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Abstract

Background. Sexual dysfunction is a common complication in men with diabetes.
This study aimed to investigate the effect of exercise and spirulina supplementation
on the expression of Bax and Bcl-2 genes, oxidative stress indices in testicular
tissue, and serum sex hormone levels in diabetic rats.

Methods. A total of 35 male Wistar rats were selected and divided into 5 groups: (1)
Control group, (2) Diabetes group (streptozotocin at a dose of 50 mg/kg), (3)
Diabetes+Exercise group (streptozotocin+treadmill running for 6 weeks), (4)
Diabetes+Spirulina group (streptozotocin+500 mg/kg Spirulina daily), and (5)
Diabetes+Exercise+Spirulina group. Serum hormone levels were assessed using
ELISA, oxidative stress indices in testicular tissue were measured by
spectrophotometry, and the expression of Bax and Bcl-2 genes was evaluated using
RT-PCR.

Results. The results of the present study demonstrated that diabetes induction led to
a significant decrease in serum levels of testosterone, follicle-stimulating hormone
(FSH), and luteinizing hormone (LH), as well as a significant reduction in body
weight and testicular index. Additionally, a significant decrease in antioxidant
activity (SOD, CAT, and GPx), an increase in MDA levels, and an upregulation in
Bax expression were observed, while Bcl-2 expression was significantly
downregulated (P<0.001). In contrast, therapeutic interventions, especially exercise
+Spirulina, significantly ameliorated diabetes-induced disturbances compared to the
diabetes group (P<0.05).

Conclusion. The combination of exercise and Spirulina supplementation, through
improvement in sex hormone secretion, control of oxidative stress, and modulation
of apoptotic pathways in testicular tissue, may be effective in attenuating
reproductive disorders in diabetic subjects.

Practical Implications. The findings of this study support the combined effects of
exercise and Spirulina as a non-pharmacological strategy for managing diabetes-
related reproductive disorders. This interventional approach may be beneficial in the
clinical management of fertility impairments in diabetic patients by improving
hormonal balance, reducing oxidative stress, and inhibiting testicular tissue
apoptosis.
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Extended Abstract

Background

Diabetes mellitus often leads to male reproductive
complications, including sexual dysfunction and
infertility, driven by persistent hyperglycemia-
induced oxidative stress. The testes are highly
vulnerable to this damage due to their metabolic
activity and membrane composition rich in
polyunsaturated fatty acids, making them susceptible
to lipid peroxidation. This oxidative stress reduces
the production of testosterone and triggers the
apoptosis of germ cells through disruption of the pro-
apoptotic and anti-apoptotic protein family balance.
Given the rising global prevalence of diabetes,
effective therapeutic strategies are urgently needed.
This study aimed to investigate the effects of aerobic
exercise and Spirulina supplementation on diabetes-
induced changes in sex hormone levels and apoptotic
gene expression in testicular tissue in a rat model of
diabetes.

Methods

This experimental study was conducted using 35
adult male Wistar rats, weighing approximately 200-
220 g. The animals were randomly allocated into 5
equal groups (n=7 per group): (1) Control group,
which received a single i.p. injection of saline, (2)
Diabetes (D) group, which received a single i.p.
injection of streptozotocin (STZ) at a dose of 50
mg/kg body weight, (3) Diabetes+Exercise (D+E)
group, which underwent 6-week treadmill running,
14 cm/s for 20 minutes up to 20 cm/s and 40
minutes, (4) Diabetes+Spirulina (D+S) group, which
received a daily oral gavage of spirulina at a dose of
500 mg/kg body weight, and ()
Diabetes+Exercise+Spirulina (D+E+S) group, which
underwent the treadmill exercise and received the
daily oral Spirulina supplementation. At the end of
the 6-week intervention, all animals were deeply
anesthetized, and their blood samples were collected
from the tail vein. Then, the animals were sacrificed,
and the testes were immediately excised.

The testicular index was calculated as the ratio of
testicular weight to body weight. Serum levels of
testosterone, follicle-stimulating hormone (FSH), and

luteinizing hormone (LH) were quantitatively
determined using commercially available rat-specific
Enzyme-Linked Immunosorbent Assay (ELISA) kits,
following the manufacturer's instructions. For the
assessment of oxidative stress, testicular tissue
homogenates were prepared. The activities of the key
antioxidant enzymes, Superoxide Dismutase (SOD),
Catalase (CAT), and Glutathione Peroxidase (GPx),
were measured using spectrophotometric methods.

The level of lipid peroxidation was assessed by
measuring Malondialdehyde (MDA) levels, using the
thiobarbituric acid reactive substances (TBARS)
assay. Finally, total RNA was extracted from
testicular tissue samples, and the expression of the
pro-apoptotic Bax and anti-apoptotic Bcl-2 genes
was quantified using RT-PCR. One-way analysis of
variance (ANOVA) was used to analyze the data,
followed by Tukey's post-hoc test for multiple group
comparisons. A P value of less than 0.05 was
considered statistically significant.

Results

A highly significant (P<0.001) decrease in body
weight and a significant decrease in the testicular
index were observed in the diabetic group compared
to the healthy control group. Serum levels of
testosterone, FSH, and LH were all significantly
reduced in the diabetic group compared to the control
group. The activities of the enzymatic antioxidants
SOD, CAT, and GPx were significantly lower in the
diabetic group. Concurrently, the level of MDA was
markedly elevated, indicating extensive oxidative
damage to the cell membranes.

At the molecular level, the expression of the Bax
gene was significantly upregulated, while the
expression of the anti-apoptotic Bcl-2 gene was
significantly downregulated in the diabetic group
(P<0.05). The administration of the therapeutic
interventions resulted in significant amelioration of
these diabetic complications. While the individual
interventions (exercise or Spirulina) led to modest
but significant improvements, the most compelling
and consistent results were observed in the combined
treatment group. In the D+E+S group, the body
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weight and testicular index were significantly
restored towards normal levels. The hormonal profile
was also significantly improved, with the combined
intervention leading to significant increases in serum
testosterone, FSH, and LH levels compared to the
diabetic group.

In the testicular tissue, the combination of
exercise and Spirulina regimen was most effective in
reducing oxidative stress, as demonstrated by a
significant increase in SOD, CAT, and GPx activities
and a significant decrease in MDA levels compared
to the untreated diabetic group. Critically, the
combined strategy was the most effective in
modulating apoptosis, as it led to a significant
downregulation of Bax gene and a significant
upregulation of Bcl-2 gene expression compared to
the diabetic group.

Conclusion
The findings of this study provide compelling
evidence that the combination of aerobic exercise

and oral Spirulina supplementation can serve as an
effective intervention to mitigate the detrimental
effects of diabetes on male testicular function. The
diabetes-induced disturbances in sex hormone
secretion, oxidative stress, and apoptotic signaling
were significantly counteracted by the combined
group. The synergistic effect observed can be
attributed to the complementary mechanisms of
action of each intervention. In other words, exercise
enhances the antioxidant capacity of the body and
improves glucose homeostasis, while Spirulina, rich
in phycocyanins and other antioxidants, provides
potent direct scavenging of free radicals. This
combined approach appears to be crucial for creating
favorable testicular function by reducing oxidative
stress, which in turn preserves steroidogenic function
and protects germ cells from apoptosis.
Consequently, this intervention may be a promising
non-pharmacological strategy to treat reproductive
disorders in diabetic patients.
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