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. Abstract
Re(:(.eived: 4 Apri.l 2021 : Introduction: Previous studies have shown the positive effect of
Revised: 28 April 2021 . aerobic exercise and curcumin on diabetes. The aim of this study was
Accepted: 3 June 2021 © to investigate the effect of aerobic exercise with and without curcumin

supplementation on apelin levels, insulin resistance, and glucose in
rats with type 2 diabetes.

Materials and methods: Forty male rats were randomly divided into 5
groups of 8 including healthy control, diabetic control, diabetes +
curcumin, diabetes + aerobic exercise, diabetes + curcumin + aerobic
exercise. After the intervention, the animals were sacrificed based on
the name of the group, and the desired variables were measured in
the collected plasma samples. Data were analyzed by using one-way
analysis of variance and a P value less than 0.05 was considered as a
significant difference.

Findings: The results showed that moderate-intensity aerobic exercise
increased the levels of apelin (P<0.05) and decreased insulin
resistance (P<0.05) and glucose (P<0.05) in the plasma of diabetic
rats. The use of curcumin also increased the levels of apelin (P<0.05)
and decreased insulin resistance (P<0.05) and glucose (P<0.05) in the
plasma of diabetic rats.

Conclusion: Moderate-intensity aerobic exercise can be a good way to
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Keyw9rds: _ ¢ lower blood sugar and to prevent from increasing it in diabetic
Aerobic Exercise, . patients. Also, taking curcumin in the range of health values along
Curcumin, Diabetes, Aplin : with aerobic exercise can affect better on the results.
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Introduction

Type 2 diabetes is a rapidly spreading
chronic disease in the world. Environmental
and genetic factors, insulin resistance, and
beta-cell dysfunction are involved in the
development of this disease (1). Adipokines
regulate many vital functions and play an
important role in the pathophysiology of
insulin resistance, diabetes, atherosclerosis,
vascular endothelial dysfunction, and
inflammation (6). One of the adipokines
that affect metabolism, especially metabolic
syndrome, is Aplin, which is closely related
to cardiovascular physiology and insulin
sensitivity and is a potent vasodilator (7).
Exercise has long been used as an adjunct to
non-pharmacological treatment in the
control of diabetes (18, 19). Studies on
humans and animals have shown that
exercise improves insulin resistance and
increases insulin sensitivity (20). Today,
regular exercise and herbs are used instead
of chemical drugs to improve the physical
condition of diabetic patients. Herbal
medicines have less toxicity and fewer side
effects than chemical medicines and are
more popular (22). Curcumin is a
polyphenol derived from turmeric that has
been used for centuries as a sedative, anti-
inflammatory, antisepticc and powerful
antioxidant source (23, 24). Recently,
several studies have examined the various
biological effects of curcumin and
introduced it effective in a variety of
pathological conditions. According to the
above cases, the aim of this study was to
determine the effect of aerobic exercise and
curcumin on aplin, insulin, and glucose
resistance in mice with type 2 diabetes.

Materials and Methods

In this experimental study, 40 mice aged
10-10 weeks weighing 180-220 g were
randomly selected and divided into 5
groups of 8, including healthy controls,
diabetic controls, diabetes + curcumin,
diabetes + aerobic exercise, diabetes +
curcumin + exercise. To induce diabetes, an
intra- tracheal injection of 50 mg of

