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Abstract

Introduction: Oxidative stress plays an important role in the progression of Alzheimer's disease
(AD). Although the favorable effects of exercise and antioxidants on neuronal health has been
reported. But their simultaneous effect is not well known. Therefore, the aim of this study was to
determine the effect of eight weeks of resistance training (RT) along with royal jelly (RJ) on
Malondialdenhyde (MDA), Protein Carbonylate (PC) and the pathological changes in the
hippocampal tissue of Alzheimer's rats treated with trimethyltin (TMT).

Methods: In this experimental study, 49 male Sprague-Dawley rats treated with 8 mg/kg TMT
were divided into TMT, Sham, RJ100, RJ200, RT, RT+RJ100 and RT+RJ200 groups. Also, to
investigate the effect of disease induction on the variables, 7 rats were included in the healthy
control group (HC). Supplemental groups received RJ with doses of 100 and 200 mg/kg/day as
peritoneal injection, and the increasing RT protocol was performed for 8 weeks, 3 sessions a week
with an intensity of 30 to 100% of the weight. In the present study, MDA and PC were measured
by ELISA method and pathology examination was done using hematoxylin-eosin method. Also,
one-way analysis of variance with Tukey's post hoc test was used for data analysis in SPSS26

Results: MDA, PC in TMT group were significantly higher than HC group. But MDA and PC in
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lower than TMT. MDA in RJ200 group were lower than TMT; PC values in RJ100 group was
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Conclusion: It seems that resistance training and royal jelly have favorable effects on reducing
oxidative stress. But the simultaneous effect of these two interventions, especially with a higher
dose, has a more favorable effect on reducing oxidative stress in the hippocampus tissue in AD
modeling conditions.
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! Alzheimers disease
2 Amyloid beta
3 Reactive oxygen and nitrogen species
4 Protein carbonyl
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¢ Phosphoinositide 3-kinases
7 Nuclear factor erythroid 2-related factor 2
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° Glutathione peroxidase
' Trimethyltin ¢hloride
AR



VET ke el osled p)lezr Jlo (5w a5 5 &5 > (9l b dalilad 90

o 302 3 45 el LlalamnS1 5T 5l L2 5 S5, 0,5 eole R sl (RI) s, J coommeb slogslonasT il ol 51 5
SitotiS (I T byl 3500 pueillle b R a5 s0 o Lt Cledbl (V) 0900 g3 S, Jus 55085 (SO
OhlSen 5 By e ol 50 (V) Al ge ST T 5 Slae 85000 50 il o PIBKINRFZ 554, 5 ofj1 (sla IS0
(TACY ol SlownST 5T s b) ialisl MDA AP polis jials coge wilgs s RINVe e 500 MOIKG a5 wisls yLes
13 O 0k oamlie _8yas 390 50 o S ine sl g 00,5 o AP L oad (g yealylT glacs, 45 (o]l alisls ogug
(BDNF) jis jl i Sy gy Jole GSH Lil3él e RI Y MOIKGIDW o5 wiols (Lis cyeims ;S50 (slanlas
)2 plsede OF) woS aal b ST 2yme 10 ol Glagise culSgmn il 0 ¥ 5Luls s MDA als SOD
TMT L lom Wl i 2L 55992585 e 5 RY 5 (RT) (toglio 505 lojan 5236 b B3l o ledllol
(V0) oy TMT 09,5 5l ydeo GPx 3 Cat polie RT+RJ 05,5 ;o as ol s be (L3 aslas ey ol jo Lol .cenl sgamme
(NGFY oae a, Lol o il3dl crgo Condlys Yoo 5 Ve MOIKG Sslie slozen b RI g RT oS 5 puizen
35 og,S ple 5l Fosllas VL 590 b G yed 53l iz 50 00,8 AD adie al o slagise alSgen il 0 P75
S355L Dyt 5 (SlonST b, lis j (Saglite (ol 53l e ) fiden SlMbl S (6l Sy o0 S5 4 (nl b (VF)
sRT plojan 1 (qw)pr polo dalllas Ban (l il 0503 (55908 | dalllas ol plosl 05 Lo (e aslllas slacysgams jl a5

la. 0 ‘_g)o.v‘).ﬂ @‘)M 6[&w9ﬁ WUM uSLs (5)5.194[4 u‘).u.u 9 MDA gPC » Yoo 9 Voo mg/kg 6LQ)50 L‘ R\]

e TMT
LTy
SUlgas (6,510 9 dnes

VoA s e b (oSl 315 5 ailimo (hge e 0F 7S 09,5 L olyen (gail 2ol b (o128 addllae () o
Sy Do 4y 5 4 Sebdgpe 9y codll ol olSiils (St Lo3T Slilga 5SS g Shygy S0 5l e,S YV E Y (59 5 diie
Ceol 555 B iS5 ol i ()& e b 6,55l gz (o8 0l cnl Slsem (55559 Selsind oiales] o asie
oo (eles VY el VY S 5 olidg, 45 ,2) g8 il alKitles] lilgu b IS ST IS o 98 ples 4 45
oo 4 g 2l o slayhge oy slae g Ol oyl s (aoys 0 B B0) Cogb, (0,5 il ax,0 YF B YY)
sl o3 oSl (S a5 glaigsy 5o BT ateS S5 Coi g (Sipads osmlas (ool sl Jo il oy

