Journal of
Applied Health Studies in Sport Physiology

JAHSSP

®

Azarbaijan Shahid Madani University

EST,: 1988

http://jahssp.azaruniv.ac.ir

OFEN, ACCESS

Original Article

Investigation the effect of eight weeks of endurance training combined with BCAA
supplementation on the gene expression associated with muscle atrophy in the soleus

muscle of Parkinson's rats

Lotfali Bolboli*™', Mojdeh Khajehlandi®'*', Hojatolah Shahavand?®

Abstract

Background& purpose: Parkinson's disease is a chronic neurological disorder that compromises motor
and non-motor functions and leads to a decrease in the quality of life and functional capacity of individuals.
Therefore, the aim of the present study was to investigate the effect of eight weeks of moderate-intensity
endurance training with BCAA on the MuRF1, Atrogin-1, and Myostatin gene expression in the soleus
muscle of Parkinsonian-induced rats. Methods: In the present experimental study, 25 male Wistar rats, at
three months of age and 180-200 gr were used. The rats were divided into following groups (n=5): healthy
control (HC), Parkinson control (PC), Parkinson + training (PT), Parkinson + BCAA (PB), and Parkinson
+ training + BCAA (PTB) groups. Eight weeks of moderate-intensity endurance training (5 days a week)
performed on a treadmill. One-way analysis of variance with the Tukey's post-hoc test used to analyze the
data (with a significance level of P<0.05). Results: The results showed that after Parkinson's induction
gene expression of MuRF1, Atrogin-1, and Myostatin in the soleus muscle of rats significantly increased
(P=0.001). There was a significant decrease in genes expression of MuRF1, Atrogin-1, and Myostatin
(P=0.001) only in the moderate-intensity exercise training with BCAA supplementation group after eight
weeks of interventions. Conclusions: Although moderate-intensity endurance training and BCAA
supplementation alone did not affect gene expression, combining both interventions together caused a
significant change in gene expression of MuRF1, Atrogin-1, and Myostatin, indicating the significant
effect of exercise when combined with BCAA supplementation for Parkinson's disease in rat.
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Extended abstract

Background

Parkinson's disease (PD) is a multisystem neurodegenerative disorder and the second most common disease after Alzheimer's disease,
affecting approximately 1% of people over 60 years of age and up to 4% of people over 80 years of age (1). The incidence and
prevalence of PD has increased dramatically as the global population ages and projected to exceed 25 million by 2050 (2). MuRF1,
Atrogin-1, and Myostatin are among the markers involved in muscle atrophy that upregulate in several conditions of muscle atrophy
and degrade proteins involved in muscle protein synthesis, remodeling, and contraction. Myostatin, a member of the transforming
growth factor-beta (TGF-B) family, increases the mRNA levels of MAFbx/Atrogin-1 and MuRF1, then causes muscle atrophy, resulting
in increased protein degradation and decreased muscle protein synthesis. The regulation of MAFbx/Atrogin-1, MuRF1, and Myostatin
under androgen deprivation and after androgen treatment remains unclear (7). Additionally, BCAAs have anti-catabolic effects, which
help protect muscle mass during periods of intense exercise or fat-burning diets. Therefore, based on the lack of comprehensiveness of
research on the simultaneous effects of exercise training and BCAA supplementation, this study investigated the effect of eight weeks
of moderate-intensity endurance training with BCAA supplementation on the gene expression of MuRF1, Atrogin-1, and Myostatin in
the soleus muscle of Parkinsonian-induced rats.

Methodology

In the present experimental study, 25 male rats at three months of age and 180-200 gr were used. The present study using a laboratory
method with a post-test design in animal samples (male Wistar rats), and its proposal has been registered with the Research Ethics
Committee of the University of Mohaghegh Ardabili under the number IR.UMA.REC.1404.083.

Experimental design

Twenty-five male Wistar rats were divided into following groups (n=5): healthy control (HC), Parkinson control (PC), Parkinson +
training (PT), Parkinson + BCAA (PB), and Parkinson + training + BCAA (PTB) groups. In this way, the average temperature was
2243 degrees Celsius and the light-dark cycle was 12:12 hours. To induce Parkinson's disease, rotenone (Sigma, USA) used at a dose
of 2.5 mg/kg by intraperitoneal 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 ratio of (1-2-1 valine, leucine and
isoleucine) prepared in distilled water via gavage (5 days a week).

Training protocol

The moderate-intensity endurance training protocol implemented in the first week after familiarization with an intensity of 60 to 65%
of maximum speed for 15 minutes and the training 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 unchanged and
equivalent to 20 meters per minute. At 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 the last session of interventions, rats anesthetized with subcutaneous injections of 20-30 mg/kg 10% ketamine
and 2-3 mg/kg 2% xylazine. Then, the soleus muscle was quickly isolated and, after washing with physiological serum, was frozen in
liquid nitrogen in RNAase- and DNAase-free microtubes to prevent any contamination for mRNA purification and RT-PCR. 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. The Shapiro-Wilk test (with a significance level of
P<0.05) and one-way analysis of variance with the Tukey's post hoc-test (with a significance level of P<0.05) used, respectively to
check the normality of the data and to compare groups.

Results

Based on the results of one-way analysis of variance test, it was determined that there was a significant difference between groups for
the gene expression of MuRF1, Atroginl, and Myostatin (P=0.001). The results of Tukey's post-hoc 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 the HC group (1.02 £ 0.07), (0.97 + 0.06) and (0.99 + 0.03), respectively. The results of
the post-hoc test for the PT and PB groups, with the mean and standard deviation for the three genes MuRF1, Atroginl, and Myostatin
being (2.87£0.17 and 3.21+0.24), (3.04+0.12 and 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 PC group, a significant
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decrease (P=0.001) was observed for all three genes MuRF1, Atrogin-1, 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, moderate-intensity endurance training and BCAA supplementation alone did not affect gene expression, combining both
interventions together caused a significant change in the gene expression of MuRF1, Atrogin-1, and Myostatin, indicating the
significant effect of exercise when combined with BCAA supplementation for Parkinson's disease in rat.

