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ABSTRACT

Royaljelly is a highly nutritious natural product with significant
potential as a health-promoting food. The aim of the present study was to determine the
effect of six weeks of oral royal jelly supplementation and exercise training on total
antioxidant capacity (TAC) and serum malondialdehyde (MDA) levels in healthy active
young girls.

In this single-blind, semi-experimental study, 40 active women aged
20-25 years with a body mass index of 18-25 kg/m? were randomly divided into four equal
groups (n=10 each): 1) Supplement, 2) Exercise+Placebo, 3) Exercise+Supplement, and 4)
Placebo. The exercise protocol consisted of six weeks of combined training (high-intensity
interval training and resistance training) performed three times per week. The supplement
group received 1000 mg royal jelly capsules three times daily. Blood samples were collected
after 12 hours of fasting at baseline and 72 hours after the intervention period.
Asignificant increase in TAC and decrease in MDA were observed in the Supplement
and Exercise+Supplement groups compared to the Placebo group (p<0.01). Additionally,
TAC was significantly higher in the Supplement group compared to the Exercise+Placebo
Received: 14 Septamber 2024 group (p<0.05). No significant differences in MDA were found between the intervention
Accepted: 1 January 2025 groups (p>0.05).

Based on the results, combined exercise training and royal jelly
supplementation have synergistic effects in enhancing antioxidant defense and reducing
lipid peroxidation in active young women.
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Introduction

igh-intensity interval training (HIIT) is a

H training modality that is gaining increasing
popularity among elite athletes (1). A
characteristic feature of HIIT is the high

physical load that is applied for only a limited period of
time (1). Previous studies have shown a strong relationship
between vascular function and cardiorespiratory fitness
(2). It has also been reported that reactive oxygen species
(ROS) generated by skeletal muscle contraction during
exercise can increase oxidative stress levels and enhance
the antioxidant defense system. Although exercise-induced
ROS are required for normal force production in skeletal
muscle, high levels of ROS can contribute to contractile
dysfunction (3). Furthermore, the accumulation of ROS in
the body depends on the specific type of exercise
performed, as well as its intensity and duration. Therefore,
exercise-induced oxidative stress may play an important
role in the pathophysiological functions of skeletal muscle
(4). Although physical activity increases ROS in skeletal
muscle, regular exercise training may regulate enzymatic
and non-enzymatic antioxidant defense systems (5).
Concurrent resistance and aerobic training offers a time-
saving strategy to optimize strength and aerobic capacity
However, these exercises must be carefully designed and
prescribed, as there are factors such as training intensity
that greatly influence training adaptation. It seems that
higher intensities of aerobic or resistance training,
respectively, produce greater increases in aerobic fitness or
neuromuscular adaptations such as strength (11). Although
it has been suggested that higher resistance training loads
should be combined with lower aerobic training intensities
to further increase strength (11), both exercises have been
reported to produce significant cardiometabolic gains,
especially in simultaneous training (HIIT plus resistance
training) (12). This performance improvement is also seen
in functional training such as CrossFit, which is performed
in an HIIT manner (13). In studies investigating the effect
of combined training on oxidative stress, it has been shown
that simultaneous training (independent of the training
order) is an effective therapeutic method in modulating
oxidative stress (14, 15). However, it has been reported that
simultaneous training, despite its positive effects on
improving the physical fitness of athletes, affects
biomarkers of oxidative stress (16). Malondialdehyde
(MDA) is a compound derived from lipid peroxidation. It
is used as a biomarker to measure oxidative stress in
various biological samples (17). MDA is the main and most
studied product of polyunsaturated fatty acid peroxidation;
it is investigated in clinical research as a biomarker related
to oxidative stress (18, 19). On the other hand, the
balancing of ROS is regulated by an antioxidant defense
network to enable their physiological roles and reduce

oxidative stress and disease (20, 21). Simultaneous training
can be a suitable training approach to obtain adaptations
resulting from exercise training (13, 30). However, high-
intensity and high-volume training can elevate oxidative
stress during exercise. On the other hand, the use of foods
such as royal jelly may offer effective support for
antioxidant defense mechanisms (31). Foods like royal
jelly. The preservation of total antioxidant capacity (TAC)
is vital for athlete well-being. Research exploring the
effects of training paradigms and nutritional interventions,
such as royal jelly, on biomarkers of oxidative stress and
antioxidant capacity remains necessary. Considering the
potential for simultaneous training (HIIT + resistance) to
increase oxidative stress in female athletes, this research
aims to determine if royal jelly intake, leveraging its
antioxidant effects, can modulate biomarkers of oxidative
stress and enhance total antioxidant status in this cohort.

Methods

This single-blind, quasi-experimental study involved
40 active girls aged 20-25 years with a body mass index
(BMI) of 18-25 kg/m2. Participants were randomly
assigned to one of four equal groups: 1) supplement, 2)
training + placebo, 3) training + supplement, and 4)
placebo. The training protocol consisted of six weeks of
concurrent training (high-intensity interval training and
resistance training) in three sessions per week. The
supplementation protocol involved the oral intake of a
1000 mg royal jelly capsule three times daily. Seventy-two
hours following the final training session and
supplement/placebo administration, post-test assessments
included body composition analysis and blood sampling. A
5 mL fasting blood sample was drawn from the subjects'
right brachial vein to measure total antioxidant capacity
and serum MDA levels. Serum was separated via
centrifugation and stored at -70°C for subsequent analysis.
Total antioxidant capacity (TAC) was measured using the
Ferric Reducing Antioxidant Power (FRAP) assay, and
malondialdehyde (MDA) levels were quantified via
Enzyme-Linked Immunosorbent Assay (ELISA). Paired
sample t-tests and analysis of covariance were used to
examine within-group and between-groups changes.
Statistical analysis was performed using SPSS version 26
software, and the significance level was set at o = 0.05.

Results

The results of paired t-tests indicated a statistically
significant increase in total antioxidant capacity (TAC) in
both the supplement group (p=0.001) and the
exercise+supplement group (p=0.005) following the
intervention period. However, no significant changes were
observed in the exercise+placebo (p=0.812) or placebo
groups (p=0.574). Regarding malondialdehyde (MDA)
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levels, significant reductions were found in the
exercise+placebo (p=0.001), supplement (p=0.003), and
exercise+supplement groups (p=0.001), while no
significant change occurred in the control group (p=0.103).

Analysis of covariance (ANCOVA) revealed
significant between-group differences in both TAC and
MDA levels (p<0.001) (Table 2). Post-hoc Bonferroni tests
demonstrated that the exercise+supplement group showed
a 0.06 mmol/L increase in TAC (p=0.004 vs placebo),
while the supplement group alone exhibited a 0.04 mmol/L
increase (p=0.001 vs placebo). Notably, the supplement
group also showed significantly higher TAC compared to
the exercise+placebo group (0.22 mmol/L, p=0.014).

