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Abstract

Objectives: Cardiovascular disease is one of the leading causes of death in diabetic
menopause women. Beneficial role of exercise training on these patients has been
reported, but the effects of royal jelly (RJ) and exercise training is not well known. This
study examines antioxidant effects of aerobic training (AT) and royal jelly (RJ)
consumption on the aortic artery of ovariectomized STZ-induced diabetic rats.

Methods & Materials: Thirty ovariectomized rats (weight = 220-250 g and age= 22-26
weeks) with STZ-induced diabetic rats were divided into five groups including: (1)
ovariectomized diabetic control (OVXD), (2) sham royal jelly solvent (Sh), (3) RJ, (4)
AT, and (5) aerobic training + royal jelly (AT+RJ). To evaluate the effect of
ovariectomization and induction of diabetes, 6 healthy rats were assigned in the healthy
control (HC) group. Groups 4 and 5 trained for eight weeks, five sessions per week (55-
75% maximum running speed), while groups 3 and 5 received 100 mg/kg/day RJ by
peritoneal injection. One-way analysis of variance was used to analyze aortic tissue
superoxide dismutase (SOD), glutathione peroxidase (GPx) and malondialdehyde (MDA)
levels (P<0.05).
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Results: SOD and GPx levels in the RJ, AT and AT+RJ groups were significantly higher
than the OV XD group (P<0.05). Moreover, MDA levels in the AT+RJ (P = 0.001) and RJ
(P = 0.019) groups were significantly lower than the OV XD group (P<0.05).

Conclusion: It seems that AT and RJ consumption alone and AT+RJ simultaneously to
increase antioxidant effects of aortic artery in ovariectomized STZ-induced diabetic rats.

KeyWords: Training; Royal Jelly; Antioxidant; Aortic Artery; Menopause; Diabetes

Extended Abstract

Background and Purpose

Cardiovascular diseases in menopause conditions are more common in women
than men due to estrogen deficiency in women (Maas, 2010). Increased reactive
oxygen species (ROS) plays a role in the pathophysiology of cardiovascular
diseases and oxidative damage to vessels in menopause and diabetes conditions
(Fahed, 2022); however, exercise improves the fat profile (Hosseini, 2022),
oxidant-antioxidant balance and mitochondrial biogenesis, autonomic nervous
tone, and baroreflex sensitivity, reduces oxidative stress, increases nitric oxide
(NO) and thus lowers blood pressure and improves vascular function (Dadrass,
2019; Davari, 2020; Lin, 2018; Irigoyen, 2005).

In addition to exercise, the use of natural antioxidants such as royal jelly (RJ) has
long been considered in the treatment of heart diseases (Aslan, 2022). RJ plays a
role in improving antioxidant function in heart tissue by improving metabolic
indicators, reducing apoptotic markers and MDA, as well as increasing
glutathione (GSH), catalase, SOD, GPx (Pourmoradian, 2013). In addition,
exercise training and royal jelly consumption improve total antioxidant capacity
(TAC) and serum levels of SOD in obese rats (Soleimani, 2018).

Despite many studies, no study was found to investigate the simultaneous effect
of aerobic training and RJ consumption on the vascular antioxidant system.
Therefore, the aim of the present study was to investigate the effect of eight weeks
of aerobic training with royal jelly consumption on antioxidant indicators in the
aortic artery tissue of ovariectomized rats with diabetes.

Materials and Methods

In this experimental study, 40 female Sprague-Dawley rats with an age range of
12-16 weeks and a weight range of 220-250 grams were subjected to ovariectomy.
After ovariectomy, the animals were kept under controlled conditions for 12
weeks with the aim of establishing complete menopause. After that, rats were
administered by a single peritoneal injection of 40 mg/kg streptozotocin (STZ) in
a fasting state for 12 hours, and the rats with blood glucose above 250 mg/dL were
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known as diabetic ones (Barthem, 2019). Afterwards, 30 ovariectomized rats with
diabetes were randomly divided into five groups, including: (1) ovariectomized
control with diabetes (OVXD), (2) sham (Sh), (3) royal jelly (RJ), (4) aerobic
training (AT), (5) AT+RJ. It is worth mentioning that in order to investigate the
effect of ovariectomy and induction of diabetes, 6 healthy rats were included in
the healthy control group (HC) as well. The training groups trained for eight
weeks, five sessions a week at a speed of 20 meters per minute equivalent to 55-
75 V02max for 10-60 minutes. Meanwhile, 5 minutes at the beginning and end of
the training were considered for warming up and cooling down (Souza, 2019).
Also, the RJ groups received 100 mg/kg of royal jelly daily by intraperitoneal
injection (Ghanbari, 2016).

Forty-eight hours after the last training session and following 12 hours of fasting,
the rats were anesthetized and the aortic artery tissue was carefully extracted. To
measure MDA levels, the ZellBio kit (Catalog Number ZB-MDA-48A/ZB-MDA-
96A, Germany) was used.