5 ke, IRIAU.REC.1400.009 yne 55 b sy o sy

09,5 9 6 low W)
S TMT (nS559,5 A MOIKG lio Go)5 cowi cnidhll 5 0eoliS b (Bignis 31 om lime Gy s FA aall o
b e (6 K g 59, VF CdS 5l ey od 51,8 (Cat N0:146498) colasl oS b o, ol LS &8 1 5l oo angs

! Royal jelly
2 Total Antioxidant Capacity
3 Nerve growth factor
Yy



Sl ol yme s ige cuolS gt Cb (§5elg dgil Ol i 32 Jligy J5 L of o (Soglilo oy poi ain Culen i1

JyS (V) ooy 5 4 AD a M o (sloige aslsl o .(HOSSEINT, 2020) sioss uios slaog 5 3,15 ooy ;S5 wDle
+ smoglin o o3 (F) (RTHRJIL00) V- - MOIKG JUg,J5 B pan + sioglin i 505 (F) (RT) ctaglin oy o5 (V) (TMT)
ma/kg Jus, J5 & ras (¢) (RIL00) V- MQ/Kg Jls, J5 & ras 0) «(RT+RJI200) Y- - mg/kg Jbs,J5 & ras
o Sz ol oy b sy J5 Pl (Hlie 39,0 305 5 el 5)lem 4 M) (Sh) o 09,5 (V) 5 (RI200) Y- -
Brhos Sl yexin (g 5lon Wl 51 oy (5l izred A (ol (s Sl pexin gy J5 D 9 oy oyl WIS

w28 )5 138 HC) Wl J55 09,5 50 e ige poo ¥ olaws

oglio () yod SS90
Fab o o alold aly YO e ) el ey (seslie aly (55, n ailiss e sle Gige aie S Do 4y (o5l sl o
So3e 55 el ExSk sl Gaisel Oloj o i plaml 1 S5 0 4y Jlasl (g b wiad ool 518 @3 o 5 ye il
L 3 o 5,28 o oy (slags 3 oot aly s 4y 8 e 5 b 45 5 o0 e L 1 aly 51 28,5 Y
D50 et shol (el ol gLl gy (Seglie [ pe3 atde i Sl oS (ol yeT asliyy e 0 plonl alie 4 a0
O% 09 3l Ve L) el o Glabge Jol 4in 3 s Nalo0 (85 ()9 e 2 (ol e Slahge &S 3p
e e (g e, Ve dy el Dold el atan (o U ul o 48lol ladijs 4 as 0 Ve aan o gl 4y g wisls sl
B pow ation )3 woys Froped alin )3 (olisay (59 eys Yo Jobo dijg (2lee slagtse Jol atin o (S)ke 4oy
D BB 40 g o0 Ve oIA das 10 o0 A il Aas )0 o0 Ve ool e (10 we ) £ pyles dlas jo s o
A8 0)50 59 2u0yd B+ Jol ) Cew ¥ p0 |y oy (ol e slahge rizmen oS oo Joo |y pliiay 059 5l ey Ve
99 30 Caw ;2 (W0 o0 YU 1y Hlas 5550 aijg duoyd Voo ol Caw g o0 Ve pgus S (o )0 YO pg0 Cow ian lon o

(Y12 Dehghan) as a3 s s aido ¥ I caw jo oo alolb gasli £ BY 1S5 o o0 alold ai oo plosl 1S5

JLgy Jj Span

Slasd 4y azgh b aalol ;o 10005 angd Culogpe Gl el (65,088 Sz S e anli Sy5e 5 (e Jlisy J5 Il G cal o
Jby oo o PIV L Jlg,y J5 lade cnl o oo )15 815 (gilo a2 )3 7 B sles 5la3b g, J5 o5 hes ATF &l Lo,
§ el s a5l 10 4ilj5, RTHRIL00 5 RIL00 (sloog 5 o cslobige ,o 4 dslol ;5 g abce > a0 ysb 4 ol
N0 AZE) ab e 31,5 RI Ll iy aoly ¥+ aly, RTHRI200 5 RI200 oo 05,5 4 5 Jslono

S0y il g g i
Sloige Gl celo 1Y Sl 53 JoSe g a8 ol T @) solane 4y (29 JoSo 5 (o8 el (03T 51 g sl FA
8 side Ll o8 08 cale (p,5 kS p )8 dee YO) ikl 5 (p59hS 2 oS (oo B0) (oaeliS 52,5 Covi ol o
OBE b s -0l 8y o ] olpoeo slo g o5l Gl g 0 (59,88 s b (cb9o o 5l labl 5l gy a8 5

byl Gl eg)S ;2 0 diged 90 slaws ol o jae 5l CBo 4 GulSgne 8L e gl Finl g gy SIS 5l eolatul b dasees

