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Abstract

Background and purpose: Parkinson’s disease (PD) is associated with increased neuronal
apoptosis, and both exercise and antioxidants have been reported to attenuate this process. This study
aimed to investigate the effects of eight weeks of aerobic training (AT) combined with garlic extract (G)
administration on apoptotic markers and the expression of miR- 1 and miR- 133 in the brain tissue of
Reserpine- induced Parkinsonian rats.

Materials and methods: In this experimental study, forty male Sprague-Dawley rats with PD
induction were randomly assigned to four groups: Parkinsonian control (PD), aerobic training (AT), garlic
extract (G), and aerobic training plus garlic extract (AT+G). The aerobic training protocol was conducted
for eight weeks, five sessions per week, starting from 15 to 48 minutes of running at 10-24 m/min. The
aqueous garlic extract (500 mg/kg body weight) was freshly suspended in distilled water and orally
administered by gavage. The mRNA expression levels of Bax, Bcl- 2, miR- 1a, and miR- 133a were
measured using RT- PCR, and motor balance was evaluated using the rotarod test. Data were analyzed
using one- way ANOVA followed by Tukey’s post hoc test (P<0.05).

Results: In the AT, G, and AT+G groups, Bax, Bax/Bcl- 2 ratio, and miR- 1 were significantly
decreased, while Bcl- 2 expression was significantly increased compared with the PD group (P<0.01).
The AT and AT+G groups showed a significant increase in miR- 133a expression, with the AT+G group
showing more pronounced responses versus single interventions (P<0.05).

Conclusion: Combined aerobic training and garlic supplementation exert synergistic anti- apoptotic
effects in the brain of parkinsonian rats, likely via modulation of the Bax/Bcl- 2 ratio and

apoptosis- related microRNAs. This combination may also contribute to improved motor balance and
cognitive functions.

Keywords: Aerobic Exercise, Garlic, Apoptosis, Brain, Parkinson's Disease (PD).
J Mazandaran Univ Med Sci 2025; 35 (250): 39-50 (Persian).

Corresponding Author: Mohsen davoodi - School of paramedical Sciences, Shiraz University of Medical Sciences (E-mail:
mdavoodi827@gmal.co)

39


https://jmums.mazums.ac.ir/article-1-22150-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

ohs—3Hls (— S W)y ep—L col5 b a_L as
(M9-00) 1161 Jls LT POe s)ladd ©0iy § (W )93

9 5igum] Lo y=alibs p pw ajlac g 5jlgm (yai fl pw)p
L2l as slo ybgo jen casl ja MIR-133 g MIR-1

U j) b oad |pigauinS )b

"ol OS> (A5 po
" sls o
" slaw dobld

Fg;.'.sb wwbe 4-.~.~T

2 1

5o ol Sl el s ol ol an S5555 jsm T Rl L O siS L (solen 1 d0m 9 dibbuw
o )loas L ol pan (AT) (55l5n o pod aibn Skin i1 ) Douta b adllan ol o)l 25 A1 3 ol s OISl (5T
S i bodd Wl S suiS 5L sla 5se e S 5o MIR- 133 sMiR- 1 0L 5 55u 0T g jasle 5 (G)

S350l 035 Sl a2 ol Sl 315 5 ol Grge p B bl g e o b Gha) 9 Slga
T Slasts canias Coia (b g gl LS e (ATHG) ot o 03 5 (G) o 05l (AT) Sl 52 3 05 ( PD)
eSS 2 il p S 00t 533l o T ojlae i plonil (4035 5 20 YF G Ve ey b 4R35 FA U 10) adr
3k (slo 3 22STs LMIR- 133a s MiR- 1a Bcl- 2 Bax slad ols s S 5o STy 0% 05
S 55 03T 54 eSS by Jebow b Laoshs b ol 355655 0505T b (S > Jsles 5 (RT- PCR) e Sas
(P </e0) K3 8 oLyl

Sl Bel- 2 5 zalS miR- 1 3 Bax/Bel- 2 coeui BaX ,3Lae AT+G 5 G AT laoy S 5 :laaidl
03,5 53503 0L s ae L2133 MIR- 1338 0Ly ATHG s AT (slaes S 5o crren (P < /0)) Sdls ls gas
(P </00) 35 5 hinas S 334 Cond ajul ATHG (S 5

