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Abstract

Diabetes is a syndrome of metabolic that causes chronic hyperglycemia, stress oxidative
and inflammation. The aim of this study was to investigate the effect of endurance training
on gene expression of transforming growth factor of Beta (TGFp) and integrin in the liver
of male rat diabetics. In this experimental study, 32 male Wistar rats were randomly
divided into 4 groups (8 rats in each group): diabetes (D), control (C), exercise (E) and
diabetes and exercise (ED). Then, 16 rats got infected with diabetes by STZ injection.
Groups E and ED performed aerobic exercise protocol five sessions per week for eight
weeks. Then, liver tissue was extracted, and gene expression was measured using RT-PCR
and protein expression of TGFf and integrin were measured using immunohistochemistry
and western blotting methods, respectively. RNA was calculated using the formula 2-35¢T
and the data were analyzed using ANOVA. The results showed that the gene and protein
expression of TGFp in group D was significantly higher than group C and the protein
expression of TGFp in group ED decreased significantly compared to group D but was
still significantly higher than group C (P <0.001). In addition, in group E, TGFB protein
expression decreased significantly compared to group C (P <0.001). Gene expression of
integrin was significantly higher in groups D and ED than group C, and its protein
expression was significantly lower (P <0.001). Finally, the findings showed that early in
diabetes, the increase of TGFp protein expression in liver tissue and decrease of integrin
and endurance training reverse these changes.
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Extended Abstract

Background and Purpose

Insulin resistance and hyperinsulinemia, metabolic disorders in the liver, and
subsequent increase in oxidative stress associated with inflammation, lead to the
development of diabetes. The TGFp cell signaling pathway is associated with
several diseases, particularly diabetes (1). The cell signaling of TGF[ activates
HSC and ECM production, while persistent inflammation causes an overgrowth
of ECM proteins, impairs liver function, and ultimately leads to cell cancer of
liver (2). With increasing ECM, TGF-B1 stimulates the expression of integrins
(3). Integrins are cell surface proteins that are involved in cell binding to the ECM.
Integrins also act as receptors that can send messages into cells and regulate cell
morphology and cell cycle (4). Furthermore, structural changes in ECM are seen
in type 1 and type 2 diabetes (5). Hence, due to the proven role of physical
activities in improving diabetes, the aim of this study was to investigate the effect
of endurance training on gene expression of transforming growth factor of Beta
(TGFp) and integrin in the liver of male rat diabetics.

Materials and Methods

In this study, 32 male Wistar rats were randomly divided into 4 groups (8 rats in
each group): diabetes (D), control (C), exercise (E) and diabetes and exercise
(ED). Then, the diabetic model in 16 rats was induced by intraperitoneal injection
of STZ at a dose of 50 mg/kg body weight. The rats were kept in polycarbonate
cage under a cycle of dark light (12 hours of light, 12 hours of darkness) and
humidity of 65.5% and temperature of 25.2°C and had free access to water and
food. Groups E and ED performed aerobic exercise protocol five sessions per
week for eight weeks. In order to apply the principle of overload, on average per
week, 6 minutes (one minute per day) was added to the time of training and 2
meters per minute to the intensity of training, with 5 minutes of warm-up and 3
minutes of cooling down. Thus, the total time of training in the eighth week
reached to 59 minutes and the maximum speed was 26 meters per minute. Besides,
the intensity of training increased from 10 meters per minute in the first week to
26 meters per minute in each session in the eighth week (6). The duration of
training was 23 minutes in the first week, including 5 minutes of warm-up and 3
minutes of cooling, and 59 minutes in the eighth week (6). The slope was zero in
all stages of the exercise. After the completion of the protocol, rat liver tissue was
extracted, and gene expression of TGF[ and integrin were measured using RT-
PCR[and, protein expression of TGFP and integrin were measured using
immunohistochemistry and western blotting methods, respectively. For molecular
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studies on the level of gene expression, RNA was first extracted from liver tissue
according to the protocol of the manufacturer and the designed primer. The RNA-
PLUS kit from CinnaGen company was used according to the manufacturer's
instructions and then the RNA extracted was cleared from any contamination with
DNA and degrading enzymes of RNA, using the RNAseDnasel kit from the
German company Fermentas. Using the light absorption property at 260 nm, the
purity of the RNA sample was quantitatively obtained. After extracting RNA with
very high purity and concentration from all samples, cDNA synthesis steps were
performed according to the manufacturer's protocol and then the synthesized
cDNA was used for reverse transcription reaction. RNA was calculated using the
formula 29T, After collecting the data and confirming other assumptions of the
analysis of variance including the normality of the data using Shapiro-Wilk test,
ANOVA and Tukey post hoc tests were used to analyze the data through SPPS
software, version 25.