Yy



VET ke el osled p)lezr Jlo (5w a5 5 &5 > (9l b dalilad 90

sy Slp bl Larges o)lgs adalle,d 8L Jele cels Y 5 s g 0l ools 18 as )0 10 wdalle )3 Joloe [0 (5540530
R 8L 6)KS ohg Slasis S 15 09,5 ;2 50 Aiged O Blaal izren 9,5 18 slisul 9550 (358l eleS gilan o
B9l 2b3) kil ;o MDA 5 PC (sla psiis cmlin oo yd jo b abods (6,1055 — A sleo 10 alolddl g asaus ools

L piio (575 o3Il by

50 o &l)| gdg 0 40 Semge S bs, 9 ol oy slacaS 5l eslatwl L g 1nY! 3g, 5l MDA s PC olis s pSojlasl cga
L KCAR-96 (solaidl oS L ol j9i8 canilS a8 5 1Y oS 5l ooliul b PC (s 1Soslail caias (5,805l cuS
3L oWl a8 cols ZellBio oS 5l MDA 6 .5o3lal sl omiomen 0 5505kl <V 0 nmol/Img cowles
A3 6 S oyl coalS gd 3L 4o Ygeg,Sw o) cols g CAT NO. ZB-MDA-96A solass!

0239 Gl gilod (b9
38l slaSol adds Ve ey JSUI )3 S8l Sl 5 98 g Cennd I e Bl Sl 5590 ol bl jslae (nl (sl
keSS gilen G5, G 9 08 13 055 SlapY (59, » S 8j90 SBCIL aalsl ;o ad laz yeg Soe O Culis 4y 2L
fo olsS, L Olympus-BHZ, Japan CgSvy S 5l oolawl b ,las 5,50 slacdl aslsl jo .o adlol cdb 4 o564

A oanlive cwlSge cb g lsle Slynas g a5 18 Lbjl g Julo 8590 plp

&bl oy,
L bools &% 0% Jbi @ azgi b pizmen ol solawl o laslis] Blyzul g Sk 51 oy )LJ PR C TSRV R R
Joe et (sl g o solitul anl ) So il ly BT a3l 5l oy S s gl oy sl o Shigmg s 903 51 eoliul
v ;0 9 V8 akud SPSS L58 Py ) BT ool ool o o oolaul S s L’)?A}] 3 og )8y gl

el 00l plxil <[00 (gl cxe

g P=21--\)PC g (F=Y+/%) §P=+/-+V) MDA Lslis ;o (5 o sine ogles ols oylis anl, o il )ls 50T g0l gulis
3,10 8429 Gubizs slaog 5 0 (F=29/V¥F

e d P=+/+V) Sgy HC 09,5 3| yion (g o sims yobo 4 TMT 09,5 4o MDA ool ols lias  Sgi omes Q}o)'] bl
RT+RJ200 4 (P=+/++1) RI200 (sloog,5 5 Ll (P=+/A¥) st ouslie SN 5 TMT (sloog,& 55 s ocine glis

sog 3 5l S gols gime yob 4 RTHRJIZ200 05,5 10 iz 05 TMT 055 51 a8 (6o sine j5b a5 (P=+/++Y)
sg (P=+/-\Y) RT+RJ100 4 (P=:/--V) RT+RJ100 «(P=-/-+\) RT «(P=-/-1v) RJ200 .(P=-/--Y) RJ100

O loged)

£¢



Sl ol yme s ige cuolS gt Cb (§5elg dgil Ol i 32 Jligy J5 L of o (Soglilo oy poi ain Culen i1

Sh s TMT o535 g0 0 (s)lo gime glis .(P=+/c+ 1) 59 HC 05,5 51 jis sl e yobo 4 TMT 595 s PC j,0lis
RT+RJ200 4 (P=-/--1) RT+RJ100 «(P=+/-- V) RT «(P=+/-+1) RJ100 (sloog,5 ;o Ll .(P=+/39) aii ounlice
05 RJI200 o5 3 51 5 (5 lo cime ysb 44 RIL00 05,5 ;o PC polis .09 TMT 04,5 5l e (sl ins yobo a0 (P=+/- <))
slog,S 0 pizman (P=+/++1) 06 RI100 o4 5 5 iaS (s lo sine 9k 4 RTHRIZ200 05,5 jo a5 Jb> 0 (P=+/c+Y)
Joge5) 39s RI200 05,5 51 a8 (5 s sime y5b 4 (P=+/++1) RT+RJ200 4 (P=-/- 1) RT+RJ100 (P=-/--\) RT

4

30/00 s o
* %k k
T 25/00 553
g 20/00 8&&
S o -
g 15/00 e
< 10/00
a
S 5/00 i
0/00
@ S Q \ S Q Q
<> &@ S /\\Q Q/Q < S\Q \’\9
S &
< <

G seg S 53 (2l e b Sgo uligpmd il 3 MDA y3lie ) jlages
(P=+1+-V)BEF TMT 05,5 ay s o imo zalS (P=+/c V) ##HE HC o5 5 @ s o cmo Gl P=o /v o)) s
oz mals (P=+/+ 1) &&& RIZ200 o5 5 a5 cos Jlo sno zalS (P=+/+0) " RIL00 04,5 4 s Jlo sixe ialS
RT+RJ100 o4 ,5 S o Jxe yalS P=1- VY RT 655 0 s

