medicina

Article

Aerobic-Resistance Training with Royal Jelly Supplementation
Has a Synergistic Effect on Paraoxonase 1 Changes and Liver
Function in Women with MASLD

Roya Askari 1'*(%, Nazanin Rabani ?, Hamid Marefati !, Marzie Sadat Azarnive 3(0, Matteo Pusceddu *

and Gian Mario Migliaccio

check for
updates
Academic Editor: Dimitrios

Karagiannakis

Received: 4 December 2024
Revised: 7 February 2025
Accepted: 10 February 2025
Published: 17 February 2025

Citation: Askari, R.; Rabani, N.;
Marefati, H.; Azarnive, M.S.;
Pusceddu, M.; Migliaccio, G.M.
Aerobic-Resistance Training with
Royal Jelly Supplementation Has a
Synergistic Effect on Paraoxonase 1
Changes and Liver Function in
Women with MASLD. Medicina 2025,
61,349. https://doi.org/
10.3390/medicina61020349

Copyright: © 2025 by the authors.
Published by MDPI on behalf of the
Lithuanian University of Health
Sciences. Licensee MDPI, Basel,
Switzerland. This article is an open
access article distributed under the
terms and conditions of the Creative
Commons Attribution (CC BY) license
(https:/ /creativecommons.org/
licenses /by /4.0/).

4,5,%

Department of Exercise Physiology, Faculty of Sports Sciences, Hakim Sabzevari University,
Sabzevar 9617976487, Iran; h.marefati@hsu.ac.ir

Department of Sports Sciences, Faculty of Sports Sciences, Hakim Sabzevari University,
Sabzevar 9617976487, Iran; nazanin.rb56@gmail.com

Department of Sports Sciences, Faculty of Literature and Humanities, Zabol University,

Zabol 9861615881, Iran; m.azarnive@uoz.ac.ir

Department of Human Sciences and Promotion of Quality of Life, San Raffaele Open University,
00166 Rome, Italy; pusceddumatteo@tiscali.it

Athlete Physiology, Psychology and Nutrition Unit, Maxima Performa, 20126 Milan, Italy

*  Correspondence: r.askari@hsu.ac.ir (R.A.); gianmario.migliaccio@uniromab.it (G.M.M.)

Abstract: Background and Objectives: Metabolic dysfunction-associated steatotic liver disease
(MASLD) is a clinical pathological syndrome characterized by steatosis and fat accumula-
tion in liver parenchymal cells in patients without a history of excessive alcohol drinking.
Currently, there is no definitive treatment for MASLD, and its prevalence increases with
age and obesity, and after menopause. Among the ways to treat it, we can mention regular
sports exercises and the use of natural supplements. Therefore, the aim of this research is
to investigate and compare the effects of aerobic-resistance training with royal jelly supple-
mentation on changes in paraoxonase 1, oxidized LDL, liver function, and lipid profile in
postmenopausal women with Dysfunction-Associated Steatotic Liver Disease. Materials and
Methods: This semi-experimental study involved 23 women with Dysfunction-Associated
Steatotic Liver Disease with an average weight (71.34 &= 11.63 kg), age (48.54 £ 3.88 years),
and body mass index (27.63 + 4.20 kg/m?). They were randomly divided into two groups:
exercise + supplement (1 = 12) and exercise + placebo (n = 11). Both groups performed eight-
station resistance exercises (8—12 repetitions in 2—4 sets) for 8 weeks, with three sessions
per week (for 35-40 min, from 10-15 RPE), and then, for 10-15 min of active rest, they per-
formed aerobic exercises with an intensity of 40-85% of the target heart rate, in two-minute
intervals with 45 s of active rest. Royal jelly supplement (500 mg on training days, before
each training session) was consumed. Blood sampling was done before and 48 h after the
last training session. Statistical analysis was performed using a variance test with repeated
measures (two groups X two stages of pre-test-post-test) in SPSS software (Version 26) with
a significance level of p < 0.05. Results: The results of the statistical analysis show that the
effects of eight weeks of exercise + supplement and exercise + placebo on PON1, oxLDL,
lipid profiles (HDL, LDL, TC, and TG), and liver enzymes (ALT, AST) in women with
non-alcoholic fatty liver showed a significant difference (p < 0.05). The results show a signif-
icant increase in PON1 (p = 0.008) and HDL (p = 0.005) in the exercise + supplement group
compared to the exercise + placebo group. But significant decreases in oxLDL (p = 0.031),
TC (p = 0.045), TG (p = 0.013), LDL (p = 0.027), ALT (p = 0.015) and AST (p = 0.009) were
observed in the exercise + supplement group compared to the exercise + placebo group
(<0.05). The results show a significant increase in PON1 (p = 0.008) and HDL (p = 0.005) in
the exercise + supplement group compared to the exercise + placebo group. However, sig-
nificant decreases in oxLDL (p = 0.031), TC (p = 0.045), TG (p = 0.013), LDL (p = 0.027), ALT
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(p =0.015), and AST (p = 0.009) was observed in the exercise + supplement group compared
to the exercise + placebo group. Conclusions: Based on the results, it can be concluded that
aerobic-resistance exercises with the addition of royal jelly can probably be an efficient and
recommended strategy to minimize the harmful effects of Dysfunction-Associated Steatotic
Liver Disease by affecting the activity of liver enzymes, paraoxonase 1, LDL oxidation,
and lipid profile. Although exercise alone also yielded favorable results, according to
the findings of this research, it can be said that exercise, combined with the use of royal
jelly supplements, may have more positive effects on reducing liver complications and
improving body function. However, in order to obtain more accurate scientific evidence, it
is necessary to investigate more doses and timing of royal jelly in future studies.

Keywords: aerobic-resistance training; royal jelly; paraoxonase 1; oxidized LDL; liver
function; lipid profile; postmenopausal women; MASLD

1. Introduction

Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD) is a clinical patho-
logical syndrome characterized by steatosis and the accumulation of fat within the parenchy-
mal cells of the liver, occurring in the absence of a history of excessive alcohol consumption
in the affected individual [1]. Currently, there is no definitive treatment available for
MASLD [2]. The prevalence of this condition increases with advancing age, obesity, and
post-menopausal status, and it is reported to be twice as common in post-menopausal
women [3]. During menopause, a deficiency of estrogen contributes to the accumulation of
visceral fat, elevated triglyceride and cholesterol levels, and a reduction in energy expen-
diture, ultimately leading to enhanced lipogenesis, fat accumulation in the liver, and the
onset of inflammation [4].

Increased oxidative stress and inflammation are pivotal contributors to the onset and
progression of liver disease. One important biomarker indicative of the severity of liver
dysfunction or Dysfunction-Associated Steatotic Liver Disease is paraoxonase, specifically
the activity of the enzyme paraoxonase-1 (PON1) [5]. The PON1 enzyme functions as an
antioxidant, mitigating oxidative stress through the hydrolysis of lipoperoxides. Given
the elevation of beta-oxidation of fatty acids, alongside the production of lipid peroxides
and oxidative stress associated with Dysfunction-Associated Steatotic Liver Disease, the
significance of the PON1 enzyme becomes evident [6,7].