Sl G seiS Ol S jre 5> SO LT AS llen DI e O e Lol $51sn o el bkl
g 3 Bl o oS 5 ol AS o Jos Lo e sla RNA 5 Seo s Bax/Bel- 2 o s 3o b 51 Yl 5 03 57
il il Fe B Sl s Shes

O3S 5l e G st T o (S5l 50 o o3 28 3aS (sl 09

Email: mdavoodi827@gmal.com it S psle o131t — (5 399 (yae : gdame ilgo
IRl 5l Gl (S o sle oBils (2505 S5 15 )
a\ﬁngnﬁ;gjtj,;us;ﬁr,l;Ai;;ugﬁﬁ|ﬁ¢ya@\>u,,aw},“b?;&;m55)x;,y:ul.r

Ol 3l 3l (S pshe o8 (5355 (655058 Loyl plid S X

Ol e T e godhal 15T o8l ¢ T it T lomly ¢ (5555 (8585 58 05,8 )Ll F

VERIVIYY S s o5 VFFI/F 1 Dol g gl G LGNSR

1€o 1€ oL PO )laid VAT WATENIN ohsjls Ak} eoke sEibsl alas o


https://jmums.mazums.ac.ir/article-1-22150-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

pljSam g ealj puua uaim

2305940 9 ke )3 g bl s SLuls d_ae
O QX5 e Ol H&_g,;:agp slads, s
sladds j3 MIR-1 S uslesls olis daly &
s Bel-2 g Bax Ol il L SsiS )L
L ) Gan s T b SlalS e (g5l dla
Oy SalS LmiR-133 ¢ Jslie 55 .0Y A0S

s S5l 3 Bel-2 il sl Bax

PI3K/Akt(phosphoinositide 3-kinase/protein
kinase B signaling pathway involved in cell

Lalg,ys )3 s 1B adlee ol 51 sUrvivall)
OF M58 o e Joho sl 5o 0 95408
31> e &S Ol e 4 5l B
(S e 5 Shas oo b Ll 5 oo 457 ol 0 L]
34— 9Bax/Bel-2 . S eal Y

iy 53 s> LT «(Neurogenesis) ;5 5, s

sl asdllan 53 (17 AOLS slowl O senl 539, 5
MPTP(1-methyl-4-phenyl-1,2,3,6- Jo— ;> V.lg._ﬁ
L Bel-2 il 530 5 Bax Ol il Cebtetrahydro)
.<\9)>ﬁa|ﬁuu‘;}n6~§,>%§w>%l{6
Lad 53 Aile S Ul DS 5 Ko (s
ol L e y3 55> g (Allicin) e JT
@V i (3T 2 5 el A (S| ST
VI lo313 QLS ) iS5l b iy 51 (6,8t 3
($3035 CiS Ll h 55 0l S om0 las Sl eslin
Jles s Bol-2 ol alsl Bax oly ialS oy o
L ol OIS0l Ol 0ds &S 5 T (6o e
SIS il ;s ALS LS 5 4 b e (slaasl
el MPTP L odks Wl 5 gmiS Tl (sla 50 55 &S 03
() podhe s o ey e Sl g
900 Jild oS 5 Ol &7 das e OLES Ul 4d
= LamiRNA 0L - 1l o ALS (la JoSe
SLaRNA 5 S sl el (gl sl I8 5T
S s 05515335, 5 Lo slew 53 oS o 2l
L OIS e o |y d g <50 5 o gllS”

ﬂﬂb)@jéﬂj—kdﬁgu)ﬁfﬂwiﬁ

4o dd0

(Parkinson's  Disease) ¢ s—.S" )b (s )low
AL Osde & 05 a0y iy Solen £5 (PD)
OLis el ol 03 505 3 55,8 3 15 Olg sl s 3
(S5 (o (s g il (Sl ) S 2> oo
ol T (glaallas (Nl b5 K 5 oLl o dilaia
M Aty gy gy a5 L aS s 0l K
ol Ol 3o ;s YY 4 ¢S5 Ol s Ol
o1 aalllan S5 iman (NS sl 5 Slise (6 lay
o)Al Yo Jle b oS 5 g 0l s YOVF Jlo o
N(oNWISIVN P NI WAL 7 [PV 1O

