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ABSTRACT

The relationship between heart diseases and oxidative stress has been determined.
The aim of this research was to determine the effect of aerobic training along with melatonin on the expression of
interleukin-6 (IL-6) gene in the heart tissue of diabetic male rats.
In this experimental research, 64 eight-week-old male Wistar rats (weight range: 204 + 11.3
grams) were randomly were placed into eight groups: diabetes control, diabetes+melatonin,
diabetes+exercise,diabetes+melatonin+exercise.Healthy+melatonin,healthy+exercise, healthy+melatonin+exercise
and healthy controls. Diabetes was induced by injecting streptozotocin 50 mg/kg of rat weight. Then, the exercise
groups performed six weeks of continuous aerobic training on the treadmill. Also, melatonin was injected at a dose
of 10 mg/kg of weight daily for 6 weeks. The level of IL-6 gene expression in heart tissue was measured by real time
technique. One-way analysis of variance and Tukey's post hoc test were used for statistical analysis and the
significance level (P > 0.05) was considered.
The results showed that the induction of diabetes caused a significant increase in IL-6 in the diabetic groups
compared to the healthy groups (P<0.05). Also, there was a significant decrease in IL-6 gene expression in the
Received: 12 july 2024 diabetes+melatonin+exercise group compared to the control diabetes group (P<0.05).
Aocepted: 08 september 2024 Based on the results of aerobic exercise along with melatonin supplementation can reduce
Available Online: 10 march2025
inflammation in the heart tissue of diabetic rats by reducing IL-6 and thus prevent diabetic cardiomyopathy.
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Extended Abstract

Introduction

iabetic cardiomyopathy is the result of
D diabetes-induced changes in the structure and
function of the heart. Hyperglycaemia affects
several pathways in the heart of people with
diabetes. Diabetic cardiomyopathy is induced in part by
chronic  systemic  inflammation  associated  with
hyperglycaemia, hyperlipidaemia, hyperinsulinaemia and
insulin resistance. Myocardial injury from myocarditis,
myocardial infarction or metabolic stress induces innate
and adaptive immune responses in the heart, including
increased levels of inflammatory cytokines such as
interleukin-6 (IL-6). Exercise has been shown to be a
valuable therapeutic option for people with type 1 and type
2 diabetes. One of the recommended exercises to improve
cardiometabolic disorders and cardiovascular health is
aerobic exercise. Previous studies have shown that
moderate-intensity aerobic exercise, in addition to
improving physical fitness by reducing hyperglycaemia,
may help reduce the complications of diabetes. Regular
physical activity protects against a variety of chronic
diseases associated with low-grade inflammation and may
be a useful and cost-effective treatment option for a wide
range of chronic diseases, including diabetes; aerobic
exercise has also been proposed as an intervention to
reduce the complications of diabetes, including
cardiovascular complications. However, more research is
needed to understand the mechanisms involved. Another
treatment for diabetes is the use of complementary
medicine; it has been reported that melatonin
supplementation may have a protective effect on cardiac
function in a diabetic mouse model, and as an inexpensive
and well-tolerated drug, it may be a new treatment option
for cardiovascular disease. Since IL-6 is a biomarker
associated with diabetic cardiomyopathy, it is necessary to
monitor this cytokine in interventional studies. On the
other hand, no study has been specifically designed to
investigate the interactive effect of exercise training with
melatonin ~ consumption on IL-6 in  diabetic
cardiomyopathy, which justifies the need for the present
study. Considering the above information regarding the
role of IL-6 in diabetic cardiomyopathy (8) and the
therapeutic potential of aerobic exercise and melatonin
supplementation in diabetes, the present study was
conducted to investigate the interactive effect of melatonin
supplementation and aerobic exercise on IL-6 gene
expression in cardiac tissue of diabetic Wistar rats.

