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Abstract

Aim; Impaired mitochondrial function in skeletal muscles is often associated with many
metabolic diseases such as diabetes. Therefore, the aim of the present study was to investigate
the effect of eight weeks of aerobic training on the levels of Mfnl and FIS1 proteins in the
gastrocnemius muscle tissue of diabetic rats. Methods: 18 male Wistar rats, eight weeks old,
and weighing 220+15 g, were randomly assigned to three groups: healthy control, diabegié
control, and diabetic training. Type 2 diabetes was induced by a combination of a high-fatfdiet
and streptozotocin injection. the aerobic training program was carried out for eight Weeks
based on the principle of gradual overload from 15 m/min for 30 minutes in the first weeKitg
25 m/min for 60 minutes in the eighth week. 48 hours after the last traini the =can QR code to see the
gastrocnemius muscle tissue was extracted and stored at -80°C. Mfn1 and FISH proteiplevels «&cCOmpanying video, or visit

were measured by Western blotting. One-way analysis of variance (ANOVA) wii Tukeyd, aruniv.ac.ir

post hoc test at a significance level of 0.05 was used for statistical analy8is, SPS8€23 software,
Results: Diabetes induced by a combination of a high-fat diet and §fféptozot@Gim,injectiof
resulted in a significant decrease in Mfn1 protein and a significangfifilGigase in FIST{BrOtCININ
the gastrocnemius muscle tissue of diabetic mice (P < 0.05). Howévergeight weeks of aerobic
training resulted in a significant increase in Mfn1 proteinanepa,significantydecrease in FIS1
protein in the gastrocnemius muscle tissue of diabetic mid@iP™=10105). Concll8ibn: 4According *(corresponding author)
to the results of the present study, it is concluded thatgahySical actiVigyihould B&€onsidered as ( mehdi.boustani@iau.ac.ir )
a useful and non-pharmacological strategy to AM@ihtain mitoch@ftirial “dynamics and,

consequently, its optimal function in skeletal musclés iniabetes.

1-  Department of Physical
Education, Ahv.C., Islamic
Azad University, Ahvaz, Iran.

Keywords:
Cite as. Ayoubi, ffect of a period of aerobic training on the levels of mitochondrial proteins FIS1
and MFN1 in muscle istar rats. Applied Health Studies in Sport Physiology. ?????; ?(In press): ?-??.
Owner and Publisher: adani University

Journal ISSN (online): 26
Access Type: Open Access
DOI: 10.22049/JAHSSP.202
DOR:

@ (3 & | Copyright ©The authors Publisher: Azarbaijan Shahid Madani University

B M



https://dx.doi.org/10.22049/jahssp.2023.28273.1543
https://portal.issn.org/resource/ISSN/2676-6507
https://dx.doi.org/10.22049/jahssp.2023.28273.1543

JAH SSP http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/10.22049/JAHSSP.2023.28273.1543

The effect of a period of aerobic training on ... 02

Extended abstract
Background

Mitochondria are the foundation of cellular homeostasis through their multiple functions in energy production,
biosynthesis, calcium regulation and signaling, redox balance, and production of reactive oxygen species. Increasing
evidence suggests that mitochondrial dysfunction is associated with various diseases, including diabetes. Mitochondria
are constantly undergoing changes in shape and number through two opposing processes: fission and fusion. Fine-
tuning the fusion-fission balance is essential for optimal mitochondrial function. Mitofusion proteins 1 (MFN1) and
mitochondrial fission protein-1 (FIS1) have potent regulatory effects on the balance between mitochondrial fusion and
fission.Previous studies have shown that exercise regulates the function of proteins that regulate mitochondrial
dynamics. However, the effect of exercise on proteins related to mitochondrial dynamics in type 2 diabetes has been
less studied. Therefore, in the present study, the effect of eight weeks of aerobic training on the levels of Mfnl and FIS1
proteins in the gastrocnemius muscle tissue of type 2 diabetic mice was studied.

Materials and Methods
The research was a fundamental and experimental research in terms of the method. The
was 18 Wistar rats with an average weight of 220 £15 gr at 8 weeks old that w
University of Medical Sciences Research Center and transferred to animal lab

le of this study
m Ahvaz Jundishapur

Experimental design

Rats were randomly divided into three groups: 1) healthy contro
training group (each group consisted of 6 rats). All animal experi e : g to ethical guidelines and
license of Ahvaz Jundishapur University of Medical Sciences nu . IR.IAU.AHVAZ.REC.1403.327 is done.