R Tl L JUS Vi PR
1345 ol (Neurodegenerative) 551 5535,

6\ AO})A ;Ovuj “;&. s P

Substantia Jol s (DOPAMINergic) e, 5 sl 53
Sobaz ml 355 (o sl Lo e (sl s 5 (Nligra
S35l ST p L (S SV esdle
5 mas Sl ST il S lody
5, Ses I L(F)Eul of ,an (APOPLOSIS) j 52 5T
23 e 5 88 T Sl e (§5ledlab ((5,5S e
Bcl-2(B-cell lymphoma ol gl sls 55 ‘._.lu
Gladsw & o ps Jss Sl pnsSa o i gr 312)
L (D g (28
S 0l e 4 Bax(Bcl-2-associated X) 55
Olsie & Bel2 55T o 2 Jolse 0 e )
C—s «(Anti-apoptotic) j 5 = 6T L5, eSLs
e>Lé Ol s2e 4 | ,Bax/Bel-2(Bax/Bcl-2 ratio)
(OIS o 5 yma S &5 e 5 Ly s Jslad g
Camed ol PD (ladae 55 a5 Wlesls Lis Slalllas
Lo RNA 5, Sn (IS (o0 ks 55T o
05 (s o0m GrediS 0l Ol geas (MIRNAS)
Sad b sLiy 5 &8 o (Gl s a3 55 oge BB
MiR-133 s MiR-1 (LadT Ol y3 A VL Hls swas

Sl s Tl 4 81 48 wlasl, el J ST 50 95

S 1€o 1€ oLT POo s)lat NUATY WATESIY

ohsjle Al ol oGRSl alas


https://jmums.mazums.ac.ir/article-1-22150-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

iR slo poalib 1 yw s)bac g silos 133383 31 Ly

iy s sl O gy s il Wile ola s,
sl Laasi g 53 by ol 3 Jsloss pbs ¢
Sose 93 OgmiS b I 1 Oliedsl 31 e (Y3 &
Jols 0pasT 5 (5 Ols5 bl el e Lo
Solos 6o 03,5 4y (Laes ;8 05505 (e 61 )
(G) s JoKa (AT) (gl 58 oo a3 «(PD) O 5uiS L
LS s (ATHG) s oS 455158 o2 00 5
2 0eiSl ol W DA o 8l e
2 e ol G e A SIS G (sla e
al o 0L 3 s o3l 1,3 (HC) WJlu J 28705 8
S e MY S ESG p 08 L 5oy LI
aalsl () DUl g (6 aen g LiS Cals gl oo

b 815 eslizal 5y 40 b iulejT

Silsr o

BENTS PR R SR g P N S IR TSI
dly Ol 15T o ils 53 (655 5 58 oSl T
MCL?J\OKUU}?JWJ:AJJSLSJJJ%Q’QJ)JA

Exer 3/6, Columbus Instruments, Columbus, :J4)
S L B3 0 ailg) i S5 oo 4y ¢ o 09 5
B0 E 5155 a5 Aot s 4iES 5 aA
53 B S ol 55 LT O dasea b Lo b s §
SIS gd 03 5 cpl Slalllae bl o o
A ok 4 o s 35 Ol g S5 5 50 e
é})ﬁ‘fu\' @ﬁ@j@é\bd)\mjb&\fw
azin 55 b s LSl e Ol 4 4ids FIA 5 0ls 5 s
FAgdﬂijQm}@sﬁfanqg&fw
0 Olej Sode g5l (o3 Sl g Il 5> b 423>
3w 303,5 0,8 Gl aids g A Sl dids