35/00 *okk * %k
30/00
/ Hit#

~ 25/00
2 S
g 20/00 AAA AR AAA
g
£ 15/00
O
0. 10/00

5/00 I

0/00

HC T™MT Sh RJ100 RJ200 RT RT+RJ100 RT+RJ200

Gehxi 5oy 5 50 oy S ige cuolSgud il ;o PC yolie Y Hlogei
uals P=+/++1) $$$ TMT 09,5 4 Zamd o gime rals P=-1- 1) ### HC 09,5 4 Zad o gme il3Al P=els o V) s
RJ200 09,5 A Camd Hlo Jxe rals P=-/- )™M~ RJI100 09,5 4 S o Jixe

o0



VET ke el osled p)lezr Jlo (5w a5 5 &5 > (9l b dalilad 90

Gz (5oog )T 10 (ol yxo b Sige cwligumd b )0 HEE gy 41 659095 pgai N S

OlFse 5 ssb 4ol Wil Jska oaims (Las K5 e 50y 9 008 o] Joko oains olas Ky 50,8 Ky pgas cnl 5o

Slass a3l bog,S ples 4o a8 Jo s o wlles b Jsbo slaws (2alS corge TMT L yaylyll o logs Wl a8 23,5 ams

el ssmlive BB Wl (sla Jskos

0'0=’

sl ol oo crimen 09 HC 09,5 51 jiics Syl cre yob & TMT 655 1o PC MDA sls \lis yol> ubss b
g 3959 Juds a4 peul T gl Lalyd jo a5 amo o LS 39390 Sledlbl o HC 09,5 51 1S TMT 09,5 0 (L
el g BTl b ployen g ot SaS L adgliel jiw 4 Coles j0 Wilgh go o Al yid 5l e a5 aSgkie] e i
5L Gl e e L ,Sles cnlgnl e odle (Vo) wiblge BT o s SaaliIT (slosy Sy 5o (slofuy (185 4 U aly and
Sy g 5o (ol gDl ad JIoli8l a4y e ST 8L y0 ol A b jo wi s Sl awlol gl (6550 4 Jok
5 lST slaast polie el T (s low sy ks Jeloe alws 4 (6551 adsi ,o ST o8, e Coles ;o 5 008 ayg)o5
oy o8 L aSil jo LS dslol jo aigd oo e RONS Oilielay sl pliauly oo a8l g y95 30 (g xSl slaons ydy
Slocetis b ol sism Juo a5 SIT Sl IS0l S o gy | ol3T sla IS8l g g, 5 oo (ialél 55 €A gy
s MDA oy jo 5 wigdioo Wl cayss 4 e 5,651 sl 5 oiatis 4 Wism b 93l (19)8 (Sl 5 (5,5l
TMT 645 @ cews ;o PC o gme LialS Cge RT ols las yol> 3o ol Lol (V) sims oo ial38 Joko j0 1, PC
a5 wols Hlas (ubise anlllas (pl b guon 0 odalie RT g TMT 04,5 90 ;0 MDA Lolis o (5)ls cine @gles Lol .o
50 5yl S gl Sl Lwl g 565g,00m8 SLSY (MDA g510inST Loyl 20lS Corgo atin cutd S 4 Seglie Sl po5

iy Slig i aS wisls s pdame gladlas jo yioren (YF) wyo )5 gl o] s Do sl o oSl alac cab

"



Sl ol yme s ige cuolS gt Cb (§5elg dgil Ol i 32 Jligy J5 L of o (Soglilo oy poi ain Culen i1