Methods

In the present experimental study, which was conducted
with a post-test design, 64 male Wistar rats at the age of
eight weeks with a weight range of 204+11.3 g were
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obtained from the Laboratory Animal Reproduction Center
of Ahvaz Jundishapour University of Medical Sciences and
were kept in groups of 4 in standard polycarbonate cages
at a temperature of 22+2°C under a 12:12 h light-dark
cycle. Body weight was recorded weekly and rats had free
access to water and special rat chow provided by Pars
Animal Feed Company, Tehran. After one week of
acclimatisation to the laboratory environment, treadmill
familiarisation and manipulation, the mice were randomly
divided into eight groups of equal number (n=8) including
diabetic control, diabetic + melatonin, diabetic + exercise,
diabetic + melatonin + exercise, healthy + melatonin,
healthy + exercise, healthy + melatonin + exercise and
healthy control, and finally entered into the next stages of
the study. Diabetes was induced by intraperitoneal
injection of 55 mg/kg body weight of streptozotocin
solution (STZ; Sigma, St. Louis, MO). Two weeks after
diabetes induction, an endurance training protocol and
melatonin injections were performed for six weeks. All
training sessions took place between 16:00 and 18:00 hrs.
Melatonin supplementation was administered
intraperitoneally at a dose of 10 mg/kg body weight
dissolved in ethanolic saline daily for six weeks. Treadmill
running was performed for six weeks at a frequency of five
sessions per week 48 h after the last exercise session, mice
were anaesthetised by intraperitoneal injection of a
combination of ketamine (90 mg/kg) and xylazine (10
mg/kg). To study biochemical variables, the heart tissue of
the mice was immediately isolated as a sample, washed in
nitrogen at -80°C, frozen and stored in a -80°C freezer until
molecular experiments were performed, under sterile
conditions and under the supervision of a PhD in anatomy.
Real-time PCR was used to assess IL-6 gene expression.

Results

There was a significant increase in blood glucose
levels in diabetic mice 48 hours after induction of
diabetes by streptozotocin injection (P<0.001).
Blood glucose levels in the exercise and melatonin
groups were significantly higher than in the healthy
groups after 6 weeks of intervention (P<0.001). The
results of the statistical analysis also showed that at
the end of the exercise programme and melatonin
injection, the blood glucose concentrations in the
diabetes + exercise, diabetes + melatonin and
diabetes + exercise + melatonin groups were
significantly lower than in the diabetic control group
(P<0.001). Our results also showed that diabetes
induction caused a significant increase in IL-6 gene
expression in heart tissue in the diabetic group
compared to the healthy groups (P<0.05). There was
also a significant decrease in IL-6 gene expression in
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the diabetes + melatonin + exercise group compared
to the diabetic control group (P<0.05).

Conclusion

The results of the present study showed that diabetes
induction caused hyperglycaemia and also increased IL-6
expression compared with the control group. Chiang et al.
(29) and Lao et al. (30) reported that diabetes induction by
streptozotocin injection increased IL-6 expression. Yousef et
al. also found that streptozotocin injection caused an
adaptive increase in cardiac IL-6 in diabetic mice and was
associated with hyperglycaemia and cardiomyopathy
symptoms. Although in the present study there was no
significant difference in IL-6 gene expression in the diabetes
+ exercise and diabetes + melatonin groups compared to the
control diabetes group, a significant decrease in cardiac IL-
6 gene expression was observed in the diabetes + melatonin
+ exercise group compared to the control diabetes group.
Aerobic exercise, by increasing fat oxidation, reduces
lipotoxicity in heart tissue, which may reduce elevated levels
of inflammatory and pro-inflammatory cytokines such as IL-
6. Aerobic exercise has been shown to be effective in
improving cardiac function and pathological cardiac
remodelling in diabetes by reducing fibrosis and optimising
mitochondrial capacity. On the other hand, the anti-
inflammatory activity of melatonin may have beneficial
effects, especially against chronic inflammation. Many in
vitro and in vivo studies have shown that melatonin has anti-
inflammatory activity in a number of chronic diseases
affecting different organs under different conditions. Cho et
al. also reported in their study that melatonin had significant
anti-inflammatory effects on IL-6. It has been reported that
the combination of melatonin and exercise increases cardiac
superoxide dismutase, glutathione peroxidase with a
decrease in malondialdehyde and an increase in total
antioxidant capacity compared to diabetic mice. The
interaction of exercise and melatonin also reduces tumour
necrosis factor alpha in diabetic mice. This supports the
results of the present study. Based on the results of the
present study, aerobic exercise combined with melatonin
consumption may be a good inhibitor to control the
overexpression of IL-6 in cardiac tissue, possibly by
modulating hyperglycaemic conditions. Therefore, it
appears that aerobic exercise combined with melatonin
consumption can reduce inflammation and consequently
ameliorate diabetes-induced cardiomyopathy in diabetic
mouse models by modulating IL-6.
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