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Abstract

Background& purpose: Parkinson'slisease is a chronic neurological disorder that compromises r
and noAmotor functions and leadis a decrease in the qualityldé and functional capacity of individuals
Therefore, the aim of the present study was to investigate the effect ofveigkd of moderatmtensty
endurance training with BCAANn the MuRF1 Atrogin-1, and Myostatirgene expressioim the soleus
muscle of Parkinsoniaimduced ratsMethods: In the present experimental study, 25 male Wistar rat
three months of age ai@0-200 gr were used. The rats were divided into following groups (n=5): he
control (HC), Parkinson control (PC), Parkinson + training (PT), Parkinson + BCAA (PB), and Par
+ training + BCAA (PTB) groups. Eight weeks of moderaitensity endurate training (5 days week)
performed on a treadmill. Ongay analysis of variance with the Tukey's pbst test used to analyze tt
data (with a si gn iResulsZhe cesultslsioweshht afterf ParRinddh's iddaidtio
geneexpression bMuRF1, Atroginl, and Myostatin in the soleus muscle of rats significantly incre:
(P=0.001). There was a significant decrease in genes expression of MuRF1,-Afragth Myostatin
(P=0.001) only in thenoderateintensityexercise training with BCAAwupplementation group after eigl
weeks of interventionsConclusions Although moderateintensity endurance training and BCAA
supplementatioralone did not affect gene expression, combining both interventions together ca
significant change in genexpression of MuRF1, Atrogith, and Myostatin, indicating the significal
effect of exercise when combined with BCAA supplementation for Parkinson's disease in rat.
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Investigation the effect of endurance training on muscle atrophy in Parkireisn's *2

Extended abstract
Background

Parkinson's disease (PD) is a multisystem neurodegenerative disorder and the second most common disease after Aedssmer's dis
affecting approximately 1% of people over 60 years of age and up to 4% of people gear8@f agd1). The incidence and
prevalence of PD has increased dramatically as the global population ages and projected to exceed 25 milliqR2)bWREGEL,
Atrogin-1, and Myostatirare among the markers involved in muscle atrophy that upregnla@éral conditions of muscle atrophy

and degrade proteins involved in muscle protein synthesis, remodeling, and contraction. Myostatin, a member of thengansformi
growth factorbeta (TGFb) f ami |l y, i ncr eases t h-&@anchRURRLtheneauses muscte hitrophp Fesulking At r o
in increased protein degradation and decreased muscle protein synthesis. The regulation of MAFbg/AttoRBiR1, and Myostatin

under androgen deprivation and after androgen treatment remains (Rgléalditionaly, BCAAs have anticatabolic effects, which

help protect muscle mass during periods of intense exercisetnrfahg diets. Therefore, based on the lack of comprehensiveness of
research on the simultaneous effects of exercise training and BCAA supgeamerthis study investigatetle effect of eight weeks

of moderatantensity endurance training with BCAA supplementation on the gene expression of MuRF1,-AtragthMyostatin in

the soleus muscle of Parkinsoniaauced rats.

Methodology

In thepresent egerimental study, 25 matatsat three months of age and 1300 gr were used:he present study using a laboratory
method with a postest design in animal samples (male Wistar rats), and its proposal has been registered with the Research Ethic
Committee of the University of Mohaghegh Ardabili under the number IR.UMA.REC.1404.083.

Experimental design

Twenty-five male Wistar atswere divided into following groups (n=5): healthy control (HC), Parkinson control (PC), Parkinson +
training (PT), Pe&kinson + BCAA (PB), and Parkinson + training + BCAA (PTB) graupsthis way, the average temperature was
22+3 degrees Celsius and the liglark cycle was 12:12 houro induce Parkinson's disease, rotenone (Sigma, USA) used at a dose
of 2.5 mg/kg by mtraperitoneal injection daily for 21 days. Sunflower oil used as a solvent for the drug. Rotarod and open field tests
used to confirm induction. The supplement groups received a dose of 300 mg/kg BCAA containing a r&tib edlfhhe, leucine and
isoleucine) prepared in distilled water via gavage (5 days a week).