Findings

The results showed that the gene and protein expression of TGFf in group D was
significantly higher than group C and the protein expression of TGFf in group ED
reduced significantly compared to group D but was still significantly higher than
group C (P <0.001). Besides, in group E, TGFB protein expression decreased
significantly compared to group C (P <0.001). Gene expression of integrin was
significantly higher in groups D and ED than group C, and its protein expression
was significantly lower (P <0.001). Protein expression of integrin decreased only
in group ED compared to group D (P <0.001).
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Figure 1. Diagram gene (A) and protein (B) expression of TGFp and integrin.
Diabetes group (D), control group (C), exercise group (E) and diabetes and exercise group
(ED). In each group, each column of the graph shows the values of mean * standard
deviation obtained from the measurement of 8 separate samples. P <0.05 is considered
statistically as the significance level. The asterisk (*) indicates P <0.001. Diabetes
significantly increases both gene and protein expression of TGFf compared to group C (P
<0.001) (Figure A and B). The protein expression of TGFf decreased significantly in
group ED compared to group D (P <0.001) (Figure A). This decrease is also observed in
group E compared to group C (P <0.001). Diabetes significantly increased the gene
expression of integrin compared to group C (P <0.001) (Figure C). While the protein
expression of integrin in group D compared to group C decreased significantly (P <0.001)
(Figure D). The integrin protein expression increased significantly in group ED compared
to group D (P <0.001), which it is also observed in group E compared to group C (P=0.03)
(Figure D).
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Conclusion

Finally, the findings showed that diabetes significantly increases the protein
expression of TGFp in the liver tissue of rats, and although endurance training
significantly reduces this variable, there is still significant difference between
group ED and group C. The exercise protocol alone is not able to improve the
TGF signaling pathway in diabetic rats. Changes in gene expression of integrin
were similar to TGFp, but changes in protein expression of integrin were different.
The protein expression of integrin decreased in group D compared to group C,
and expression of this protein increased in group ED compared to group D.
Actually, diabetes affects the body, especially the liver tissue, by disrupting TGFf3
and integrin. Similarly, other studies have shown that aerobic exercise reduces
TGFP levels and consequently reduces the amount of tissue collagen in ECM
proteins of the heart (7). Therefore, reducing the expression of TGFP and
inhibiting its signaling pathway can reduce the expression of genes involved in
ECM collagen production (8). Integrins can release TGFp from the ECM-binding
pathway and cause a structural change in the cell skeleton that leads to pre-
delivery of active TGF at its receptors.

Article Message

In diabetes, the signaling pathways of TGF and integrin are disrupted and aerobic
exercise can return them to normal to some extent. However, it is not able to
completely cure it and other adjunctive therapies are necessary.
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Table 1- TGFp and integrin primer sequences

r GAPDH R CAT ACT CAG CAC CAG CAT CACC
r GAPDH F AAG TTC AAC GGC ACAGTC AAG G

riTGB 1-R TAGAAGCAGGTGTTGTGGTTGGA

riTGB1-F AGGGtCAAATTGTGGGTGGTGT

rTGF-B R GTC GGT TCA TGT CAT GGA TGG TG

ITGF-B F GCA GTG GCT GAA CCA AGG AGA CG
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Post test Pre test Grou Index
F Mean (SD) P F Mean (SD) P
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Figure 1- Image of immunoblotting integrin in the different groups (C) control

group, (D) diabetes group, (E) exercise group, (ED) exercise and diabetes group

A

09,5 (C) J S 09,5 (D) calys 09,5 TGFP (B) sz 5 (A) 05 bt 4 bigapo slo903 —F JSCis
(ED) 339 5 <abio 09,5 9 (E) 359
5 S P lads sl 09,5 1 50 dimme diges ot Lo 5l ol jlre Gl ool Silis polie oaxmoylis )loges (gt ,2)
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(P<0.001) 545 o
Figure 2- Diagram of TGFf gene (A) and protein (B) expression in diabetes group
(D), control group (C), exercise group (E) and diabetes and exercise group (ED)
In each group, each column of the graph shows the values of meantstandard deviation that
measurement of 8 separate samples. P less than 0.05 is considered as statistically significant level.
* Indicates P<0.001. Diabetes significantly increases both gene and protein expression of TGFf
compared to group C (P<0.001). protein expression of TGFp decreased significantly in group ED
compared to group D (P<0.001). This decrease is also observed in comparison group E compared
to group C (P<0.001).
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Figure 3- Diagram of gene (A) and protein (B) expression of integrin in diabetes
group (D), control group (C), exercise group (E) and diabetes and exercise group
(ED).
In each group, each column of the graph shows the values of meanzstandard deviation
that measurement of 8 separate samples. P less than of 0.05 is considered as statistically
significant level. # Indicates P<0.05. * Indicates the value of P<0.001. Diabetes
significantly increased gene expression of integrin compared to group C (P<0.001) (Figure
A). While the protein expression of integrin in group D compared to group C decreased
significantly (P<0.001) (Figure B). Integrin protein expression was significantly increased
in group ED compared to group D (P<0.001), which is also observed in group E compared
to group C (P =0.03) (Figure B).
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