For MDA levels, significant reductions were observed
in the exercise+placebo (0.22 nmol/L, p=0.016),
exercise+supplement (0.30 nmol/L, p=0.001), and
supplement groups (0.30 nmol/L, p<0.001) when
compared to the placebo group. However, no significant
differences were found between the other intervention
groups (Figure 2). These findings collectively demonstrate
that while both exercise and royal jelly supplementation
independently improved oxidative stress markers, their
combination yielded the most pronounced antioxidant
effects, particularly in enhancing total antioxidant
capacity.

Conclusion

The findings of this study showed that simultaneous
training (HIT + resistance) did not negatively impact the
antioxidant system or increase oxidative stress in female
athletes. In fact, it appeared to reduce oxidative stress, as
evidenced by a decrease in MDA levels observed in this
study. Also, the results of our study indicated the positive
effects of royal jelly on increasing antioxidant defense and
reducing MDA. When comparing interventions, this study
found that royal jelly supplementation positively increased
TAC compared to the exercise + placebo group. However,
no significant difference in MDA levels was observed
between the intervention groups. Compared to the placebo
group (P < 0.01), both the supplement and
training+supplement groups showed a significant
increase in TAC and a significant decrease in MDA.
Furthermore, the supplement group exhibited a
significantly greater increase in TAC compared to the
training+placebo group (P< 0.05). No significant
difference in MDA levels was found between the
intervention groups (P > 0.05).

Ethical Considerations

All procedures performed in this study were
conducted in accordance with the Helsinki Declaration on
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Kharazmi University Ethics Committee. Participants
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Motamedi P, et al. The Effect of Oral Royal Jelly Supplementation and Exercise Training on Antioxidant Defense-Related Parameters in Healthy

Scientific Medical Journal

of the study, and written informed consent was obtained
from all subjects prior to the initial assessments.

Funding
Not applicable.

Authors contributions

Saeideh Kargaran: Conceptualization and data
collection.

Pezhman Motamedi: Contributed to
conceptualization and manuscript writing. Sadegh
Amani: Involved in data analysis and manuscript writing.
All authors read and approved the final manuscript.

Conflicts of interest
The authors declare no conflict of interest regarding
the publication of this article.

Acknowledgements
The authors sincerely appreciate the research unit of
Kharazmi University for their support.

Active Girls. Jundishaour Scientific Medical Journal. 2025: 24(2):141-152.



et

I;w.% 9).: Al

EBd U b gaxdiwld p oiiyg a9 STies gy Ji U GsbdeSe S
Jld Wl ol 5ds 45 SlawmsT

Y 6ol Sl 33lo T gaeize o ) S,1 )5, sanrs

Ol (Ol 603195 BBUID (o059 ol DSUIS (59 (S5 348 0955 S SD Sl )
Ol O RE 0313 SIS  oud 59 pole USWLIIS (D39 (559092528 09,5 s l3lius! .Y
Il eOIRE s 39 BN (059 oole DISUEINS ¢ a5 59 (o) 58 9,5 <yl Y

Use your device to scan
andread the artcle online Kargaran Ardakani S, Motamedi P, Amani-Shalamzari S. [The Effect of Oral Royal Jelly Supplementation
and Exercise Training on Antioxidant Defense-Related Parameters in Healthy Active Girls (Persian)]. Jundishapur
Scientific Medical Journal. 2025; 24(2): 141-152. 10.32592/jsmj.24.2.141

d

http://www.doi.org/10.32592/jsmj.24.2.141

. 5 .
LS CHOIS

BTN T
G B Cansl Co¥law 252 ) (616 Sy Asiody ¥l iy U (giide slonnt s Jgame Sy b, J5
Sl 53530 s 5 (TAC) 15 oI 51 o b 51 45 425 o0 8y 5359 (250 9 Uy (S5 J b po Sl oyl
Lol Jlad o o 5355 43 (MDA) 0 a0

AL 9 JLus YO B Yo s ol b Jab 555 F e ol 55 guicSy & 08 oyl (g 25005 ins3y > [N
9 oS+ (3 yod =V tladg I3t y03 =Y {JoSo =Y ) 0,5 V¢ (Golums 09,5 ¥ s (Ui yobots a0 o 2 @SS VO B IA Sy 0395
dadls a3 ((shoglio (p1 pod o Y ol (19l by yoi) (oS y3 iy pod ity Jold (3 i Aolingausd i sl (lodg I —F
Lo VY 5 5 s YF 3 £ sy gy Jj 005 i )+ ++ g S 550 3y 3 o 3 JoSn 39 4 §
5 ! Gl o 43 Y Ie 31 um
5 53lio Loig,3 09,5 Ay Coms JoSot (5505 § JoSo (509, 3 MDA ;3 (¢ lolina LEaY 3 TAC 3 ¢ kino (yil3il
MDA ;5 6,fsline Coglis . (P >+/+B) 59 yfslino Lodg, I3y yo3 89,5 &1 Comnd JoKo 89,5 3 TAC yiul331 cpuiood (p> +/+ 1) VE¥ s9200 VFCEL s 0,0
(p<o/+0) Cudils 3939 Ald e slog 5
S e s S A1 Dy U 3 55 iy S it S
00 Jled 4] 580 13 s CygawlunSTy
Iy J5 o3 I3l coonb5 09 (2707 xS T T cguiaunnST oy

VPV VY il U

HI VIV X VWY

Seize gyl

Il Ol eoiolss Bl (0355 pole 01Kl (53509 (S35)g2 508 095 iisatae lojy LS
SAVTFYFR00F 1ol

pezhman.motamedi@yahoo.com :4sLl/,

JUd Wl (353 55 GlaT- 0T £ b Lasi po (Slaoaociusl 8 2 (059 (32705 9 STy Jligy J5 L 6ok doSo 1.0, e 9 (SI3)1 01,5, Bpmns



file:///E:/graphic/صفحه%20آرایی/جندی-شاپور/jsmj.ajums.ac.ir
file:///E:/graphic/صفحه%20آرایی/جندی-شاپور/jsmj.ajums.ac.ir
file:///E:/graphic/صفحه%20آرایی/جندی-شاپور/jsmj.ajums.ac.ir
http://www.doi.org/10.32592/jsmj.24.2.141
mailto:pezhman.motamedi@yahoo.com

5 :