Given that both lipid metabolism and oxidative stress are significant components of
the pathogenesis of non-alcoholic steatohepatitis (NASH), it is not surprising that these
processes are interconnected and result in the production of oxidized inflammatory lipids
that adversely affect liver health. One of the most extensively studied examples of an
oxidized lipoprotein associated with inflammation is oxidized low-density lipoprotein
(oxLDL). OxLDL is widely regarded as a toxic compound capable of eliciting detrimental
inflammatory responses in the liver and other related organs [8]. On the one hand, the
utilization of supplements and medications, and adherence to a healthy lifestyle, can serve
to prevent the progression of diseases and promote individual improvement. Recently, due
to the adverse side effects associated with conventional medications, a significant number
of researchers and health specialists have shifted their focus toward the application of
natural supplements [9], among which royal jelly is considered one of the most significant.
Royal jelly is a viscous, lemon-colored substance that is water-soluble and exhibits acidic
properties. It is secreted by the hypopharyngeal and mandibular glands of young worker
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honeybees, and is consumed by the larvae within the hive for a limited duration and by
the queen bee throughout her lifespan [10].

Exercise is not only one of the foundations of a healthy lifestyle, but also a critical factor
influencing PON1 activity [11]. Research has demonstrated that aerobic exercise reduces
the expression of pro-inflammatory markers in the liver and promotes a shift in Kupffer
cells towards a more anti-inflammatory phenotype via metabolic reprogramming [12,13].
Resistance training can also induce beneficial changes in the health of visceral adipose tissue
(VAT) by remodeling the extracellular matrix, decreasing the size of adipocytes, lowering
inflammatory markers, and increasing muscle mass [14]. Notably, a 13% reduction in liver
fat was reported in participants with MASLD and Type 2 diabetes after eight weeks of
resistance training, occurring without any concomitant weight loss [15,16].

However, the existing literature indicates that studies examining combined exercise
interventions in individuals with MASLD remain limited [17]. Resistance training [18] has
yielded sometimes contradictory results [18,19]. In a study conducted by Banitalebi et al.
(2018) [20], 10 weeks of combined training resulted in a significant reduction in visceral
fat and liver fat accumulation, and improvements in the patients’ condition. Therefore,
combined exercise is recommended for enhancing fatty liver conditions in women.

The utilization of natural products, particularly royal jelly, has recently garnered sig-
nificant attention in the academic community [21,22]. Numerous clinical studies have inves-
tigated the antioxidant properties, improvements in lipid profiles, and anti-inflammatory
effects associated with royal jelly [23]. However, despite the extensive body of research, no
studies have concurrently examined the effects of combined exercise and royal jelly supple-
mentation on these parameters in patients diagnosed with MASLD. Therefore, the objective
of this research was to investigate the effects of an 8-week regimen of aerobic-resistance
training, with and without royal jelly supplementation, on alterations in paraoxonase 1,
liver function, oxidized low-density lipoprotein (OxLDL), and lipid profiles in women
suffering from Dysfunction-Associated Steatotic Liver Disease.

2. Materials and Methods

The current study employed a semi-experimental applied design utilizing a pre-test—
post-test framework. The target population comprised women in Mashhad diagnosed
with stage one Dysfunction-Associated Steatotic Liver Disease. Participants were recruited
through a public announcement and subsequently confirmed by a medical professional. A
total of 30 individuals were selected based on specific inclusion criteria, which included
general health status, the ability to engage in physical exercise, an age range of 45 to 55 years,
a diagnosis of stage one Dysfunction-Associated Steatotic Liver Disease, a minimum of one
year post-menopause, and the absence of any dietary or exercise regimen for the preceding
six months. Their fatty liver was confirmed through ultrasound, with subsequent diagnosis
and interpretation provided by a specialist in endocrinology and metabolism.

In the initial and final weeks of the intervention, participants completed a 24 h dietary
recall questionnaire. Throughout the duration of the intervention, no modifications were
made to the participants’ dietary regimens. Ultimately, the average intake of energy, fiber,
sugar, protein, carbohydrates, and fat for both groups was analyzed using N4 software
(version 3.5.2) revealing no significant differences in these values.

Initially, based on previous studies, the sample size was determined using G*Power
software (version 3.1.9.7)which considered an effect size of 0.3, an alpha level of 0.05, and
a power of 0.95. This analysis suggested a sample size of 24 participants; however, this
number was subsequently increased to 30 to account for potential attrition.

Participants were randomly assigned to two groups: (1) a combined exercise group
receiving a placebo and (2) a combined exercise group receiving royal jelly supplementa-
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tion. During the exercise program, seven participants were excluded due to unforeseen
circumstances, including illness, personal issues, or irregular attendance at training sessions.
Ultimately, data were collected and analyzed for 23 individuals (12 in the supplementation
group and 11 in the placebo group). This study was conducted with ethics approval under
identification code IR. HSU.REC.1402.024 from Hakim Sabzevari University. To monitor the
dietary intake of the participants, a 24 h dietary recall questionnaire was administered at
baseline, one week prior to the commencement of the study, and during the final week of
the intervention. Following participant selection, comprehensive information regarding
the exercise programs and evaluations was provided during an orientation session, and
participants completed a consent form as well as the relevant questionnaires. A blood
sample was collected one week prior to the initiation of the first training session and again
during the post-test phase. The combined exercise program spanned eight weeks, with
three sessions conducted each week. Additionally, 500 mg capsules of a uniform color
were utilized for both the supplementation and placebo groups. The supplementation was
administered in a double-blind manner, with 500 mg of royal jelly contained within the
oral capsules, while similar capsules filled with starch powder were designated for the
placebo group. Both the supplement and placebo were consumed by the participants one
hour prior to each training session.

2.1. Exercise Protocol

The sequence of exercise in this study involved an initial phase of resistance exercises
utilizing elastic bands, followed by aerobic exercises conducted on a treadmill. Each
exercise session commenced with a general warm-up lasting 10 min, which included
5 min of walking and 5 min of specific dynamic mobility exercises. This was succeeded
by a resistance training regimen employing elastic bands for a duration of 35 to 40 min,
structured in a circuit format. Following a 10 to 15 min active rest period, participants
engaged in aerobic exercises on a treadmill, concluding with a 5 min cool-down that
incorporated stretching movements for both upper and lower limbs.

The resistance training program targeted both upper and lower muscle groups and
consisted of exercises such as seated elbow flexion, standing elbow extension, upper body
extensors (chest and triceps), upper body flexors (latissimus dorsi and trapezius), calf raises
while lying down, knee flexion in a lying position, hip abduction and adduction while
standing, and seated ankle flexion and extension. The temporal parameters for each move-
ment were standardized to “2 s eccentric, 1 s isometric, and 1 s concentric”. The load and
intensity of the exercises were progressively increased throughout the intervention. Inten-
sity for each stage was determined based on the color of the bands employed and the Rate of
Perceived Exertion (RPE) scale, which ranged between 10 and 15, as well as additional sets
and changes in band color. This progressive overload approach ensured that participants
were sulfficiently challenged while maintaining safety within their workout regimen.

