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Abstract: Diabetes is a chronic condition that worsens living conditions and causes significant
problems, particularly in the vascular system. Many different treatment options are used to prevent
these negative effects of diabetes. The most important of these is changing living conditions and
exercising regularly.This study aimed todetermining the impacts of a 6-week anaerobic exercise
protocol on the blood glucose levels and Glut4 gene expression in the muscle tissues of streptozocin
(STZ)-induced diabetic rats. A total of 45 rats were separate control, sedentary, and exercise groups
(n=15 each). The STZ used to induce diabetes in rats was applied once with a single intraperitoneal
injection. No diabetes was created in the control group, and no exercise was performed, whereas in
the sedentary group, diabetes was induced, and no exercise was applied. It was determined that the
Glut4 gene expression in the muscle tissue of the exercise group was importantly increased when
compared with the sedentary diabetes group.Glut4 gene is an important gene involved in blood
glucose regulation and anaerobic exercise significantly increased the expression level of this gene in
our study.
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1. Introduction

Diabetes mellitus (DM), widely known as “diabetes”,is a metabolic illness resulting from the
deterioration in insulin hormone secretion or activitybecause ofglucose levels higher than expected
in the blood [1]. DM ranks the eighth among the mortality causes in the world [2], and it affects
humans” health negatively besides leading to severe financial problems for individuals, families, and
health systems of countries [3]. The type of diabetes in which insulin resistance and insulin
insufficiency co-exist is called type2 diabetes. Although no certain age range can be attributed to this
disease, it is usually diagnosed after 30. On the other hand, DM tends to increase at 45 years of ageand
later.While the incidence of DM is high in individuals who have problems with overweight or
obesity, it can also be seen in people who do not have problems in terms of weight [4].

Exercise is a set of movements implemented within a specified plan, program, and continuity to
maintainpeople’s physical development and protection [5]. It creates more energy consumption than
usual by contracting the musculoskeletal system. Exercising has positive effects on chronic pains that
occur in our daily lives and on diseases such as cardiovascular disorders, depression, obesity, and
diabetes [6]. In addition, exercise is among the most recommended methods by health institutions
for the glucose metabolism, skeletal muscle function, and psychological health of individuals and the
functioning of other organs [7]. Anaerobic exercise has recently become an important physiological
concept in the field of sports sciences [8]. It can be defined as a set of exercises and physical activities
that should be carried out intensely in a short time. The anaerobic energy system in the body
demonstrates its effectiveness during a maximal level of exercise where the amount of oxygen the
athlete receives is insufficient [9-11].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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The experimentalanimalmodel is anessential method that allows research on biological or
behavioural aspects and examines pathologies that originate by themselves or that are induced
through specific stimulations on non-human species that are biologically human-like [12].
Researching diabetic animal models provides critical information about the physiopathology of the
disease, and progress can be made to prevent the disease by developing new treatment methods [13].

Glut 4, which has the characteristic of a glucose transporter regulated through insulin, is found
in tissues of the skeletal and heart muscle (adipose tissue and striped muscle). Besides, the gene that
codes Glut4 was cloned and mapped in 1989 [14]. Glucose, whose function in the body is to provide
energy for cell function, is a simple sugar. After the food consumed is digested, glucose enters the
bloodstream, and insulin becomes secreted in the pancreas. The reason for this processis to cause
glucose intake in the fat and muscle cells.These cells take energy from glucose and convert it into fat
for long-term storage. Insulin becomes connected receptors on the cell membrane andcauses Glut4
molecules to recruit on the membrane.The Glut4 protein takes on the responsibility to transfer
glucose inside the cell [15].

This study aimedtoprovide alternative solutions to control diabetes that has an increased
prevalence by demonstrating effectiveness of a differentiated type of exercise otherthan aerobic
exercise on diabetes and to contribute to the literature to guide future research in this field.