5 S g2 (53b5 b oS 2l 352 (e it Al Llelge doddo
ey steglie b (silg Ol ped b CoAd oS a0 5 4 010
SMas as o 85l b cilgn Solol p3 iy Lialsdl cely

oo syl &Sl osd lgie ax ST (VY) dad 0 )8 WSl
o 38 L3l el e (55l cpped ot bl YL tngli Obejde gl laad &S canl o (58 Lid HIT ols cla S

coilojod oy pe3 93y a5 Canl 0 5,155 < pldgn gl L(VV) D9 S 5 B9 38os o (98 dlatly (S llllas (1) 39800 Jlosl (6390
H||T) lojan Slisyei 13 ohgts wSdplio b pio (sladsliad Cawl ol u;})l}f O (Y) Cawl 02l olis l (oS B uS)La] 9
35,510t 35s cg 1Y) 200 il (il o3 conins 2 Sl @3Mas BLE1 j) 5L (ROS) (jens] b sloisS oS
ol e S &S b ol lipyes e (2,8ke Sl i 9303 Gl gl ol o lyisn (203 S5
35 &y 59 31 46 ROS a 5108 i ) Slasus] ol s

e e te . o ROS YL ol 555 Aol SMae 43 S
O &8 Sl ond (IS g5linST optl oS5 Sl < O]a.w e “’JS“ ’ “do <
s Sl e Gl oy S (ee8 ) ita) plogen &5 Gluopl 1) 45 K5 2l a,8s P & sl
&S sl 033 IS cdancyll (10 VF) ol gl ot B (Sou laj oo g e S5 sy £ 4 o > ROS
2 o G Sl (S ()59 Jl (58U glaenST (ol cul
Callad 42 )31 (F) W8 ) Sl eMas SOgln gl (sl Slas
Ol ped Jbcpll 9405 0 Sl ©Mae 1> ROS iliel el i
5 o5l oIl (2B laptuns Cusl (Sas plite (o35
ST ] i chl ph (0) WS wabas |y el
W) 980 odliial (Solger ks (slasigai 13 gl 02! A5 oSS oole el )3 ROS g bais & &5 sl i
slassl pgmelinnslyy Jgamme oy jdalllas 3)90 9 05 Lol MDA
b S logn S aliods b Gladss (o &S conl snisglsl oy

a8 ol oy yed sl hgy 5 (SO (HIT) YU conds b Jlg i) @l yoi
S (V) ol oy (Sloriul B Cangme I ass ()15 o

Sl oin 3 0Y) 258 0> j5 Ssde bl HIT ©)g04

Slowa (ST (B e Sl ogzs b plojen Sl
(V7)) 2,35 o0 ST 953081 (sl o Silage o ()35

SxSoil lp s S S altedy oS 5 ol e

375 )8 5l o w310 SISl o ool
D95 Lgdb gl il dliedy oadbaisls ROS ol zeos ccly o
(S 3 4 355 HenS1 ] s 5 9T ol e S5
sl i g g ORI L 3Shas ol e Sl i3l I (o3

(5) 25 )3 15l cou 1y 58 coodls Blgs o a5l 53 (6 low

035 Oilgie o3B3l VR IA) 295 0 (2 glannST oyl L
ot b dpde it (JauSI Bl (s> 4S8 S, L ROS
 slow g g5hunsT oyl g a8 ph oIl |y lagl (S5gls 5
ATV Y ) ey il )
] HIIT e i aS sl 031y ul““’ @K&ghjl C;UI},} 89y (B85

ol 5o aJgbo 5l SlansT gl oaomn (o i S
(3P e Il (YY) S e cliblbre giluus]

OpplionS o) (501 L ColS g gilinnST (il 0l g
. . ) 350n S3S15T 85 G s 5 el S L 5
i e A e R o 5olel 5,Sks HIT atin o & ool 015 LSS seizpon
P bl e oz Som sl ST sl h Ssotns 95T (il g ol slagialy 5 2isu o d90 |y
blomeny (1) 893 0% ST Sl slaptee i US o isi S yinS o5 5 oloye > HIIT 3l eygd S5 4
ooyl boablie (ol laliwy alioas ShuusSTsl oo
(YV) S go okl 5 adye il ar (85555 (sl 359 selaws]

(A) cad HIT & )85k > ShaST ol ol ial33) oims ol
9O Cuddge d‘)f JM"A“ u‘?’ 9 )8 <YL C?lg‘“’ sbo) ‘)imd)]o)\
S Ghiys Sl el ladaly Cusl (e 5 unl e )5
5 el geacly b o8 asl @i e LSS5
b el sl S (Ve R) 295 a3 a5 5 gl (gjluoslel
oS eonped Bl eiman g (pyed (o) Slacudgie 4 dag
Cunl (5lm 5 Slos 5 )38 (gilwdiang sl plojor (5lom g (toglie
s 09b 2955 9 (2l e ub Sloyes ol Jogpll (1)

2 a1l Sl L e SV guame oy 4 sl 035 ol
SO (V) M dute oD 5 ghon] pitaanr 3 Slos a0 (gly 1551
S8558 1 gy J5 el Jbgy 5 rbo (2138 @Y guas () ]
5 by daadeggdls dacgMgnl (sol> o S9d00 g5 Jus 955
Gl osd Gl Cpimen (il (698  ShawnST 5T @l 51 b asel gl
a g b (V0) 2)h Sglie oy (it Sl 5l ¢ Jguazs oyl &S
ol 45 3950 5] (VY Y5) 0, gy U5 o shaeST sl gl

JUb Il o555 53 (Sl (BT £183 L i po slaraominsl 8 p1 (559 (008 9 (STosd JUgy J5 L sk JoSe 1.0y 9 (3,1 (11,5, ounw



sl ga—

W8 (65503l MDA g TAC (gl ol g o 0398

GMas 0,08 5 ol o ogefl iyl il
o 35 ol bl 3555 Ul ke dysl can b idges]
i8S 4108 Calises (slaaldlie Cod diam i Cde &y g )S 5l plaS e
(JoSo 09,5 (slo gogajl & 392 90 il 4 gy J sl JeSo g,
i b @otn 42y Jlgy J5 p S bo Voo g S oy 2 b 4
o dgeil &S 39 Eygo (s Gy deliogsd (YY) oS il
S 5 Sl e et 53 (el dude> s Sl il D <oy 095
o opyod 3 dude g3 als sl 1y eglie HINT + il yos Jolis
Ar e CaB L (g ldBdan (yed gliS A ¢35 )5 i 0 5]
Sl 1o 005 s b Jld colpnl b B bys @Slis as)d
S35 b Sl ol & tnglio iy a5 g 1 plonl B 3
b sl i 1SS S a0 £ Ve Gl g LSSV N0 Caw Y b gy
(V) i Tl adgl clls ay cuiS (gl (19,5 3 oo 4280 O Culysyd

JoSo o g (g5 dunlr (2 315l g ol VY 8 03] g 3
lp 08 Pl (S 05d 5 (G S 5 el b pldl g o L
s O jlie a4 (oyw MDA 5 ol Sl 5] aaw (6503l
A 428,526 b )3 gge3l sl Cusd (53l ) 3l S el
Soa ol olSiwd jl o3l b (S8 (sladigad jl oy (il Sl
GFARP 59 4 TAC graw 0 (6,15 Vo ite (5lod 13 p s diges
A (65051l Y1 hgy 4 MDA o