slasdlae ;5 (> (VF) o5 (Sobd cuae ghlo )3 (S5 oS Sgnte 9 (F9580 Wmmrtdy (Rl Cge (slaan VY
Sl SMas ;5 b juS g 3 Slee PUST 5 gelaeaST oyl (l 3] coge Wil oo Vb Sl L (o3 5 0 0L 55
58 5 el 095 Jsbo el S5 (355 clie & (g0 |y MDA jiolie po s gies (20l pas 5, cnl 51.(Y0) 935
(59,8 SRGIE ke 5o (ot Sl ole (cB5)5 Dl yeT 090 Jsbo 9 Dol aS Cewl (ul sl g 5ol Cod 1 el
S wisls ylid iz LT L anlllas G (0 a8 (glaisS @ taiib co 3l cuas il 5o SlanST ST slas 550
VLS 55 50 e 136 Jlo cnl b ejls @il (VLS 550 55 (59598 amaiadly 2 5)lo e TVL 5 (b Dol b Sl e
S99 (pyed alae b oS Wil lis st G gl addllas jo cpl pegdle (YY) ol Sll ceac slas e lyls
3L 0550 ol Yt aS sl Lad 50 als ul (V0) 098 oo oS )L 4 e ol yoro lo oge,0 MDA _alS coge
b (aglss iy yo3) i 55 g5 ol iy sl o] 5T g5 inldl 6l e cabile loaST 5T (6,185 ol 61,
oS ol cnl ool Bl (a8 alws dy (ST (5T s Sy 0 G ped Db 3l s @ Wl oyl asdllas
i 9510 o sl Gal38 L g 095 o0 glaenST o il (al3dl 4 ot Sl g Do obsS (slaal>g )0 (2355 slacdled
Slocllad 1S5 L 5 0 oo S s a4 ST b e G Jobod Lo 55 (o351 e 5 o231 o (ST 5T
sk 5 e (53555 Sullad vy (oo S5 4 (V) 900 (eI T s sl a4 2mte ol a4 6)5ke (5550
S e 33 |y 7 Satenl e IS L S rnals Gal531 55,51 g sl (5 e 055 I3 pmeniSe b
Ol 4y ol al Coles )0 00,5 oo ST Gla IS0l b oS 5 sl Jgisiem ST sl fenST slass alS &y jzeie oo o0l 55
Fsobais! b 4 (M) 0580 i PC s MDA Wl 2al5 5 anel glasal (gl 5 (sd (gmmslanasS T,
el a5 (3555 £58 & Aly el 00l (3,135 (25559 laclled I 5L ShanST 3T )55k (sl (sl slapaiSs
ssdsca PIBK oo 53l Jled zgn Zaslin o po duwyozo o5 s Lol bl oglicte lgf_co LopuacilSCo ) (soglie b il
Siolaz 4 e (ARE) NRF2 & Jais Slocns o1 (6955wl jaie b g oS oo o8 > NRF2 s &0 o595 o0
SYBLS 5 SOD 5l ggis; w50 55 s555095 4 NRF2 Jlasl L NRF2 «y s 5 055 00 Jled NRF2 5 00y (555 (0!
(V) 05550 PC s MDA (1al5' « o9y 5 s (gl (1l ol3T sla Jo0l) b ablio a4 cules 5o 5 95 00
a2 7o (SESN2YT o yrol Jawsgs ool Wl =Y (1 yiwns (5085530 (3l JUad s 51 (imglitn 2y sy o0 5105 41l ogdle
p35 =Son e%iyS ilelad b sigy ol adhol yo 5 wisd o AMPK) AMPT Lo o0t Jlab LS 0550 (s3lolnd
et oo 3 NRFL ol Gl sl S e 555 ol & i (POC-LANT | 55555155 L o s 5balS

(YY) Wigd oo 03,55 5 LphaemST 5T oLy
e £ RI100 55,5 15 PC suials’ 51,05 PC ials e RI100 5 5,5 MDA 2l corge RI200 ols s gl
Sl 3l Gialdl coge Vo g 0- mg/kg sl LRI G yas sls ylas glaalllas aie; ool 5o .05 RI200 515 5gllas

S sre D3l 5 93,5 S 5isld (2 yme 53 o Slahge e 28l o el Julse (rals s MDA (tals glas] ]

T Antioxidant response element

2 Stress-induced protein Sestrin2

3 AMP-activated protein kinase

4 peroxisome proliferator-activated receptor gamma coactivator 1-alpha
1%



VET ke el osled p)lezr Jlo (5w a5 5 &5 > (9l b dalilad 90

S S5l iy lojeo 4 slaisS 4y Sl atnly (B e 590 4RI S5glger AT LLON) ats (3,55 a0 slojs o
3 gl dyoe Sl 9)0nl SHATY) Wbioe Sgne 125 (S0 S5 (Bran j9d GRIPIL A Jb s wls Sw eSS
Oeiis b sl axlllas ;o il (B pan 599 5 B pan 050 Jsb 4 atly jro 8l o R Gpas 51 (50 5lansT (o sl alS
(V) 0355 rmlogish (om0 53 ailmo Gl Ghge (ol il o MDA al5' czrge Sy J5 Bras a5 wisls olis
Sessln L3I LOHDAY sl SSils's ¥ oaSsponm Vo ol ay slosle oo Lls s & R a8 aias o lis cledlLl
£5) oS5 5L Jlsd 4y yzee AMPK 65Lu Jli L wilgs oo RY 5)le ) 0,15 o s o o3 4 )51 45 Slsl3
aS Ailosls (ylis cubizma (pl poogdle (YY) oyls Lid ol oS gie Siem 40 9 ool (PPAR-2)TWT ool Jlad ooins e
Ded oo wilis R eyl e Slaas| il cools a4 opl g oS 5 1) ofT sla JISGo!, wlgs o puies jsb 4 RJ
S pmesdlSo 51O 0500 55 oleillas Cols s (il 3l 5wty o 09ue |y ooekis T slo sl o 0 Shae (rizran
(S 5T slans 3T 51 cmgig, 50 aS sgei 0 Ll IGF-1/PIBK/NRF2 e o5l Jleé 4 )lg5 o0 R SlonST 5T oo