Avrticle message

Despite the documented benefits of endurance exercise on the overall health and fitness, the present study shows that endurance exercise
alone does not significantly alter the expression of genes associated with muscle atrophy, although a significant effect was seen when
endurance training combined with BCAA supplementation. One of the notable points of the present study is the effect of exercise
training with BCAA supplementation on the expression of some genes associated with muscle atrophy. This suggests that although
moderate-intensity endurance exercise may improve muscle function and reduce the risk of atrophy in certain circumstances, its direct
effect on the molecular pathways governing muscle breakdown is minimal. More research is needed to investigate the precise
mechanisms through which endurance exercise may indirectly affect muscle atrophy, particularly in conditions of aging, disease, or
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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Figure 1- 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 Parkinson's exercise groups compared to the Parkinson's control group.

Abbreviations: HC: Healthy control, PC: Parkinson control, PT: Parkinson + training, PB: Parkinson + BCAA,
and PTB: Parkinson + training + BCAA.

S0 e o 4y i)y s (gl @l el 1

(P=+/ N FEYVIROA) (slo o plor sl ibseo (sloog)S (o
F=3¥/20A) 4 Atrogin-1 (P=-/--y F=10/y¥Y) MuRF1
O9e) golis 203 d9xg (o)blixe cuglas Myostatin (P=-/-
5 Atrogin-1 MuRF1 5 4w o ly S5 (aridas
)kl Blymsl g pSlee b cus 5 PC 04,5 ,> Myostatin

O Ol ©lpis

Journal of Applied Health Studies in Sport Physiology. ?? ?? ??.

DOI: 10.22049/jahssp.2026.31264.1799
Copyright ©The authors

Publisher: Azarbaijan Shahid Madani University ISSN (online): 2676-6507



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

®

Ol oo aagd o8l
VPV aansls

‘Saﬁ)w Oldlo
U339 SIP P 38 3O (Sw yud

JAHSSP http://jahssp.azaruniv.ac.ir
gy Jlo oreni)ncemss

V-O
9945 sbolie Lials ol Lol sly olis 1y ials 4l o2, Je PC
Of a—w sl PC oy S L 4 _wulin pPTB 055 o s
9 o5ke b cusy 4 Myostatin 4 Atrogin-1 MuRF1
(YIANY ~/2Y) g (VoA VD) (MAY ~E/VY) 3 lask ol bl ol
Dioles 3 ¥ jbgas j3 a8 (P=+/+ ) i osal i jbolixe jialS

] 0 dnliS

Gene expression (relative)

Myostatin

1

)9 33 33 oS (£ )l8 lilllae (oo 5 (L
HC L auw glis )3 (FIYS +2/5) o (VA5 £+/5F) (¥IYA £+/-1)
@ olixo LIl (/A% <R/ o¥) o (+/AV F-/o5) (MY £4/-Y)
@ sl ol 03l LiS Y Hbges 3 a8 (P=+/c ) oby jlas ]y
5 ko b iy 4 PB o PT (slaog)S (dly (s (0]
5 Atrogin-1 MURF1 5 4w sly slasle wl Gyl
5 Y/-¥ E\Y) (YY) £/YF 4 Y/AY -£/VY) &, Myostatin
09,5 b anlia ;3 (VIYY £/\V o Y/FY /YY) 4 (V/FF /Y

>0 Atrogin-1
4.0
3.0
2.0

1.0

0.0

HC

g 4.0 MuRF1 *
=
=
@ 3.0
s
'% 2-0
L
S 1.0 &
(<5}
2
& oo
HC
T
g 6.0
L
c 4.0
S
[72]
8
5 20
x
[«5)
[«5)
S 0.0
)

HC

PC

MURFL 5 ol (sl Joline il oaims s 6 caodle s5mist 55 5l S5 05,8 59 9 55 0l ek el =Y Joged

oS b S8 PC b s HC el lass) ool Wl 558 g ogminS,b 558 09,5 o0 MyoStatin § Atrogin-1
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 expression of MuRF1, Atrogin-1, and Myostatin genes between
Parkinson's control and healthy control groups. Abbreviations: HC: Healthy control, PC: Parkinson control.

MuRF1
40
35
30
25
20
15
10
05
0.0

U

u".--,,r___w..\.
= 2]

PC PT PB PTB

Copyright ©The authors

6.0

50

4.0

30

20

10

0.0

Journal of Applied Health Studies in Sport Physiology. ?? ?? ??.
Publisher: Azarbaijan Shahid Madani University

Atrogin-1
*
PC PT PB PTB

DOI: 10.22049/jahssp.2026.31264.1799
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

®

olrlST (Gae b ol &Ll
WEY i paanls

69y Ol
U339 SIP P 30 3O (S yud

JAHSSP http://jahssp.azaruniv.ac.ir
gy Jlo o-=N8Acc=ss

Vo

6.0

50

4.0

3.0

20

1.0

Gene expression (relative)

0.0

Sk sloie (s (gl elital 0pad 356 s

Myostatin

P =

PC

PT

PB PTB

# Codle . JoSiot (g bt (303 9 i )t oo ugmisS ) o3 (GgeisSHl J5S sbrog)S 53 05 Gl ele Sl =Y Jlage0
IS (sloog 3 b duolie j3 oS + 0y 505 + y9umisS )b 09,5 ;> Myostatin g Atrogin-1 MURFL 5 oLy jboliee LialS osimd o lis
5 BCAA +0,90i8 ) PB 50505 +0150isS )l PT yguicS )y J 58 PC il laid] ol JoSo +59uiS)h 5 (505t gt 5b 09tk
BCAA + 505 +y5uisS L, PTB
Figure 3- Mean changes in gene expression in Parkinson control, Parkinson exercise, Parkinson +
supplementation, and Parkinson + exercise + supplementation groups. The * indicates a significant decrease in
MuRF1, Atrogin-1 and Myostatin gene expression between Parkinson + exercise + supplement group and the