Training protocol

The training program lasted for eight weeks and b inciple of gradual overload, from 15 m/min for 30
minutes in the first week to 25 m/min for 60 week. To achieve a uniform state, all training
variables were kept constant in the final two wge

fat, 45% carbohydrate, 22% protein). At the end @f the fourth Week, all rats in the diabetic groups were given a single
dose of streptozotocin (STZ; Sigma-Aldrich, St Lo 30 mg/kg, dissolved in 0.1 M sodium citrate buffer at pH
4.4) intraperitoneally. After one week, blood glucose Wasimeasured using a glucometer (Accu-Chek Performa; Roche

Diagnostics, USA). Rats whos; lucose levels were thap 16.7 mmol/L or 300 mg/dL received a second dose
of streptozotoci revious dose. Hea control rats were simultaneously given citrate buffer
(0.25 mI/kg) i i he end of the eighth week in the manner described above. At the end of the

Extraction of labora i : To collect the samples, the animals were anesthetized with a combination of
xylazine (10 mg/kg) an i mg/kg) by intraperitoneal injection. Then the Gastrocnemius muscle tissue was
removed with utmost care washed in physiological serum. The other samples were immediately frozen using
liquid nitrogen and transferredito the freezer at -80 for further measurements.

Statistical analysis

After collecting data and calculating the mean and standard deviation of data using descriptive statistics, Shapiro Wilk
test was used to determine the normal distribution of data. In the related variables, one-way ANOVA test was used for
comparison between groups and control group and then Tukey's post hoc test was used to compare the differences
between groups.

Results

The results of one-way analysis of variance for MFN1 variable showed that there was a significant difference between
the studied groups (F=59.87 and P=0.0001). The results of one-way analysis of variance for FIS1 variable showed that
there was a significant difference between the studied groups (F=199.315 and P=0.0001). Based on the results of
Tukey's post hoc test, The Comparison of the healthy control and diabetic control groups showed that induced diabetes
resulted in a significant decrease in Mfnl protein levels and a significant increase in FIS1 in the muscle tissue of
diabetic rats (P < 0.05). However, the comparison of the diabetic control and diabetic training groups showed that eight
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weeks of aerobic training resulted in a significant increase in MFN1 protein and a significant decrease in FIS1 protein
levels in the muscle tissue of trained diabetic mice (P < 0.05).

Discussion

Previous studies have reported that decreased levels of fusion-related proteins and increased levels of mitochondrial
fission-related proteins are closely associated with insulin resistance and type 2 diabetes. It has been shown that
exercise training, by promoting mitochondrial adaptation, leads to improved mitochondrial dynamics and clearance and
increased biogenesis. It has also been shown that muscular activity, especially regular activity, increases the ratio of
fusion/fission proteins and leads to the formation of reticular mitochondria, while muscle disuse leads to a decrease in
this ratio and ultimately leads to the formation of fragmented organelles and, consequently, mitochondrial dysfunction.
The main reason for the decrease in the level of this protein in diabetes is attributed to the increased production of ROS
caused by hyperglycemia. The main mechanisms by which exercise can reduce mitochondrial dysfunction caused by
diabetes include increased expression of some proteins important in mitochondrial function, such as PPARg, PGC-1a,
HSPs, and UCP3. Also, regular exercise plays an important role in increasing mitochondrial fusion by increasing the
levels of antioxidant enzymes in skeletal muscle mitochondria. In addition, increased fusion gaused by exercise training
increases the mitochondrial network and is associated with improved metabolism and mi ial function. Exercise-
induced AMPK activation plays an important role as a key upstream regulator for fissionfand fusion events.

Article message

According to the research findings, exercise can be considered as a benefi
creating a balance between fusion-fission and thus mitochondrial dynamic
complications of diabetes in skeletal muscle.

| and -pha ical strategy by
the mitochondrial
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protein levels and a significant increase in FIS1 protein.
Whereas eight weeks of aerobic training (DT) significantly
increased MFN1 protein levels and decreased FIS1 protein
levels.
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Figure 4: Comparison of the expression levels of MFN1

and FISI proteins in gastrocnemius muscle tissue of
different groups.
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