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ABSTRACT

2T (el g[e IE=Tale IN@JoJ [EIeii)Y/=s| Contrary to its weak role in angiogenesis, vascular

endothelial growth factor beta (VEGF-B) plays a role in lipid metabolism. The aim of this
study was to determine the effect of exercise and atorvastatin on the expression of the
VEGF-B gene in the liver tissue of diabetic rats.

In this study, 25 rats were divided into control, diabetes, diabetes
+ exercise, diabetes + atorvastatin, and diabetes + atorvastatin + exercise groups. The
interventions included eight weeks of aerobic exercise, running on a treadmill, and taking
10 mg of atorvastatin by gavage. After the interventions, the rats were sacrificed, and the
liver tissue was analyzed. Statistical analysis was performed using one-way analysis of
variance and LSD post hoc test.

The results showed that the induction of diabetes led to a significant decrease in
hepatic VEGF-B gene expression and an increase in serum glucose and total cholesterol
levels compared to the healthy control group. In the diabetes + exercise and diabetes +
atorvastatin + exercise groups, the increase of VEGF-B and the decrease of glucose and
cholesterol were significant compared to the control, diabetes, and diabetes + atorvastatin
groups.

Received: 20 Aug 2023 According to the results, it can be argued that continuous aerobic exercise
Accepted: 23 Aug 2023 can prevent diabetes-induced liver complications by increasing the expression of
Available Online: 21 Sep 2023 VEGF-B gene. However, despite the positive effects of atorvastatin on serum glucose
and total cholesterol levels, it does not have any significant effect on hepatic VEGF-B
gene expression in diabetic rats.
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Introduction

iabetes mellitus is one of the most common

metabolic disorders in the world, which

predisposes patients to increased blood sugar

and the related complications (1). Nonalcoholic
fatty liver disease (NAFLD) has been reported as a
manifestation of metabolic syndrome in the liver in both type
1 and type 2 diabetes (5, 6). Diabetes-induced metabolic
disorders are related to the resistance of hepatocytes to
insulin (6). The physiological mechanism of NAFLD is very
complex. It is generally believed that the pathogenesis of
primary NAFLD is related to lipid metabolism and
inflammatory reactions, which cannot systematically and
comprehensively explain the molecular mechanism and
metabolic changes in NAFLD (7). Vascular endothelial
growth factor beta (VEGF-), which is seen as an obscure
member of the VEGF family, appears to be a more tissue-
specific vascular growth factor that can exert nutritional and
metabolic effects (9). In the early 2008, Karpanen et al.
unexpectedly found that although VEGF-B plays a weak role
in the vascular system, it has a significant advantage in
regulating lipid metabolism (10). Due to its potential in
regulating lipid metabolism, VEGF-B is expected to become
a new candidate for improving metabolic diseases such as
obesity and diabetes (7). Exercise, as a regular physical
activity, is an important non-pharmacological intervention
that plays a role in the prevention and reduction of
complications related to type 2 diabetes and changes diabetic
complications to healthier conditions associated with
improved quality of life (12). Aerobic activities with clinical
benefits, including improved insulin sensitivity, glycemic
control, and increased maximal oxygen consumption
(VO2mx), can prevent diabetes complications (1, 12, 16).
One of the benefits of doing exercise is its effects on liver
health (8). Statins are one of the main and most effective
drugs that have beneficial effects on lipid profile.
Atorvastatin is considered the least complicated and most
effective statin. It is prescribed, along with other sugar
control drugs, to diabetic patients with
hypercholesterolemia. The beneficial effect of atorvastatin
on some adipokines has already been proven, which seems
to be one of the mechanisms of how this drug contributes to
blood sugar control (17). According to Yang et al., long-
term treatment with atorvastatin or a combination of
atorvastatin and nicotinamide may be an alternative
treatment in diabetics due to their beneficial effects on
improving insulin and cardiovascular function (18). Based
on previous studies, exercise training and atorvastatin
administration are non-pharmacological and
pharmacological interventions for reducing liver
complications. However, there is limited research on the
effect of these two intervention methods on VEGF-p as one
of the factors related to liver steatosis in diabetes.
Therefore, the aim of the present study was to compare the
effect of atorvastatin and exercise on the expression of
VEGF-B gene in the liver tissue of diabetic rats.
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Methods

