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Objective: Laboratory studies on diabetic rats have shown that
diabetic rats have a lower beta cell mass than healthy rats. On the
other hand, over the years, with tremendous advances in genetic
science, many studies have been done on the expression of genes and
its effective factors, such as physical activity. One of these genes is
AKT / PKB. Due to the association between the expression of this
gene and type 2 diabetes, the effect of physical activity on the
expression of this gene seems to be necessary.
Materials and Methods: 30 male Wistar 10 week olds were
randomly divided into three groups: healthy control, diabetic control
and diabetic training. The diabetic control group was diabetic and
injected with nicotinic amide and streptozotocin. The diabetic group
was trained for 12 weeks Aerobic on the treadmill.
Results: Based on independent t-test, aerobic training showed a
significant increase in the relative expression of AKT / PKB in the
pancreatic tissue of the aerobic diabetic group compared to the
diabetic control group.
Conclusion: The AKT / PKB signaling pathway not only plays an
important role in insulin resistance, but also plays an important role
in the ability of beta cells to adapt to increased insulin levels.
Therefore, it can be concluded that environmental factors such as
aerobic activity. The expression of the AKT / PKB gene expression
can be effective in improving the treatment of type 2 diabetes.
Keywords: AKT / PKB gene expression, Type 2 diabetes, Aerobic
exercise

Introduction

T

ype 2 diabetes (T2DM) is the most
common metabolic disorders. In
addition to hyperglycemia and insulin
resistance, T2DM causes many diseases,
especially cardiovascular disease. Beside
genetic and hereditary factors, high-calorie
diets, obesity, overweight, an inactive and
sedentary life style are the most important
causes of T2DM.Obesity is associated with

insulin resistance as the primary cause of
T2DM. (1). Also, imbalance of some
hormonal factors, such as inflammatory or
anti-inflammatory cytokines, influences on the
blood glucose and insulin level. Today's
studies strongly emphasize the recognition of
genetic factors affecting diabetes and other
chronic diseases. In the last decade, several
genetic factors that are important in the
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prevalence or severity of type 1 and 2diabetes
have been identified. Recently, some genetic
factors associated with increased risk of
T2DMwere identified by genetic link studies
(2). So that the disorder or polymorphisms in
that area may predispose to the prevalence or
increased severity of diabetes due to impaired
secretion of insulin or damage to some insulin
stimulants or the synthesis of insulin. One of
these genes is the AKT1 / PKB, which were
considered by the researchers as the effect of
increasing and decreasing the expression of
this gene on diabetes in recent years. Various
studies suggest that the signaling pathway
controlled by AKT1 / PKB not only play an
important role in insulin resistance, but also
contribute to increasing the compatibility of
beta cells to release more insulin.(3). AKT1 /
PKB activity is regulated by dependent and
non-dependent mechanisms of PI3K and
requires multiple steps involving in their
translocation to the plasma membrane and
subsequent phosphorylation. The activity of
AKT1 / PKB lead to phosphorylation of
several substrates, which control several
signaling cascades, such as glucose transfer by
insulin, protein synthesis and glycogen, cell
growth, cell differentiation and survival (4). In
transgenic mice, whose overexpress a
constitutively active variant of AKT1 / PKBin
beta cells, there has been an increase in
proliferation, neogenesis, cell size, insulin
secretion and synthesis which indicate the
effective role of this protein in the physiology
of beta cells in the pancreas. In other words,
increasing the expression of AKT1 / PKB in
beta cells leads to increased proliferation, cell
mass, the synthesis and secretion of more
insulin (5). Therefore, the present study aimed
to evaluate the effect of an aerobic training
period on the expression of AKT1 / PKB,
insulin, glucose and beta cell function in male
Wistar rats with T2DM.

Materials and Methods
The studied sample consisted of all male
Wistar rats in the animal house of the Pasteur
38