Table 1 delineates the specific resistance levels associated with various band colors
and their corresponding RPE scores. Prior to the commencement of the exercise program,
participants underwent one week of familiarization with the correct execution of move-
ments and the RPE scale. The initial resistance load for all participants was standardized
using yellow elastic bands. Every two weeks, the training program was reassessed, and
band color was modified according to individual variations in performance and progress.
During the aerobic phase, exercises were performed in 2 min intervals, interspersed with
45 s of active rest, until participants achieved 40% of their target heart rate on the treadmill.
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Table 1. Resistance training program.
Active Rest
Week Repetition Sets (Stretching Movements Rest Between COIO.I‘ of the RPE
. Sets Elastic Band
Between Each Station)
1 8-12 2 60-90 s 90s Yellow 10-11
2 8-12 2 60-90 s 90 s Yellow 12-13
3 8-12 3 60-90 s 90s Green 12-13
4 8-12 3 60-90 s 90s Green 13-14
5 8-12 3 60-90s 90s Blue 13-14
6 8-12 4 60-90s 90s Blue 14-15
7 8-12 4 60-90s 90s Red 14-15
8 8-12 4 60-90s 90s Red 14-15
Over the eight-week duration, participants attained 70-85% of their predicted maxi-
mum target heart rate as calculated using the Karvonen formula. In addition to monitoring
the increase in intensity through heart rate assessments, the number of repetitions pro-
gressed from 8 to 12, tailored to each participant’s ability and fitness level throughout the
intervention. The additional load was adjusted according to the participants’ tolerance and
progress, ensuring that the perceived exertion score, measured using the Borg Rating of
Perceived Exertion (RPE) scale, was maintained within the range of 10 to 15 (as illustrated
in Table 2). This systematic approach facilitated appropriate and safe progression for all
participants involved in the study.
Table 2. Aerobic exercise program.
Week 1 2 3 4 5 6 7 8
1 *
Target maximum heart rate 70 70s 75 75 30 30 85 85
(percentage)
Set and repeat 5x2 6 x2 7x2 8x2 9x2 10x2 11x2 12x2

Active rest between sets
(with 40% of target heart rate)

45s 45s 45s 45s 45s 45s 45s 45s

*: Target heart rate = (Reserve heart rate x training intensity percentage) + Resting heart rate. Reserve heart
rate = Resting heart rate — Maximum heart rate.

2.2. Blood Sampling

Blood samples were collected between 7:00 and 9:00 a.m. following a 12 h fasting
period, one week prior to the initial exercise session and 48 h after the final training session,
in order to mitigate any potential short-term effects of exercise. Pre-test standardization
protocols included the absence of exercise, adherence to standardized meals, and a mini-
mum of 8 h of sleep. A total volume of 10 mL of blood was drawn from the antecubital
vein. The samples were collected in tubes containing an anticoagulant with a concentration
of 3 to 4 mg/mL ethylene diamine tetraacetic acid. They were promptly centrifuged at
2000x g rpm for 10 min, and the resulting plasma was stored in a freezer at —80 °C until
the time of analysis.

The plasma was subsequently prepared for the analysis of total cholesterol (TC),
high-density lipoprotein (HDL), oxidized low-density lipoprotein (oxLDL), low-density
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lipoprotein (LDL), triglycerides (TG), Paraoxonase 1 (PON1), and liver enzymes (ALT and
AST). The levels of TC, HDL, oxLDL, LDL, and TG were quantified using an automatic
chemistry analyzer in conjunction with enzymatic assay kits. The concentrations of PON1
and liver enzymes were determined using an enzyme-linked immunosorbent assay (ELISA)
methods with specific human kits sourced from (ZellBi Hinter den Gérten, 5689173 Lonsee,
Germany), which exhibit a sensitivity range of 5 to 150 nmol/L. This standardized method-
ology ensured accurate measurement and reliable results for the biochemical markers of
interest in the study.

2.3. Statistical Analysis

Data were analyzed utilizing both descriptive and inferential statistics. To assess
the normality of the data distribution, the Shapiro-Wilk test was employed. Variance
homogeneity was evaluated using Levene’s test. In the inferential statistics section, a
repeated measures ANOVA (two groups X two stages of pre-test and post-test) along
with Bonferroni’s post hoc test were conducted to analyze the data. All calculations were
executed using SPSS software version 26, with a significance level set at 0.05 (p < 0.05) and
a 95% confidence interval.

3. Result

Demographic and physiological information of the participants by group is presented
in Table 3.

Table 3. Demographic and physiological information of participants by group.

Variable Group Number Mean + SD
Age (years) Exercise + Supplement 12 48.08 + 4.03
Exercise+ Placebo 11 49.00 + 3.74

Height (cm) Exercise + Supplement 12 162.08 + 4.66
Exercise+ Placebo 11 158.95 + 5.04

Weight (kg) Exercise + Supplement 12 74.92 + 10.90
Exercise + Placebo 11 67.76 + 12.37

BMI (kg /m?) Exercise + Supplement 12 28.52 +4.10
Exercise + Placebo 11 26.74 + 4.30

Body Fat Exercise + Supplement 12 20.31 +3.78
(percentage) Exercise + Placebo 11 19.31 + 2.43

The outcomes of the Shapiro-Wilk test and Levene’s test indicate that the data dis-
tribution was normal (p > 0.05) and that homogeneity of variances among the groups
was maintained (p > 0.05). The results of the repeated measures ANOVA demonstrate a
significant difference between the effects of eight weeks of combined training with sup-
plementation and combined training with placebo on changes in PON1 levels in women
with Dysfunction-Associated Steatotic Liver Disease. Specifically, the mean values of this
enzyme in the exercise plus supplementation group exhibited a significant increase com-
pared to the exercise plus placebo group (8.4% vs. 1.1%) (p < 0.05). Similarly, a significant
difference was observed regarding oxLDL levels between the studied groups, with the
mean values of this index in the exercise plus supplementation group demonstrating a



Medicina 2025, 61, 349 7 of 15

significant decrease compared to the exercise plus placebo group (9.6% vs. 1.3%) (p < 0.05)
(see Table 4 and Figure 1).

Table 4. Results of statistical test analysis for variables PON1 and oxLDL.

Time Effect Time x Group Interaction Effect
Variable
F Value p Value Effect Size (n?p) F Value p Value Effect Size (n?p)
PONI 14.24 0.001 0.404 8.71 0.008 0.293
(ng/mL)
oxLDL (ng/L) 3.26 0.085 0.134 5.34 0.031 0.203
oxLDL
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Figure 1. Changes of PON1 and oxLDL (means £ SD) in two groups following eight weeks of
intervention. * indicates p < 0.05. Dot: Average individual changes in the exercise + placebo group.
Squares: Average individual changes in the exercise + supplement group.

The results of the statistical analysis indicate a significant difference between the effects
of eight weeks of combined training with supplementation and combined training with a
placebo on the lipid profile (HDL, LDL, TC, and TG) in women diagnosed with MASLD
(p < 0.05). The mean values for LDL, TC, and TG in the exercise and supplementation
group exhibited a significant decrease compared to those in the exercise and placebo group
(LDL—22.5% vs. 1%; TC—13.6% vs. 2%; TG—23.3% vs. 1.1%). Conversely, the mean
HDL values in the exercise and supplementation group demonstrated a significant increase
relative to the exercise and placebo group (19.6% vs. 1.6%) (See Table 5 and Figure 2).