Parkinson control, Parkinson + exercise and Parkinson + supplement groups. Abbreviations PC: Parkinson
control, PT: Parkinson + training, PB: Parkinson + BCAA, and PTB: Parkinson + training + BCAA.

pll jo Mt | als Caw 5 3l ¢ Sgy95 ey (538 oy oYM
.)])Sl 2 ‘;99),0 —u‘b WB)IG Laas 9 ‘;A}) 0039 dmeJLzB
CudeS b Slllas (VA) 39 (olaw 5o 5 i (guninS )l 4 Mise
3, Slos cyidy ol oS o o Joled g 1y (gilen iy ped 2y 1g8 YL
Ol (oumiii— 8 > Sloe/ il g 438 ol oS 5 ( S >
Silod Ol pad oS Caw T oads 00l Ll (puizmen (¥I-YA) Wlosl
5 Hlozcinl Coods Sy ¢ Bgye (B (sl silows ) LialS cely
(FV) 595 (o GgeminS )l 4 Miso 3131 53 o 9 S po (e 10l
&S (VFY) hen 5 b))y axlllas gols i wly ol jo
2 S Jao g tolit | Gl 2y i (b 586 o 52
Ok Sl § ol sbge 13 3)0 oot Glapa sl
o 2 —biyg Ol yed glyal a8 ol s gy didlyy ea
30 oo 1y b op s S oS By a0 ol yenay
sl o gow (YY) Cao lad b Sow i)l Sllgs
2l das OMle g by JoSo (i 4 (gloats]sd d8Me (5]
WM ae 3 Sloe iol38l 53 0594 ¢ y9—wmninS 5l (65low Co o
e Sl (B Cu e g 5 (S5 Co M S90S Sl 9
9B (2l adlas > erin oo dosliy Cunl Bl 392 6 )low
05 et 2 BCAA oo 5 1d b w0 4 (1F-Y) S

b ol o yo5 dtin cdin pl ayp il adlllas
b ksye slapy ole 2 BCAA JoSo Lolyon bwgio oo
alac > (Myostatin 4 Atrogin-1 MuRF1) sMae b5l
Ol s S8 pl @l g b wBlyy (Sgm i)k slagdye (ol
6 05 gy il ol ppiS )l lon GBI S Sl
woeds w4 _ac > Myostatin 4 Atrogin-1 MuRF1
JQSA 9 Ls«.oLo.«_wl s 4>)§1 ] 005 ‘!‘)M LSL“Q"V
Ot‘.l ool Wiloa s )95.'&,0 dl-"’dj UL"’ u.&lf el LS’L@(M.: BCAA
ol ol 4y (o jyg (o ped diid Cudid S g Cuwl 039 jlolize ialS
99mo.&suLM.’>ow1aM u)ubcﬂaw U&wa‘)«{o
oS Lz YV VE N0) 3, 3955 o b adllas ol b geonls
ol (3559 (303 5N S jlaie jl Ol pii aoes L
ol (sl sbsa) (33503l €95 4 liien gmanl Y5 5l 48" ol
e 53 03L) b 5390j] cuin (PD gl (slosbge hlie )
290 S8l g (—irg g £ «—bing SSSan loj e 5
Culad a8 il sas ul.u 4.19?‘_,)‘ U.K )}]oé\.s ..))5 b)l_«ﬁl Jp—ryyY
@ Mo Ghlew (slp aliitul (2359 Cullad 0dog 4 plate ()9

"Bradykinesia

Copyright ©The authors

Journal of Applied Health Studies in Sport Physiology. ?? ?? ??.
Publisher: Azarbaijan Shahid Madani University

‘Hypokinesia

DOI: 10.22049/jahssp.2026.31264.1799
ISSN (online): 2676-6507


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

@ ‘Saﬁ)w 2] P3| 129

Ol oo aagd o8l
VPV aansls

00309 G599 38 3O (S yud

JAHSSP http://jahssp.azaruniv.ac.ir
gy Jlo oren{T)ncores

\wo
alae 3oyl g el Jials 4 e g S GgS |y SMae
Sl g )8 sie S b s g (YR) 39 ISl
Cad b (g5l b g aliil @l yo Jlisas PGC-1a/B ol
ol Gl 4 e Wl (o5 y9 oy I (o5 B Sl ST
» S TWEAK/TRAF2/ADP-1 SIS oo sl
ol Oldllas (F+) 33,5 wyls yids SMae 39T 4oy
SIS giuo slgme PGC-10/BssS o L TWEAK &8 s> o
Gl S s zen PGC-La s o ialS bn Jsl
7 st 5 Sl (e (3551 L Lo FOXO3 (s,
aou ) 935 S0 MURF1g Atrogin-1 ol cel guii we
9 )91 ol axlle o 2 (\") .).))fso G}M_.AC- ‘_5_‘39)41 4 oo
e b oSl gl (slandd 2 oy 4 (VW1T) S
MURFL 5 ol g diin (i 5 Gde dy olin wl g oglds
il oo sla ige )3 gligd alae I ld 4 Atrogin-1
Atrogin- s MURF1 5 ol jials 5l Sk zols g ab adlyy
S92 el slog)S plod p> gligy alae jlab (ol (pioman 4 1
Cow |ab9.g)1&:;‘w I> Lso.iw.)lb?df@lﬁbﬁ)f)b).?‘u;lj
A Gl 4 (VYY) o)lKan 5 (o allas 13 coizman (FY)
b)sbﬁ)lumu&@u_aa&w_.mja_wyuu}@wwhlf
MURFL 05 oo )3 (o5 5 iz po g (stoliitaol ¢ glogliio Ly o5
ol LEOT aallas gl ggaze 0 A plol 5 olye Jhge jo
Orred b 0g)S & il (aglie (pyeS 09) (sl Sige &S S
At Sipglie (o156 uas i I 30 (B95T il )3 el
MURFL 5 ol pials saias lis yimgss cpl guli o pl pogde
OS5 (—biyg cdld bS] (S 5 nyed slog S
OSen g s aallas )3 (YY) 291 b 5y Culled ialST egldo
2 i S (3lsn (505 090 Sy b gy 4 3 (VoTY)
o sl ise 3 e alae Atrogin-1 g MURFL sl
ol b 9 e iS5l S b b ashy, ks
(¥Y) 55 (silgn e )95 51y Atrogin-1 4 MURF1
(R 0y90 gﬁ; )‘u‘L WP N (Y'Y') ul)&&h 9 d)I)A axlllas »
Ote dac Atrogin-1 s MURFL yslie y (clazin & oglie
0y9d S5 jl e Atrogin-1 g MURFL a3ls g3 olje LialS
23l e gunadl i b adllas dongs b a5 (V1) g stoslie (s yad
005 Bl Jelwgys Slwply e 4 il &5 39, 0 (oS
b asld o gy laBLS Ls'qﬁ)"l sl jedls y elitwl
G ged iyl SSSgn g9 4 e Jlainl L Y5 deajl &S
ol € Ty loj 5 2Bl g5 5 (el o g S (DD sty