Institute, among them 30 male Wistar 10
weeks old in a weighing range of 20 ± 220 gr
were selected to participate in the
study. Wistar rats were randomly divided into
3 groups including 2 diabetic and 1 healthy
control groups. The rats were kept at the
animal house of Azad University of Parand in
a 5 to 10 meter room under controlled light
conditions (12 hours of light and 12 hours of
darkness), temperature (22± 3 ° C), and
humidity in the range of 30 to 60. At first, the
rats were acquainted with the environment in
the animal house for 2 weeks and how to run
on the treadmill. Then, after a fasting night (12
hours), nicotineamide and streptozotocin were
injected to induce T2DM. Initially, a solution
of nicotinamide at a dose of 110 mg per kg of
rat mice was injected to peritoneal; after 15
minutes, the freshly prepared STZ solution in
the citrate buffer with PH = 4.5 was also
administered at a dose of 60 mg per kilogram
were injected. The healthy control group
received only the same volume citrate buffer .
After one week, fasting blood glucose was
measured and glucose level above 150 mg / dL
was considered as T2DM (6). A training
program for 12 weeks of aerobic training and
5 sessions per week with gradual increase in
speed (18-26 m / min) and time (10 to 55
minutes) in the form of running on treadmill
with the aim of determining its effect on
fasting glucose, serum insulin, beta cell
function and relative expression of AKT1 /
PKB in pancreatic tissue were compared to the
control group that did not participate in the
training program. About 48 hours after the last
training session (10 to 12 hours fasting), all
rats were anesthetized by injecting 10%
ketamine (50 mg/kg) and xylosin 2% (10
mg/kg). After assuring anesthesia, the blood
samples were taken directly from the animal's
heart. Blood samples were centrifuged for 20
minutes for serum separation and maintained
at 80 ° C for glucose and insulin measurement.
Rat pancreatic tissue was sampled and washed
in physiological serum in RNAlaterTM liquid
micro-tubes and transferred to the laboratory
for genetic tests. Also, the function of beta
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cells was calculated using fasting insulin and
glucose level in the software HOMA2Calculator. All statistical analyzes were
performed using SPSS / Win software version
16. The Kolmogorov-Smirnov test was used to
ensure that the distribution of data is normal.
Data analysis was performed using
independent T-test. Changes less than 5%
were reported significant.

Results
Based on the independent T-test, aerobic
training caused a significant decrease in
fasting glucose and a significant increase in
serum insulin and beta-cell function in the
aerobic diabetic group compared to the
diabetic control group. (Table 1)
Also, aerobic exercise led to a significant
increase in the relative expression of AKT1 in
the pancreatic tissue of the aerobic diabetic
group compared to the diabetic control group.
The relative expression of AKT1 was 1 in
Diabetic control group and 1.60 ± 0.47 in
Aerobic diabetic group (P-value: 0.006)
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Discussion
The main pathophysiological reasons of
T2DM are insulin resistance and beta cell
dysfunction. (7). In healthy people, secretion
of insulin from the pancreas is linked through
a negative feedback loop to the peripheral
body insulin sensitivity that allows beta cells
to compensate for changes in whole body
sensitivity to insulin through proper secretion
of insulin (7). However, in the pathogenesis of
diabetes,
degeneration
or
progressive
impairment of beta cell function leads to a
failure in sufficient insulin secretion to
overcome insulin resistance (8). On the other
hand, over the years, researchers have shown
that diabetes is the result of complex
interactions
between
genetic
and

environmental factors on fat and glucose
metabolism such as impairment of liver,
muscle, insulin secretion, fat metabolism, total
body lipolysis, and metabolic impairment in
other organs of the body. Although the main
cause of type 2 diabetes is insufficiency of
insulin secretion from pancreatic beta cells to
compensate for insulin resistance (9).
Therefore, many studies are underway to
determine the effect of external stimuli for the
treatment of type 2 diabetes. Meanwhile, the
importance of exercise and physical activity in
diabetes management is so much that some
studies have suggested that exercise even in
the absence of weight loss or body mass
decreased glycosylated hemoglobin and blood
glucose levels in diabetic patients (10). In the
present study, induction of type 2 diabetes in
Wistar rats led to a significant decrease in beta
cell function compared to healthy group. Also,
since genetic interventions are one of the most
important factors affecting the dysfunction of
beta cells, and the consequence of lowering
the secretion of insulin from these cells, it is
questioned whether external stimuli such as
diet modification or participation in different
training programs are able to correct the
genetic factors that affect the function of these
cells. Although studies in this area are very
limited and it is difficult to provide a
conclusive conclusion, however, various
studies have shown that the signaling
pathways controlled by AKT / PKB not only
play an important role in insulin resistance, but
also in the ability of beta cell to adapt to an
increase in insulin demand. AKT / PKB
activity is regulated by dependent and
independent PI3K mechanisms and requires
multiple steps involved in their translocation
to the plasma membrane and subsequent
phosphorylation.
In transgenic mice, which have overexpress a

Table 1. Fasting glucose, insulin and beta cell function in aerobic and controlled diabetic groups
Variable
Glucose (mg/dL)
Insulin µIU/ml)
Function of beta cell (HOMA-BF)