09 0ge3l o> @i o Jlop oyt Shgpuls cygail ;]
ggeil 9 piblsS Jos pigail 5 byl (wlbs ooy ca
eloigen o b oalisol W b pgail )y S (Sgyiigy (oS
oblne v g A5 plol Y8 aseus SPSSl38le 5 5l ealil b (g )le]
b ad S las s o=e/e0

Lasl

OM‘;)SD)L\JI dl.tb).uwo 9 &5];9‘0.) Slasin & Joy)o \ J5.\>
ol ddlllas d)0 dubg)f »

3 oblixe il 3l ainly (5 905l 5l edelcwnddy guls 4y as g5 b

ot (P B) oS ey 5 (Pl +1) o shang 5 5 TAC
Legylst iy y03 08,5 3 (5 holine oglis g £ odmlite iy o5 alilsa |
& oline LS pioman s atnliie (P=/VF) Luigyls o (P=+/AYY)
JoSo P=e/e0N) Ladg)lotnped slaog)S 53 MDA g
L odaliie Aldlis 0y93 5l (P=+/++ V) oSt 505 g (P=+/++¥)
¥ Jgi2) 2 oanlia (P=+/V+¥) J 58 09,5 53 (g bline g5 Jy

8L e (o8))5 Oliz pod 1 (U 95T oyl Jied 2 Wlgi o3l
Cuol 04d ()15 oA puiiite (S3lias 457 (4950 (alid )3 o)L ol )
ool g it oS s has cage Jlgy J5 Spae o5
5 9 Lazgl (VA) 3980 (o8))5 2,5as S5m0 (wizpe 9 5SS
il e Jbgy J5 Bpae a5 wlos)S ()1 55 (VYY) e

(V) Casl o Sl > 58 ol

S yolatods (o yed cuslio 3)509) o Mg (lojen Sl e
ol ¢ plagm gl (Yo YY) dbl (5559 Sl yed 5 U sla g, 85l
& prin ol (Som Sl pes VL g 5 Sl > Y (slacns
31 eolawl K08 b3l 0 Sl yed cpl pd golannST Lo sl il 58l
(V) 5L 55 ShwaST 5l g p Wlg e Jbgy J5 ke (23 dlge
Lis jobaieds ¢« (TAC) pU SlawnST 5T cud )b bais Cuanl 4y a2 b
ooyl gloSilose n Jbgy Ji Wl lads Jeloe riznen
Ao 4 205 b 3yl ©ygps sl sl cdb 5 silis)
(soglaatHIIT) lojon Gl jed 0y90 S &S 15,8 opl b oddaraS
Jeo ol D90 JS8509 (553 )3 glansT Loyl Gal38l g
gl cpal Jdda Jbgy J; Gpae LT & cul oas olo
5 98T oyl b bdpe slaySiloge p Wlgie iS5
plo 2y b sl e K550 (0 pb sl cundg
Sl (8559 Sliayes b Jbgy J5 JeSo plojon Bpae & cunl
25 gl il glo edli ials y caclias

@i 059)

—0pilutn b olyed 55 9y (e g5 3l pSb Llng )b
g 48 2o St Jlab 30 ) ol tingly dnol 092 905l g
aabd b i3 Fr locplyy il s Jobo o 1) bjyg culls I 8K
3 gk & S99 slajkee 555 a5 53 b JLo YO b Ve
Solow il atin > Slows culled 5 B aw (g Ll Jalis
03 sl (il o oy B (golaw o ¥ g5 s alen il ol
s Ylonl o8 (ol ggls b JoSo 3,55 o clilis Jloszu
S ol Bolal Oygods S dbul B ol gl dons 4o
& ! p3Y cloJolygin 5 Blanl plas g Ak S 53
2 Sllbgls &Sy5 4 baje dslituy (a9 25 gupld llbsgls
5 JeaS5 ng ool (S ot 5 b gy

g0y (£ 365555 airad 9 (Lriu(y (S pmiie ¢ yg0il Ll Al e 5
03l 998 e Jolds (9 S 5 4 bgage (sla el o plool il

JUd Wl (353 55 GlaT- 0T £ b Lasi po (Slaoaociusl 8 2 (059 (32705 9 STy Jligy J5 L 6ok doSo 1.0, e 9 (SI3)1 01,5, Bpmns

YEeF CF oyl YF 295




VEoF Y 0l ¥ 55

4 G JoSo 29,5 ;3 TAC il yiman (P=+/<+) P=+/.-¥
c(P:’/’\\‘) dg )I.)li_u (),u.] » J&A‘;‘m '/YY) w5)la+&)g; 55;
2 J5e5b +/IVY) Lesglot oy yed (slaog,S 0 MDA zals () jlged)
(120 5 Joogth +1¥+) JaSio (1) 3 Jpoglt /) JaSir 05 o 0
P=vfee) P=2/VF 1Ll ga)rg jblime Ligyly 05)5 4 Caus
)l.)}«}) A5 edalie Lboa)f )AL» o d)‘.)k:m usl‘u J9 f(P<'/' )

"

= o>

O (¥ Jgi2) uilylsS Julod mls (2g)S oy Slyedd (o) 50
555 (5log)S o MDA  TAC golaw ;0 (g)bline cogles &S o>
(P>e/v o)) cusly 2929

(7 Jgi) gyl (omiss (p9ej] 5l odslcawnt ol & dog b
JoSo g (3 p Jgosdee +/+5) JoSat o yo3 (slog)S )3 TAC il 38
o) 39 bl begyls 09,5 4 Cond (i Jge e +/+¥)

Lo ggesl s 0395 (asls g (059 B oy 4 bgypo Slasetio Y Jou

Lag)ls

JoSt g2y

JoSs

\A7AREAYIY
VRN
OY/\Y  ¥/Y-
SYIVA + 2/5¥

YY/A+ £ VAA
VARV
OAIYY £ ¥/Vo

INIRVER AL

YY/A. £ 3/2)
\VEN £ L5
0F/-5 £ Y5
OFIYA £ ¥[-A

Loigylt gy o3 09,5
YY/E. & ¥/00 (Jb) o
VBV £ ¥ () 8
QOIYY £ Y/EV (p55L5) i 09
0O/YE % Y/0 (P 9S) 2= )3