OF) 3500 i jho (agill Sue Zules 5 5 5510nST o sl rals
RT+RJ200 05,5 ;o MDA suials’ 51 cpiimen .u3,5 PC g MDA zalS 50 RTHRI200 ol ylis gl (yaizeon
&y dly (Soglie (a3 059 4 (o9 Dl yed 4 Wi o (LS b gy 090 RTHRIL00 (sloog 5 51 piogllae il o,
B 3 SOD asils SlownST 25T slags 31 51 (cangig, 4 e DNA s PISKINRF2 s 51 8l o 0 pod g5 9 o0
9 SESN2/AMPK/PGC-1a ;Lo Jleé ogde rizmad (V1 V) 095 0 PC s MDA 1alS 4 joie culgs o g oad
52311 sl b alilie (sl (oglio (yod lopmnilSo ;500 5l 58 )i ge (19,0 SO S| 5l (smtsi Aol
51 o7 sy (ol & il (o bl 5081 205 5 b oz e lie S5t b (55505 Sl el (ke
Sili¥l 4 i PPAR-2 s AMPK (5l Jlad b G o )50 oo 5 590 4 aanly RY (rizean (YY) 05 ponie o (059
ol ol 50 5 NRFLZ fly Gl gl 4 Canslio o9t do (22 5 559l e silie S5me « e )aiS g5e 335522
«Raoufi, 2023) oo T Glo ok Jrows RI a3l e SlowST 5T Sy cmizmen (YY) 095 o lonnsT 1
MDA als s RJ S8 JuKw s 51 g o0 | oS 5T 09mpe cales 0 9 IGF-1/PIBK/INRF2 s g5l JUsd
Wilg3 oo guilannST o yiul (rals jo RJ 4 RT alie slogmsilse Sy oo 5 as0ad 3 Cllae 4y a5 (V) s PC,
s RT a5 wols plas pubiies pol> dalllas b gucon R g 0 05 ylojed 31 die; ,0 .ol atils (2 Sgyg5 o ,Shes g0y
1(10) 23,5 o AD 4 S oo loige culisen il jo VB 5 SOD fly (li8l czrge plojen j5b 4 RJ
Moo (lymo slagbse o S8l 1o Gesbigs Ol Gl 2 (el 1 Gllo RI Lol o (calinul (503 atin cotian (ppizpon
wlo iy g0 (o il By delas 51 Lo RI G RT a8 ais 5 o)Ll (pdiizes 500 (glandllas jo (YA) cuzls AD &
ol Sy oo S @ ol (V) 59 RTHRIL00 5 sosllas 5lpe as lapydy i, 0gar » RTHRJI200 j1 5 ogdle
il ol g lom Laulyd ;0 RI g o yed Jales G5 il oyl (20lS7 5 0SB L (L8 Sladllae 0l 50 525 anlllas
i)l poe sy o 513 4 NRF2 js iy oS T 3T 0l s )0 Jlgy J5 5 2ol S o i yoms 4y 4255 b

Yb Jl&.i:.«.uwgu)ﬁdqéi Slallas jo 00,5 oo slpaion cplply ail Lol adllae sbbcgogoss 5l JLSKww o 0yl

1 10-Hydroxy-2-decenoic acid
2 peroxisome proliferator-activated-alpha



Sl ol yme s ige cuolS gt Cb (§5elg dgil Ol i 32 Jligy J5 L of o (Soglilo oy poi ain Culen i1

DAl 902Uyl pas calannlST ol JEalS g el £ g a3l A d g b uioren el 4Bl Lo loganST 5T s

D9 ploml guSlannST o pal 2alS Sl z50 e Sy lp

Ry pgllae IST Ll o (8 pan 590 A atnls Jlg) 5 5 Dol 4 alialy (Seglie (el Sy o0 SIS 4 bl 4 az g L
» @5&.@ ).)‘ ).'Yb 399 40 o).>9 L ij) J) 9 u_v).o.: u..Sf Lol ..\...».ul.: able PC 9 MDA Ssle 9...;‘..\...»....5‘ u.u).u..:‘ 6[& )inl.....u

)l Slgam (s5ledse ulpd jo cwlSgmn S8l 10 (215 95 d9nte 9 glanST sl JalS

&lw

1.Lanct6t KL, Hahn-Pedersen JH, Eichinger CS, Freeman C, Clark A, Tarazona LR, Cummings J. Burden
ff 1llsss P ’>?  $SS SSS eeeeee www¥f 111 eemlll miiii
Mortality. The Journal of Prevention of Alzheimer's Disease. 2023 Jun 1:1-1,
https://doi.org/10.1002/alz.051496.

2.Briyal S, Ranjan AK, Gulati A. Oxidative stress: A target to treat Alzheimer's disease and stroke.
Neurochemistry International. 2023 Mar 11:105509, https://doi.org/10.1016/j.neuint.2023.105509.

3.Roy RG, Mandal rrr CcC cc am IT MO000

11l 111 1il eess:: mtt mmmnt Uuueeceecees
2023 Aug 10;14(17):2944-54, https://doi.org/10.1021/acschemneuro.3c00486.
4 aassssssssssM i aa aasssssss 1l 1 777 eeeess

Mechanism of Activation, Role, and Potential Treatment. Molecular Neurobiology. 2023 Dec 23:1-20,
https://doi.org/10.1042/BST20210751.