Table 5. The results of repeated measures analysis of variance for lipid profile.

Time Effect Time X Group Interaction Effect
Variable
F Value p Value Effect Size (n?p) F Value p Value Effect Size (np)
HDL (mg/dL) 14.06 0.001 0.401 10.01 0.005 0.323
LDL (mg/dL) 591 0.024 0.22 5.69 0.027 0.213
TC (mg/dL) 9.95 0.005 0.321 4.54 0.045 0.178

TG (mg/dL) 8.7 0.008 0.293 7.33 0.013 0.259
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Figure 2. Changes in HDL, LDL, TC and TG (means £ SD) in two groups following eight weeks
of intervention. * indicates p < 0.05. Dot/Black Squares: Average individual changes in the
exercise + placebo group. White Squares: Average individual changes in the exercise + supple-
ment group.

The results of the statistical analysis indicate a significant difference in the effects of
eight weeks of combined training with supplementation versus combined training with
placebo on AST and ALT levels in women diagnosed with Dysfunction-Associated Steatotic
Liver Disease (p < 0.05). Specifically, the mean values of these enzymes in the exercise plus
supplementation group demonstrated a notable decrease compared to the exercise plus
placebo group (AST—30.9% vs. 1%; ALT—26.8% vs. 1%) (See Table 6, Figure 3).

Table 6. The results of repeated measures analysis of variance for AST and ALT.

. Time Effect Time x Group Interaction Effect
Variable
F Value p Value  Effect Size (n?p)  F Value p Value  Effect Size (n?p)
AST (Units per liter) 9.25 0.006 0.306 8.315 0.009 0.284
ALT (Units per liter) 7.69 0.011 0.268 6.98 0.015 0.249

It is noteworthy that, according to the reference values for liver enzymes (ALT
7-56 U/L, AST 10-40 U/L, CHOL < 200, HDL > 50 for females, LDL < 100—Laboratory
Reference Ranges from Clinical Laboratories), alterations in the exercise group were ob-
served alongside the consumption of royal jelly. The optimal changes were manifested
within the established reference range.
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Figure 3. Changes of AST and ALT (means + SD) in two groups following eight weeks of intervention.
*indicates p < 0.05. Dot: Average individual changes in the exercise + placebo group. Squares: Average
individual changes in the exercise + supplement group.

It is essential to highlight that the mean values of none of the variables associated with
energy intake demonstrated a statistically significant difference between the exercise plus
supplement group and the training plus placebo group (Table 7). In light of the lack of
substantial alterations in energy intake across macronutrient categories, it is reasonable to
infer that the observed changes in the indicators of interest in this study may be attributed
to the effects of combined exercise alongside the consumption of royal jelly. Consequently,
the nutritional status of the subjects did not appear to influence the results obtained in
this study.

Table 7. The results of repeated measures analysis of variance for nutritional status.
Stage Significance Significance
Variable Group 'Level of the .Level of the
Pre-Test Post-Test Time x Group Time x Group
Interaction Interaction
Exercise + Supplement 2299.21 £ 3643.75 943.81 £ 2694.92
E intak
nergy intae Exercise + Placebo 439.90 + 2636.73 451.96 + 2580.10 0.25 0.25
(kilocalories)
p value 0.169 0.718
Exercise + Supplement 17.20 £ 25.32 6.99 +19.78
Fiber (Gm) Exercise + Placebo 14.31 + 25.61 13.34 +21.86 0.823 0.823
p value 0.966 0.64
Exercise + Supplement 43.06 £ 87.17 2584 + 65.07
Sugar (Gm) Exercise + Placebo 37.97 + 82.41 24.22 + 65.99 0.788 0.788
p value 0.782 0.931
Exercise + Supplement 2.05 £ 12.00 1.55 £ 13.25
Protein (percent) Exercise+ Placebo 2.06 + 13.64 1.40 + 13.82 0.339 0.339
p value 0.07 0.368
Exercise + Supplement 12.43 £ 54.25 4.36 £ 57.67
Carbohydrates
(perc};nt) Exercise + Placebo 478 £62.73 5.82 & 60.64 0.212 0.212
p value 0.046 0.178
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Table 7. Cont.
Stage Significance Significance
Variable Group Level of the Level of the
Pre-Test Post-Test Time x Group Time X Group
Interaction Interaction
Exercise + Supplement 10.80 + 33.58 5.26 + 29.08
Fat (percent) Exercise + Placebo 5.48 + 23.64 6.63 & 25.09 0.147 0.147
p value 0.012 0.123

4. Discussion

The results of the present research indicate a significant difference in PON1 lev-
els among the subjects following the interventions (combined exercise and supplemen-
tation). The mean PONT1 level in the exercise + supplement group was significantly
higher than that in the exercise + placebo group, consistent with the findings of Fato-
lahi et al. (2017) [24], who observed six weeks of endurance and speed training in rats;
Otocka-Kmiecik et al. (2021) [25], who conducted three repeated sessions of intense exer-
cise in healthy men; Bacchetti et al. (2023) [26], who examined seven weeks of resistance
training in overweight/obese individuals; and Ghasemi et al. (2017) [19], who reported on
sixteen weeks of aerobic training in postmenopausal women. In contrast, these findings
are inconsistent with those of Gharakhanlou et al. (2007) [27], who studied eight weeks
of vigorous and moderate aerobic exercise in inactive healthy men, and Nalcakan et al.
(2016) [28], who investigated aerobic exercise in trained women. The primary antioxidant
enzyme carried by HDL particles is PON1 [29]. Empirical evidence suggests that HDLs
protect against LDL oxidation, thereby preventing the production of pro-inflammatory oxi-
dized lipids, primarily lipid hydroperoxides and short-chain oxidized phospholipids [30].
Given that PONT1 activity is typically reduced in chronic liver diseases, including MASLD,
it has been demonstrated that this reduction is associated with changes in HDL particles,
the expression of peroxisome proliferator-activated receptor PPAR §, and the regulation of
monocyte chemoattractant protein-1 (MCP-1) transformation. Consequently, low levels
of PON1 may be regarded as a marker of lipid peroxidation and a potential alternative
indicator of increased oxidative stress and fibrosis in patients with MASLD [31]. In the
present study, HDL levels increased, and oxLDL levels decreased; therefore, the current
findings regarding the increase in PON1 levels are somewhat justifiable. Considering that
the administration of royal jelly can mitigate oxidative stress in liver and kidney tissues,
which is associated with a reduction in MDA production and an increase in the concentra-
tion of cellular antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT),
glutathione reductase (GR), and glutathione peroxidase (GPx) [32], the further increase in
the levels of these enzymes in the exercise + supplement group is thus accounted for.

