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ABSTRACT

Introduction: Serum insulin are dependent on hormonal and genetic factors
affecting beta cell function. The aim of the present study was to investigate the
effect of resistance training on glucose, serum insulin, beta cell function, and
MTNRZ1A expression in pancreatic tissue of type 2 diabetic rats.

Methods: In this experimental study, 14 male Wistar rats were made type 2
diabetic by high-fat diet and intraperitoneal injection of STZ (25 ml/kg). They
were then randomly divided into exercise and control groups. The exercise group
underwent 8 weeks of resistance training, (5 sessions/weekly), in the form of
climbing a step ladder with gradually increasing resistance. 48 hours after the last
training session, fasting glucose and serum insulin levels, beta cell function, and
MTNR1A gene expression in pancreatic tissue were measured and compared
between groups by independent t-test at a significance level of alpha less than 0.5
percent.

Results: Compared to control group, resistance training resulted in significant
decrease in fasting glucose (p = 0.001) and MTNR1A gene expression (p= 0.003)
in exercise compared with control group. In addition, serum insulin (p= 0.038)
and beta cell function (p = 0.001) were significantly higher in the exercise group
than in the control group.

Conclusion: In conclusion, resistance training achieved improvements in insulin
synthesis in type 2 diabetics which can be attributed to reduced MTNR1A
expression in pancreas tissue and improved beta cell function. Further studies are
needed to clarify possible mechanisms effective in the insulin synthesis from the
pancreas of type 2 diabetics.

Keywords: Diabetes, MTNR1A expression, Beta cell function, Resistance
training, Insulin synthesis.
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Introduction

beta cell dysfunction (3). Laboratory studies have

Apart from hormonal and metabolic disorders,
several environmental factors such as unbalanced
diets and physical inactivity have a potential
contribution to the occurrence or increase in the
severity of type 2 diabetes (1). On the other hand,
in the last two decades, the effective role of
genetic disorders in protein levels or gene
expression in insulin-sensitive tissues or protein
synthesis by the pancreas has been considered. In
such a way that genetic components pave the way
for the occurrence of type 2 diabetes even in the
absence of obesity (2). While the main factors of
this disease are still not fully understood,
scientific sources have confirmed that insulin
resistance is the main factor causing it rather than

indicated that beta cell function in type 2 diabetic
patients is reduced by 50 to 60 percent compared
to healthy individuals, and the onset of the
decrease in the function of these cells dates back
approximately 10 to 12 years before the
appearance of hyperglycemia (4). Interestingly,
some hormonal factors and genetic components
do not affect body weight or obesity, but they
drastically alter beta cell function and insulin
secretion. In other words, independent of obesity,
other important factors also play a decisive role in
the occurrence of this disease, and genetic
studies, especially since 2007 on diabetic or
prediabetic individuals, showed that some
transcription factors (CDKAL1, CDKNZ2A/B,
IGF2BP2, HHEX, HNF1B, KCNJ11, PPARG,
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TCF7L2, SLC30A8, WFS1, ADAMTSY9,
CDC123, CAMKI1D, JAZF1, NOTCHZ2,
THADA, TSPANS8 and LGR5) pave the way for
the occurrence of type 2 diabetes even in the
absence of obesity (5,6).

Meanwhile, the functional role of melatonin
in the synthesis and secretion of insulin from beta
cells has been repeatedly proposed. The findings
of a study by Li et al. (2018) on laboratory mice
revealed that the pineal hormone melatonin
affects insulin secretion from pancreatic beta cells
through melatonin  receptors expressed in
pancreatic beta cells. In addition, single
nucleotide polymorphisms of the melatonin
receptor are strongly associated with type 2
diabetes. These researchers also pointed out that
melatonin exerts an inhibitory effect on insulin
transcription through its receptors in pancreatic
beta cells and the downstream MAPK signaling
pathway (7). The effects of melatonin in target
tissues are exerted by its two receptors, MTNR1A
and MTNR1B, which are encoded by the
MTNR1A and MTNR1B genes, respectively. In
vitro studies have revealed that both melatonin
receptors are expressed in human and rodent
pancreatic islets (8,9).

Meanwhile, although the MTNR1B gene is
known to be a genetic risk factor for type 2
diabetes (10,11), the MTNR1A gene has been
less studied in humans and its role in metabolic
diseases is not as well-known as that of MTNR1B
(11). In humans, MTNR1A Vvariants are
associated with gestational diabetes (12) and
obesity-related diseases (13) and insulin synthesis
(14). Based on this evidence, the MTNR1A gene
has been introduced as a risk gene for type 2
diabetes. However, although some studies have
followed the effect of internal and external
stimuli on the protein levels or expression of
MTNR1B or other genetic and hormonal
components effective in the transcription and
synthesis of insulin, the response of MTNR1A to
exercise training has been less studied.