Training protocol

The moderaténtensity endurance training protocol implemented in the first week after familiarization with an intensity of 60 to 65%
of maximum speed for 15 minutes and tfz@ning time increased weekly. In the seventh week, the training time reached at 30 minutes
and remained constant until the end of the eighth week. The training speed from the first to the eighth week was undhanged an
equivalent to 20 meters per minuté.the end of each session, active rest performed at a speed of 10 meters per minute for 5 minutes.
The incline of the treadmill was constant throughout the study.

Finally, 48 hours after thiast session ahterventions, rats anesthetized with subcutaneous injections30 &ty/kg 10% ketamine

and 23 mg/kg 2% xylazine. Then, the soleus muscle was quickly isolated and, after washing with physiological serum, was frozen in
liquid nitrogen in RNAaseand DNAasefree microtubes to prevent any contantioia for mRNA purification and RIPCR. RNA
extraction performed according to the manufacturer's instructions (Pars Tous, Iran).

Statistical analysis

Data of this research was analyzed using SPSS version 26 statistical software. TheVBitlapést (with a significance level of
P OO . 05) -wayamlysis ofwariance with the Tukey's post-hoe st (with a significanaeyao | evel
check the normality of the data and to compare groups.

Results

Based on the results of om&y analysis of variance test, it was determined that there was a significant défeegween groups for

the geneexpression of MuRF1, Atroginand Myosatin (P=0.001). The results of Tukey's pbet test for three genes MuRF1,
Atrogin-1, and Myostatin in the PC group showed a significant increase (P=0.001) with mean and standard deviation (3.38 + 0.01),
(3.96 £ 0.63) and (4.26 + 0.69) compared to thegfdip (1.02 £ 0.07X0.97 £+ 0.06) and (0.99 + 0.03gspectively. The results of

the posthoc test for the PT and PB groups, with the mean and standard deviation for the three gerleAMadRfL, and Myostatin

being (2.87+0.17 and 3.21+0.24), (3.04kDand 3.46+0.27) and (3.41+0.21 and 3.33+0.17) respectively, compared to the PC group.
Although, it showed a decrease, this decrease was not significant, and only in the PTB group, compared to the PCrgfimapt a sig
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decrease (P=0.001) was observed dll three genes MuRF1, Atroglh and Myostatin with the mean and standard deviation of
(1.87+0.17), (1.09+0.15) and (2.13+0.63), respectively

Conclusion

Although, moderateintensityendurance training and BCAsupplementatiomlone did not affect gene expression, combining both
interventions together caused a significant changthéngene expression of MuRF1, Atrogin and Myostatin, indicating the
significant effect of exercise when combined with BCAA supplementation f&iri2an's disease in rat.

Article message

Despite the documented benefits of endurance exerctbeoverall health and fitness, the present study shows that endurance exercise
alone does not significantly alter the expression of genes associated witle mophy, although a sigieéint effectwas seenvhen
endurance trainingombined with BCAAsupplementation. One of the notable points of the present study is the effect of exercise
training with BCAA supplementation on the expression of some genesiatssl with muscle atrophy. This suggests that although
moderatentensity endurance exercise may improve muscle function and reduce the risk of atrophy in certain circumstances, its direct
effect on the molecular pathways governing muscle breakdownnisnali More research is needéd investigate the precise
mechanisms through which endurance exercise may indirectly affect muscle atrophy, particularly in conditions of agmgordiseas
disuse, where the risk of muscle breakdown is increased
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Table 2- Sequence of primers used in the study
Genes Forward Reverse bp Accession No
MuRF1 ACCTTCCTCTTGAGTGCCAA TCAAGGCCTCTGCTATGTGT 139 NM_080903.2
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Atrogin-1 TAAGGAGCGCCATGGATACT TCAGCTCCAACAGCCTTACT 113 NM_133521.2
Myostatin TTTGTGCTGATTGCTGCTGG TGTTTTGTCTCCACGCACAC 106 AF019624.1
GAPDH AGTTCAACGGCACAGTCAAG TACTCAGCACCAGCATCACC 119 NM_017008.4
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Figure I Differences in spatial memory and learning between the five study groups. The # symbol indicates a
significant decrease between the healthy control and Parkinson's control groups, and the * symbol indicates an
increase in supplementary exercise and Radq's exercise groups compared to the Parkinson's control group.
Abbreviations HC: Healthy control, PC: Parkinson control, PT: Parkinsdraining, PB: Parkinsoft BCAA,
5 ) . N . and PTB: Parkinsot training + BCAA. B
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Figure 2 Mean changes in gene expression in the two healthy control and Parkinson's control groups. The *