Another significant finding was the impact of combined exercise and royal jelly sup-
plementation on changes in LDL oxidation among women with Dysfunction-Associated
Steatotic Liver Disease. This observation aligns with the results of Rezvani et al. (2017) [18],
who conducted an 8-week resistance training program with postmenopausal women,
Park et al. (2015) [33], who studied 12 weeks of aerobic, resistance, and traditional Korean
dance training in obese older women, and Ghorbanian et al. (2021) [34], who exam-
ined 8 weeks of rope skipping combined with purslane supplementation in overweight
and obese girls. Conversely, these findings do not correspond with those of Sadeghi
et al. (2019) [35], who investigated the effects of eight weeks of aerobic exercise on total
cholesterol (TC) and oxidized LDL (oxLLDL) levels, as well as cardiovascular risk factors
in obese and overweight women, and reported no significant changes in oxLDL follow-
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ing the exercise regimen. The discrepancies between the present study’s outcomes and
those of other investigations may be attributed to factors such as the intensity, duration,
and type of exercise, as well as participant characteristics. Numerous antioxidants have
been shown to inhibit lipid oxidation. The principal protein in royal jelly (RJMP) exhibits
several biological functions, including antibacterial, antioxidant, anticancer activities, and
immune modulation. However, there is a scarcity of studies focusing on the effects of
royal jelly protein hydrolysates. Some research indicates that royal jelly is rich in bioactive
compounds, including 10-HDA, flavonoids (quercetin, naringenin, and galangin), phenolic
acids (chlorogenic acid, caffeic acid, and ferulic acid), and essential amino acids, and it also
possesses a significant inhibitory effect on oxidative DNA damage and LDL oxidation [36].
According to the researchers’ reviews, no study to date has examined the effect of royal
jelly on LDL oxidation levels. Nevertheless, based on the results of the present study, it
was observed that the average values of this index in the exercise plus supplement group
exhibited a significant reduction compared to the placebo group. Therefore, it can be
concluded that, in addition to the potential effects of exercise, royal jelly supplementation
likely contributes to a reduction in LDL oxidation.

One of the most significant findings of the present study was the observed changes
in the levels of low-density lipoprotein (LDL), total cholesterol (TC), and triglycerides
(TG), which decreased, alongside an increase in high-density lipoprotein (HDL), in women
with MASLD following 8 weeks of intervention. These results are consistent with the
findings reported by Cho et al. (2014) [37], Hojjati et al. (2015) [38], Petelin et al. (2019) [39],
and Barani et al. (2014) [40]; however, they diverged from the conclusions drawn by
Gharakhanlou et al. (2007) [27]. Some studies indicate that engagement in physical
activities, particularly aerobic exercises, and the incorporation of nutritional strategies for
weight management can serve as effective interventions for improving lipid profiles [19,37].
In contrast, Gharakhanlou et al. (2007) [27] focused on the impact of aerobic exercise on
Paraoxonase 1 (PONT1) activity, arylesterase (ARE) activity, and serum lipoprotein profiles,
reporting no significant changes in LDL-C levels or TC concentrations following aerobic
interventions. The discrepancies in these findings may be attributed to variations in sample
sizes, gender representation, the statistical populations studied, and the effects of the
nutritional supplements utilized in the current investigation.

It is noteworthy that in the present study, combined exercises may have influenced the
metabolic and physiological changes observed in muscle and liver mitochondria. Aerobic
exercises significantly enhance blood flow and augment oxygen uptake by the muscles,
while also improving the capacity for fat utilization in energy production and increasing
the volume of oxidative enzymes within the mitochondria. Through these exercises, there
is a reduction in visceral fat [41]. Resistance training promotes protein synthesis, which
can enhance the volume of active muscle mass and the oxidative metabolism of muscle
mitochondria. This adaptation subsequently contributes to an increase in maximum oxygen
consumption and the capacity for lipolysis [42]. Aerobic and resistance exercises also lead
to a reduction in pro-oxidant and pro-inflammatory proteins in liver cells. Along with
these changes, oxidative enzymes that produce free radicals, such as myeloperoxidase, are
decreased. This, in turn, results in an increase in PON1 expression. The increase in HDL
simultaneously prevents the conversion of LDL to oxidized LDL [26]. Endurance and resis-
tance training reduces liver inflammation and decreases hepatic fat accumulation, resulting
in the diminished secretion of liver enzymes and an enhancement in liver function [43].

Royal jelly protein has been recognized as a notable factor exhibiting hypocholes-
terolemic properties. Royal jelly contains bile acid-binding proteins that confer a hypoc-
holesterolemic effect. Although the influence of royal jelly on the human lipoprotein
metabolism has been established, the underlying mechanisms remain poorly understood.
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Some research suggests that as a functional dietary supplement, royal jelly may reduce
total blood cholesterol levels and, when used in a long-term regimen, improve LDL and
HDL levels [40,44].

Another noteworthy outcome of this research was the changes in aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT) levels observed in the exercise plus supple-
ment group, which were significantly lower than those in the exercise plus placebo group.
This finding aligns with the results of Kanbur et al. (2009) [45], Bahari et al. (2023) [46],
and Valizadeh et al. (2011) [47], but contrasts with the findings of Barani et al. (2014) [40].
In addition to medical and pharmaceutical interventions for treating MASLD, physical
activity and the use of traditional medicines with natural origins possessing anti-lipid and
antioxidative properties may serve as beneficial complementary treatments, particularly in
the realm of prevention. Valizadeh et al. (2011) [47] explored the effects of eight weeks of
targeted aerobic training on enzyme levels (AST, ALT) in men aged 20 to 45 years with fatty
liver, reporting that the training resulted in reduced AST and ALT levels in the experimental
group. Additionally, Xiong et al. (2021) [48] conducted a systematic review and meta-
analysis assessing the impacts of various exercise modalities on eight indices in patients
diagnosed with MASLD, revealing that aerobic exercises significantly improved indices
including TG, TC, LDL, HDL, ALT, AST, and body mass index (BMI). Resistance training
was shown to markedly decrease AST levels, while high-intensity interval training signifi-
cantly improved ALT levels in this patient population. Conversely, Barani et al. (2014) [40]
examined the effects of resistance and combined training on serum liver enzyme levels and
fitness indices in women with Dysfunction-Associated Steatotic Liver Disease, reporting
that the level of alkaline phosphatase (ALP) significantly decreased only in the resistance
training group, while no significant changes were observed in AST and ALT levels in the
combined and control groups.

Studies indicate that exercise and physical activity, in conjunction with the consump-
tion of appropriate dietary sources, effectively enhance fat metabolism, reduce blood lipids,
and subsequently decrease hepatic fat accumulation [49,50]. The protective effects of royal
jelly can be attributed to its antioxidant properties, which elevate the levels of hepatic
antioxidant enzymes and contribute to a reduction in hepatic steatosis and liver dam-
age [51,52]. Based on this evidence, it can be concluded that royal jelly may serve as a
completely natural adjunct to physical activity, aiding in the reduction in liver enzymes
and ultimately representing an effective strategy for mitigating the detrimental effects of
Dysfunction-Associated Steatotic Liver Disease.

In the present study, the concurrent use of exercise and royal jelly
consumption—particularly among postmenopausal women with fatty liver metabolic
disease, who are at greater risk—warrants investigation. The examination of lipid—
enzyme-antioxidant factors in elucidating the potential mechanisms through which ex-
ercise and royal jelly consumption exert their effects is a positive aspect of this research;
however, the absence of a control group has constrained the clarity regarding the impact of
each of these factors.