Copyright ©The authors

Journal of Applied Health Studies in Sport Physiology. ?? ?? ??.
Publisher: Azarbaijan Shahid Madani University

329 i3 33 FeoriS S llllae (oo 5 (L
Slabge pugtly—w dlde (o)A gie ) (gl L basje Jele
sdlde 4 S0ke oS 0l LS bt b asby el 5 olpee
92 Ml 5 glahsn ugdgw dlae (6)AS g lay] oo
st (BCAA JoSo +h (3503) plgi g b (pyo5 09,5
Gl J5S 5 pojoed b BCAA JoSo 09,5 &) Camas (5)blins
B9 <l jlam b 15 BCAA (loJoSe b pas (10) cusly
i g 03,8 0,55 1, MTOR wisle Sl (ol yno 3ilg5 o0
Wb il a4 JaSe ol (VF) s il alae ey
O o ohag Sl Bgpre GHMae iy pudplie p waiilens
(metbolily (SlSo 3an) MTOR po e (58 08 Jlsb 5,
SIMTOR as Jlad (Y0) S oo wudais |y ug s ik &S Canw |
o onSen ohroh do iy & MRNA doz 5 el 5w
5 M (o SaS SMas (B9 ipnle & 4o )3 5 358 (o e
ol 4l &S |y Comol I35 51 (6,08 gie g 32 RS S ]
55 o S bsas |y 0 g3se 355m 5 Cedlsd MTORCL
b1y 65 pdsplio MTOR 8" el o ol 65 ol (¥5)
PGCC-1a wisle gy oS pabals piin culled K oo
(SREBPL/2) ¥/\ Jgyiul (sodais yaie & ok Juae (g0
s S o Sy HIF-100 S sn Lo o il 5516
G5 3 il 6,5 Ky MTORCL & 555 e y5—c
(1) 8 o o ol Bpmimo ]y Jslos (5551 455 &8
5y ol eyl adllas 3 a0

s MURFL ,5 b ingsy 3 00l (5pSoluil slagj dlox
OB ol 0F ol g 255k SWI L &5 45 Lo Atrogin-1
2 s oo 5 (—85y9 OHMle diin i I g 9 sl Bl
oo gsbaw (2ol BCAA JoSo oljamas (3555 (3205 09,5
g 1S 5l (Sylows pd 48T dad o LS Clddsd Caw | odd s
el ySae Atrogin-1 ) Céle g MURFL o ]33]
Soler (el b Bl CMae o 5 0 (e Jels
oS Cunl oo Ol g 9T o gl GRIEIL (guiSl
Cawl 04 030> ylis (YY) S Jled |y MURFL o 45155 0 0
Sslon p» Mas o il el plate (2359 colld &S
Callad (Slg Gl de )3 3530 Gg—itsSHb Wilo 53l53539)55
B9l jl ems )3 5 am5 gl |, MURFL (s sl o (559
e 51 B )b 1 Ylais] ol ol L(FV) a8 cladloe Mase
Pl (i 2loby]y SlSo 3an) MTOR pous o (5l b siilo
O3 055 (S e e g Alde (pligy Sl 53 & 39
Wb o Sl el 5 0sMe (YA) 3,05 i MURFL ales 5
ol (505 31 (U ol loaz])3 L Lo o SIS
—ras 055 3l (AU bl gl (e B JB Hoba Kl

DOI: 10.22049/jahssp.2026.31264.1799
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

@ 69y Ol

olrlST (Gae b ol &Ll
WEY i paanls

U329 G599y 5O (S yudd

JAHSSP http://jahssp.azaruniv.ac.ir
gy Jlo o-=N8Acc=ss

WO
S (S 3,50 Sgsta 5 SMis o35 b &y cl (S
s cbie 3 il clllas 3548 b 3 (F) aS
9 &8 Ll o Myostatin lee 4" silesly oL yswiSl
bl (i Oladss (¥F) wisy s |y wMae 5 ,Sles
Slow 2 Mo sl 3 (HMlto iz w0l
9 A% Clllhe b 1o b adllas gl oo |5l 3590 (g i)k
9 el (V5) (V27 4) () S0n 5 (g 5 (VV) (YY) e
e g 3T (00) (FIA) ohSan 5 SLY axllas gl |
b i )3 (Y-Y+) olSan 5 3l adlio gomn (0Y) (Y-V-)
byige > Myostatin , oustidss )f ol Cod 5 ailind g
ce e iyl 16 dgn g 3adss slaog S > Myostatin
0y £ gl pb b gy gl b g ol ol oglis
Sl wl g oy yed Gad cldlie e ped 95 i
Sl B aS aad o ol b yidghy ol b b odd oald (slayiss
FGF-1 1) ygepsn c0pg s g Judil Sl o yg0y90
S 1, Myostatin gl wilgs oo oz JiSs sl jme 200
oglie Ol ped yiidiy cowl ods 5,155 a5 Lol I (OY) A8
oline o ple o 85— b (gay0n (S 5 e L
b o3 SS9 95 4 dr il , ol 34> > Myostatin
;.é)_qa.‘o l; bl)o.aa u)),o.: d)].\f).:] d)90d cJ§ D ) (R )Lud)
15 Sl JoSo ol Tl 45 3905 ol ol 0 BCAA JaS
Soyed Job o M e o3yl cadle 4 Ll 0 Sl
Byio (435051 iges o ko (63,l50 (V) WS SaST 43559
9M89};§;9W&SJJDQMM&9ﬁA)9mRNA
iBgk S Cudgine dlexl (nyed g oS jl 593 o 55 e

