]. The present study was done to evaluate whether 
cardiac electrical conduction alteration set in before, cardiac 
structural changes occur in diabetes.

Materials and Methods

Wistar rats (250-300g) were obtained from the animal house 
of Indira Gandhi National Open University (IGNOU), Delhi. The 
care and use of laboratory animals were in accordance with the 
recommendations by National Accreditation Board of Testing 
and calibration Laboratories (NABL). All experimental protocols 
were approved by the Institutional Animal Ethical Committee, 
IGNOU, New Delhi, India, and experiments were performed 
according to the guidelines of the Committee for control and 
supervision of Experiments on Animals (CPCSEA), Government 
of India. During the experimental study period rats were housed 
at constant room temperature, humidity, and light cycle (12: 12 
h light-dark), with free access to tap water and were fed with 
commercial standard chow ad libitum.
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Grouping of Animals 
Twenty rats were divided into two groups each having 10 

rats. 

1.	 Control Group (healthy control): Wistar rats were fed 
with normal pellet diet for 3 weeks and were given a single 
intraperitoneal injection of citrate buffer (pH-4.5, 0.1 M, 
0.5ml) on 2nd week of overright facing.

2.	 HFD+STZ (3 weeks) group: Rats were fed high-fat diet 
for 3 weeks, and were given a single intraperitoneal injection 
of STZ [(25 mg/kg) in citrate buffer, on 2nd week after 
overnight fasting.

All experiments were done one week after the intraperitoneal 
injection of citrate buffer and STZ were given in control and 
experimental animals respectively. Body weights of all the 
experimental animals were monitored throughout the study.

Fasting blood glucose (FBG)
Blood glucose levels were measured from blood collected 

from rat tail using Accu-Check Active meter (Roche Diagnostics) 
before and at the end of the study i.e. 3 weeks.

Electrocardiography (ECG)
After the end of experimental period i.e. 3 weeks all the 

experimental animals were anesthetized with urethane (1g/Kg) 

and ECG leads were connected to the dermal layer of both front 
paws and hind legs of animals from both the groups to Power 
lab data acquisition system (Chart v.8.1.8, AD Instruments, 
Australia) for the recording of ECG [21].

Assessment of Cardiac injury 
The release of myocardial enzyme CK-MB into the circulation 

was estimated by using the commercially available enzymatic kit 
(Reckon India Pvt. Ltd.).

Assessment of left ventricular hypertrophy:
After the end of experimental period heart from rats of 

both groups were excised, and weight of the whole heart and 
left ventricle were measured. The ratio of left ventricle to 
whole heart weight (LVW/WHW) was calculated to assess left 
ventricular hypertrophy. 

Statistical Analysis
The results are presented as mean ± S.E.M. All data were 

analyzed by paired t-test. P value of less than 0.05 was considered 
as statistically significant.

Results
No significant change in body weight gain was observed in 

animals of both groups (Table 1). 

Table 1: Body Weight Gain and LVW/WHW ratio. 

Group Body Weight Gain (grams) LVW/WHW  (mg/gram)

Control 18.14±4.27 38.92±0.99

HFD+STZ (3 weeks) 21.30±2.23 40.13±0.75

Results represent mean ± SEM of ten animals per group.

Estimation of Fasting blood glucose and assessment of 
Cardiac injury and cardiac hypertrophy

A marked elevation (P<0.005) in fasting blood glucose 
(Figure 1a) and serum cardiac injury marker i.e. CK-MB (Figure 

1b) were observed in HFD+STZ (3 weeks) group in comparison 
to normal control group signifying that HFD+STZ causes 
hyperglycemia and myocardial damage. There was no change in 
LVW/HW ratio in HFD+STZ (3 weeks) animals in comparison to 
the control rats (Table 1). 

Figure 1: a) Fasting blood glucose and b) Serum CK-MB levels. Results are expressed as mean ± SEM of ten animals per group. Result 
obtained are significantly different from control group (*p < 0.05).
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ECG parameters
P amplitude and P wave duration : Significant (*p<0.05) 

increase in P wave amplitude and P wave duration, which 

represents atrial depolarisation and conduction were found in 
HFD+STZ (3 weeks) group rats in comparison to the control rats 
(Table 2) suggesting conduction delay between left and right 
atrium. 

Table 2: ECG Parameters: P Amplitude, R Amplitude, T Amplitude and P Wave Duration. 

Group P Amplitude (mv) R Amplitude (mv) T Amplitude (mv) P Wave Duration (s)

Control 0.077±0.003 0.709±0.005 0.337±0.002 0.016±0.001

HFD+STZ (3 weeks) 0.097±0.001* 0.718±0.004 0.464±0.0214* 0.029±0.001*

Results represent mean ± SEM of ten animals per group. Results obtained are significantly different from control group (*p < 0.05).