5. Conclusions

The results of this study demonstrate significant positive changes in the
exercise + supplement group compared to the exercise + placebo group across all de-
pendent variables. Consequently, it can be concluded that the combination of exercise
and royal jelly supplementation may constitute an effective and recommendable strategy
for mitigating the detrimental effects of Dysfunction-Associated Steatotic Liver Disease,
particularly through its influence on liver enzyme activity, paraoxonase 1 levels, LDL
oxidation, and lipid profile.



Medicina 2025, 61, 349 13 of 15

Author Contributions: Conceptualization, R.A.; project administration, R.A. and H.M.; writing and
review, R.A.,, GM.M., M.S.A. and M.P; investigation, N.R.; editing and data acquisition, G.M.M. and
M.P,; formal analysis and validation, M.S.A.; writing—original draft, M.S.A. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the principles
outlined in the Helsinki Declaration and received approval from the Institutional Ethics Committee
of Hakim Sabzevari university (IR HSU.REC.1402.024, 21 October 2023).

Informed Consent Statement: Informed consent has been secured from all participants involved in
the study.

Data Availability Statement: The data supporting the findings of this study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Malnick, S.D.; Alin, P.; Somin, M.; Neuman, M.G. Fatty liver disease-alcoholic and non-alcoholic: Similar but different. Int. J. Mol.
Sci. 2022, 23, 16226. [CrossRef] [PubMed]

2. Noureddin, M.; Abdelmalek, M.F. Current Treatment Options, Including Diet, Exercise, and Medications: The Impact on Histology.
Clin. Liver Dis. 2023, 27, 397-412. [CrossRef] [PubMed]

3. Ryu, S.; Suh, B.S,; Chang, Y.; Kwon, M.].; Yun, K.E,; Jung, H.S.; Kim, C.W,; Kim, B.K,; Kim, Y.J.; Choi, Y.; et al. Menopausal stages
and Dysfunction-Associated Steatotic Liver Disease in middle-aged women. Eur. |. Obstet. Gynecol. Reprod. Biol. 2015, 190, 65-70.
[CrossRef]

4. Fenton, A. Weight, shape, and body composition changes at menopause. J. Mid-Life Health 2021, 12, 187-192. [CrossRef] [PubMed]

5. TaheriChadorneshin, H.; Abtahi-Eivary, S.H.; Cheragh-Birjandi, S.; Yaghoubi, A.; Ajam-Zibad, M. The effect of exercise training
type on paraoxonase-1 and lipid profile in rats. Shiraz E-Med. ]. 2017, 18, e46131. [CrossRef]

6. Zou, Y; Li, J.; Lu, C; Wang, ].; Ge, ].; Huang, Y.; Zhang, L.; Wang, Y. High-fat emulsion-induced rat model of nonalcoholic
steatohepatitis. Life Sci. 2006, 79, 1100-1111. [CrossRef] [PubMed]

7. Cuevas-Ramos, D.; Mehta, R.; Aguilar-Salinas, C.A. Fibroblast Growth Factor 21 and Browning of White Adipose Tissue. Front.
Physiol. 2019, 10, 37. [CrossRef] [PubMed]

8. Houben, T.; Brandsma, E.; Walenbergh, S.; Hofker, M.H.; Shiri-Sverdlov, R. Oxidized LDL at the crossroads of immunity in
non-alcoholic steatohepatitis. Biochim. Biophys. Acta. 2017, 1862, 416-429. [CrossRef]

9.  Mohanty, S.; Nayak, N.; Mukherjee, T.; Kumari, S.; Prabhakar, PK.; Pattnaik, A. Obesity, herbal extracts, dietary supplements,
mechanisms of action, medicinal plants, phytochemicals, clinical studies, management. Endocrine, metabolic & immune disorders
drug targets. Endocr. Metab. Immune Disord. Drug Targets. 2024; in press. [CrossRef]

10. Omidi, F; Hashemvarzi, S.A. The effect of eight weeks aerobic training with Royal Jelly consumption on some cardiovascular
biomarkers during chronic high blood pressure induced by L-NAME in male rats. Sport Physiol. 2018, 9, 143-158. [CrossRef]

11. Etemad, Z.; Zohali, S. The Effect of Aerobic Training and Royal Jelly Supplementation on Some Inflammatory Markers in
Overweight Women. MEJDS 2021, 11, 21. [CrossRef]

12.  Zhang, H; Chen, T; Ren, J.; Xia, Y.; Onuma, A.; Wang, Y.; He, J.; Wu, J.; Wang, H.; Hamad, A.; et al. Pre-operative exercise therapy
triggers anti-inflammatory trained immunity of Kupffer cells through metabolic reprogramming. Nat. Metab. 2021, 3, 843-858.
[CrossRef]

13. Miura, I.; Komine, S.; Okada, K.; Wada, S.; Warabi, E.; Uchida, F.; Oh, S.; Suzuki, H.; Mizokami, Y.; Shoda, J. Prevention of
non-alcoholic steatohepatitis by long-term exercise via the induction of phenotypic changes in Kupffer cells of hyperphagic obese
mice. Physiol. Rep. 2021, 9, e14859. [CrossRef] [PubMed]

14. Bae,].C.; Suh, S.; Park, S.E.; Rhee, E].; Park, C.Y.; Oh, KW,; Park, SW.; Kim, S.W.; Hur, K.Y.; Kim, ].H.; et al. Regular exercise
is associated with a reduction in the risk of MASLD and decreased liver enzymes in individuals with MASLD independent of
obesity in Korean adults. PLoS ONE 2012, 7, e46819. [CrossRef] [PubMed]

15. Bhat, G.; Baba, C.S.; Pandey, A.; Kumari, N.; Choudhuri, G. Life style modification improves insulin resistance and liver histology
in patients with Dysfunction-Associated Steatotic Liver Disease. World |. Hepatol. 2012, 4, 209-217. [CrossRef] [PubMed]

16. Hallsworth, K.; Fattakhova, G.; Hollingsworth, K.G.; Thoma, C.; Moore, S.; Taylor, R.; Day, C.P.,; Trenell, M.I. Resistance exercise

reduces liver fat and its mediators in Dysfunction-Associated Steatotic Liver Disease independent of weight loss. Gut 2011, 60,
1278-1283. [CrossRef]


https://doi.org/10.3390/ijms232416226
https://www.ncbi.nlm.nih.gov/pubmed/36555867
https://doi.org/10.1016/j.cld.2023.01.008
https://www.ncbi.nlm.nih.gov/pubmed/37024215
https://doi.org/10.1016/j.ejogrb.2015.04.017
https://doi.org/10.4103/jmh.jmh_123_21
https://www.ncbi.nlm.nih.gov/pubmed/34759699
https://doi.org/10.5812/semj.46131
https://doi.org/10.1016/j.lfs.2006.03.021
https://www.ncbi.nlm.nih.gov/pubmed/16624332
https://doi.org/10.3389/fphys.2019.00037
https://www.ncbi.nlm.nih.gov/pubmed/30804796
https://doi.org/10.1016/j.bbalip.2016.07.008
https://doi.org/10.2174/0118715303316634240822073810
https://doi.org/10.22089/spj.2017.4127.1555
https://doi.org/10.29252/mejds.0.0.111
https://doi.org/10.1038/s42255-021-00402-x
https://doi.org/10.14814/phy2.14859
https://www.ncbi.nlm.nih.gov/pubmed/33991461
https://doi.org/10.1371/journal.pone.0046819
https://www.ncbi.nlm.nih.gov/pubmed/23110056
https://doi.org/10.4254/wjh.v4.i7.209
https://www.ncbi.nlm.nih.gov/pubmed/22855696
https://doi.org/10.1136/gut.2011.242073

Medicina 2025, 61, 349 14 of 15

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ahmadi, M.; Abbassi Daloii, A.; Behbudi, L. Comparison between the effects of eight weeks of aerobic and resistance training on
paraoxonase-1, arylesterase activity and lipid profile in obese girls. Sci. |. Kurd. Univ. Med. Sci. 2016, 21, 83-93.

