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Introduction: Cognitive impairments resulting from metabolic alterations in
menopausal and diabetic conditions are among the major contributors to morbidity
and mortality in the elderly. Although the beneficial effects of aerobic exercise and
natural antioxidants such as royal jelly (RJ) on these impairments have been
proposed, their combined impact on neurotrophins and brain metabolism remains
poorly understood.

Methods: In this study, 35 ovariectomized diabetic rats were randomly assigned to
five groups: 1. diabetic ovariectomized control (OVX+DM), 2. sham, 3. aerobic
exercise (AE), 4. royal jelly supplementation (RJ), and 5. combined AE and RJ
(RJ+AE). Additionally, seven healthy rats were included as a healthy control group
(HC). AE was performed five days per week for eight weeks at an intensity of 55—
75% of maximal running speed. RJ was administered daily at a dose of 100 mg/kg.

Results: Gene expression of BDNF, TrkB, and insulin was significantly reduced,
while glucose levels were significantly elevated in the OVX+DM group (P<0.05).
Both RJ and RJ+AE interventions significantly increased BDNF and TrkB gene
expression and decreased glucose levels (P<0.05). Insulin levels increased
significantly only in the RJ+AE group compared to the OVX+DM group. Moreover,
BDNF and TrkB expression were significantly higher in the RJ+AE group than in
the RJ group alone (P<0.05).

Conclusion: The combined intervention of aerobic exercise and royal jelly
supplementation appears to produce synergistic effects on glycemic index and
neurotrophic factors, suggesting that concurrent use may be more effective than
either intervention alone.
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Introduction

Menopause and diabetes are significant conditions linked
to metabolic and neurodegenerative disorders that can
negatively affect brain function and cognition.
Ovariectomy, an experimental model of menopause,
causes estrogen deficiency, which leads to insulin
resistance, hyperglycemia, and impaired neurotrophic
signaling in the brain. Royal jelly (RJ) is a natural
substance known for its antioxidant and neuroprotective
properties, while aerobic exercise is recognized for
enhancing metabolic function and neural plasticity. Both
have shown potential therapeutic effects individually.
However, the combined impact of aerobic exercise and
RJ on neurotrophic factors and glycemic regulation in the
brains of diabetic ovariectomized rats remains unclear.
Therefore, this study aimed to investigate the effects of
eight weeks of aerobic exercise combined with RJ
supplementation on the expression of brain-derived
neurotrophic factor (BDNF), its receptor tyrosine kinase
B (TrkB), and glycemic indices in the brain tissue of
diabetic ovariectomized rats.

Methods

Forty-two female Sprague-Dawley rats, weighing
between 220 and 250 grams and aged 12 to 16 weeks,
were divided into six groups: (1) diabetic ovariectomized
control (OVX+DM), (2) healthy control (HC), (3) sham
(saline injection), (4) royal jelly (RJ; 100 mg/kg/day,
administered intraperitoneally), (5) aerobic training (AE;
55-75% of maximal running speed, 5 sessions per week
for 8 weeks), and (6) a combination of RJ and AE
(RJ+AE). After 12 weeks of ovariectomy to simulate
menopausal conditions, diabetes was induced in the rats
through an intraperitoneal injection of streptozotocin at a
dose of 40 mg/kg. Forty-eight hours after the last training
session, the rats were anesthetized, and brain tissues were
collected for analysis. Glucose and insulin levels were
measured using commercial kits, while the expression
levels of BDNF and TrkB were assessed through real-
time PCR. The data were analyzed using one-way
ANOVA, followed by Tukey's post-hoc test, with
statistical significance set at P < 0.05.

Results

Ovariectomy combined with diabetes significantly
reduced the levels of BDNF, TrkB, and insulin
expression while increasing brain glucose levels
compared to the healthy control group (P < 0.05). Both
Royal Jelly (RJ) and the combined RJ and aerobic
exercise (AE) interventions significantly increased
BDNF and TrkB expression and decreased glucose
levels. In contrast, aerobic exercise alone had a smaller
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effect (P < 0.05). Brain insulin levels significantly
improved only in the RJ and AE combined group when
compared to the ovariectomy and diabetes (OVX+DM)
group (P < 0.05). Although there were no significant
changes in insulin resistance (HOMA-IR) across groups,
a downward trend was observed in the RJ and RJ+AE
groups, suggesting a potential improvement in insulin
sensitivity. These findings indicate that the combination
of RJ and aerobic exercise may work synergistically to
enhance brain neurotrophic activity and improve glucose
metabolism.

Conclusion

The results indicate that combining aerobic training with
royal jelly supplementation can help reduce the negative
effects of diabetes and menopause on brain metabolism.
This combination was found to enhance the expression of
BDNF and TrkB and improve glucose regulation in brain
tissue, suggesting potential neuroprotective and
metabolic benefits. Therefore, the use of royal jelly
alongside regular aerobic exercise could be a promising
non-pharmacological approach to counteract neuro-
metabolic dysfunctions associated with both menopause
and diabetes.
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