Y )J.o[>

8 5 4ol
9 S e aliiinl (0555 Clled Wi (slle 3925 L
eliil o pe3 a5 amd o i sl adllas o Slocws Sobl
BB ygbar 1y Mae (Be5T L bje slaf ol olbe
A 29 olpen JaSo b & alSin 4 51 and 5 S 25
wegad 0 o b adllas dog JB bl a8 el b (g pSKadi >
3551 s BCAA JoSo Bra o LS 5 (05 )9 Sl pod (5,2
ol el e 3951l Laye sla§ ol (S 2 o]
b b eliie | b 5y Culled 4 8148 s o s g9 50
1y depl s 5 sy 25 |y s 3 Slas sl (jSan Lawsgie
Sl y—e 2 of s 130 bl amd (alS ol Lyl 5>

Copyright ©The authors

Journal of Applied Health Studies in Sport Physiology. ?? ?? ??.
Publisher: Azarbaijan Shahid Madani University

Sk sloie (s (gl elital 0pad 356 s
diges (Y+TY) o )Kor 5 (Sl dddllas ;5 a0 azoli> .45l
9 (VoV+) ohBen 5 (o3lpe adlllae )3 b g (ioglie (12 p05 5 Wl
Wl S )18 ()2 3y90 (bd (Sladiges (VoY) ol)lKen 5 i
5 olixe s ol JoSo By an olyam 4 30505 21 2550
Cygo & dblie 93 o &5 390 ol Ol Wlodd 398 jasli
ool b5 aSTy> wloss B9 5T poan (slay; Ol el JoSo
5 Sl sloygaygn (I3l ol BCAA JoSo el oa s
oorl S5t 9 2N s Sl Sgute P 0357 Sl
e Vloinl 4l (pizmen 5 (FF) 29800 e gl
a3y el sz b (2l L 3 b gte S b ol |
S jllond e 35 oy gt (ol & (S8 T i
oS s b Gl 0505 85 305 o T S50l b
o853 oo 50 NF-KD 5 FOXO Lol (sl oo
o1b (p gy Olalllas Bl &S 12 (Y0) 25 oo g0 = b gSug
s9509x 40 0 DNA Jlg & sd e L FOXO o5 el
ol i Jlb b gy 5 oad oo Y iy 5 Alrogin-1
25 o e byl cage Sijnle sloysSh Koo Lol yen
» MURF1 L TNF-a &S 555 0 S 500 Bk 5l 4 (FF)
S o 1 eldswl (o ped &S dad o ili8l 1) M _ae
e LialS o gams 48 08 o Joas |y ol AMPK
05 ol olie MURFL ialS ases j> 9 il o MURF1
0dd ol sla 5155 55 (FY) Wb o ials Lilze Atrogin-1
il 5, Slas 5 (SMte 0355 (ld Cuwd I > MURFL &5 cul
O 4355 g b e sl 5l TNF-00 g NF-Kb 0 b
(FA) sl aily

Myostatin ,ols jingh )3 odd (o puSoslul slayy; ;Ko
o 9 o LBl Q18 ol 05l (g 2504 W1 L oS 00,
JoSo olyandy (5559 (o3 09)5 1 el SIS wtin cin
obis bl Oldlas . Tods od bl pglaw jials BCAA
Golow y cul (See Myostatin i JuKw a5 S lodly
ol pond saalie (Mas (Bol )3 5 b GRS (e 250
25 Lo b cuwl Sow oy cpl bl asly (i o )lew
(g—isSHly oo > MyoStatin by (133l sl by
ods 03 i (ppiman 5 (S Cullad Rl (S > IS
sk 53 s 2z Lo 31 5| Myostatin el
i dlo 1PV 1) WgBi o (g n 05 4 poie &
29 e ol [l col ogiltis i iisSon
ol el (Sae Myostatin culsd yiol58l yg—wiS )b (¢ 5low
Solon 3 S @yl |y OMde Jlow 5 03) Cagi ) o joie
amd oo )3 Bua |, Myostatin 48 Sleys eM e ¢ ygmiS,b

DOI: 10.22049/jahssp.2026.31264.1799
ISSN (online): 2676-6507


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

@ ,__gaﬁ)lS ) 05 129N

pEla 0P339 B3P P 3D 5O (S o
JAHSSP http://jahssp.azaruniv.ac.ir
G":'b’:ﬁ Ao m-=..8ncc=ea
‘vo (09509 59258 1 (S (938 Slalllas () Kan 5 (L

& iy Slaass ol JBls Mde o 55 5 oS (Jese
5 a9 b gl Golo J1 &S (s sl S8 (5 sl
b oMa e Bgpl p pabitn 0 pé jobds Cow | Sao  oliies |
).‘45 aS oslai_wl pis L» d)l.au Sy ]a;l)_w BRETLY ‘.))L.\i;'
2 Bl cul el 5l )90 il oo 38l a5
JEl ol b lasgio coas by (ol (3505 oS 5 Gl
SByae pizred 5 (538 b Saglie (o3 ilo ¢ 85)9 slacyllad
Cwo Ml sl.a:;)l 9 @M_.a.c k}:bﬁ L Py aslie d‘)’. J.Q.SA

LS e ST eMae e Vb

‘:;‘Q)A:é 9 ’&Mﬁ-”‘“
LA:J.J)I é,a?u oKiiily Cgan L{“h9)‘3 C)Jo )I AIB;)J o L)ﬁ‘
ol oy G 4 VFF/5/ANVEYAY 6ladds b 4S 004

K8lo dlas
Sl o] HLis) 5 blize 185 gus e ol B g

Journal of Applied Health Studies in Sport Physiology. ?? ?? ?2?. DOI: 10.22049/jahssp.2026.31264.1799
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

)

ol 3T Fie s olSiils
WEY iy

©o )5 Oldlae
QY339 GI3P 9 38 9O (e yidd

JAHSSP

http://jahssp.azaruniv.ac.ir

by R Ao
180

journal of biochemistry & cell biology. 2010;42(5):701-
11.