YV/-5 £ \/oA YVIYS £ \/ay YVSY £ /5 YV + /55 (J3) oy 0395 sl
YY/FA £ \/AS YYN\S £ VY YAV £ 1/30 YY) £ -V (30) oot o355 sl
sdleagglle 5 o Slamsl sl cudib Sl @ls Y Jgoe
B9S Sl 295 09> s 09,5 b yoite
S ablaye P F P t oseilom oseilote
¥YE el ARSe AW S YFE ABEENY ABTE Y liglrone (i Jseske) pb olameST sl cub o
ey -l ANY £ DA VS ERI JoSo
deed S¥Nae ANe £ YA Vda £ /vy oSt 305
N <[OAY VIYE £ LY VA £ - /V¥ Lasgls
JpeY Sy NAS [y EMY Y/FR £ T Yise £ oYY Losg oty yo3 (5 5 Jsogb) sl (o3 oglle
VOY BV YAYE Y0 YOV Y0 =
AR AR 70 SRV A R VN RV W FC O
DAY DVAYE YBAE N YR E o s
Ssis oS o303 @l ¥ Jgoa
sl ple o6 a1 o] e b Y op \ 055
o o oS ] o gl JRETIEYY
Ve oAV A A JoS Lig It iy o3
Ve oA Sy AT N
s —/yy- Ve —o+5\ Losgls
Vo —of-Y Voo of ¥ JoSot 43 505 JoSa
<oy vy ooy ¥y Ligyls
AR Y R Y Losgyls oot 5

JUb Il o555 53 (Sl (BT £183 L i po slaraominsl 8 p1 (559 (008 9 (STosd JUgy J5 L sk JoSe 1.0y 9 (3,1 (11,5, ounw



e
& .

2 oy .
. 1.8
D 16
T 14
4 12
1 1
7, 08
“ 0.6
EY 0.4
<02
[ e s
a5yl gyl JeSa S (g Lais
B Ol G 1.63 1.53 1.53 1.48
m sl on 1.64 1.72 1.7 1.46
it (sla o5 S

HOsed) G B sl o

Lol s yod 09,5 dy Conms Jlolin oglis H ladg)ls 09,5y Cand jloline glis 1 £ 5ivs (glmog,S ;> TAC Wlpnis WY Hlogod

3
*
2.5
3
= 2
Re]
9 1.5
3
4 1
0.5
0
L g plat(p yad
WO Gy 2.6
B O o 2.49

Hose) Gy BOse)l o

Ldgls 05,5 &y o yloline Cglis 1 £ 3o (slmog,S 0 MDA clpis Y ylaged

U8 I 1783 3 lana1 51 263 U b o sbemiasl 3 3 b9 0230 3 55195 Uy 3 & 63 doSo T ol Kot 5 3,1 5,8 s




VEoF Y 0l ¥ 55

o

St gy J5 Ghyuao st il 58l cpls 3o cloaly S, 5
oy i Jlaw (sladiges (g5 3180 Cuwl oS 09)5 4> oo TAC
A8 > oI 5 s s Il g0 Jlsy by o o
g b Jbgy 5 smenlSe S5 (FA) 90 45
Gt ol (V) 08 e (65 gl Johor guilinnST cool 5l SlausT il
4 Camd MDA o )3 (5 )blize yidlS” JoSo 09,5 p3 a8 oy 4l 35 Lo
& Canl 00 )55 0yl cpl 0 b osaliie Laigyls 0g)5 5 al yolde
2953 b Sy gl STy ddaw (2L Jbg) J5 Sy
o oS Cuslord ()15 (Fr) 1S oo dbml 4S9 48 4 Cus (a2
o] il GinlS it b o S e Y05+ 593 b Jbg) U
P V) )b YUl b &5 b cpped 5l pue MDA maw ¢ 3y <
Yo v) adb odlial 5o 53 0dsg A )3 (05 (o Voo v (e oo o 385
it lio 521 Jugy J5 1l 238 g i3y 2 .5 e
U MDA s ialS” el does )3 9 0)b gl oyl ials”
029380 a8 ol L b 5uiod ol uizmed Wl 0l ye8 Sl
9 oo TAC Gl coge (3559 Sliayed JUS 5 Jbgy 5 JoSo
wlwdbmslﬁﬂewbbdhd&élﬁ..\.\f»MDA bl piomen
Gkl ) as cond Jugy J5 &5 sl 0as (315 (i 5 (1)
b 5 iz o0 dgu |y M 3 Slas w0 ialS 5L oyl 7 ials
sle ol sty (elb S st i cange 3, oS lawsST sl gl
oS W3S ol o) Kon g desealiyg (VA) 395 0 IL-8 4 IL-6 TNF-a
bbb ST sl cdls 4 Glge |y Jbgy Jj il gl
hw HiolS oniSang Wlg e 8 (FY) cunih gpe odlo opl (Jobo

Al ysls 35 3 MDA

35 4ol

HIT) flojad @l pes a5 o (L jols Gudod gl goeme )

53,18 551001 oyl g (S 5] s 2 e S ((togliot
28 3580 88555 ()53 53 sl oyl (2R Cge >
(B @LJ e D salie MDA uf..mlf O ygody ).o'l> (B
1T s Gl3dl Sy J5 st @l odimalis gy (i
b dile cla jbg) o dwslis D g MDA ialS yicnes o
09,5 4 S TAC [l38 0 1) Jbgy J5 ot (5 (pil> Budios
MDA , alilis (sla gy pe (9l Jbo oyl by s Legylot oy pod

i ol

)9-3.‘ o (G

odalto b 5390l oy TAC 15 (5)blime Coglés Laig oty e 095 5
0,5 5 b plie 4y Cous MDA pdass ) (glolime 20l ¢ Jlo ol it
on S L dagh 3 (VoY) )lKen 5 (Sje b sdalie L)l
S 0B 2 glaws) pogtad oS loge p lojen cppe b
OiblS cel s dblie aan odjley &S WS i)l WSS
MDA lyoss b a8 ¢(VF) 295 0 3> 465 ;3 TAC yiul53l g MDA lalise
D5y gunadl lo 3,855 10 TAC Clysi b (Jo T Doy guned pdls s )
alos | b gdge ;] Ll s 3 cglis 4 1) TAC zolis > M) cle g5 oo
lo 35 53 (g 3 Gl Al (G Calld s (riomad 9 (S S
sladly & dogi L 2y 00 odlitl (305 digel Aty Jb ol
G50 TAC )3 1S (g Glojen Sliayad & €8 (i 43l 3uits
2l cal Yot 9 358 0 MDA (all 4533 5 (s il (28
slompl daxjl Slunsl sl oy plo b bl > MDA
g KWL i