symbol indicates a significant increase in the expressidmuRF1, Atroginl, and Myostati genes between
Parkinson's control and healthy control groups. Abbreviations: HC: Healthy control, PC: Parkinson control
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Figure 3 Mean changes in gene expression in Parkinson control, Parkinson exercise, Parkinson
supplementation, and Parkinseexerciset supplenentation groups. The * indicates a significant decrease in
MuRF1, Atroginl and Myostatin gene expression between Parkinson + exercise + supplement group and the

Parkinson control, Parkinson + exercise and Parkinson + supplement groups. AbbreviaticeakiR€oriP
control, PT: Parkinson + training, PB: Parkinson + BGAAd PTB: Parkinson + training + BCAA

twayv Wl |I§OmeEAMEY | Ual, GA Y% dEo - v Loz

L v YOE U By cGWEWER B Gz 0 wBELL ARGCELE ALEE Az WLLI
¢ Geaelviy $ KHEAWOGH AEBE~ Az wee {OBR S 8@A 06 G1 0 OWAL AA®aa © L
L% 6aY | Un &xviAmEpla B4 33d vkzd SybsaneyArdei-1 MURFISEY E CAYY %E |
OVOLL(EehE * %7 60 Y* duON&m LLAWE § v A ¥ A ko § 1 GwPREHAAES AA Y-
CoViABE Al CA AMERyFaAVY L CGWBEYWCz Eawi ! Ywz OALLL
y ooavA, 4 KyGnue b Bl EBAW A z) Y WZA u 6 A L LNydstatidylarogin-1LNMURFY Y51

#)$ ° UAEERE~ ARC Fo {@@Eawhao o 1Yl LA ve it waicE A~ GAW ) ¢ LL /
Az [$iawhwi Ga § Gwe %wo o ljlelalfer whi Gl @ oG & Emopa | WYkl
Y%z 1 Co%whA 60T U HCEMBLUE ad %o EWRE GEIBE Aemit EAo 3
0AEpPCi %w~CKAiwellv sBCYORWEHE AaEwa  wecCe £ )¢Av acE
xj %' CLLLE¢%Y | wpe%aE AGvASH @lbv it VLA OWLLKN Wy KD
1%l BC8BEMmE L EBCz 1AGE WA L 10 &J Awya YA LLILE %58 VE@WH0 £w 26 Y5
cwoaw A | % s CAKR RAvEY T Cyalodmiek Gyde vAu i iCEVED @ Wz (¢VA VA i
BAKA £ | B-0Vioul CEBNVGA ZHe EY 6 z warly 160 LEPBIWG BWIER 0 0z wélu Y
| i E L 13K @GWAKRA B &AL Y o e L HAQL LE &Ew YA TESR W~ 00 £y ¥~
gt EMLIME GHEAELLBAMNAKE ¢ Cowba Aifl ¢ LB@ED 3&1°LLA B LWy
y oAwé OGdwA GyinspwBe Bl C R ACBENIGS (Bneveyd e AAE § % Ub O
0A BOACG U Fuv%@ ElfsBs . & v %wic Ad GI6YADEC | BAS VCiv &8 IVewaBOL L A v