13. Kusuma MHN, Tanuwidjaja D. Case Report
Functional Outcomes of Task-Oriented Circuit Training
in a Middle-Aged Male with Vascular Parkinsonism and
Recurrent Stroke: A Case Report. Indonesian Journal of
Physical Medicine and Rehabilitation. 2025;14(2):257-
62.

14. Erekat NS, Al-Jarrah MD. Endurance exercise
training suppresses myostatin upregulation and nuclear
factor-kappa B activation in a mouse model of
Parkinson’s disease. Veterinary World. 2022;15(2):383-
89.

15. Moradi Y, Zehsaz F, Nourazar MA. Concurrent
exercise training and Murf-l and Atrogin-1 gene
expression in the vastus lateralis muscle of male Wistar
rats. Apunts Sports Medicine. 2020;55(205):21-7.

16. Froiland K, Koszewski W, Hingst J, Kopecky L.
Nutritional supplement use among college athletes and
their sources of information. International journal of sport
nutrition and exercise metabolism. 2004;14(1):104-20.
17. Stefanska O, Rudnicki J, Szczepocki M, Jurek
JM. Narrative literature review: Effect of Branched-chain
Amino Acids (BCAAs) on muscle hypertrophy and
athletic performance. Tanjungpura Journal of Coaching
Research. 2024;2(2):46-59.

18. Yan Z, Zhao G. The Associations Among Gut
Microbiota, Branched Chain Amino Acids, and
Parkinson’s Disease: Mendelian Randomization Study.
Journal of Parkinson’s Disease. 2024;14(6):1129-38.

19. Hajighasem A, Ehsanimoghadam S. The effect
of swimming training and liposomal BCAA
supplementation on miR-133 and miR-206 gene
expression in soleus muscle mitochondria of aged male
rats. Feyz Medical Sciences Journal. 2024;28(1):10-6. [In
Persian]

20. Cano-de-la-Cuerda R, Pérez-de-Heredia M,
Miangolarra-Page JC, Munoz-Hellin E, Fernandez-de-
Las-Pefias C. Is there muscular weakness in Parkinson's
disease? American Journal of Physical Medicine &
Rehabilitation. 2010;89(1):70-6.

21. Campos-Ferraz PL, Bozza T, Nicastro H,
Lancha Jr AH. Distinct effects of leucine or a mixture of
the branched-chain amino acids (leucine, isoleucine, and
valine) supplementation on resistance to fatigue, and
muscle and liver-glycogen degradation, in trained rats.
Nutrition. 2013;29(11-12):1388-94.

22. Cannon JR, Tapias V, Na HM, Honick AS,
Drolet RE, Greenamyre JT. A highly reproducible
rotenone model of Parkinson's disease. Neurobiology of
disease. 2009;34(2):279-90.

23. Darbinyan L, Hambardzumyan L, Simonyan K,
Chavushyan V, Manukyan L, Badalyan S, et al. Protective
effects of curcumin against rotenone-induced rat model of

Copyright ©The authors

Journal of Applied Health Studies in Sport Physiology. ?? ?? ??.
Publisher: Azarbaijan Shahid Madani University

oren—| access

S ) sbage Mae ol el o pe3 13 g

References

1. Bloem BR, Okun MS, Klein C. Parkinson's
disease. The Lancet. 2021;397(10291):2284-303.

2. Su D, Cui Y, He C, Yin P, Bai R, Zhu J, et al.
Projections for prevalence of Parkinson’s disease and its
driving factors in 195 countries and territories to 2050:
modelling study of Global Burden of Disease Study 2021.
bmj. 2025;388: e080952.

3. Huang H-Y, Tsao S-P, Yeh T-H. Branched-
Chain Amino Acids in Parkinson’s Disease: Molecular
Mechanisms and Therapeutic Potential. International
Journal of Molecular Sciences. 2025;26(14): : 1-27: 6992.
4, Huang Y, Li Y, Pan H, Han L. Global, regional,
and national burden of neurological disorders in 204
countries and territories worldwide. Journal of global
health. 2023;13:04160.

5. Yang Q, Wang Y, Zhao C, Pang S, Lu J, Chan P.
a-Synuclein aggregation causes muscle atrophy through
neuromuscular  junction degeneration. Journal of
Cachexia, Sarcopenia and Muscle. 2023;14(1):226-42.

6. Hart A, Cordova-Rivera L, Barker F, Sayer AA,
Granic A, Yarnall AJ. The prevalence of sarcopenia in
Parkinson’s disease and related disorders-a Systematic
review. Neurological Sciences. 2023;44(12):4205-17.

7. Mitoma H, Hayashi R, Yanagisawa N,
Tsukagoshi H. Characteristics of parkinsonian and ataxic
gaits: a study using surface electromyograms, angular
displacements and floor reaction forces. Journal of the
neurological sciences. 2000;174(1):22-39.

8. Morris ME, lansek R, Matyas TA, Summers JJ.
The pathogenesis of gait hypokinesia in Parkinson's
disease. Brain. 1994;117(5):1169-81.