(rods as § ki ys Sl 03 5

9,5 5 (Bax, Bcl-2, Bax/Bcl-2) ;g 7 sla_esls
35 o s o€ W ul g wMiR-133 s MiR-1 sla RNA

a3 &1 PD Oleys il (glas S5 ae

9 9 3lge

05,5 Lol en (o 5 aalllan o Sl anlllns
=Sl 3135 5 e e B 3l g J S
YW SO (& 055 5 ola YeoIA o L (S5l
AT DUl 55 5 s m 55 05l p S
3 LS A B e ol oDl 51T ol
Sl 505 S5 o leST S e 4 Js
Losee 43 azin $SU Dode 4 cu_ali_.':.}b Ay ol
235 8 5 b U (5LalisT (ol o2 LT
kel Lyl 5 53 L b e (Gt 05 JST J 5k
YY Glos el VY 4 Colu VY by, as > Juls
o )3 70 GO0 i Cushy 3l § Sle a3 YF L
G 5 s JB O STy sl e 55 5
S 5 OT i Gl 095 by Al
Sl g b T B J gl plad 3 @1315T Sl g
5 Sk odalne bl G ol s A& 2T
O ) R Pk
Oz 1S L T il Tt ly ol 13T ol
R rl;;;l IR.IAU.AMOL.REC.1402.069

s 03,5 5 OpuieSHb (Sly )
@lre o VY 2 (gl e Fsn B ]
5ol L oS Jiygn s kA6 Celu VY I ey
;.;J(:;:W(:Ap}g'»;.k:iﬁ)}b@)&ij,\iu
1030 oS S S e ¥ Blio 05 oo
(Sigma  Aldrich) s ;2T LS oS s el
G573 et 530 VP bl 53 a8 51,5 LS T
Sl isn OsiSOl SWI Gl oo oS S 505
2 Golen WU A 15 4 8l S ol s

033 ol 48 Sl S5 6 4K ol s F 0T

1€e € olT POo )latd NUATY WATESIN

ohsjle (Al ok oGRSl dlas icp


https://jmums.mazums.ac.ir/article-1-22150-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

pljSam g ealj puua uaim

Rl aer s Ll Dol b5l 29,6,
e 5ol Lo Olej ke yls oma 2S5 050 3T

Ao Al O iS5 (olew (5l

Sy s 5 e S
23 5 (s el e o T el FA 1 sy
L ol e sla Jigs ol oldl Cele VY Sl
(Y mg/Kg) 59kl 5 (0 MY/KY) puslS 31 o5l
3 Oliab! (gl s 5 s (A QLT &S ,0)
Lus 05a5T L 05,85 5353 e SO (S5
olaul b ol oo Slafgo Slanzeenr 0 )i e
ol e La s e S3L s A2 @S S
Sl sl S 53 Aol e 3k s S e S
Ve (Sles &y e 3 A5 0303 5 3L (651K 0329

.-\i:JfJE.:;»

bs Azo (6,8 oIl gy

GLas Ol gl 53 (J oS50 gla s g
sxe b 5 RNA = sl lusi miR-133 5, miR-1
zlAl oS el oS ST Gk e g
Sl ezl b 28 8 bl (01 1 03l RNA
23 Sos5 2l 68 o3 5 (6 e sth g Sl s
s g Sl e S YAY 5 Y7 lag e J s b
L plaas god b (ol (57 )00 « RNA o )l
Olge 4 ¥ L VA o5 gdmes 53 YOV /YA Ol S
i a3l 3 Lys § Ol conlie o gt (g1l
ST Sl eslizal b osd ol 3l RNA 1 LLSWDNA
ok jlw &S b Jaadly giws ulaly 5 CONA .
sBcl-2 Bax sladj ol C]a,.« O S Al el
Ol 53 3l ey Slo iy 2S15 GAPDH o 0 0
eobazt] gl el leslizul L (g-RT PCR) 315
gPCR ol5ews 53 SYBR Green ¢, 5 ois 1 b
3 anlllan 53 eslizul 5550 sla sl y I s plons]

el o &1, ) oyl J}J>

e JoSs s 5 4
3 ot 3 o smn Sy 3 Sl o3
4 JISl Sl oslizal by Cov gy (S5l 5 s st
S e e SN e A e S S Dl
10 Sdeds g bl OT 2 e Yoo Lods
5 o Ren blia U os 8 515 Sb gl 55 dids
Sl ool St Jglous 355 ool K5 (5,00
e 3 SIS ol T Lo (sl 55 sl FA
ay ol s ol Jgdoes b a3ls Hse Bl 4l
el Y S o Jame jood ARLST Ok
U oS 5,558 sl ar A gl b, 5L Sl
S0t de ojlas 5 155 OT OT odas j25v
Ot Oljae @ odka] Cowdas o 5lae ol 53 Ll b
e o 53 O 35 p S AS p sl 05 e
5L ry a4l 5 O gl g 03U i T