‘Bradykinesia ‘Hypokinesia

Journal of Applied Health Studies in Sport Physioldgfy?? 27 DOI: 10.22049ahssp2026.31264.1799
Copyright ©The authors Publisher: Azarbaijan Shahid Madani University ISSN (online): 26766507



https://doi.org/10.22049/jahssp.2026.31264.1799
https://portal.issn.org/resource/ISSN/2676-6507

@ ‘Saﬁ)LT Ol o

ot e s o820 0P339 S38192 35 5O (S yiS

WPV s

JAHSSP http://jahssp.azaruniv.ac.ir
CEayAsweu T~ Y
* ) Ce %y CAABAEACA G%%wCuA%nyp £L£6

A6 LLOY EG &%36B jx Ay G 60N COMEIA Au 6 AL LL Ast A 6CLALL3IQEY] EwaP PG
EEVvAAV V ERWHpYMIALE CombAAe\iec Godyw@bpvCvdwady )
¢ C& W b&atayh Mo dagcalidbd Cawfyy 1 %Iw@A pPAASIMBAA AVLyA A Y 0 w &2 p i
awCz EXwi Chkzs %y~ puteCRuyfv ALAMBANE oMy T Ly & WIC KELLVE (¢ %0 £ $
YITWHBAK/TRAF2ZAp-18 b CO wh 0 QLALL A BEG/LALA VEUBCKAOMI T oy &yl 1iCz6 Ady{w
0wl LI#EyW L 1Ry evw O Eéy Cy ECHE ©W & @ Bisss GWoad L U 13yt

¢ %° pi RECOUxbE iviEAKWRZI CUat Anp LK BYORAS PG An @ B0V A £
%ewLLA §y Coo61 LLAv AOLLOYTSmAALBWANCERAGL d %y KAICILIL
¢ Ybw A Ul YiBRGCIUWPAEAV @ Avd L wk B @@ e A )a yOyuB O W £oy AL zo8Co MEN Y4z
%Pdz WAG LLLAvV FOYOBE { 140 Y. zUECAWIBMEEG hairT CAROABIERSAEN 6 anebdRp i

A - C o @ IMURF1Y Atrogih- AL Ez | Ywz padRé e EhBQw (Cph ECAEs~ AopA A
Vo %Yy Y~ W BVS A0 WRIOLL O%! & AGISLEREINEE JriND (A 7 « YAELAL LYAw z
Ué%uf wz ACH L IQLAE VA dsan AP #duniaC § 0 ARG &Iy E O Y

MuRFIL 0A OwCz %z Acaed ELLAELLEWUA Aai Buio we wi wglv ¢ §° €
Caz wé ICAQE Weh~ LALOI étiddinvBA 6 L L OB iv.0 wE/4e ey WedO@IoRA ¢ A v
Atrogin- MURFL 0 A GwCz Eawi ¢ wwalAsuply ACORARYN oyl LL Biv@& @ N L &~ 0
1 Az PpwwL0Ew CAVAY%SL  Ab é Y ! IPGEHIP L GYwiikaEeEAip € K HW BudCh ° U a
¢Av ar Az %o E Cay %poBly SHEERAIBEGY LALCWHRA § AECWE § %~

Y CEEN 2% #0 v Yow T (A V1 #68 v © WAl &) hmpkimiOC £i QABZBBLAY | wa
aly s CYVA~y yLLIGYeGwha& AF & B LEEEE-ady@nTORCLAT AQBALLT £
MURF10 AQv G Y. &40 & 0508 & Wwve e 40 T iL LoT ol A A ABAQREAAL A v

0O wEjy A wOu 2vEdpay [y Awn %t °EoEy CA%%uz 0j avACu
UBsU £ wz GwwiveAdnEA f VBEEYNMURFL %N w3 EZABRAVAIBRVAEWRE £ 9C
) © puyavp.E yIERYY #eBe w2 wAE ¢ WA AWWA wiaw Cz 0 G Wil %w~ ¢ w
MuRFL 0A OwQzawERA VA yERYpEAY'E v .2 CwAlYE |l dédva y CLLE¢ %y | E
Ue&lELGLLAYO wLL P& &E@wiL t4&vid{ € A GREAAA & BLAAEZ EOWBUIER: 2y U €
v wl 0a#)$ OREess¢ 0 WARPSS WEORIWG AR W e&n AGwEsYE ¢ A v a°E a
Yko dF a4 ¢ ¢ v ABMCORBLUES A %Y A C Y 1oMkogin-10 T {i 0 MulRRY P2o GH SYA R v