ol 5l (25 alieay |, ROS 31T clo SIS0l polao glots o Jsls
oz (#8131 Sl 0]yl S o Mg Spio
Bgannd SpuSlpgw YU silo olam3l j ie Japus| 3]
(1) 4558 (o (53 2550 o3 o (S ST T 5 S 50515
2158 03 (5 S powencl (l (sotee Jle zg Sl (U 95T oy
Jsge S aliody Jos b KliSimws (sl pre olas alo il ool
oS Sl 013 (3)lS (1Y) el gl 4 o 3l 5 550 ¢ JiS
e 3 Slae 95l o jtl | (3L Blse (a5 b oglie by yo5
2 Olosod (pyed a5 3b L 55 sl Guisd gls (YY) wies . )11,
MDA ialf cergo g toglio liyjod ol pgd 150 &5 ol 340
Db SBh oliEd ) sslueS] eyl el S abe
Loj)le > (ste b HIT Sy po3 b Slogliio (2 yo iliso (slacaS 5
Candy Jihar Wgie ol 5 2 gilaas] poytl I (U slacau]
o (B9 bl o8 Wlod ) ()15 lalllae I (S Bl 35 o pes
09529 95 o YL 0 | 2 5l sl 2 Wl o 2 005 505
P b9 ad aljfl ax STTF ¥D) WS Al eglie g (sjlm
Sl sl Candg cul oy gilnnST o sl @l 411y (1893,
S (oo Calox (B9 5 (U 5 pgrde I g Cusl (5y955 4l
P e oed dawgie g oS OMd b dulie pd YL ol b ol el
(1Y) sm3ge Gl 1y Saslal JS b g CogmolinasTy
Vlars! 48 125 01nlits TAC 3 (6, bline ogls5 il 3205 13 ¢ Jlocll
A3 b gogei] aly Slowa (Sl o bl

JUb Il o555 53 (Sl (BT £183 L i po slaraominsl 8 p1 (559 (008 9 (STosd JUgy J5 L sk JoSe 1.0y 9 (3,1 (11,5, ounw



e
& .

Y5 Sl

ol Szl aly by ctallan ol 13 oniplos (cla by soles
o] o g oSty G ateS BMS] gl gl 5 (sl s
g 35 o3 ey e st g Ll oy EASES 5 & A5
A5 4 S adgl (sla i)l | U el ) S asbicyls,

b o>
p&; O ub))‘? oKl Jln pal.o.> l: uA.m?): Ui‘

3D deime ot I plodl 1y 03l (gyglxe g (o3 pon] )5, odmw
delotigay o 0 5 bl oo iy ik dllie (5)55 5 (gl o]
b g onlgs |y dlie Bainmg don cuih Lid dlie 555 5 laodls

.M‘ob)f

Bl ol

505 o ) gl eblie oles e S tinrgs ) pLiSmen
‘3‘3)-\5 5 S s

9 @))l? oKy w&g;) J.>‘9 )‘ |) .)9> dow )g.w: wl).c ulf.h.wuy

JUd Wl (353 55 GlaT- 0T £ b Lasi po (Slaoaociusl 8 2 (059 (32705 9 STy Jligy J5 L 6ok doSo 1.0, e 9 (SI3)1 01,5, Bpmns




May & June 2025. Vol 24. No 2

Jundishapur

References

[1] Wahl P, Bloch W, Proschinger S. The molecular signature of
high-intensity training in the human body. International
journal of sports medicine. 2022 Mar;43(03):195-205.
[10.1055/a-1551-9294 ] [PMID]

[2] Ramos JS, Dalleck LC, Tjonna AE, Beetham KS, Coombes JS. The
impact of high-intensity interval training versus moderate-
intensity continuous training on vascular function: a
systematic review and meta-analysis. Sports medicine. 2015
May;45:679-92. [10.1007/s40279-015-0321-z ] [PMID]

[3]1 Magherini F, Fiaschi T, Marzocchini R, Mannelli M, Gamberi T,
Modesti PA, Modesti A. Oxidative stress in exercise training:
The involvement of inflammation and peripheral signals. Free
radical research. 2019 Dec  2;53(11-12):1155-65.
[10.1080/10715762.2019.1697438 ] [PMID]

[4] Wang F, Wang X, Liu Y, Zhang Z. Effects of exercise-induced
ROS on the pathophysiological functions of skeletal muscle.
Oxidative medicine and cellular longevity.
2021;2021(1):3846122. [10.1155/2021/3846122 ] [PMID]

[S5] Azizbeigi K, Stannard SR, Atashak S, Haghighi MM. Antioxidant
enzymes and oxidative stress adaptation to exercise training:
Comparison of endurance, resistance, and concurrent training
in untrained males. Journal of exercise science & fitness. 2014
Jun 1;12(1):1-6.

[6] Park SY, Kwak YS. Impact of aerobic and anaerobic exercise
training on oxidative stress and antioxidant defense in
athletes. Journal of exercise rehabilitation. 2016 Apr
26;12(2):113. [10.12965/jer.1632598.299 ] [PMID]

[7] Freitas DA, Soares BA, Nonato LF, Fonseca SR, Martins JB,
Mendonga VA, Lacerda AC, Massensini AR, Poortamns JR,
Meeusen R, Leite HR. High intensity interval training
modulates hippocampal oxidative stress, BDNF and
inflammatory mediators in rats. Physiology & behavior. 2018
Feb 1;184:6-11. [10.1016/j.physbeh.2017.10.027 ] [PMID]

[8] Zwetsloot KA, Nieman DC, Knab A, John CS, Lomiwes DD, Hurst
RD, Gillitt ND, Lila MA. Effect of 4 weeks of high-intensity
interval training on exercise performance and markers of
inflammation and oxidative stress. The FASEB journal. 2017
Apr;31:839-1.

[9] McQuilliam SJ, Clark DR, Erskine RM, Brownlee TE. Free-weight
resistance training in youth athletes: a narrative review. Sports
Medicine. 2020 Sep;50(9):1567-80. [10.1007/s40279-020-
01307-7] [PMID]

[10] Schoenfeld B, Fisher J, Grgic J, Haun C, Helms E, Phillips S,
Steele J, Vigotsky A. Resistance training recommendations to
maximize muscle hypertrophy in an athletic population:
Position stand of the IUSCA. International Journal of Strength
and Conditioning. 2021 Aug 16;1(1).

[11] Sousa AC, Neiva HP, Izquierdo M, Cadore EL, Alves AR, Marinho
DA. Concurrent training and detraining: brief review on the
effect of exercise intensities. International journal of sports
medicine. 2019 Nov;40(12):747-55. [10.1055/a-0975-9471 ]
[PMID]

[12] Da Silva MA, Baptista LC, Neves RS, De Franga E, Loureiro H,
Lira FS, Caperuto EC, Verissimo MT, Martins RA. The effects of
concurrent training combining both resistance exercise and
high-intensity interval training or moderate-intensity
continuous training on metabolic syndrome. Frontiers in
physiology. 2020 Jun 11;11:572. [10.3389/fphys.2020.00572 ]
[PMID]

[13] Schlegel P. CrossFit® training strategies from the perspective
of concurrent training: A systematic review. Journal of sports
science & medicine. 2020 Nov 19;19(4):670. [PMID]

Motamedi P, et al. The Effect of Oral Royal Jelly Supplementation and Exercise Training on Antioxidant Defense-Related Parameters in Healthy

Scientific Medical Journal

[14] Ezzati A, Atashak S, Bonab RR. The effect of concurrent training
order on oxidative stress biomarkers in sedentary obese
women.