2. Materials and Methods
2.1. Animals

Animals were kept in cages with a room temperature of 22+2°C and 60% humidity in units with
a 12-hour light/dark cycle, and food and water were provided ad libitum. For this study, permission
was obtained from Firat University Experimental Animals Ethics Committee with the date and
number 2020/10.

2.2. Initiation of diabetes

The diabetes model was induced in rats by a single intraperitoneal injection of STZ (60 mg/kg)
at a single administration frequency. The daily food and water consumption ratios of the animals
were tracked regularly throughout the experimental process.

2.3. Creating the groups

A total of 45 eight-week-old Wistar Albino rats (n=15 per group) were used in this study. The
animals are divided into three sections research groups. Group 1 was the control group, Group 2 was
the sedentary diabetes group, and Group 3 was thediabetes + anaerobic exercise group. After
assigning the rats into these groups, the rats in Group 1 were fed a standard diet, and no exercise
protocol was applied.Diabetes was induced in rats in Group 2 with STZ administration, and these
rats were also fed the standard diet with no exercise. Lastly, STZ-induced diabetes was produced in
the rats in Group 3, they were fed the standard diet, and a 6-week exercise program with five days of
vigorous exercise per week was implemented.During the six weeks of the study, rats were fed ad
libitum with pellet food and water and kept in rooms with temperature and humidity control.

2.4. The Exercise protocol

The rats underwent running testsfive days a week forsixweeks,and an exhaustion exercise was
given on the last day as theanaerobic exercise. A treadmill adjustable at 0-15° of inclination was used
for the exercises. In the initial phase, rats ran at a speed of 10 m/min and reached a speed of 30 m/min
at the end of the 2-week adaptation period with controlled gradual increases.The running test was
performed between 08:00-10:00 in the morning to rule out basal glucocorticoid activity. Rats were
subjected to a 30-minute running test every day.At the end of six weeks/After six weeks, the animals
were decapitated, and the Glut4 gene expression levels in the muscle tissues were examined.
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Figure 1. Control and Experimental Group Animals during application of exercise protocol.

2.5. Measuring blood glucose levels

One week after STZ administration, blood glucose levels were measured using blood glucose
test strips.The rats that developed diabetes were identified, and their blood glucose levels were
measured two times in a week for 6 weeks.

2.6. Collection of tissues

The rats were sacrificed under appropriate conditions, and muscle tissues weretransferred into
RNA Later solution for preservation of RNA. After incubating the solution for one day at 4°C, the
excess RNA Later solution was discarded.Within two weeks, total RN A was isolated from the tissue
examples, which stored at at -20 °C.

2.7. RNA isolation from tissue examples

RNA isolation of the samples was performed using Invitrogen PureLink Total RNA Kit and the
protocol recommended by the manufacturer was manipulated. Briefly; Tissue samples of 100 mg that
were crushed on ice wereplaced into 2-mL Eppendorf tubes. Each tube with samples was added 1000
mL of trizol and 5 pL of DTT, and they were homogenized by being vortexed for 5 minutes withone
measure of zirconium beads added. The samples incubated on ice were then vortexed at intervals of
5 min. After incubation, the samples were centrifuged at 14000 rpm for 10 minutes in 4Ce. The
supernatants were added to 200 pl of chloroform in each Eppendorf tube and vortexed until the tubes
changed colour. Following another 10-minute incubation on ice, liquids consisting of three phases
were obtained (DNA in the lower phase, protein in the mid-section, and RNA in the upper phase).
With each sample, the RNA part was transferred to another Eppendorf tube, and it was diluted
withisopropyl alcoholat a 1:1 volume ratio.The solution was vortexed for 3-5 minutes and incubated
on ice for 10 minutes.The sample was centrifuged at 14,000 rpm for 15 minutes at 4C°. Subsequently,
the whole supernatant was removed from the pellet to which 1 ml of 75% ethyl alcohol was
added,and they were vortexed. The final 5-minute centrifugation was made at 14,000 rpm. The
precipitating pellet obtained was removed and incubated on ice for 6 minutes with the lids open.
Diethylpyrocarbonate (DEPC) was added according to the amount of RNA solution. The RNA
sample solution was kept on ice for 15-20 minutes.