Cév LAl & Ay WuRRIO @&t w & dav U ICEA )VBALQyL@EmEz%%GIEL IoLuO/WY
I -wWLLLE y* avACu Eawi %& A£Li we A CH O o GRERG NAE PANGE y
#$ L Az ¢ ¢ v AA AtibdindL ONLRFR %2V 1 ¢ilAd @wmbapnmwmw%wz

U¢ %UECEHHsHE i+A v Wi 04 V COFIMVIIG: A& ERON & WE ¢ %6 YOMziv bgdU b U
U A~ Atrdgih-L INGRFL %6 1 Awdadd ¥y ¢GQrodiataycmedl Qr AR A)i LVARROY Yk AW 1 Yo A
¢cv Ciws 2¢egwoy QARILLLE OBCRBWHRG~ V4o Anwrers WOEWISE Fl: L% ¢
a Y%y Astrbgh-l MMRFL 1 - wE  § ! 0 \CAGBREDW L v i \a @wplio 3CyEEWY vi
YCE WAl awy w3 A ZA P@omO w-alle EmQHTHOWEAINTAR /B & WA P& ©° by wi
U¢ %08y %REvCC@WABLE AN 0 W a IR UA S VRECENZE VACTY, WINIDEAY s A OREEYp A %1
°Ewz AmEv! ! A«ijwEE BHizE Cociywnee®Alvp & RS WRRHEE FAOA0 « ¢ Vv
Ay Auy 1 CpEHWUESNT B8Y %~ 6 B0 Wein Lk BAVAB O £C wa° €8 ) &
0] CEVIBAY OWUuge u£ dovz XC{yV & BQEWY W % B an-oEz8WeA &N G A £

Journal of Applied Health Studies in Sport Physioldgfy?? 22 DOI: 10.22049ahssp2026.31264.1799
Copyright ©The authors Publisher: Azarbaijan Shahid Madani University ISSN (online): 2676



https://doi.org/10.22049/jahssp.2026.31264.1799
https://portal.issn.org/resource/ISSN/2676-6507
https://portal.issn.org/resource/ISSN/2676-6507