[15] Ranjbar N, Marandi SM, Namayandeh SM, Mirhosseini J,
Ghanbery M. Comparison of Different Time Course of
Concurrent Training on Lipid Profile and Total Antioxidant in
Cardiac Patients. SSU_Journals. 2022 Dec 15;30(9):5236-47.

[16] Radovanovic D, Bratic M, Nurkic M, Cvetkovic T, Ignjatovic A,
Aleksandrovic M. Oxidative stress biomarker response to
concurrent strength and endurance training. Gen Physiol
Biophys. 2009 Jan 1;28(Special Issue):205-11.[PMID]

[17] Cordiano R, Di Gioacchino M, Mangifesta R, Panzera C,
Gangemi S, Minciullo PL. Malondialdehyde as a potential
oxidative stress marker for allergy-oriented diseases: an
update. Molecules. 2023 Aug 9;28(16):5979.
[10.3390/molecules28165979 ] [PMID]

[18] Del Rio D, Stewart AJ, Pellegrini N. A review of recent studies
on malondialdehyde as toxic molecule and biological marker
of oxidative stress. Nutrition, metabolism and cardiovascular
diseases. 2005 Aug 1;15(4):316-28.
[10.1016/j.numecd.2005.05.003] [PMID]

[19] Demirci-Gekig S, Ozkan G, Avan AN, Uzunboy S, Capanoglu E,
Apak R. Biomarkers of oxidative stress and antioxidant
defense. Journal of pharmaceutical and biomedical analysis.
2022 Feb 5;209:114477.[10.1016/].jpba.2021.114477] [PMID]

[20] Halliwell B. Understanding mechanisms of antioxidant action
in health and disease. Nature Reviews Molecular Cell Biology.
2024 Jan;25(1):13-33. [10.1038/s41580-023-00645-4 ] [PMID]

[21] Chaudhary P, Janmeda P, Docea AO, Yeskaliyeva B, Abdull Razis
AF, Modu B, Calina D, Sharifi-Rad J. Oxidative stress, free
radicals and antioxidants: Potential crosstalk in the
pathophysiology of human diseases. Frontiers in chemistry.
2023 May 10;11:1158198. [10.3389/fchem.2023.1158198]
[PMID]

[22]Jomova K, Raptova R, Alomar SY, Alwasel SH, Nepovimova E,
Kuca K, Valko M. Reactive oxygen species, toxicity, oxidative
stress, and antioxidants: Chronic diseases and aging. Archives
of toxicology. 2023 Oct;97(10):2499-574. [10.1007/s00204-
023-03562-9] [PMID]

[23]Urso ML, Clarkson PM. Oxidative stress, exercise, and
antioxidant supplementation. Toxicology. 2003 Jul 15;189(1-
2):41-54. [10.1016/s0300-483x(03)00151-3 ] [PMID]

[24]Lee JS, Hong EK. Immunostimulating activity of the
polysaccharides  isolated from  Cordyceps  militaris.
International immunopharmacology. 2011 Sep 1;11(9):1226-
33.[10.1016/j.intimp.2011.04.001] [PMID]

[25] Ali AM, Kunugi H. Apitherapy for age-related skeletal muscle
dysfunction (sarcopenia): A review on the effects of royal jelly,
propolis, and bee pollen. Foods. 2020 Sep 25;9(10):1362.
[10.3390/foods9101362] [PMID]

[26] Qiu W, Chen X, Tian Y, Wu D, Du M, Wang S. Protection against
oxidative stress and anti-aging effect in Drosophila of royal
jelly-collagen peptide. Food and Chemical Toxicology. 2020 Jan
1;135:110881. [10.1016/].fct.2019.110881 ] [PMID]

[27] Ali AM, Kunugi H. The effects of royal jelly acid, 10-hydroxy-
trans-2-decenoic acid, on neuroinflammation and oxidative
stress in astrocytes stimulated with lipopolysaccharide and
hydrogen peroxide. Immuno. 2021 Jul 12;1(3):212-22.

[28] Anugrah SM, Kusnanik NW, Wahjuni ES, Ayubi N, Mulyawan R.
Effect of royal jelly on performance and inflammatory
response to muscle damage: A systematic review. Biointerface
Research in Applied Chemistry. 2023;13(5):6-13.

[29] Ovchinnikov AN, Paoli A, Seleznev VV, Deryugina AV. Royal jelly
plus coenzyme Q10 supplementation improves high-intensity
interval exercise performance via changes in plasmatic and

Active Girls. Jundishaour Scientific Medical Journal. 2025: 24(2):141-152.


https://doi.org/10.1055/a-1551-9294
https://pubmed.ncbi.nlm.nih.gov/34265857/
https://doi.org/10.1007/s40279-015-0321-z
https://pubmed.ncbi.nlm.nih.gov/25771785/
https://doi.org/10.1080/10715762.2019.1697438
https://pubmed.ncbi.nlm.nih.gov/31762356/
https://doi.org/10.1155/2021/3846122
https://pubmed.ncbi.nlm.nih.gov/34630848/
https://doi.org/10.12965/jer.1632598.299
https://pubmed.ncbi.nlm.nih.gov/27162773/
https://doi.org/10.1016/j.physbeh.2017.10.027
https://pubmed.ncbi.nlm.nih.gov/29111230/
https://doi.org/10.1007/s40279-020-01307-7
https://doi.org/10.1007/s40279-020-01307-7
https://pubmed.ncbi.nlm.nih.gov/32578028/
https://doi.org/10.1055/a-0975-9471
https://pubmed.ncbi.nlm.nih.gov/31476783/
https://doi.org/10.3389/fphys.2020.00572
https://pubmed.ncbi.nlm.nih.gov/32595518/
https://pubmed.ncbi.nlm.nih.gov/33239940/
https://pubmed.ncbi.nlm.nih.gov/19893102/
https://doi.org/10.3390/molecules28165979
https://pubmed.ncbi.nlm.nih.gov/37630231/
https://doi.org/10.1016/j.numecd.2005.05.003
https://pubmed.ncbi.nlm.nih.gov/16054557/
https://doi.org/10.1016/j.jpba.2021.114477
https://pubmed.ncbi.nlm.nih.gov/34920302/
https://doi.org/10.1038/s41580-023-00645-4
https://pubmed.ncbi.nlm.nih.gov/37714962/
file:///C:/Users/NooR/Music/Desktop/10.3389/fchem.2023.1158198
file:///C:/Users/NooR/Music/Desktop/10.3389/fchem.2023.1158198
https://pubmed.ncbi.nlm.nih.gov/37234200/
https://doi.org/10.1007/s00204-023-03562-9
https://doi.org/10.1007/s00204-023-03562-9
https://pubmed.ncbi.nlm.nih.gov/37597078/
https://doi.org/10.1016/s0300-483x(03)00151-3
https://pubmed.ncbi.nlm.nih.gov/12821281/
https://doi.org/10.1016/j.intimp.2011.04.001
https://pubmed.ncbi.nlm.nih.gov/21497206/
https://doi.org/10.3390/foods9101362
https://pubmed.ncbi.nlm.nih.gov/32992744/
https://doi.org/10.1016/j.fct.2019.110881
https://pubmed.ncbi.nlm.nih.gov/31622731/