For example, Eizadi et al (2016) reported a
decrease in TCF7L2 expression following 3
months of interval training (15), Ramazani et al
(2017) reported an increase in GLP-1R
expression following 12 weeks of aerobic training
(16), and Rashidi et al (2019) reported a decrease
in MTNR1B expression in response to 12 weeks
of aerobic training (17) in pancreatic beta cells of
type 2 diabetic rats. However, another study

reported no change in TCF7L2 expression in
pancreatic tissue even in the presence of
improved glucose and increased serum insulin in
diabetic rats following aerobic training (6). On
the other hand, changes in the expression of
genes effective in insulin synthesis that were
mentioned were associated with increased serum
insulin and decreased fasting glucose. Despite the
aforementioned evidence, no study has reported
the effect of exercise training, especially
resistance training, on MTNR1A expression as
one of the effective candidates in insulin
transcription and synthesis. Based on this
limitation, the present study aimed to determine
the effect of resistance training on MTNR1A
expression as well as glucose, insulin levels, and
beta cell function in pancreatic tissue of type 2
diabetic rats.

Materials and Methods

Subjects

The statistical population of this experimental-
applied study consists of all male Wistar rats in
the animal house of the Pasteur Institute of Iran.
Among them, 14 rats aged 10 weeks of old in the
weight range of 220 + 10 grams were randomly
selected to participate in the study. Then, after
inducing type 2 diabetes, they were randomly
divided into control and exercise groups in the
eighteenth week (8 weeks of resistance training, 5
sessions/weekly). The studied rats were
maintained under controlled light conditions (12
hours of light and 12 hours of darkness, lighting
starting at 6 pm and darkness starting at 6 am) at
a temperature of (22 £+ 3 °C) and humidity
ranging from 30 to 50 (%), so that they had free
access to water and high-fat food until the end of
the study.

Type 2 diabetes induction

To induce type 2 diabetes, a high-fat diet was
fed for 8 weeks followed by intraperitoneal STZ
injection of (25 ml/kg). To prepare the high-fat
diet, 1% cholesterol powder and 1% 100% pure
corn oil were added to the standard rat diet (18).
One week after diabetes induction, fasting blood
glucose was measured and blood glucose between
150 and 400 mg/dL was considered as a criterion
for ensuring that the rats developed type 2
diabetes (18).

Training protocol
The exercise group participated in an 8-week



resistance training course, 5 sessions per week
(table 1). In each session, resistance training
consisted of 5 sets and 4 repetitions in each in the
form of climbing a 26-step ladder to a height of 1
meter with a vertical slope of 80%. Rest time
between sets was 3 minutes and rest time between
repetitions in each set was 45 seconds. Before and
after each training session, 2 unresisted ladder
climbs were performed for warm-up and cool-
down. Resistance was applied by tying weights to
the rats’ tails equivalent to different percentages of
body weight during the training period. (19).
Table 1: Distribution pattern of exercise intensity in

resistance training group based on
percentage of body weight

Time (weeks) Resistance (body weight %)
30
40
50
60
70
80
90
100

O |IN[OD|O| B W[N]

Finally, 48 hours after the last training session,
the rats were sacrificed and dissected for blood
sampling from the heart to measure glucose and
insulin, beta cell function, and pancreatic tissue
extraction to measure MTNR1A expression (20).

20 X Fasting Insulin (pU/ml)
Fasting Glucose (mmol/l) — 3.5

HOMA-B =

Tissue sampling and RNA extraction

48 hours after the last training session (10 to
12 overnight fasting), the rats in each group were
anesthetized by intraperitoneal injection of a
mixture of 10% ketamine (50 mg/kg) and 2%
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xylazine (10 mg/kg), and blood samples were
taken directly from the animal's heart.
Subsequently, the pancreatic tissue of the rats was
extracted and after washing in physiological
saline, immersed in microtubes containing 20%
RNAlIater liquid for genetic experiments.

RNA extraction was performed using the
commercial RNeasy mini kit from QIAGEN.
MRNA gene determination was performed by RT-
Real time PCR using the Rotorgene 6000 system
using the One Step SYBR TAKARA kit from
Takara according to the company's instructions.
RNA Polymerase was used as a control gene. The
primer sequence patterns are shown in table 2.