9. Trendelenburg AU, Meyer A, Rohner D, Boyle
J, Hatakeyama S, Glass DJ. Myostatin reduces
Akt/TORC1/p70S6K signaling, inhibiting myoblast
differentiation and myotube size. American Journal of
Physiology-Cell Physiology. 2009;296(6):C1258-C70.
10. De Naeyer H, Lamon S, Russell A, Everaert I,
De Spaey A, Vanheel B, et al. Androgenic and estrogenic
regulation of Atrogin-1, MuRF1 and myostatin
expression in different muscle types of male mice.
European journal of applied physiology.
2014;114(4):751-61.

11. Salehian B, Mahabadi V, Bilas J, Taylor WE, Ma
K. The effect of glutamine on prevention of
glucocorticoid-induced skeletal muscle atrophy is
associated with myostatin suppression. Metabolism.
2006;55(9):1239-47.

12. Smith IJ, Alamdari N, O’Neal P, Gonnella P,
Aversa Z, Hasselgren P-O. Sepsis increases the
expression and activity of the transcription factor
Forkhead Box O 1 (FOXO1) in skeletal muscle by a
glucocorticoid-dependent mechanism. The international

DOI: 10.22049/jahssp.2026.31264.1799
ISSN (online): 2676-6507


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

)

ol 3T Fie s olSiils
WEY iy

©o )5 Oldlae
QY339 GI3P 9 38 9O (e yidd

JAHSSP http://jahssp.azaruniv.ac.ir

@“92 4o OPEN~| ACCESS
o 05109 S350 3 S @3 )8 Sllas () en 5 L
35. Lorenzo-Garcia P, Cavero-Redondo I, Torres- Parkinson’s disease: In vivo electrophysiological and

Costoso Al, Guzméan-Pavén MJ, de Arenas-Arroyo SN,
Alvarez-Bueno C. Body weight support gait training for
patients with Parkinson disease: a systematic review and
meta-analyses. Archives of physical medicine and
rehabilitation. 2021;102(10):2012-21.

36. Schootemeijer S, van der Kolk NM, Bloem BR,
de Vries NM. Current perspectives on aerobic exercise in
people with Parkinson's disease. Neurotherapeutics.
2020;17(4):1418-33.

37. Rastegarian R, Moghadasi M, Mosalanezhad Z,
Zeinalebadi R. Synergistic Effects of High-Intensity
Interval Swimming and Gallic Acid on Pain Tolerance
Mechanisms in a Parkinson’s Disease Animal Model.
2024; 12(4): 10-21. [In Persian]

38. Perveen R, Ozaki I, Takahashi H, Manirujjaman
M, Kuwashiro T, Matsuhashi S. BCAA (Branched-Chain
Amino Acids) Inhibiting the Autophagy System via the
Activation of mTORCL, Thereby Upregulating the Tumor
Suppressor PDCD4 in Huh7 Hepatoma Cells. Cells.
2025;14(24):1975.

39. Nishida H, Ikegami A, Kaneko C, Kakuma H,
Nishi H, Tanaka N, et al. Dexamethasone and BCAA
failed to modulate muscle mass and mTOR signaling in
GH-deficient rats. PLoS One. 2015;10(6):e0128805.

40. Morita M, Gravel S-P, Chenard V, Sikstrom K,
Zheng L, Alain T, et al. mTORCL1 controls mitochondrial
activity and biogenesis through 4E-BP-dependent
translational regulation. Cell metabolism.
2013;18(5):698-711.

41. Chen G-Q, Mou C-Y, Yang Y-Q, Wang S, Zhao
Z-W. Exercise training has beneficial anti-atrophy effects
by inhibiting oxidative stress-induced MuRF1
upregulation in rats with diabetes. Life sciences.
2011;89(1-2):44-9.

42. Macedo AG, Krug AL, Herrera NA, Zago AS,
Rush JW, Amaral SL. Low-intensity resistance training
attenuates dexamethasone-induced atrophy in the flexor
hallucis  longus muscle. The Journal of steroid
biochemistry and molecular biology. 2014;143:357-64.
43. Rastegari Nasab Ravari F, Moflehi D,
Aminizadeh S, Behrouzi Z. Effect of Swimming Exercise
Training and Advanced Antioxidant Supplementation on
the TWEAK/TRAF2/ERK1/Ap-1 Signaling Pathway in
Skeletal Muscle of Male Mice with Spinal Cord Injury.
SSU_Journals. 2025;33(1):8604-16. [In Persian]

44, Marzetti E, Calvani R, Cesari M, Buford TW,
Lorenzi M, Behnke BJ, et al. Mitochondrial dysfunction
and sarcopenia of aging: from signaling pathways to
clinical trials. The international journal of biochemistry &
cell biology. 2013;45(10):2288-301.

45, Zatparvar M, Farzaneh Hesari A, Farzanegi P.
Effects of intermittent cycles of ischemia with resistance

Copyright ©The authors

Journal of Applied Health Studies in Sport Physiology. ?? ?? ??.
Publisher: Azarbaijan Shahid Madani University

behavioral ~ study.  Metabolic  Brain  Disease.
2017;32(6):1791-803.

24. Hattori K, Uchino S, Isosaka T, Maekawa M, lyo
M, Sato T, et al. Fyn is required for haloperidol-induced
catalepsy in mice. Journal of Biological Chemistry.
2006;281(11):7129-35.

25. Deacon RM. Measuring motor coordination in
mice. Journal of visualized experiments: JoVE.
2013(75):2609.

26. Anchan D, Clark S, Pollard K, Vasudevan N.
GPR30 activation decreases anxiety in the open field test
but not in the elevated plus maze test in female mice.
Brain and Behavior. 2014;4(1):51-9.

217. Haydal MA, Wislgff U, Kemi OJ, Ellingsen @.
Running speed and maximal oxygen uptake in rats and
mice: practical implications for exercise training.
European  Journal ~ of  Preventive  Cardiology.
2007;14(6):753-60.

28. Stuchlik A, Petrasek T, Hatalova H, Rambousek
L, Nekovarova T, Vales K. Behavioral tests for evaluation
of information processing and cognitive deficits in rodent
animal models of neuropsychiatric  disorders.
Schizophrenia in the 21st Century. 2012:153-80.