In this study, 25 rats were divided into control, diabetes,
diabetes + exercise, diabetes + atorvastatin, and diabetes +
atorvastatin + exercise groups. The interventions included
eight weeks of aerobic exercise, running on a treadmill, and
taking 10 mg of atorvastatin by gavage. After the
interventions, the rats were sacrificed, and the liver tissue
was analyzed. Statistical analysis was performed using one-
way analysis of variance and LSD post hoc test.

Results

The results showed that induction of diabetes led to a
significant decrease in hepatic VEGF-p gene expression and
an increase in serum glucose and total cholesterol levels
compared to the healthy control group. In diabetes + exercise
and diabetes + atorvastatin + exercise groups, the increase in
VEGF-f and the decrease in glucose and cholesterol levels
were significant compared to the control, diabetes, and
diabetes + atorvastatin groups.

Conclusion

After induction of diabetes, a significant decrease in the
expression of the VEGF-3 gene was observed in the diabetes
induction groups compared to the healthy control group.
With regard to the effect of the interventions on hepatic
VEGF-B gene expression, our results showed that
continuous aerobic exercise could increase VEGF-B gene
expression compared to the control diabetes group, but
atorvastatin had no significant effect on hepatic VEGF-f.
Previous research has shown that VEGF-f} plays a role in
lipid and glucose homeostasis (7). It has been reported that
body fat, serum lipoprotein, NAFLD score, and insulin
resistance increased after VEGF-B knockout mice were fed
a high-fat diet (22). In our study, in addition to increasing
serum glucose and total cholesterol levels, diabetes
induction led to a decrease in hepatic VEGF-B, which is
consistent with the results of Lee et al. (22). Research has
shown that VEGF-B can reduce lipid accumulation and
restore insulin sensitivity in NAFLD (7). Therefore, the
decrease in VEGF-p caused by diabetes is related to the liver
complications of diabetes such as hepatic steatosis and
hepatic insulin resistance. Regarding the effect of exercise
on hepatic VEGF-$ gene expression, our results showed
regulation of increased VEGF-B gene expression in the
continuous training group. Kiola et al. showed that a training
session increased the expression of VEGF-f in healthy mice,
which indicates the effects of angiogenesis on muscle tissue.
However, no difference was observed in these angiogenesis
factors in diabetic rats (24). Our results showed that in the
atorvastatin group, the use of atorvastatin reduced serum
glucose and total cholesterol levels, but it had no significant
effect on hepatic VEGF-3 gene expression. Atorvastatin, an
HMG-CoA reductase inhibitor, is widely used in the
treatment of dyslipidemia (19). According to the results of
the present research, it can be argued that reduction of
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VEGF-p in  relation to  hyperglycemia  and
hypercholesterolemia is caused by the induction of diabetes,
which highlights the role of VEGF-B in glucose and lipid
metabolism. Our results also show that continuous aerobic
training could increase the expression of VEGF-§ gene in
liver tissue and decrease glucose and serum total cholesterol
levels in diabetic rats. However, despite the positive effects
of reducing glucose and total cholesterol, administration of
atorvastatin did not have a significant effect on the hepatic
VEGF-$ of diabetic rats, and the interactive effect of taking
atorvastatin along with exercise did not have a significant
difference in the hepatic VEGF-B of diabetic rats either,
compared to exercise only group. However, it caused a
greater reduction in glucose and serum total cholesterol
levels compared to the intervention groups of exercise and
atorvastatin alone.
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