Rezvani, The effect of eight weeks of resistance training and low-calorie diet on body composition and relaxin of postmenopausal
women. J. Physiol. Sport Phys. Act. 2017, 10, 99-106. [CrossRef]

Ghasemi, R.; Abbassi Daloii, A. The effect of 16 weeks of aerobic training on activity of serum paraoxonase, arylesterase, and
lipid profile in postmenopausal women. EBNESINA 2017, 19, 41-49.

Banitalebi, E.; Faramarzi, M.; Nasiri, S. Effect of a 10-week combined exercise training on new fatty liver markers in women with
type 2 diabetes. SSU_Journals 2018, 26, 200-214.

Fratini, F; Cilia, G.; Mancini, S.; Felicioli, A. Royal Jelly: An ancient remedy with remarkable antibacterial properties. Microbiol.
Res. 2016, 192, 130-141. [CrossRef]

Kwon, H.R,; Han, K.A ; Ku, Y.H.; Ahn, H.J.; Koo, B.K; Kim, H.C.; Min, K.W. The effects of resistance training on muscle and body
fat mass and muscle strength in type 2 diabetic women. Korean Diabetes J. 2010, 34, 101-110. [CrossRef] [PubMed]

Orsoli¢, N.; Jazvins¢ak Jembrek, M. Royal Jelly: Biological Action and Health Benefits. Int. J. Mol. Sci. 2024, 25, 6023. [CrossRef]
Fatolahi, H.; Azarbayjani, M.A.; Peeri, M.; Homaee, H.M. The effect of exercise on paraoxonase-1 activity and lipid profile in
obesity and insulin resistance conditions. Iran. J. Diabetes Obes. 2017, 9, 82-93.

Otocka-Kmiecik, A.; Orfowska-Majdak, M.; Stawski, R.; Szkudlarek, U.; Kosielski, P.; Padula, G.; Gatczynski, S.; Nowak, D.
Repetitions of Strenuous Exercise Consistently Increase Paraoxonase 1 Concentration and Activity in Plasma of Average-Trained
Men. Oxidative Med. Cell. Longev. 2021, 2021, 2775025. [CrossRef] [PubMed]

Bacchetti, T.; Morresi, C.; Ferretti, G.; Larsson, A.; Akerfeldt, T.; Svensson, M. Effects of Seven Weeks of Combined Physical
Training on High-Density Lipoprotein Functionality in Overweight/Obese Subjects. Metabolites 2023, 13, 1068. [CrossRef]
Gharakhanlou, R.; Afzalpour, M.E.; Gaeini, A.A.; Rahnama, N. Effects of aerobic exercises on the serum paraoxonase
1/arylesterase activity and lipid profile in non-active healthy men. Int. J. Sports Sci. Eng. 2007, 1, 105-112.

Nalcakan, G.R.; Varol, S.R.; Turgay, F; Nalcakan, M.; Ozkol, M.Z.; Karamizrak, S.O. Effects of aerobic training on serum
paraoxonase activity and its relationship with PON1-192 phenotypes in women. J. Sport Health Sci. 2016, 5, 462—-468. [CrossRef]
[PubMed]

Vilahur, G.; Juan-Babot, O.; Pefia, E.; Oiiate, B.; Casani, L.; Badimon, L. Molecular and cellular mechanisms involved in cardiac
remodeling after acute myocardial infarction. J. Mol. Cell. Cardiol. 2011, 50, 522-533. [CrossRef] [PubMed]

Kontush, A.; Chapman, M.]. Antiatherogenic function of HDL particle subpopulations: Focus on antioxidative activities. Curr.
Opin. Lipidol. 2010, 21, 312-318. [CrossRef]

Milaciu, M.V.,; Ciumarnean, L.; Matei, D.M.; Vesa, 5.C.; Sabin, O.; Bocsan, I.C.; Pop, R-M.; Negrean, V.; Buzoianu, A.D.; Acalovschi,
M. Cytokines, paraoxonase-1, periostin and non-invasive liver fibrosis scores in patients with Dysfunction-Associated Steatotic
Liver Disease and persistently elevated aminotransferases: A pilot study. Exp. Ther. Med. 2021, 2, 533. [CrossRef] [PubMed]
Karadeniz, A.; Simsek, N.; Karakus, E.; Yildirim, S.; Kara, A.; Can, I; Kisa, F; Emre, H.; Turkeli, M. Royaljelly modulates oxidative
stress and apoptosis in liver and kidneys of rats treated with cisplatin. Oxid. Med. Cell. Longev. 2011, 2011, 981793. [CrossRef]
[PubMed]

Park, ].H.; Park, H.; Lim, S.T.; Park, ].K. Effects of a 12-week healthy-life exercise program on oxidized low-density lipoprotein
cholesterol and carotid intima-media thickness in obese elderly women. J. Phys. Ther. Sci. 2015, 27, 1435-1439. [CrossRef]
[PubMed]

Ghorbanian, B.; Mamaghani, H. Effect of eight weeks of rope training along with portulaca oleracea supplementation on serum
levels of ox-LDL, Apo-A1l, and Apo-B in overweight girls. Res. Med. 2021, 45, 15-22.

Sadeghi, M.; Mohammadi, A.; Khajehlandi, A. The Effect of Aerobic Exercise Training on Oxidized LDL Cholesterol (Ox-LDL)
Levels and Some Cardiovascular Risk Factors in Women with Obesity. Jundishapur ]. Health Sci. 2019, 11, e87511. [CrossRef]
Chiang, S.H.; Yang, K.M.; Sheu, S.C.; Chen, C.W. The Bioactive Compound Contents and Potential Protective Effects of Royal
Jelly Protein Hydrolysates against DNA Oxidative Damage and LDL Oxidation. Antioxidants 2021, 10, 580. [CrossRef] [PubMed]
Cho, H.C.; Kim, J.K.; Lee, N.J.; Kim, S.Y.; Yoon, N.K. Effects of combined exercise on cardiovascular risk factors and serum bdnf
level in mid-aged women. J. Exerc. Nutr. Biochem. 2014, 18, 61. [CrossRef]

Hojjati, Z.; Shahsavari, S. Acute Effects of Aerobic and Combined Exercise on Serum Lipid Profile in Women with Type II Diabetes.
Iran. ]. Health Sci. 2015, 3, 31-37. [CrossRef]

Petelin, A.; Kenig, S.; Koping, R.; DeZelak, M.; Cerneli¢ Bizjak, M.; Jenko Praznikar, Z. Effects of royal jelly administration on lipid
profile, satiety, inflammation, and antioxidant capacity in asymptomatic overweight adults. Evid.-Based Complement. Altern. Med.
2019, 2019, 4969720. [CrossRef]