Statistical Methods

Shapiro-Wilk test was used to ensure the
normal distribution of data. Descriptive statistics
were used to describe data and graphs.
Independent t-test was used to compare each
variable between groups. The significant level
was considered to be an alpha of less than 5
percent. All statistical analyses were performed
using SPSS/Win version 22 software.

Results

Table 3 shows the pattern of body weight
changes before and after the intervention in the
study groups.

Based on the results of the independent t-test,
a significant difference was observed in serum
insulin and glucose levels between the control
and exercise groups. Resistance training resulted
in a significant decrease in fasting glucose (P =
0.001, Figure 1) and a significant increase in
serum insulin (P = 0.038, Figure 2) in the
exercise group compared to the control group
(table 4). A significant difference was also
observed in beta cell function between the two
groups (P = 0.001, Figure 3). In other words, beta

Table 2: The primer sequence

Genes Primer sequence Productsize Tm Gene Bank
For: TTGCTGTGGTGTCCTTTTGC
MTNRIA Rev: GCAAGGCCAATACAGTTGAGG 159 bp 60 NM_001191052.1
RNA Polymraseri | 07 ACTTTGATGACGTGGAGCAGGAC ¢, 60 XM_008759265.1

Rev: GTTGGCCTGCGGTCGTTC

Table 3: Body weight (g) in before and after training intervention in the study groups

Group Pre-training Post-training Sig (intra-group)
Control 40319 435+ 6 0.011
Exercise 401+8 415+ 6 0.038

Sig (inter-group) 0.544 0.035
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Table 4: Fasting glucose and other variables after exercise intervention of exercise and control groups (Mean + SD).

Variable Control group Exercise group  sig
Fasting glucose (mg/dl) 287 £ 28 214 £ 22 0.001
Serum insulin (uU/ml) 5.06 + 0.51 6.34+1.10 0.038
Beta cell function (HOMA-BF) 8.27 +1.57 1546 +6.62  0.001
MTNR1A gene expression 1 0.71+0.19 0.003

300

250

200

150

Glucose (ma/dL)

100

50

control group Exercise group

Figure 1: Changes in fasting glucose following resistance training compared to the control group

Insulin (uIU/mI)
N

control group Exercise group

Figure 2: Changes in serum insulin following resistance training compared to the control group

Beta cell function (HOMA-BF)

control group Exercise group

Figure 3: Changes in beta cell function following resistance training compared to the control group
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Figure 4: Changes in MTNR1A expression following resistance training compared to the control group

cell function increased significantly in the
exercise group following resistance training
compared to the control group. In addition to the
aforementioned changes, resistance training
resulted in a significant decrease in MTNR1A
gene expression in the pancreatic tissue of the
exercise group compared to the control group (P
=0.003, Figure 4).

Discussion

The decrease in MTNR1A expression in
pancreatic tissue of type 2 diabetic rats is the
most important finding of the present study. In
other words, resistance training for 8 weeks with
5 sessions per week led to a significant decrease
In expression in pancreatic tissue compared to the
control group that did not participate in training.
On the other hand, the decrease in fasting glucose
along with an increase in serum insulin and beta
cell function following resistance training are
other findings of the study. Although the effect of
exercise training on MTNR1A expression in the
pancreas has not been studied so far, the response
or adaptation of other hormonal and genetic
variables to exercise training has been reported
many times, and these results are also
contradictory. For example, in the study of
Ghasemalipour et al (2015), although 3 months of
aerobic training led to a decrease in weight and
body fat percentage in type 2 diabetic patients,
the serum TNF-a level did not change (21). In
another study, 12 weeks of aerobic training led to
a decrease in glucose and insulin resistance in
type 2 diabetic men (22). In the study by Behkar
et al (2023), an increase in serum insulin was
observed along with a decrease in fasting glucose
and an increase in PKBa expression in the
pancreatic tissue of type 2 diabetic rats following
8 weeks of interval training, but GLP-1R
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expression did not change compared to the
control group (23). However, Ramazani et al
(2017) reported an increase in GLP-1R
expression in pancreatic tissue and serum insulin
along with a decrease in fasting glucose in type 2
diabetic rats following 12 weeks of aerobic
training (16).

The increase in serum insulin following
resistance training in the present study is
probably due to improved beta cell function.
Several studies have attributed the decrease in
serum insulin in diabetics to a decrease in beta
cell function in these patients (15). In this
context, it has been stated that beta cell function
in type 2 diabetics is reduced by up to 80%
compared to healthy individuals, depending on
various influencing factors (24,25). On the other
hand, a study reported a 40 to 60% decrease in
beta cell mass in type 2 diabetics compared to
non-diabetics (26).