b1

CEay Adweu
,* i BRSO 6o i Bk
i T & AIC%T GyUEYL L1OAY{ M7 AJE O oAy -Gy 1AW Gt Gu CAvy wp A b)da
Cyewka C pEED wiz@ BYotd GRti ®pip 1) y +® +0v %ewi 08 y ¢tvyu ApdwO
y o YOaRpeEtatin Yow AU VA i AIPMEBMEREGA & B Wafi YoV YaéA yCAAEyvav oA G A Cy 2z
Ce bz EHEP E . z | EDNAA oUW 1 LWwap B i BCAHFAL LLT 0 av %
¢ Vv 0 Knial b YR EEUWCE e OGJL L E |, z %8 %A1 Az A6 - CUAH v XA | AWE
V¢ %06 &l avs | U@ AR~ alv: AWE yC AR vRECER £ W&
V WNEES ¢vewCirRER ABRY Jewi 03 1 Q0AAIZYANYE] BEAAWRAGRIVLY | iwlzAv 2
0v %wd ® &5y BATAj A Ay Owied i wA%e LLAv * A{ Az § Céwé®%nopiA
wz CHE &V BwHICAE ol d j+ UMBwE o3 v AL @ELEEQIHOM A QE v
Myostatin %z ° ¢° E CZQOAZVAD LEEV Ad RRAW-E HBvaAw 6 wzé waiCy OA
COMABIMydétatin ¥4z U CEwo £6 A& 0 A ctavgQud Beo{¥amb uy 0 KCAywWeC/BOSIAHER
0A GwCz %Yy 1¢Cwiwi B8 &y wheENIALLA wz CuCauddo B EASy
¢ CuRAKUE E ve ya iy Riosideie Cé " Ew & wla INF-AB KO%er A ly-wi @A héswd %C L
| GA%GE UOAy | VAWEREZ wyNyw 3 | mRELA & E § & wedwiSaswi) wiuEfyad~iAC z A
CCWASE v %o LLAV § UE%OE | ° LLEEABWECOAOCE FSDY:AITR T LE LLLOARY
o YE U RWEayY Aal wy AT Ea A W0 0CWVWLE® awp a & \iogn G&E BLET o O
GR1 | ° E% 0 A0 2AIGGAEA W RIACOMBENCY ELLOY Cay %E} wzxAdv ¥l
Yowpostativ &lew Ce ap ¢ B Cowp Rl aTWEBE AN G ARGWDAR # RO &1 A Y
Couy w&um LL Bupze ¥ULA S °HDLL EwE HCARL £l COwEEVvWMBW L IvIYA v
Byl whp bu L GEADWZAE° YI ¢ A~ BWAECU AFaAWREGU Ad L GMRKEDA v %
ChpC{ O Cpe HilLt Novivgogatiire = B A ¥A A IMuR& AW C 1A -QOMuRFL Yt §  ©
A%LLLT 0 wz av %0 aC uiABlyE ac LWz v, 8 iR CoAvw iatiegh-d 0 %t )
°o N womG%EE wile VA | C BCAAG Y Ui w C ghwiyy APIRrb al YA & MuRFuA [ ¢tAAv o v
cwaey L YEAQLBY 2NN & w £ WERAA A0C[iIAAYAC-PNEUYNF-Kb 0° E O6wba
d%LF& veyv oA Ripyi @ 031 °Cheyymyu ¥R Av AcEv?
A6 LLLOY | Bgv  1aid SvieeRNALA A viyostatin %N w3 EZ @A v ARV %EWE ¢ i
EayRhe! ¢ Walc BOBEIEWze VAISKIE ¥ ¢ AG AoAd viiaw CEE ViAA&E b GV &Y.
) Az %bBw?PAz aQBLESR %Y U6 %UE ay %h
0By p)wHRovw@id E +t BB& wa
CYRACOY ¢ vl B CMydsthtddvp GlFipha Gvit ° y v
@i COBAMEHRAICE i wikl * A«uewzel XYy E CARyCvaEwRD 8k A VB \C ~
Co 0 v I2 ANA T O wL Eyl YOWICH WEk 0 ABRAOWR ST 1 vaR @€ AV O B i BAGESy 1
0 z WEQ HBMLYONE ¢ videw AR E ALD £1 0 A 16 WVEBGStatind EBH VB A LLLEwz  Of
%C8MEz aviua o0y z AL a€ UL WD PAG PAYEEWNAOEE A i 0 o - v
EAT - %t %Nw3 ApdswOUu AMLH MOuwEs omedDvyeutn Al RV ?
¢ vBEANY8 U1 u aswpbi %! CEgddyL ECGHEFAERERHRE Az %-pu
it LLLAv CyEL LLOWCLEF Y63 %Ran) vGIEGBN IS Wé (Ve Ct ATy ¢ 2vA
i cE&OwWE g A AwenBy AWAK A ¢ L LMjostatrit ©&E® D & W Liewep € C
G %E] %Oy °E, z OANoAR vaw Yipe ELOKE 694 O S@emdMindz i T 0 0
¢ wia BACABECo WO SEE | °OXBALE B W %€k Wisv Mybstain® A wiivsed O A BEpAE® U

Journal of Applied Health Studies in Sport Physioldgfy?? 27 DOI: 10.22049ahssp2026.31264.1799
Copyright ©The authors Publisher: Azarbaijan Shahid Madani University ISSN (online): 26766507


https://doi.org/10.22049/jahssp.2026.31264.1799
https://portal.issn.org/resource/ISSN/2676-6507










