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ABSTRACT

EEE Gl RETge MO [ERiYEE Royal jelly is a highly nutritious natural product with high
potential as a health-promoting food. The aim of the present study was to determine the

effect of oral royal jelly consumption and exercise training for six weeks on total antioxidant
capacity (TAC) and serum malondialdehyde (MDA) levels in healthy, active girls.

This single-blind, quasi-experimental study randomly assigned 40
active women aged 20-25 years with a body mass index of 18-25 kg/m? to four equal groups
(n=10 each): 1) supplement, 2) training + placebo, 3) training + supplement, and 4) placebo.
The six-week intervention involved concurrent training (high-intensity interval training and
resistance training) three times per week. The supplement group received 1000 mg royal
jelly capsules three times daily. Fasting blood samples were collected 24 hours before and
72 hours after the intervention period.

Compared to the placebo group, the supplement and training+supplement groups
experienced a significant increase in TAC and a significant decrease in MDA (P < 0.01). A
significant increase in TAC was found in the supplement group relative to the training +
placebo group (P < 0.05). In contrast, MDA levels did not differ significantly across the
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Introduction

T Homeostasis and inflammation are commonly
described as opposing biological states
associated with  health and disease,

respectively. (2). Inflammation is commonly
defined as a response to infection or injury (2). The body’s
readiness requires an appropriate response to neutralize the
threat posed by infection or injury (3). Excessive and
intense physical activity can lead to muscle damage or
injury in a sedentary or athletic individual (5). During and
after acute exercise in skeletal muscle, interactions
between immune cells, cytokines, and other intracellular
components create an inflammatory environment that is
responsible for recovery and adaptation after a period of
exercise (6). Current evidence from laboratory and human
studies (including general populations and those with
noncommunicable diseases) suggests a biological
plausibility for the anti-inflammatory effects of exercise
training (1). While the effects of aerobic or resistance
training on inflammation are relatively well studied, data
on the combined effects of aerobic and resistance training
on inflammatory markers are limited. Exercise-related
physiological factors, including stress hormones, acidosis,
oxidative stress, and heat, can influence cytokine
production. Furthermore, cytokine responses may vary
based on the type of exercise, intensity, duration, recovery
between exercise bouts, and training status. In addition,
cytokines have multiple upstream and downstream effects
that contribute to the processes of damage and repair.

Therefore, intricate interplay of cytokines in the

physiological adaptations following various forms of

exercise training is not fully understood (17). Most sports
rely on concurrent training (e.g., strength and endurance
training) (19). Given that exercise intensity and frequency
affect inflammatory markers in a dose-dependent manner
(18), it can be hypothesized that the type of concurrent
training can have a significant impact on the inflammatory
profile. While exercise intensity is a crucial aspect of
exercise prescription, current research examining training
adaptations has predominantly focused on high-intensity
interval training (HIIT) combined with resistance training
programs (20, 21). Short HIIT sessions appear to minimize
the negative effects of concurrent training (19). Also,
recent research highlights the role of royal jelly in
modulating immune  responses, enhancing anti-
inflammatory  cytokines, and  suppressing  key
inflammatory mediators (22). These anti-inflammatory
effects of royal jelly may highlight this product as a
supplement relevant to immune system enhancement for
athletes’ health. However, further research is needed to
fully understand the mechanisms underlying the effects of
royal jelly supplementation, which justifies the necessity
of the present study. Assuming that frequent concurrent

training (interval and resistance) may benefit the
inflammatory profile, this research examines the impact of
an exercise intervention, with and without royal jelly
supplementation, on the inflammatory profile of active
girls.

Methods

In the present quasi-experimental study, 40 active girls
aged 20 to 25 years and with a body mass index of 18 to 25
ka/m2 were randomly divided into 4 equal groups of 10 (1-
supplement, 2- training+placebo, 3- training+supplement,
and 4- placebo). The training protocol was as follows: the
subjects in the training groups performed concurrent
training including interval + resistance training for six
weeks with a frequency of three sessions per week. The
core interval training was as follows: after a 5-minute
warm-up, three intervals (3-minute of fast running by 80-
90% of maximum and active rest by of 55-60% of
maximum heart rate with a rest ratio of 1:1. After a 5-
minute rest, resistance training involving the main muscles
of the body was performed with two sets of 10-15
repetitions at an intensity of 60-70% of one repetition
maximum. A 5-minute cool-down was implemented after
the training session to aid the body's return to its pre-
exercise state (23). The royal jelly supplementation process
was as follows: the subjects in the supplement groups
received one 1000 mg royal jelly capsule three times a day
for six weeks (24). In the placebo groups, capsules similar
to the supplement prepared by the pharmacist were used.
Seventy-two hours after the final training session (post-
test), body composition indices were assessed, and fasting
blood samples were collected again to determine serum IL-
6 and TNF-a levels. Covariance analysis and Bonferroni
post hoc test were used to analyze the data. Statistical
analyses were conducted using SPSS version 26, with the
significance level set at o = 0.05.

Results

Analysis of covariance (ANCOVA, Table 2) revealed
significant differences in serum IL-6 (P < 0.001) and TNF-o
(P <0.001) levels between the study groups. Bonferroni post
hoc tests indicated that IL-6 levels were significantly lower
in the training+placebo (P < 0.001), training+supplement (P
< 0.001), and supplement (P = 0.025) groups compared to
the placebo group. Also, the level of IL-6 in the
training+supplement group was significantly lower than that
in the supplement group (P = 0.041). No significant
difference was observed in changes in IL-6 between the
training+placebo and training +supplement groups (P <
0.05). The results also showed that a significant decrease in
TNF-o levels was observed in the training+placebo
(P<0.001) and training+supplement groups (P <0.001; P
=0.023, respectively) compared to the placebo and
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supplement groups. No significant differences in TNF-a
changes were found between the training+placebo and
training+supplement groups (P = 0.955), or between the
supplement and placebo groups (P = 0.591).

Conclusion

Based on the findings of the present study, both interventions
of royal jelly supplementation and concurrent training (HIIT
and resistance training) were found to have positive effects
on improving the immune system in active girls by reducing
pro-inflammatory factors. Also, the effect of concurrent
training was greater than that of royal jelly supplementation
alone. However, the combined intervention of royal jelly
supplementation with concurrent training did not have a
synergistic effect on changes in serum IL-6 and TNF-a in
active girls compared to the exercise + placebo group.
According to the results of the present study, it can be argued
that concurrent training (HIIT and resistance training) and
royal jelly supplementation are effective factors in reducing
systemic inflammation in active girls. Also, the effects of
concurrent training on inflammatory factors in active girls
are more pronounced than that of royal jelly supplementation
alone.
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