Jundishapur

Scientific Medical Journal

salivary biomarkers of oxidative stress and muscle damage in
swimmers: a randomized, double-blind, placebo-controlled
pilot trial. Journal of the International Society of Sports
Nutrition. 2022 Dec 31;19(1):239-57.
[10.1080/15502783.2022.2086015 ] [PMID]

[30] Seipp D, Quittmann OJ, Fasold F, Klatt S. Concurrent training in
team sports: A systematic review. International Journal of

[31] Sports Science & Coaching. 2023 Aug;18(4):1342-64.

[32] Collazo N, Carpena M, Nufiez-Estevez B, Otero P, Simal-
Gandara J, Prieto MA. Health promoting properties of bee
royal jelly: Food of the queens. Nutrients. 2021 Feb
7;13(2):543. [10.3390/nu13020543 ] [PMID]

[33] Khoshpey B, Djazayeri S, Amiri F, Malek M, Hosseini AF,
Hosseini S, Shidfar S, Shidfar F. Effect of royal jelly intake on
serum glucose, apolipoprotein Al (ApoA-l), apolipoprotein B
(ApoB) and ApoB/ApoA-| ratios in patients with type 2
diabetes: a randomized, double-blind clinical trial study.
Canadian journal of diabetes. 2016 Aug 1;40(4):324-8.
[10.1016/].jcjd.2016.01.003 ] [PMID]

[34] Powers SK, Deminice R, Ozdemir M, Yoshihara T, Bomkamp
MP, Hyatt H. Exercise-induced oxidative stress: Friend or foe?.
Journal of sport and health science. 2020 Sep 1;9(5):415-25.
[10.1016/j.jshs.2020.04.001 ] [PMID]

[35] Thirupathi A, Pinho RA. Effects of reactive oxygen species and
interplay of antioxidants during physical exercise in skeletal
muscles. Journal of Physiology and Biochemistry. 2018
Aug;74:359-67. [10.1007/s13105-018-0633-1] [PMID]

[36] Park SY, Kwak YS. Impact of aerobic and anaerobic exercise
training on oxidative stress and antioxidant defense in
athletes. Journal of exercise rehabilitation. 2016 Apr
26;12(2):113. [10.12965/jer.1632598.299] [PMID]

[37] Paes L, Lima D, Matsuura C, de Souza MD, Cyrino F, Barbosa C,
Ferrdo F, Bottino D, Bouskela E, Farinatti P. Effects of moderate
and high intensity isocaloric aerobic training upon
microvascular reactivity and myocardial oxidative stress in
rats. PloS one. 2020 Feb 7;15(2):e0218228.
[10.1371/journal.pone.0218228] [PMID]

[38] Schneider CD, Barp J, Ribeiro JL, Bell6-Klein A, Oliveira AR.
Oxidative stress after three different intensities of running.
Canadian journal of applied physiology. 2005 Dec 1;30(6):723-
34.[10.1139/h05-151 ] [PMID]

[39] Chi X, LiuZ, Wang H, Wang Y, Wei W, Xu B. Royal jelly enhanced
the antioxidant activities and modulated the gut microbiota in
healthy mice. Journal of food biochemistry. 2021
May;45(5):e13701.

[42] Wen D, Xie J, Yuan Y, Shen L, Yang Y, Chen W. The endogenous
antioxidant ability of royal jelly in Drosophila is independent of

Keapl/Nrf2 by activating oxidoreductase activity. Insect Authors retain the copyright and full
science. .2024 Apr;31(2):503-23. o ' publishing rights.
[43] Karadeniz A, Simsek N, Karakus E, Yildirim S, Kara A, Can |, Kisa Published by ahvaz jundishapur

F, Emre H, Turkeli M. Royal jelly modulates oxidative stress and
apoptosis in liver and kidneys of rats treated with cisplatin.
Oxidative medicine and cellular longevity.
2011;2011(1):981793.[10.1155/2011/981793 ] [PMID]

university of medical science. This
article is an open access article
licensed under the Creative Commons

[44] Anugrah SM, Kusnanik NW, Wahjuni ES, Resmana D, Zubaida |, Attribution-N(?nCommercial _ 4.0
Agobah QJ, Nuryadin A, Rahayu A. Evaluating the impact of (https://creativecommons.org/licens
three dosages of royal jelly supplement on malondialdehyde es/by-nc/4.0/).

levels and pain intensity following high-intensity weight
training. Fizjoterapia Polska. 2024 Mar 1(2).

[45] Poorshamohammad C, Hashemnia M, Nikoosafat Z.
Gastroprotective and Antioxidant Effects of Royal Jelly on
Ethanol-Induced Gastric Ulcer in Rats. Journal of Mazandaran
University of Medical Sciences. 2024;34(231):47-53.

Motamedi P, et al. The Effect of Oral Royal Jelly Supplementation and Exercise Training on Antioxidant Defense-Related Parameters in
Healthv Active Girls. Jundishaour Scientific Medical Journal. 2025: 24(2):141-152.



https://doi.org/10.1080/15502783.2022.2086015
https://pubmed.ncbi.nlm.nih.gov/35813842/
https://doi.org/10.3390/nu13020543
https://pubmed.ncbi.nlm.nih.gov/33562330/
https://doi.org/10.1016/j.jcjd.2016.01.003
https://pubmed.ncbi.nlm.nih.gov/27026221/
https://doi.org/10.1016/j.jshs.2020.04.001
https://pubmed.ncbi.nlm.nih.gov/32380253/
https://doi.org/10.1007/s13105-018-0633-1
https://pubmed.ncbi.nlm.nih.gov/29713940/
https://doi.org/10.12965/jer.1632598.299
https://pubmed.ncbi.nlm.nih.gov/27162773/
https://doi.org/10.1371/journal.pone.0218228
https://pubmed.ncbi.nlm.nih.gov/32032358/
https://doi.org/10.1139/h05-151
https://pubmed.ncbi.nlm.nih.gov/16485522/
https://doi.org/10.1155/2011/981793
https://pubmed.ncbi.nlm.nih.gov/21904651/
https://en.ajums.ac.ir/
https://en.ajums.ac.ir/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