The response or adaptation of beta cell
function to exercise training has been less
studied. However, scientific sources suggest that
both diet and exercise increase insulin secretion,
although the mechanisms of action of each are
independent of the other. A high-fat diet increases
beta cell mass through hypertrophy to overcome
insulin resistance, while exercise increases beta
cell mass through hyperplasia and reduced cell
death (27).

In support of this evidence, both interval and
resistance training in the present study led to
increased beta cell function in diabetic rats
compared to the control group. Some studies have
also reported increased beta cell function
following exercise training (28). Also, in diabetic
populations, regular exercise training is associated
with increased insulin response to hyperglycemia,
which implies the effect of exercise on beta cell
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function (28). Based on the aforementioned
evidence, regardless of the potential effect of
exercise training that has been shown to increase
insulin sensitivity or decrease insulin resistance in
target tissues to exercise training, the increase in
serum insulin and decrease in blood glucose in the
present study can be attributed to improved beta
cell function in response to interval and resistance
training. This hypothesis has been previously
confirmed by some other studies (29). In this
regard, Eizadi et al (2012) also attributed the
increase in serum insulin in response to exercise
training in type 2 diabetic patients to improved
beta cell function (30).

Some studies have reported improved beta cell
function in response to reduced fat mass resulting
from continuous exercise or dietary modification
(31,32). Other training methods, such as treadmill
running or swimming, have been reported to
preserve beta cell function (33,34). In this regard,
it has been suggested that exercise training
accelerates insulin transcription and synthesis
pathways by changing protein levels or expression
of some transcription factors affecting insulin
synthesis in pancreatic beta cells. Eizadi et al, in
two independent studies in 2016 and 2017, showed
that increased serum insulin following interval and
resistance training leads to decreased expression of
the TCF7L2 gene as the most important
transcription factor affecting insulin synthesis in
type 2 diabetic rats, and attributed the increased
beta cell function and serum insulin in response to
these training methods to decreased TCF7L2 in
pancreatic beta cells of type 2 diabetic rats (15,35).
Despite the aforementioned evidence, no study has
been reported to date that follows the protein
levels or expression of MTNR1A in response to
exercise training in diabetic rats or other healthy
and diseased populations.

Despite these limitations, the findings of the
present study indicate a significant decrease in
MTNR1A expression in response to resistance
training. In other words, 8 weeks of resistance
training  significantly  reduced MTNR1A
expression in pancreatic tissue of type 2 diabetic
rats, and this decrease was associated with
increased beta-cell function and serum insulin.
However, genetic studies have supported the
effective role of melatonin and its receptors in the
pancreas in insulin synthesis. Thus, increased
melatonin and its receptor expression in the
pancreas of diabetic rats leads to a decrease in
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insulin transcription and synthesis (8,9,14).

Some other studies have indicated that
MTNR1A, another melatonin receptor, is
expressed in pancreatic beta cells independently
of MTNR1B and has been introduced as a genetic
risk factor for type 2 diabetes by affecting insulin
synthesis and secretion, such that its increased
expression in pancreatic beta cells leads to a
decrease in insulin synthesis by affecting insulin
transcription signaling pathways (36). Muhlbauer
et al (2012) have also stated, citing laboratory
studies, that increased melatonin inhibits insulin
synthesis primarily through MTNR2A and
MTNRZ1A receptors in INS-1 cells of rats and
isolated islets of mice (37). Based on the
observations of the present study, although
measuring the expression of MTNR1A in
pancreatic tissue is one of the strengths of the
study, measuring these transcription factors alone
does not indicate the mechanisms responsible for
insulin synthesis in response to exercise, and
measuring oxidative stress markers and other
transcription factors such as TCF7L2, FOXO1 or
GLP-1R are limitations of the study.

Conclusion

Resistance training improves glucose in type 2
diabetic rats. This improvement can be attributed
to increased serum insulin in these patients. On
the other hand, based on the findings of the study
and other laboratory evidence that support the
effective role of melatonin receptors on insulin
transcription and synthesis in beta cells, the
increase in serum insulin in diabetic rats is likely
to be due to the reduction in MTNR1A
expression and increased beta cell function
following this training regimen. Further study
will be needed to clarify the mechanism of the
regulation of the insulin secretion of beta cells by
exercise training.
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