SOD levels were measured using the ELISA method with a kit made by ZellBio
(ZB-SOD-48A/ZB-SOD-96A, Germany). Further, to measure GPx levels, the
ZellBio kit (ZB-GPX-48A/ ZB-GPX-96A) was implemented. To analyze the data,
the Shapiro-Wilk test, one-way analysis of variance and Tukey's post hoc test
were used (P<0.05).

Findings

The results showed that SOD levels in the OV XD group were significantly lower
than the HC group (P=0.001). However, in the RJ (P=0.03), AT (P=0.03) and
AT+RJ (P=0.001) groups, the levels were significantly higher than the OVXD
group (Figure 1). GPx levels in the OV XD group were lower than the HC group
(P=0.001). However, in the RJ (P=0.001), AT (P=0.001) and AT+RJ (P=0.001)
groups, the levels were significantly higher than the OV XD group (Figure 2).
MDA levels in the OV XD group were higher than the HC group (P=0.001). But
in the AT+RJ (P=0.001) and RJ (P=0.019) groups, the levels were significantly
lower than the OV XD group (Figure 3).

Conclusion
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The results showed that aerobic training increased SOD and GPX levels in the
aortic artery tissue of ovariectomized rats suffering from diabetes. Researchers
showed that exercise training leads to an increase in mitochondrial SOD1/2
expression in heart tissue, an increase in total antioxidant capacity, and a reduction
in oxidative damage (Tofas, 2019). Moreover, exercise increases blood flow,
vascular endothelial growth factor (VEGF) and endothelial nitric oxide synthase
(eNOS) (Li, 2022); therefore, exercise training increases the expression of
antioxidants by the mechanisms of increasing mitochondrial biogenesis,
angiogenesis, and protein kinases through the nuclear factor erythroid 2-related
factor 2 (NRF2) pathway (Lin, 2021).

In the present study, consumption of royal jelly increased SOD and GPx levels
and decreased MDA levels in the aortic artery tissue of ovariectomized rats with
diabetes. Studies have shown that consumption of royal jelly increases GSH,
NRF2, modulates nuclear transcription factor kappa-B (NFkB), decreases MDA,
decreases caspases 3, 6, 9 levels and improves apoptotic markers (Aslan, 2022).
According to the studies, it appears that RJ as an antioxidant can moderate the
oxidative stress caused by pathological disorders (Ohba, 2021). Thus, royal jelly
has the potential to increase the antioxidant capacity and the activity of SOD and
GPx, reduce MDA and its important indicator, MDA, and enhance the non-
enzymatic antioxidant capacity (Collazo, 2021).

Moreover, the results showed that aerobic training with royal jelly consumption
increased SOD and GPx and decreased MDA in the aortic artery tissue of
ovariectomized rats with diabetes.

The consumption of royal jelly modulates the calcium-calmodulin pathway
through increasing the amount of AMP-activated protein kinase (AMPK) as well
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as increasing acetyl coenzyme A carboxylase (Takahashi, 2021). In addition, the
consumption of royal jelly with the mechanisms of increasing HDL,
Akt/PI3K/NRF2 , VEGF and decreasing NFKB rises the antioxidant capacity and
the levels of GPx and SOD and lowers MDA (Aslan, 2022; Collazo, 2021;
Karadeniz, 2011).

Furthermore, aerobic training increases the expression of antioxidant enzymes
such as SOD and GPx in blood vessels by increasing blood flow, HIF-1a, PGC-
la, and eNOS (Li H, 2021; Masoumi-Ardakani, 2021). Therefore, it appears that
the interactive effect of these two interventions complements each other.
Considering the role of oxidative stress in some metabolic pathways, it seems that
the lack of investigation of the angiogenesis downstream pathways is one of the
limitations of the present study. Therefore, the evaluation of angiogenesis is
suggested in future studies. In general, it seems that aerobic training and royal
jelly consumption, both alone and interactively, have favorable effects on
increasing the activity of antioxidants in the aorta in menopause and metabolic
disorders. Therefore, the simultaneous use of these two interventions in reducing
oxidative stress and increasing antioxidants in menopause and diabetes conditions
is recommended.

Keywords: Training; Royal Jelly; Oxidative Stress; Antioxidants; Aortic Artery;
Menopause; Diabetes.

Article Message

According to the results of the present study, the use of foods with high
antioxidants, such as royal jelly, as well as regular exercise training, can improve
the antioxidant function of the aorta and, as a result, reduce potential heart
disorders from it.
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Figure 1- SOD levels in the arterial tissue of rats in the research groups

*%%(P<0.001): Significant decrease compared to the HC group
# (P<0.05) and ### (P b0.001): Significant increase compared to the OV XD group
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Figure 2- GPx levels in the arterial tissue of rats in the research groups

***(P<0.001): Significant decrease compared to the HC group
###(P<0.001): Significant increase compared to the OV XD group
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