29. Khajehlandi M, Bolboli L. Effect of high-
intensity interval training and moderate-intensity
continuous training with quercetin supplementation on the
mitochondrial gene expression in the diabetic heart.
Jorjani Biomedicine Journal. 2024;12(2):4-9. [In Persian]
30. Roostaei M, Pirani H, Rashidlamir A. High
intensity interval training induces the expression of
Myostatin and Follistatin isoforms in rat muscle:
differential effects on fast and slow twitch skeletal
muscles. Medical Laboratory Journal. 2020;14(5):48-53.
31. llbeigi S, Hakimian A, Pezeshk AF, Hajizadeh F.
Journal of Sport in Biomotor Sciences. Journal of Sport in
Biomotor Sciences.16(32):2024-5.

32. Oliveira de Carvalho A, Murillo-Rodriguez E,
Rocha NB, Carta MG, Machado S. Physical exercise for
Parkinson’s disease: Clinical and experimental evidence.
Clinical Practice and Epidemiology in Mental Health.
2018;14(1).

33. Kwok JYY, Choi KC, Chan HYL. Effects of
mind-body exercises on the physiological and
psychosocial well-being of individuals with Parkinson's
disease: a systematic review and meta-analysis.
Complementary therapies in medicine. 2016;29:121-31.

34. Robinson AG, Dennett AM, Snowdon DA.
Treadmill training may be an effective form of task-
specific training for improving mobility in people with
Parkinson’s disease and multiple sclerosis: a systematic
review and meta-analysis. Physiotherapy.
2019;105(2):174-86.

DOI: 10.22049/jahssp.2026.31264.1799
ISSN (online): 2676-6507


https://doi.org/10.22049/jahssp.2026.31264.1799
https://portal.issn.org/resource/ISSN/2676-6507
https://shefayekhatam.ir/browse.php?mag_id=61&slc_lang=en&sid=1

)

ol 3T Fie s olSiils
WEY i anls

©o )5 Oldlae
QY339 GI3P 9 38 9O (e yidd

JAHSSP

http://jahssp.azaruniv.ac.ir

by R Ao
wo

myostatin and follistatin in active women. Journal of Arak
University of Medical Sciences. 2024;27(5):611-21. [In
Persian]

Copyright ©The authors

Journal of Applied Health Studies in Sport Physiology. ?? ?? ??.
Publisher: Azarbaijan Shahid Madani University

oren—| access

S ) sbage Mae ol el o pe3 13 g

and endurance training on Murf-1 and Atrogin-1 gene
expression and fiber diameter of gastrocnemius muscle in
diabetic rats. Journal of Sport and Exercise Physiology.
2024;17(2):80-94. [In Persian]

46. Madahi M, Gharakhanlou R, Kazemi A,
Azarbayjani MA. Effect of reduced physical activity on
Murf-1 and Atrogin-1 gene expression in soleus muscle
of wistar rats following endurance, resistance and
combined training. The Scientific Journal of
Rehabilitation Medicine. 2022;11(2):250-63. [In Persian]
47. Delfan M, Bouriaei T. Synergistic effect of 4
weeks of endurance training with  probiotic
supplementation on the expression of Atrogin-1 and
MURF-1 genes in the soleus muscle of diabetic rats. 2021;
1(4): 198-209. [In Persian]

48. Sedaghat M. Cardiac remodeling, apoptosis-
related process (Bax, Bcl-2), and their ratio (Bax/Bcl-2)
in cardiomyocytes of diabetic rats after combined exercise
training and taurine supplementation. Comparative
Clinical Pathology. 2021;30(5):801-10.

49, Vechetti-Junior 1J, Bertaglia RS, Fernandez GJ,
de Paula TG, de Souza RW, Moraes LN, et al. Aerobic
exercise recovers disuse-induced atrophy through the
stimulus of the LRP130/PGC-1a complex in aged rats.
Journals of Gerontology Series A: Biomedical Sciences
and Medical Sciences. 2016;71(5):601-9.

50. Mafias-Garcia L, Bargall6 N, Gea J, Barreiro E.
Muscle phenotype, proteolysis, and atrophy signaling
during reloading in mice: Effects of curcumin on the
gastrocnemius. Nutrients. 2020;12(2):388.

51. Sinclair AJ, Abdelhafiz AH, Rodriguez-Mafias
L. Frailty and sarcopenia-newly emerging and high
impact complications of diabetes. Journal of Diabetes and
its Complications. 2017;31(9):1465-73.

52. Castillero E, Alamdari N, Lecker SH,
Hasselgren P-O. Suppression of atrogin-1 and MuRF1
prevents dexamethasone-induced atrophy of cultured
myotubes. Metabolism. 2013;62(10):1495-502.

53. Kemp PR, Griffiths M, Polkey MI. Muscle
wasting in the presence of disease, why is it so variable?
Biological Reviews. 2019;94(3):1038-55.

54, Kabak B, Belviranli M, Okudan N. Irisin and
myostatin responses to acute high-intensity interval
exercise in humans. Hormone molecular biology and
clinical investigation. 2018;35(3).

55. Azhir S, Alijani E, Mohsenzadeh M. Effect of 8
weeks HIIT exercise on myostatin, follistatin an follistatin
gene expression ratios on myostatin in male rats with type
2 diabetes. Majallah-i pizishki-i Danishgah-i Ulum-i
Pizishki va Khadamat-i Bihdashti-i Darmani-i Tabriz.
2020;42(2):117-25. [In Persian]

56. Fathi M, Rezaei R. Comparison of the effect of
8 weeks of high intensity functional training and
traditional resistance training on the serum levels of

DOI: 10.22049/jahssp.2026.31264.1799
ISSN (online): 2676-6507


https://doi.org/10.22049/jahssp.2026.31264.1799
https://portal.issn.org/resource/ISSN/2676-6507
https://ijdld.tums.ac.ir/browse.php?mag_id=1058&slc_lang=en&sid=1