streptozotocin per kg body weight with the
normal saline carrier was used as a single
dose. Pure curcumin was purchased from
the German company Sigma. 30 mg of
curcumin per kg of body weight was given
to the supplement and exercise-supplement
groups by gavage 3 days a week. The
duration of the training protocol was 8
weeks and the intensity of activity in the
first two weeks of training started from 10
meters per minute for 15 minutes. Then, in
both weeks, the intensity and duration of
activity was gradually increased until the
last two weeks in which the intensity of
activity reached 22 meters per minute and
the its duration reached 30 minutes. The
slope of the treadmill remained constant at
5 degrees from the beginning to the end of
the training period. For each training
session, 5 minutes of warm-up with a speed
of 5 to 10 meters per minute and the same
amount of cooling was considered (28). To
measure the plasma levels of Aplin, the
method of ELISA and Aplin-13 kit for rats
made by Biospace Company of China with a
sensitivity of 0.75 ng/l and a coefficient of
variation of 6.8% were used. Boa insulin
resistance index was calculated by using the
HOMA-IR chemosynthesis model evaluation
method according to the following formula:
HOMA-IR = fasting glucose [mmol / 1] x
fasting insulin [pU / ml] /22.5

Glucose was measured bythe photometric
method (made in Iran, Pars Azmoun) and a
sensitivity of one mg/dL was used for it. To
analyze the data, a one-way analysis of
variance was used in this study (P<0.05).

Findings

The results showed that Aplin was
associated with an increase in all groups
compared to the diabetic control group
(P<0.05). There was no difference in the
amount of aplin among other groups
(P<0.05). Glucose levels in all groups were
associated with a decrease compared to the
diabetic control group (P<0.05). Also,
glucose was significantly reduced in the
diabetic group with supplementation and
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aerobic exercise compared to the diabetic
group with supplementation and also in the
diabetic group with aerobic exercise
(P<0.05). The healthy control group had
lower glucose levels than the other four
groups. There was no difference between
diabetic groups with curcumin
consumption and aerobic exercise (P<0.05).
In all groups compared to the diabetic
control group, insulin resistance was
associated with a decrease (P<0.05). The
diabetic group with supplementation and
the aerobic exercise group compared to the
diabetic group with supplementation and
also the diabetic group with aerobic
exercise was associated with a significant
reduction in insulin resistance (P<0.05). In
the healthy control group, insulin resistance
was lower than the other four groups. There
was no difference between diabetic groups
with curcumin consumption and aerobic
exercise (P<0.05).

Discussion

The results showed that Aplin was
associated with an increase in all groups
compared to the diabetic control group. The
results showed that glucose levels were
decreased in all groups compared to the
diabetic control group. Also, glucose was
significantly reduced in the diabetic group
with  curcumin supplementation and
aerobic exercise compared to the diabetic
group with curcumin supplementation and
also in the diabetic group with aerobic
exercise. Diabetes causes serious
complications in diabetic patients and
animals by the increase of glycosylation of
various substrates in target areas and by
the intervention of the final and advanced
product of glycosylation and also by the
increase of oxidative stress originating from
the formation of free and active oxygen
radicals and intensification of lipid
peroxidation and protein breakdown (30).
The anti-inflammatory effects of curcumin
can be effective in reducing the neurological
symptoms of diabetes, including peripheral
neuropathy and neurological disorders
(32). Contrary to the results of the present
study, Mohebbi et al. investigated the effect
of 8 weeks of moderate-intensity aerobic
exercise on plasma apelin levels and insulin

resistance in women with type 2 diabetes
and reported a decrease in plasma apelin
levels following a moderate-intensity
aerobic exercise (35). Accumulation of
excess fat leads to insulin resistance, which
includes altered insulin signaling with
cytokines secreted by adipose tissue and
damage or death of pancreatic beta cells
due to the accumulation of free fatty acids.
Long-term exercise, while reducing the
accumulation of fatty acids and changing
the levels of some adipokines, improves
insulin sensitivity and prevents insulin
resistance.

Conclusion

In this study exercise and curcumin
consumption can affect the levels of apelin,
insulin resistance, and glucose in a way that
causes the increase of apelin, the decrease
of glucose and the decrease of insulin
resistance index. Moderate-intensity
aerobic exercise can be a good way to lower
blood sugar and to prevent from increasing
it due to diabetes. Also, taking curcumin in a
healthy range with aerobic exercise can
help people get better results.
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