2.8. Quality and control of RNAs

Gels with 1% agarose and 5 pl of RedSafe stain were used to run the isolated RNA samples for
20-30 minutes. The RNA 18S 28S bands were projected on the InvitrogenlIBright 750 UV gel imaging
system to examine the degradation of RNAs. The RNA samples that were found suitable were used
for cDNA synthesis. Further, the concentrations of RNA samples were assessed in a Qubit
Fluorometer instrument using Qubit HS RNA Assay Kit. Based on the results, an average value for
concentrations was set, and from this initial concentration, cDNA synthesis was carried out.
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Complementary DNA was synthesized from suitable quality RNA samples using Applied
Biosystems High-Capacity cDNA Reverse Transcription Kits with processes of 10minutes at 25°C,
120 minutes at 37°C, 5 minutes at 85°C, and 4°C.

2.9. Quantitative Real-Time (qRT)-PCR

GAPDH (glyceraldehyde 3-phosphate dehydrogenase) gene was used as housekeeping gene
during Real-Time PCR for mRNA gene normalization.mRNA gene expression level was determined
by qRT-PCR reaction after cDNA synthesis. The Applied Biosystem Step One Plus Real-Time
instrument performed the PCR in the synthesized cDNA samples. Conditions for qRT-PCR were 3
minutes at 95 °C, 15 seconds at 95 °C, 10 seconds at 54 °C, and 40 cycles of 15 seconds at 72 °C and 20
seconds at 95 °C.The cycle was set at 60°C for 1 minute and 95°C for 15 seconds. Relative Gene
Expressional algorithm was used to determine the expression level of each gene during qRT-PCR.
The results obtained from PCR were evaluated by making calculations using the Pfaffl analysis
method according to 2004. Fold changes (Fc) were used to convey changes in gene expression.

2.10. Statistical analysis

SPSS (version 22 for Windows) and Bioconductor were employed to analyse selections among
data sets. For data analysis, one-way ANOVA was utilized with the level of important set at p<0.05.
3. Results
3.1. Image of Isolated RNAs

RNA samples that were run on 1% agarose gel using a 1kb ladder (for 20-30 min.) wereimaged
by staining them with RedSafe solution. The images obtained for the 18S 28S RNA bands are
presented in (Figure 2)

L 1 2 3 3 5 6 7 8 9 10

Figure 2. Isolated RNA samples run on 1% of agarose gel withl kb DNA ladder.

3.2. Measuring of Blood Glucose Levels

Blood glucose levels of rats with diabetes induced for six weeks were measured. Blood glucose
was measured in diabetic rats for six weeks.

Repeated measures ANOVA test was used to analyze whether there were important differences
among the groups in terms of blood glucose level measurements. ANOVA test results showed that
there were important differences among the groups (p<0.05).

The Games-Howell test was applied to investigate whether the groups differed significantly.
When the analysis results of the control group and the sedentary and exercise group were analyzed,
important differences were observed, while no important differences were observed among the
sedentary and exercise group.

doi:10.20944/preprints202306.0420.v1
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According to the Games-Howell test results, the relationship among the control group with the
sedentary and exercise group appears to be significant. It was concluded that there was no important
difference among the sedentary group and the exercise group (Figure 3).
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Figure 3. Comparison of the Groups in the Study with Blood Glucose Level Measurements.