N3 8 505 gl o S 4 ST

S ol 95T
HNosleal by gl o SLa s 53 (S - Joles
SIS S s e s o st 3505 o
G938 S lyls oans cpl s b3l 0Ll1 YL
el 428 53 595 Fr B o OT i o Sy 5 S
L aids ¥ Sl a0 ol oo sl i e sl T ol
G5 2 VIPM? s b aids 55 593 V0 s o Sy
LT Ol 3l das 42ds Vo aalsl 3 .izb § 51 5 oS oy
gup,vrpm)ucw\g;wwg}ﬁﬂ‘@u
3N BY L g aS (usas $ L s Vrpm?
Lis Cgr Olp Caglie loj Dok g (Uil 0 4dds
Do 5 A bl b 653 8 (555 2 ol
Ol ol s a4 8 Jas ys adb Yo 05037 ol Ol
Lo 1S5 ledlob b s b gl e 50 2 sl
5 05T i Ol 55 (NI (6 S oIl aads ¥
Sldalive o 09Me O 3uiS 5l (6slew W Olabsl (6 5
33T o IS 5 (Il U287 05 8 Sl ok S5 il

[SH] 1€o 1€ oLT POo s)lat NUATY WATESIY

ohsjle Al ol oGRSl alas


https://jmums.mazums.ac.ir/article-1-22150-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

iR slo poalib 1 yw s)bac g silos 133383 31 Ly

g 3+

b~ cen

b

o

-

=

-

“

= Bt

g 2 #HHH

i 8

< A

=

= #HH
= $$$
z l- ANA
-

=

£

3

z

z 0~

=

HC PD G AT AT+G

Sla s re CL p3 Bax (S5 Oly polie 1) ol sloges
s sine Sialpal (P=v/e o)) s (Gaios gla 09 8 53 ol e
G S I3 e 28l (P=o/o ) HC 05,8 4 o
NG oy, S 4 i s gan 2alS (P=2/++1)$$$ PD o, 5
Ol ralis 4 S Iy gms 2l P=2/0 V)M 5 (P=2/10)
HCa)J_f)'lj_?‘._fL;)l:Ls_LM)j_b‘gPD 03,5 ,5BCL2
3 S e ol e 5 sbas ATHG S AT G sloos 5 535
G)AT&LA@)K)}&)‘A@&Q)UEd\:—&,_a_\b‘.éﬁPDA)Jf
ot Gl e b 4 ATHG o);):gjla)'l..mjo.u\.&»

Y oyles l5503) 35 G AT (slaey S 5

$$%

BCL-2 (Normalized relative gene expression)
=
1

HC PD G AT AT+G

s e re S8l )3 BCL-2 55 0l jlie oF o)leds sloges
13 ima IS (P =/ V) s (G sl 0g S 53 ol e
D Caad I3 ime a3l (P=o/o V) HHE HC 05,8 4 o
G og,S i s (mmn Sl (P=2/+01) $$8 PD oy &

.\)/\/\/\

AT 03 8 4 il ine Sl 31 (P=2/

Gol3 sne b PD oy S 55 Bax/BCL-2 &
AT+G 3 AT G slaoy S ;3.5 HC o5 5 51 5L

QJLL’?JJ_'PD °jJS/‘}“)—-"VSL§)‘3L5-:"‘)}—b4—j

Q-RT PCR (sl s eslizul 550 sla jasl o g5 2Y osled Joor

Genes Primer Sequences Sizes (bp)

TBP Forward: 5°- GCGGGGTCATGAAATCCAGT-3’ 147

Reverse: 5’- AGTGATGTGGGGACAAAACGA -3’