Diabetic control
Mean ± SD
294 ± 11
4.06 ± 0.21
6.32 ± 0.31

Aerobic diabetic
Mean ± SD
240 ± 14
5.11 ± 0.25
10.42 ± 0.81

P-value
0.001
0.001
0.001

SD: standard deviation
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constitutively active variant of AKT / PKB in
beta cell, an increase in proliferation,
neogenesis, cell size and synthesis secretion,
provide
additional
evidence
of
the
involvement of this protein in the physiology
of pancreatic islets (8). In other words,
increasing the expression of AKT / PKB in
beta cells leads to increased proliferation and
cell mass, and the synthesis and secretion of
more insulin (11). In contrast, a mutation in
the AKT / PKB gene, which leads to a 80%
reduction in kinase activity, is associated with
glucose intolerance and insufficiency of
insulin secretion (12). Reduction of glucose or
glycemic control by AKT is not limited to
pancreatic cells and is probably because of
prolonged muscle contractions due to AKT
signaling pathways in protein production
processes.AKT is probably activated by the
non-PI3K mechanism and increases the
intracellular concentration of calcium ions.
These effects result from an increase in CAMP
concentration during muscle contractions
(13,14). In addition, there are reports of
increased activity and phosphorylation of AKT
/ PKB due to muscle hypertrophy by activating
mTOR and stopping glycogen synthase kinase
3B (GSK-3B), which ultimately make
important changes in the level of insulin
sensitivity and the concentration of this
hormone in the body (15). Presse et al., Found
that the regulation of AKT / GSK-3B and
AKT / mTOR in human skeletal muscle is the
basis of muscle hypertrophy. In a similar
study, Chui and Bumkim (13) found that
inhibiting the AKT1 gene destroys the growth
pattern in mice. Increased insulin sensitivity is
due to increased PK3 / PKB phosphorylation
by PI3K (16,17). In muscle fibers, contractile
stimulation increases molecular variations by
activating two pathways of mTOR and GSK3B, leading to muscle hypertrophy (15). The
AMPK activity increases in response to
increased
glucose
tolerance
due
to
participation in exercise training (18).
Anderson et al. showed that in skeletal muscle,
increased transcription of mRNA in GLUT4
and several other proteins involved in insulin
40

signals and glucose metabolism such as AKT,
PI3K, AMPK, and mTOR occur in aerobic
exercise and resistance exercises (19). The
current research and other studies in this field
provide evidence that various exercise training
influence on the intracellular regulation of
signaling pathways that lead to glucose uptake.
In this regard, the interaction of insulin
resistance, AKT and PI3K lead to protein
synthesis and GLUT4 displacement towards
the cell membrane. Therefore, participation in
regular exercise training is effective in control
and treatment of metabolic diseases such as
diabetes and insulin resistance. In general, the
disorder or decline in the function of beta cells
is associated with a decrease in the synthesis
and secretion of insulin. On the other hand,
Available evidence has strongly emphasized
that, in addition to increasing insulin
resistance, the decrease in beta cell function is
also one of the most important causes of the
prevalence or increased severity of type 2
diabetes. Although increased insulin resistance
occurs in response to lack of dietary control
and sedation and obesity, but impairment in
beta cell function or decreased synthesis and
insulin secretion appears to be largely due to
genetic factors. Clinical and laboratory studies,
especially in the last decade, have supported
the potential impact of transcription factors
and their variants on the prevalence of type 2
diabetes. Meanwhile, AKT1 gene expression
has been described as an important genetic
factor of type 2 diabetes. Increasing the
expression of AKT in beta cells of the
pancreas reduces the desire for type 2 diabetes
which is associated with increased activity of
beta cells and insulin synthesis. In the present
study, induction of type 2 diabetes by injection
of nicotinamide and STZ was associated with
a decrease in the expression of AKT1 in the
pancreatic tissue and a significant reduction in
serum beta and insulin serum levels, with a
significant increase in glucose in diabetic rats,
than in healthy subjects. However, 3 months of
aerobic exercise training resulted in a
significant reduction in glucose and increased
beta cell function along with higher serum
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insulin levels than in the control group that did
not participate in the training.

Conclusions
Therefore, according to the results of this
research and previous studies, the possibility
of the effect of changes in the relative
expression of this gene on beta function and

insulin secretion in response to aerobic
exercise for 12 weeks was reported. Although
it should be noted that in addition to aerobic
exercise, other types of exercise training,
environmental factors and direct and indirect
pathways associated with other genes can also
contribute to the level of insulin secretion.
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