Barani, F.; Afzalpour, M.E; lbiegi, S.; Kazemi, T.; Mohammadi Fard, M. The effect of resistance and combined exercise on serum
levels of liver enzymes and fitness indicators in women with nonalcoholic fatty liver disease. J. Birjand Univ. Med. Sci. 2014, 21,
188-202.


https://doi.org/10.48308/joeppa.2017.98900
https://doi.org/10.1016/j.micres.2016.06.007
https://doi.org/10.4093/kdj.2010.34.2.101
https://www.ncbi.nlm.nih.gov/pubmed/20548842
https://doi.org/10.3390/ijms25116023
https://doi.org/10.1155/2021/2775025
https://www.ncbi.nlm.nih.gov/pubmed/34917230
https://doi.org/10.3390/metabo13101068
https://doi.org/10.1016/j.jshs.2015.01.010
https://www.ncbi.nlm.nih.gov/pubmed/30356554
https://doi.org/10.1016/j.yjmcc.2010.12.021
https://www.ncbi.nlm.nih.gov/pubmed/21219908
https://doi.org/10.1097/MOL.0b013e32833bcdc1
https://doi.org/10.3892/etm.2021.9965
https://www.ncbi.nlm.nih.gov/pubmed/33815606
https://doi.org/10.1155/2011/981793
https://www.ncbi.nlm.nih.gov/pubmed/21904651
https://doi.org/10.1589/jpts.27.1435
https://www.ncbi.nlm.nih.gov/pubmed/26157235
https://doi.org/10.5812/jjhs.87511
https://doi.org/10.3390/antiox10040580
https://www.ncbi.nlm.nih.gov/pubmed/33918639
https://doi.org/10.5717/jenb.2014.18.1.61
https://doi.org/10.7508/ijhs.2015.02.005
https://doi.org/10.1155/2019/4969720

Medicina 2025, 61, 349 15 of 15

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Touron, J.; Costes, F.; Coudeyre, E.; Perrault, H.; Richard, R. Aerobic metabolic adaptations in endurance eccentric exercise and
training: From whole body to mitochondria. Front. Physiol. 2021, 11, 596351. [CrossRef] [PubMed]

Porter, C.; Reidy, P.T.; Bhattarai, N.; Sidossis, L.S.; Rasmussen, B.B. Resistance Exercise Training Alters Mitochondrial Function in
Human Skeletal Muscle. Med. Sci. Sports Exerc. 2015, 47, 1922-1931. [CrossRef] [PubMed]

Hong, F; Liu, Y,; Lebaka, V.R.; Mohammed, A.; Ye, W.; Chen, B.; Korivi, M. Effect of exercise training on serum transaminases in
patients with nonalcoholic fatty liver disease: A systematic review and meta-analysis. Front. Physiol. 2022, 13, 894044. [CrossRef]
[PubMed]

Aslan, I.; Kucuksayan, E.; Aslan, M. Effect of insulin analog initiation therapy on LDL/HDL subfraction profile and HDL
associated enzymes in type 2 diabetic patients. Lipids Health Dis. 2013, 12, 54. [CrossRef]

Kanbur, M.; Eraslan, G.; Beyaz, L.; Silici, S.; Liman, B.C.; Altinorduluy, S.; Atasever, A. The effects of royal jelly on liver damage
induced by paracetamol in mice. Exp. Toxicol. Pathol. 2009, 61, 123-132. [CrossRef]

Bahari, H.; Taheri, S.; Rashidmayvan, M.; Jamshidji, S.; Jazinaki, M.S.; Pahlavani, N. The effect of Royal jelly on liver enzymes and
glycemic indices: A systematic review and meta-analysis of randomized clinical trials. Complement. Ther. Med. 2023, 77, 102974.
[CrossRef]

Valizadeh, R.; Nikbakht, M.; Davodi, M.; Khodadoost, M. The effect of eight weeks elected aerobic exercise on the levels of (AST,
ALT) enzymes of men patients with have fat liver. Procedia-Soc. Behav. Sci. 2011, 15, 3362-3365. [CrossRef]

Xiong, Y.; Peng, Q.; Cao, C.; Xu, Z.; Zhang, B. Effect of different exercise methods on Dysfunction-Associated Steatotic Liver
Disease: A meta-analysis and meta-regression. Int. ]. Environ. Res. Public Health 2021, 18, 3242. [CrossRef] [PubMed]
Romero-Gémez, M.; Zelber- Sagi, S.; Trenell, M. Treatment of MASLD with diet, physical activity and exercise. ]. Hepatol. 2017, 67,
829-846. [CrossRef] [PubMed]

Curci, R.; Bianco, A.; Franco, I.; Campanella, A.; Mirizzi, A.; Bonfiglio, C.; Osella, A.R. The Effect of Low Glycemic Index
Mediterranean Diet and Combined Exercise Program on Metabolic-Associated Fatty Liver Disease: A Joint Modeling Approach.
J. Clin. Med. 2022, 11, 4339. [CrossRef] [PubMed]

You, M.-M.; Liu, Y.-C.; Chen, Y.-F; Pan, Y.-M.; Miao, Z.-N.; Shi, Y.-Z.; Si, J.-].; Chen, M.-L.; Hu, E-L. Royal jelly attenuates
Metabolic dysfunction-associated steatotic liver diseaseby inhibiting oxidative stress and regulating the expression of circadian
genes in ovariectomized rats. J. Food Biochem. 2020, 44, €13138. [CrossRef]

Cemek, M.; Yilmaz, E; Biiytikokuroglu, M.E.; Biiytikben, A.; Aymelek, F; Ayaz, A. Serum and liver tissue bio-element levels, and
antioxidant enzyme activities in carbon tetrachloride-induced hepatotoxicity: Protective effects of royal jelly. J. Med. Food 2012, 15,
747-752. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3389/fphys.2020.596351
https://www.ncbi.nlm.nih.gov/pubmed/33584331
https://doi.org/10.1249/MSS.0000000000000605
https://www.ncbi.nlm.nih.gov/pubmed/25539479
https://doi.org/10.3389/fphys.2022.894044
https://www.ncbi.nlm.nih.gov/pubmed/35837021
https://doi.org/10.1186/1476-511X-12-54
https://doi.org/10.1016/j.etp.2008.06.003
https://doi.org/10.1016/j.ctim.2023.102974
https://doi.org/10.1016/j.sbspro.2011.04.300
https://doi.org/10.3390/ijerph18063242
https://www.ncbi.nlm.nih.gov/pubmed/33801028
https://doi.org/10.1016/j.jhep.2017.05.016
https://www.ncbi.nlm.nih.gov/pubmed/28545937
https://doi.org/10.3390/jcm11154339
https://www.ncbi.nlm.nih.gov/pubmed/35893431
https://doi.org/10.1111/jfbc.13138
https://doi.org/10.1089/jmf.2012.0010

	Introduction 
	Materials and Methods 
	Exercise Protocol 
	Blood Sampling 
	Statistical Analysis 

	Result 
	Discussion 
	Conclusions 
	References

