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Abstract

Background. Menopause is associated with an increase in blood sugar and an increase
in inflammatory cytokines. Exercise and genistein have biological activities, including
anti-inflammatory and antidiabetic activity. This study examined the combined effects of
regular swimming exercise and genistein as a preventive strategy against inflammation
and pancreatic cell damage in ovariectomized diabetic rats.

Methods. A total of 42 female Wistar rats were divided into six groups: Sham,
ovariectomy (OVX), diabetic ovariectomy (OVX.D), diabetic ovariectomy + exercise
(OVX.D.E), diabetic ovariectomy + genistein (OVX.D.G), and diabetic ovariectomy +
exercise + genistein (OVX.D.E.G). Animals underwent swimming training or received
genistein or a combination of both for eight weeks. At the end of this period, the levels
of TNF-a, Nf-kB, IL-1B, and SIRTI proteins were evaluated using western blot in
pancreatic tissue.

Results. Ovariectomy increased the expression of TNF-o, Nf-kB, and IL-1p and
decreased the expression of SIRT1, and these effects were more significant in
ovariectomized diabetic rats. Treatment with genistein and swimming exercise
individually reversed these changes in the level of proteins and improved the
inflammation, but the combined effect of these two interventions exhibited more effect.
Conclusion. The combination of genistein and regular swimming exercise provides
enhanced protection for pancreatic tissue and effectively prevents damage to it.
Therefore, performing appropriate physical activities and consuming compounds
containing phytoestrogens can prevent the occurrence of disorders such as diabetes
during menopause.

Practical Implications. The results of this study can guide health policymakers to
prevent disorders and complications caused by menopause.
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Extended Abstract

Background

body's metabolism. Metabolic changes that occur in

Menopause is associated with an increase in
blood sugar and inflammatory cytokines. Menopause
has been identified as one of the risk factors for
metabolic illnesses, including diabetes, due to the
role that estrogen plays in the pancreas and the

women after menopause are usually associated with
weight gain, obesity, and increased inflammation,
which may cause diabetes. Nevertheless, estrogen
therapy can reduce the risk of diabetes in
postmenopausal women, indicating the important
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role of estrogen in regulating glucose homeostasis.
Exercise and genistein have biological effects that
include  anti-inflammatory  and  antidiabetic
properties. This study investigated the combined
effects of regular swimming exercise and genistein as
a preventive strategy against inflammation and
pancreatic cell damage in ovariectomized diabetic
rats.

Methods

A total of 42 female Wistar rats were divided into
6 groups: Sham, ovariectomy (OVX), diabetic
ovariectomy (OVX.D), diabetic ovariectomy +
exercise (OVX.D.E), diabetic ovariectomy +
genistein (OVX.D.G), and diabetic ovariectomy +
exercise + genistein (OVX.D.E.G). The surgical
procedure involved the administration of ketamine
(100 mg/kg) and xylazine (10 mg/kg) via
intraperitoneal injection to induce anesthesia,
followed by a small incision and bilateral removal of
the ovaries. A high-fat diet was used with an
intraperitoneal injection of a low single dose of
streptozotocin (35 mg/kg) to induce type 2 diabetes.
A glucometer was used to diagnose diabetes, and rats
with blood sugar levels greater than 250 mg/dl were
classified as diabetic. Animals received swimming
training (1 hour/day) and administration of genistein
(35 mg/kg/day) individually or in combination for
eight weeks. At the end of this period, after
anesthetizing the animals with an intraperitoneal
injection of ketamine and xylazine, pancreatic tissue
was removed from the body to examine the protein
levels of TNF-a, Nf-xB, IL-1B, and SIRT1 using
western blot in pancreatic tissue. In this method, after
homogenizing pancreatic tissue, proteins were first
separated by electrophoresis in an acrylamide gel
containing sodium dodecyl sulfate (SDS). Then, the
protein bands were transferred to the membrane and
appeared by the chemiluminescence method and
radiographic film. The density of the bands was
analyzed using Image J software and then normalized
against the beta-actin band. All the data obtained in
this study, including the expression of inflammatory
and anti-inflammatory proteins, are expressed as
mean + standard error. The SPSS software (version
21) was used for statistical analysis. The

Kolmogorov-Smirnov test was used to evaluate the
normality distribution. Since the data distribution
was normal; a two-way analysis of variance and
Tukey's test (post hoc) were used to compare the data
between groups. The difference between the groups
was significant at P<0.05.

Results

The expression levels of IL-1B, Nf-kB, TNF-a,
and SIRT1 proteins were studied in the pancreas of
ovariectomized and diabetic rats. The analysis of the
data obtained from this study showed that the
expression levels of IL-1B, Nf-xB, and TNF-a
proteins in the ovariectomized group, especially in
diabetic ovariectomized rats, increased significantly
compared to the Sham group (P<0.05). Swimming
exercise and administration of genistein alone caused
a significant decrease in IL-1p, Nf-kB, and TNF-a
proteins (P<0.05) compared to the diabetic
ovariectomized rats. Administration of genistein and
swimming exercise together caused a significant
decrease in protein levels of IL-1pB, Nf-kB, and TNF-
a compared to the diabetic ovariectomized group. In
addition, the expression levels of the SIRT1 protein
were studied in the pancreas of ovariectomized and
diabetic rats. The analysis of the data obtained from
this study showed that the expression levels of
SIRT1 protein in the ovariectomized group,
especially in diabetic ovariectomized rats, decreased
significantly compared to the Sham group (P<0.05).
Swimming exercise and administration of genistein
alone caused a significant increase in SIRT1 proteins
(P<0.05) compared to the diabetic ovariectomized
rats. The administration of genistein and swimming
exercise together significantly increased protein
levels of SIRT1 compared to the diabetic
ovariectomized group.

Conclusion

The findings of this study showed that
ovariectomy, especially with diabetes, was able to
increase the inflammatory protein levels of IL-1p,
Nf-kB, and TNF-a and decrease the anti-
inflammatory protein levels of SIRT1 in the
pancreas, which was associated with pancreatic
destruction. Regular swimming exercise and
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genistein  individually  decreased inflammatory
protein levels of IL-1B, Nf-kB, and TNF-a and
increased anti-inflammatory SIRT1 protein levels,
and this effect was stronger in the combination of
genistein and exercise than individually. Therefore,
according to these findings, it can be concluded that

improving the lifestyle, such as performing
appropriate physical activities and consuming foods
containing phytoestrogens (genistein), can prevent
the occurrence of many possible disorders during
menopause.
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