3.3. Determination of Gene Expression

The expression level of the Glut4 gene was analysed in the skeletal muscle tissue. An increased
expression of the glucose transporter 4 (Glut4) was observed in the animals in the exercise group. It
was notable that the lowest level of expression was seen in the sedentary group, whereas the level in
the control group was normal. To conclude, based on the results of theexercisegroup,it can be said
thatanaerobic exercise affects the gene expressionunder focus positively (Figure 4).
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Figure 4. Fold Change in Gene Expression Level Between Sedentary and Exercise Group.

The high level of fold changes among the control group, the sedentary group, and the exercise
group indicate the effectiveness on the Glut4 gene expression.

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.
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Figure 5. CT Distribution Chart of Changes in the Exercise, Control and Sedentary Groups.

4. Discussion

Previous studies have pointed out that anaerobic exercise protocol has effects on blood glucose
levels [16,17]. But, study results that examined the relationship between anaerobic exercise practice
and blood glucose levels are contradictory [16]. In this study, we tried to determine the effect of
anaerobic exercise on blood glucose. The analysis of the measurements exhibited that there was an
increase in the arithmetic averages of all three groups after the second measurement. It was
considered that the reason for this increase was the fact that STZ might have demonstrated its effect
in rats between 3-7 days. Rats are accepted as diabetic when their blood glucose level is around 200
ml/dL and above in the blood obtained from the tail vein [18]. In this study, blood glucose levels were
assessed four days after the STZ injection. After the second measurement, no change was observed
in the mean blood glucose levels in the control group, while measurements in the sedentary and
exercise group showed a decreasing trend. Measurements were made during the 6-week study,
whereas blood glucose levels were tested twice in the last week. Some metabolic changes are
demonstrated in rats when they feel stressed. One of these changes is the possibility of blood glucose
levels increasing up to two times [19]. It was thought that this possibility was the cause of the increase
between the sixth and seventh measurements. In general, it was seen that important differences
existed among measurements.

Blood glucose analysis results in the groups revealed significant differences in the study. The
Games-Howell test was applied to assess which groups had significant differences, and an important
difference was found among the control and the sedentary group (p<0.05). In addition, an important
difference was also found among the control and the exercise group (p<0.05), while the sedentary
and the exercise group did not differ significantly (p>0.05). In light of this information, anaerobic
exercise can be said to have a healing effect on blood glucose levels when the exercise group was
compared to the control group. However, when the sedentary and the exercise group were compared,
the anaerobic exercise applied was found to be insufficient in decreasing blood glucose.

Diabetes was experimentally induced in rats and the effects of aerobic and resistance exercise on
inflammatory markers as well as some metabolic parameters were compared. At the end of their 6-
week study, a reduction in the blood glucose levels was determined in the 5t and 8t weeks compared
to the beginning in rats that underwent aerobic exercise, while no decrease was observed in the
resistance exercise group. Furthermore, while the plasma insulin level of the aerobic exercise group
was within the normal interval at the end of the 8t week, the measurements were above the normal
level in the resistance exercise group [20]. This finding of the research shows a similarity with this
current study. Although a decrease occurred in the blood glucose levels of the rats at the end of the
6-week anaerobic exercise, there was no important difference among the anaerobic exercise group
and the sedentary group.
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Investigated the effects on metabolic control of a 12-week (3 days per week) bicycle ergometer
aerobic exercise protocol with type 2 diabetic patients, seven resistance exercise protocols to
strengthen lower and upper extremities, and the combined exercise training comprising these two
exercise protocols. According to the study results, no important difference was found among the
blood glucose values between the groups. However, they observed that the metabolic impact was
more effective in the group where aerobic exercise was performed compared to other groups [17].
They examined the effects of various types of exercise on metabolic parameters, inflammatory
markers, and histologic structure of muscles in type 2 diabetic male rats. The types of exercises
applied to rats were aerobic exercise, combined exercise and, resistance exercise. After the six-week
exercise protocol, analyses revealed significant differences in body weight and blood glucose levels
in the aerobic and combined exercise groups. However, there was no significant difference in blood
glucose levels in the resistance exercise group compared to the aerobic and combined exercise groups.
Yet, a important difference was found among the resistance exercise group and the control group in
terms of blood glucose levels [21]. Similarly, in this study, besides finding a important difference
among the control and the exercise group, a important difference was not found among the sedentary
and the anaerobic exercise group. The results of the current study also did not demonstrate significant
differences in blood glucose levels among sedentary and exercise groups (p>0.005). While there are
similar results between this study and the research results in the literature, contradictory findings are
also present in other studies. Research examining the effects of anaerobic exercise on diabetes shows
that exercise significantly reduces blood glucose levels even though the durations and methods may
vary [22,23]. In their study, after dividing 48 people with type 2 diabetes into four different groups,
i.e., control, aerobic, resistance, and aerobic + resistance, concluded that the exercise protocol applied
reduced blood glucose levels significantly in all groups compared to the control group [24].
Determined that acute and chronic exercises have positive effects on balancing blood glucose levels
[25].