5.Salehi OR, Sheikholeslami-Vatani D, Hosseini SA. Psycho-physiological effects of high intensity interval
training and vitamin E consumption in elderly trimethyltin-treated Alzheimer's rats. Metabolism and
Exercise. 2021 Sep 23;11(2):57-76, https://doi.org/10.22124/jme.2023.23953.251.

6.Ghanbari P, Khajehzadeh S, Sayyed A, Raeisi D, Salehi O. The effect of high intensity interval training
with beetroot (Beta vulgaris) juice supplementation on serotonin and dopamine receptors expression,
anxiety and depression in middle-aged diabetic rats. Avicenna Journal of Phytomedicine. 2022
Nov;12(6):627, https://doi.org/10.22038%2FAJP.2022.20895.

7.Souza J, da Silva RA, da Luz Scheffer D, Penteado R, Solano A, Barros L, Budde H, Trostchansky A,
Latini A. Physical-Exercise-Induced Antioxidant Effects on the Brain and Skeletal Muscle. Antioxidants.
2022 Apr 23;11(5):826, https://doi.org/10.3390/antiox11050826.

8.de Souza RF, de Moraes SR, Augusto RL, de Freitas Zanona A, Matos D, Aidar FJ, da Silveira Andrade-
da BL. Endurance training on rodent brain antioxidant capacity: A meta-analysis. Neuroscience Research.
2019 Aug 1;145:1-9, https://doi.org/10.1016/j.neures.2018.09.002.

9.Hashemi SA, Ghadimi Z, Ghaedi H, Hashemi A. The effects of eight weeks of aerobic training with
vitamin C on the expression pathway of antioxidants in the hippocampus tissue of TMT induced Alzheimer's
disease rats. Brain Research. 2024 Jan 1;1822:148645, https://doi.org/10.1016/j.brainres.2023.148645.

44



VET ke el osled p)lezr Jlo (5w a5 5 &5 > (9l b dalilad 90

10.Ni C,Ji Y, Hu K, Xing K, Xu Y, Gao Y. Effect of exercise and antioxidant supplementation on cellular
lipid peroxidation in elderly individuals: Systematic review and network meta-analysis. Frontiers in
Physiology. 2023 Feb 14;14:1113270, https://doi.org/10.3389/fphys.2023.1113270.

11.Aslan A, Beyaz S, Gok O, Parlak G, Can MI, Agca CA, Ozercan IH, Parlak AE. Royal jelly protects
brain tissue against fluoride-induced damage by activating Bcl-2/NF-ssssss sss e-3/caspase-6/Bax and Erk
signaling pathways in rats. Environmental Science and Pollution Research. 2023 Apr;30(17):49014-25,
https://doi.org/10.1007/s11356-023-25636-y.

12.Guo J, Wang Z, Chen Y, Cao J, Tian W, Ma B, Dong Y. Active components and biological functions of
royal jelly. Journal of Functional Foods. 2021 Jul 1;82:104514, https://doi.org/10.1016/j.jff.2021.104514.

13.Raoufi S, Salavati Z, Komaki A, Shahidi S, Zarei M. Royal jelly improves learning and memory deficits
amiiii ~ p-induced model of Alzheimer's disease in male rats: Involvement of oxidative stress.
Metabolic Brain Disease. 2023 Apr;38(4):1239-48, https://doi.org/10.16429/j.1009-7848.2016.01.003

14.1brahim DS, Shahen EM. Effect of royal jelly on acrylamide-induced neurotoxicity in rats. Journal of
Chemical Neuroanatomy. 2023 Dec 1;134:102358,

15.Moknhtari L, Bagherpour T, Nemati N. The effect of eight weeks of resistance training with royal jelly
on the oxidative system of hippocampal tissue in rats with Alzheimer's disease.2022; 24(2):9,
http://dx.doi.org/10.22034/24.2.4.

16.Ashofteh A, Cheragh BS, TaheriChadorneshin H. The Effect of Resistance Training Along with Royal
Jelly Supplementation on Genes Expression of ProNGF and P75 Receptor in the Hippocampal Tissue of
Alzheimer's Rats.2022;14(1):53, https://doi.org/10.22077/jpsbs.2021.3849.1600.

17.Hosseini SA, Salehi OR, Farzanegi P, Farkhaie F, Darvishpour AR, Roozegar S. Interactive effects of
endurance training and royal jelly consumption on motor balance and pain threshold in animal model of the
alzheimer disease. Archives of Neuroscience. 2020 Apr 30;7(2), https://doi.org/10.5812/ans.91857

18.Dehghan F, Hajiaghaalipour F, Yusof A, Muniandy S, Hosseini SA, Heydari S, Salim LZ, Azarbayjani
MA. Saffron with resistance exercise improves diabetic parameters through the GLUT4/AMPK pathway
in-vitro and in-vivo. Scientific reports. 2016 Apr 28;6(1):25139,

19.Arzi A, Houshmand G, Goudarzi M, Khadem Haghighian H, Rashidi Nooshabadi MR. Comparison of
the analgesic effects of royal jelly with morphine and aspirin in rats using the formalin. Journal of Babol
University of Medical Sciences. 2015 Feb 10;17(2):50-6, http://dx.doi.org/10.22088/jbums.17.2.50

20.Aran KR. Mitochondrial dysfunction and oxidative stress in Alzheimer's disease-A step towards
mitochondria based therapeutic strategies. Aging and Health Research. 2023 Nov 8:100169,
https://doi.org/10.1016/j.ahr.2023.100169

21.aaa oom ITIT , Sumien N. ApoE genotype-dependent
response to antioxidant and exercise interventions on brain function. Antioxidants. 2020 Jun 25;9(6):553,
https://doi.org/10.3390/antiox9060553.