R wave amplitude: There was no significant change in R 
wave amplitude in HFD+STZ (3 weeks) group rats in comparison 
to the control rats (Table 2) indicating absence of development 
of left ventricular hypertrophy.

T wave amplitude: T amplitude which signifies ventricular 
repolarisation was found to be significantly higher (*p<0.05) in 
HFD+STZ (3 weeks) animals in comparison to the control rats 
(Table 2) indicating ventricular arrhythmia.

ST segment height: There was significant (*p<0.05) 
elevation in ST segment height (Figure 2a) in HFD+STZ (3 
weeks) group rats in comparison to the control rats.

QRS interval: There was a significant (*p<0.05) prolongation 

of QRS (Figure 2b) interval in HFD+STZ (3 weeks) group rats in 
comparison to the control rats. 

RR interval: There was a no significant change in RR (Figure 
2c) interval in HFD+STZ (3 weeks) group rats in comparison to 
the control rats. 

QT interval: QT interval which is a measure of time of 
ventricular repolarisation was found to be significantly higher 
in HFD+STZ (3 weeks) group rats in comparison to control rats 
(Figure 2d). 

PR interval: Significant (*p<0.05) increase in PR interval 
was observed in HFD+STZ (3 weeks) group rats in comparison to 
the control rats (Figure 2e) indicating delay in atrial conduction.

Figure 2: a) ST segment b) QRS interval c) RR interval d) QT interval and e) PR interval. Result expressed as mean ± SEM of ten animals 
per group. Results obtained are significantly different from control group (*p < 0.05).
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Discussion 
Mortality rate due to CVD in diabetic patient is fifty percent 

more in comparison nondiabetic individuals [22]. An early 
detection tool like ECG will help in studying and preventing 
diabetes induced CVDs [23]. The rat model of T2DM developed 
by Mansor et al, [20] is an easy, economical and time saving 
model which can be used to explore multiple pathways which 
are involved in the development of diabetes induced CVDs 
[20]. Changes in cardiac metabolism along with hyperglycemia, 
hyperlipidemia and normoinsulinemia have been reported in 
the above rat model of T2DM. However, they did not study the 
ECG changes that may occur in the T2DM rat model and our aim 
was to fill this lacunae.

The results of the present study demonstrate that the 
treatment with low dose STZ (25mg/kg; i.p.) and HFD caused 
hyperglycemia with no change in blood insulin levels (data 
not shown) validating the development of animal model of 
diabetes. In the present study, rats administered with HFD+STZ 
(3 weeks) showed a significant increase in the level of CK-MB in 
serum. HFD+STZ (3 weeks) induced damage in myocardial cell 
membrane integrity and increased permeability [24]. However, 
left ventricular hypertrophy was not observed in HFD+STZ (3 
weeks) rats indicating the onset of changes in the heart. 

HFD+STZ (3 weeks) treated rats showed pathological 
ECG changes. A significant elevation in P wave duration and 
P amplitude was found. Prolonged P wave duration and P 
amplitude specifically determines the enlargement of the left 
atrium [25]. Atrial fibrillation occurs due to enlargement of the 
left atrium which causes delay in conduction between the left 
and right atria [26-28]. Prolongation of the PR interval may be 
due to increased atrial conduction time. In addition, a prolonged 
PR interval results in slow mitral valve closure and diastolic 
mitral regurgitation [29]. Prolongation of QRS duration in 
HFD+STZ (3 weeks) rats predicts increase of the cardiovascular 
risk [30]. The QT interval which was prolonged in HFD+STZ 
rats, in diabetic patients is a function of progressive worsening 
of glucose tolerance [31]. ST segment elevation represents 
HFD+STZ (3 weeks) induced ischemic and non-ischemic zones 
potential difference and the consequent loss of cell membrane 
function [32] which is validated by an increase in CK-MB in 
the present. The R wave amplitude did not change in HFD+STZ 
rats suggesting that ventricular hypertrophy did not occur 
which was confirmed by left ventricle weight heart ratio. The 
ECG changes in the present study indicate that changes in the 
atrium conduction has taken place in HFD+STZ (3 weeks) rats 
with some small changes in ventricular conduction. It seems that 
changes in the cardiac electrical conduction precede ventricular 
hypertrophy. 

Conclusion 
In conclusion, present study demonstrated that HFD and 

low dose intraperitoneal injection of STZ causes diabetes and 
that in diabetes cardiac electrical conduction defects set in first 

before the structural changes appear in the heart. These subtle 
cardiac electrical changes may be the precipitating factor for the 
cardiovascular diseases in diabetes
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