Exercise is one of the most effective stimulators of Glut4 gene expression in skeletal muscle [26].
Fold changes are present in the gene expression graph between the three study groups in this
research. The high level of expressions in these fold changes means that the deterioration in the Glut4
gene expression has recovered. The reason for the high expression level in the control group is that
diabetes was not induced in this group.While the expression level of the sedentary group was the
lowest, anaerobic exercise appears to regulate Glut4 gene expression in the exercise group. High
values in the CT distribution chart mean that the gene expression level is low. This shows that the
deteriorated Glut4 gene expression that is created through induced diabetes was not restored. When
the figure containing CT values was examined, the values in the control group were found low
because diabetes was not induced in this group. The highest values were observed in the sedentary
group, whereas the values were normal in the exercise group.

Briefly, anaerobic exercise seems to improve the gene expression that is investigated in this
research. Analysed the Glut4 structure in the muscle tissues in the diabetes-induced rats, which
underwent daily 45 minutes of chronic exercise for four weeks. Diabetes suppresses the Glut4 level
in the muscle tissue.The study points out that exercise removed this pressure, causing the Glut4
expression to exceed normal levels. In conclusion, exercise has been shown to play an important role
in the prevention of diabetes [27]. Applied a galanin antagonist (M35) and a 4-week walking exercise
to investigate whether these will increase the Glut4 concentration in the plasma membrane of the
skeletal muscle in the back extremities of the elevated galanin streptozotocin-induced diabetic rats.
After the walking exercise, the plasma galanin levels were found to be higher compared to the
sedentary control group. Increases in the Glut4 mRNA expression and Glut4 protein levels in the
skeletal muscles of hind limbs were observed in all exercise groups [28]. In a study investigating the
effects of strength training on health, it was determined that resistance exercise decreased the fat in
internal organs and HbAlc, increased Glut4 density, prevented type 2 diabetes with the
improvement in insulin sensitivity, and assisted the treatment stage [29]. Considering the results of
the studies in the literature, the effects of various exercise protocols on Glut4 gene expression have
been proven and in these aspects, they are similar to the results of the present study.
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5. Conclusions

According to the results of the study, at the end of 6 weeks of regular anaerobic exercise, positive
effects were observed among the exercise group and the control group, while no important results
were observed in terms of blood glucose levels among the exercise group and the sedentary group.
Although it was observed that blood glucose levels of the exercise group decreased, it was
determined that anaerobic exercise did not have a statistically significant benefit in lowering blood
glucose levels. When the relationship between the anaerobic exercise applied and the Glut4
expression was considered, the Glut4 gene was expressed at a normal level in the control group.In
addition, the lowest level of expression was found in the sedentary group. However, as mentioned
in the hypothesis, regularly performing anaerobic exercisepositively affected the expression level of
this gene. In conclusion, the information that anaerobic exercise has a healing effect on the impaired
Glut4 gene expression in diabetic patients isretained in the study.
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