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ABSTRACT
IEE e (o lV[gle RETple MO o] [EISIIV/EE) NF-kB and Nrf2 are key regulators of oxidative stress. This

study investigated the effects of regular aerobic exercise and melatonin on NF-kB and Nrf2
gene expression and oxidative stress markers in the heart tissue of diabetic male rats.

Forty male Wistar rats were randomly assigned to five groups:
control, diabetic, diabetic + melatonin, diabetic + exercise, and diabetic + melatonin + exercise.
Diabetes was induced by streptozotocin. Exercise groups underwent 42 days of treadmill
running (15 m/min, 30 min/day). Melatonin (10 mg/kg) was administered intraperitoneally for
42 days. Heart tissue was analyzed for NF-kB and Nrf2 gene expression (real-time PCR) and
oxidative stress markers (MDA and TAC, ELISA).

Combined aerobic exercise and melatonin significantly decreased NF-kB gene
expression while increasing Nrf2 expression compared to the diabetic group. Moreover, MDA
levels were reduced, and TAC levels were elevated in the treatment groups.

Aerobic exercise and melatonin supplementation synergistically ameliorated
diabetic cardiomyopathy by attenuating oxidative stress and inflammation. These findings
suggest a potential preventive role for this combined intervention.
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Introduction

iabetes is a chronic and common metabolic

disease worldwide. Diabetic cardiomyopathy is

the most important cause of death in diabetic

patients.  Oxidative stress and  chronic
inflammation change the homeostatic metabolic regulation
points, which leads to glucose intolerance. Excessive
production of reactive oxygen species (ROS) in the
mitochondria of diabetic people arises not only from
intracellular hyperglycemia in small vessels but also from
increased fat oxidation and lipid toxicity in the heart. Increased
ROS levels stimulate inflammation by activating transcription
factors such as nuclear factor kappa B (NF-xB), which
subsequently upregulates the expression of pro-inflammatory
cytokines. In such conditions, the cellular system reacts after
exposure to oxidative stress by activating defence pathways
and activating transcription factors such as Nuclear factor-
erythroid 2 related factor 2 (Nrf2). NRF2 is the main regulator
of the antioxidant defense system in oxidative stress
conditions, which has a protective role against stress damage.
Based on the above, non-pharmacological interventions such
as regular aerobic exercise and melatonin supplementation
play an important role in reducing complications related to
diabetes, including diabetic cardiomyopathy. Also, given the
pivotal roles of NF-xB and Nrf2 in modulating oxidative stress
and inflammation, both implicated in diabetic cardio-
myopathy, their gene expression analysis is crucial. The
limited research on the impact of aerobic exercise and
melatonin on NF-xB and Nrf2 gene expression in the diabetic
heart, as well as the absence of studies specifically examining
their combined effect on these genes, underscores the need for
further investigation. Therefore, this study investigated the
effect of melatonin consumption on the activity of NF-«B,
Nrf2 genes and oxidant factors in the heart tissue of male
desert rats model of type 1 diabetes.

Methods

In this experimental research, 40 8-week-old Wistar rats
with a weight range of 204 + 11.3 grams were obtained from
the Animal Breeding Center of Ahvaz Jundishapur University
of Medical Sciences, and placed in groups of four in standard
polycarbonate cages at a temperature of 22 + 2. The rats were
kept under 12:12 light-dark cycle with free access to water and
rat special food. Following a one-week acclimatization period
to the laboratory environment, including familiarization with
light guide handling, rats were randomly assigned to five
groups (n=8) including: 1- diabetes control, 2-
diabetes+melatonin, 3- diabetes+exercise, 4- diabetes +
melatonin + exercise, and 5- healthy control. After 12 hours of
food deprivation, induction of diabetes was performed by
intraperitoneal injection of streptozotocin solution (Sigma, St.
Louis, MO), dissolved in 0.05 M citrate buffer with a pH of
4.5: 50 mg per kilogram of body weight to induce type 1
diabetes. Desert rats whose blood sugar exceeding 250 mg/dL
were considered diabetic. Two weeks after the induction of
diabetes, melatonin supplementation (10 mg/kg body weight)

was initiated concurrently with the aerobic exercise protocol.
Melatonin, dissolved in ethanol-containing saline, was
administered intraperitoneally daily for six weeks.

A six-week aerobic exercise protocol was implemented,
consisting of five treadmill running sessions per week. Each
session lasted 30 minutes at a speed of 15 meters per minute.
At the conclusion of the six-week training program, 48 hours
after the last training session, the rats were anesthetized by
intraperitoneal injection of a combination of ketamine (90
mg/kg body weight) and xylazine (10 mg/kg body weight).
Under sterile conditions, the abdominal cavity was opened and
the heart tissue of the animals was subjected to biochemical
analysis. After being washed with distilled water, the hearts of
the animals were immediately frozen in a freezer at -70°C.
Gene expression of NF-kB and Nrf2 was assessed by real-time
PCR, while malondialdehyde (MDA) levels and total
antioxidant capacity (TAC) were determined using ELISA.
The Shapiro-Wilk test was used to determine the normality of
the data. To check the significance of the difference between
the groups, one-way analysis of variance was used, and in case
of significance, Tukey's post hoc test was used to determine
the difference between the averages of two groups. Data
analysis was done using SPSS-22 software at a significant
level of P>0.05.

Results

The results of the one-way analysis of variance test
showed that the induction of diabetes caused a significant
increase in NF-kB gene expression in diabetic rats compared
to the healthy control group (P < 0.05). Also, the level of NF-
kB gene expression in diabetes+melatonin, diabetes+exercise,
and diabetes+melatonin+exercise groups was lower than that
in the control diabetes group, but the difference was not
statistically significant (P<0.05). The results of the one-way
analysis of variance test showed that induction of diabetes
caused a significant decrease in the expression of the Nrf2
gene in diabetic rats compared to the healthy control group (P
< 0.05). Also, the level of Nrf2 gene expression in the diabetes
+ melatonin + exercise group was significantly higher than
that in the control diabetes group (P < 0.05). On the other hand,
the level of Nrf2 gene expression in the diabetes+melatonin,
and diabetes+exercise groups was higher compared with the
control diabetes group, but the difference was not statistically
significant (P<0.05). The results of the one-way analysis of
variance test showed that the induction of diabetes caused a
significant increase in the amount of MDA in diabetic rats
compared to the healthy control group (P < 0.05). Also, the
amount of MDA in the diabetes+melatonin, diabetes+
exercise, and diabetes+melatonin+exercise groups was lower
than that in the control diabetes group, but the difference was
not statistically significant (P<0.05). The results of the one-
way analysis of variance test showed that induction of diabetes
led to a significant decrease in the amount of TAC in diabetic
rats compared to the healthy control group (P < 0.05). Also,
the amount of TAC in the diabetes + melatonin + exercise
group was significantly higher than that in the control diabetes
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group (P < 0.05). On the other hand, the amount of TAC in the
diabetes + melatonin, diabetes + exercise groups were higher
compared with the control diabetes group, but the difference
was not statistically significant (P<0.05).

Conclusion

Diabetes causes diabetic cardiomyopathy by increasing
Nrf2 and NF-kB genes, which are important regulators of
oxidative stress and inflammatory process. The use of aerobic
exercises and melatonin can modulate Nrf2 and NF-«xB genes
in the context of diabetic cardiomyopathy. Also, the results of
the current research showed the synergistic effect of exercise
training and melatonin supplementation on the improvement
of factors related to diabetic cardiomyopathy.
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