22.Feng L, Li B, Cai M, Zhang Z, Zhao Y, Yong SS, Tian Z. Resistance exercise alleviates the prefrontal
lobe injury and dysfunction by activating SESN2/AMPK/PGC-a0. aaaaaaaaasaaaaaaaa aaaa ggggeegess
oxidative stress and inflammation in mice with myocardial infarction. Experimental Neurology. 2023 Dec
1;370:114559, https://doi.org/10.1016/j.expneurol.2023.114559.

23.Hortobagyi T, Vetrovsky T, Balbim GM, Silva NC, Manca A, Deriu F, Kolmos M, Kruuse C, Liu-
Ambrose T, Radak Z, Vaczi M. The impact of aerobic and resistance training intensity on markers of
neuroplasticity in health and disease. Ageing Research Reviews. 2022 Jul 16:101698,
https://doi.org/10.1016/j.arr.2022.101698

24 VVVVVVVVVVVVVVWWWWWWWWWWWRRY VVVVVVVVVV VWWWWWSBVVVV Wae,. ...,
Levin O, Masiulis N. Strength gains after 12 weeks of resistance training correlate with neurochemical

e


https://doi.org/10.1016/j.ahr.2023.100169

Sl ol yme s ige cuolS gt Cb (§5elg dgil Ol i 32 Jligy J5 L of o (Soglilo oy poi ain Culen i1

markers of brain health in older adults: a randomized control 1H-MRS study. GeroScience. 2023 Jan 26:1-
9, https://doi.org/10.11138/mltj/2013.3.4.346.

25.Takami M, Aoi W, Ando C, Kato Y, Kobayashi Y, Kuwahata M. High-intensity exercise training
induces the oxidative modification of malate dehydrogenase 2 in skeletal muscles. Advances in Redox
Research. 2023 Dec 1;9:100076, https://doi.org/10.1016/j.arres.2023.100076.

26.Barros ND, Aidar FJ, Marcal AC, Santos JL, de Souza RF, Menezes JL, Gomes MZ, de Matos DG,
Neves EB, Carneiro AL, de Almeida-Neto PF. Effects of Resistance Training on Oxidative Stress Markers
and Muscle Damage in Spinal Cord Injured Rats. Biology. 2021 Dec 27;11(1):32,

https://doi.org/10.3390/biology11010032-

27.Vajdi M, Musazadeh V, Khajeh M, Safaei E, Darzi M, Noshadi N, Bazyar H, Askari G. The effects of
royal jelly supplementation on anthropometric indices: a GRADE-assessed systematic review and dose-
response meta-analysis of randomized controlled trials. Frontiers in Nutrition. 2023;10,
https://doi.org/10.3389%2Ffnut.2023.1196258.

28.Aslan A, Beyaz S, Gok O, Parlak G, Can MI, Agca CA, Ozercan IH, Parlak AE. Royal jelly protects
brain tissue against fluoride-induced damage by activating Bcl-2/NF-ssssss sss e-3/caspase-6/Bax and Erk
signaling pathways in rats. Environmental Science and Pollution Research. 2023 Apr;30(17):49014-25,
https://doi.org/10.1007/s11356-023-25636-y.

29.Hassanlouei F, Hoseini SA, Behbudi Tabrizi L, Haji Rasouli M. The effect of endurance training with
royal jelly consumption on dopamine in the hippocampus tissue of rats with Alzheimer's disease.

30.Ashofteh A, Cheragh-Birjandi S, TaheriChadorneshin H. The effect of resistance trainings along with
Royal jelly supplementation on gene expression of nerve growth factor and tyrosine kinase A receptor in
aaaaaaaaaa® sssssssssss fAAILL 1 °7° mallJJJJIIIWIIIIIIIIIIIJIIJIIIIIIINIIIIIIII) cessssss SSSSssSssss
2022 Mar 21;10(21):78-89, https://doi.org/10.22077/jpsbs.2021.3849.1600s

31.Rami M, Habibi A, Khajehlandi M. The effect of moderate intensity exercise on the activity of catalase
enzyme and malondialdehyde in hippocampus area of diabetic male Wistar rats. KAUMS Journal (FEYZ).
2018 Dec 10;22(6):555-63.

32.Amirshahi T, Nejati V, Najafi G. Biochemical and histological evaluation of protective effect of royal
jelly on pancreas-induced oxidative stress in male rat pancreas. Journal of Mazandaran University of
Medical Sciences. 2013 Dec 10;23(107):107-15, http://jmums.mazums.ac.ir/article-1-3057-en.html.

AR


http://jmums.mazums.ac.ir/article-1-3057-en.html