Bax Forward: 5°- CTGCAGAGGATGATTGCTGA -3’ 174

Reverse: 5- GATCAGCTCGGGCACTTTAG -3

Bcl-2 Forward: 5°- ATCGCTCTGTGGATGACTGAGTAC-3’ 134

Forward: 5°- AGAGACAGCCAGGAGAAATCAAAC -3’

miR-1 Forward: CGTCCTTCAAGTAATCCAGGA

Reverse: GCAGGGTCCGAGGTATTC

miR- Forward:
133a ATAAGAATGCGGCCGCATTCCAAACTAGCAGCACTA

Reverse:
AGCTTTGTTTAAACTTAACCATTCTAGC CcC

U6 Forward: CTCGCTTCGGCAGCACA

Reverse: AACGCTTCACGAATTTGCGT

$b03 sl (Reverse) Cis 5 (Forward) o sla yosl 5 JI5

(bp))LWWjdwa)Uu‘e‘ﬂ4;;)-\4&)6-]4

5 oLl o 5 5T i 55 G ol o

GJ}B’O}%&)}&‘j-\JODLﬂSM\J)\JJb‘ J‘fu‘
a5 bdd eslinel ¢S5 0l 35037 3 Laesls
03,5 Gt i g Sl p B 3ls 055 035 b
59555 eslazal 6 b ¢S byl BT 05037 Sl e
dﬁ&jwk}xﬁw‘élﬁobﬁ)b@&ad))y))
55 Laonls s oslinul Sy o 0037 510y S
Ls_;Mclz_.U;,GraphPad PRISM 9.1.1 ,! ;3 er

LS s g 4 /00 ols

sl

sls ol u,b&iugg)\,};umfﬂ@u
Bax BCL-2 sla el i j3 g ls —an Oyls
L ae5, % ,5miR-133a ymiR-1 Bax/BCL-2
ST b e (P=r/e o)) Sl 5. 5 G
Sdes 53 (S)ls e Dol sl Ol S > sl
Yy LAUJ_?): el S Gse s sl Lis
sls olis L;}_Id..:.&.?oyjl—@l:.? AP =v/vvY) syl
Gl cme ssb 0w PD oy, 8 j3Bax g ol polis
S AT+G 3G AT laey 5 3 HC o5 5 51 5V
2ol oo 35 PD oy 8 5l 50 (s olskae sk
255 AT 0,8 S S eS Sl ssb 4G 055
S SeS Sl s sba ATHG 05,5 5 e
O oyled 513 50) 358G oy S AT 65 5

11E01E 9T P00 yladh «@aiy § (i 5)93

ohdjle (Al ek sl das [S'S


https://jmums.mazums.ac.ir/article-1-22150-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

pljSam g ealj puua uaim

25 PD oy, S ,3miR-133a S5 ol palis

S3is piren 52 HC e,,?;l,;vf Gol3 sne
Aol 2 PD 3G lnos, S 55 (g ls —ine
AT+G JAT slaos, S 3l ol L .(P=+/9Y)
Ssls 55 PD 63,8 51 5 e 613 e s by
S 3tz odalin AT 3G slaos £ )5 (b3 gne
S S e ol s sb g ATHG 65,8 55 S

(0 UL«&)‘J}«S) éﬁG)AT Lgl;ae)}?

iiR-133a (Normalized relative gene expression)

HC PD G AT AT+G

S 5 she C3L aMIR-133a S5 Ols j3slae 10 0sled 510903

Sl ae JalST (P=v/ o)) sesen (Geies g oy S s &l e
el 3l (P=+/v o V) 5 (P=0/01) ## HC 05,8 4 s

s sne G253l (P=2/01) 888 PD oy, & 4y o 15 ne

AT 05,5 4 S s e Sl 31 (P=0/05) N G 03 8 4 v

Lo Ole) Sl sy 0L J.E:_.MICLL:; aslsl s

°3J§J>@>J&)Q‘lﬂj°J3"C)J':').‘JT§J>J"LJ
='/"\)J}.€HCc};j‘ﬁrjd)\bw)}b‘\{PD
ol Lot Ol S sls Ol S s C’L" et P
JﬁHCaj;)‘Hrjé)\wa}_meD a);Jb
55 b AT+G AT G lasy, S s Lal (P=+/++Y)
‘;,:_;?V_A.(Pw/“\):}_gPD 03;5‘j&d)bw
a}J_?ﬂJ_"'JL::LS)‘JG&a)}bA\JAT*'G }AT c}ﬁjb

(9 GJLQ.:JJ‘J‘}QJ.)(P=./'.\)§}J.G

P Ll ealin G s AT ého)f 03 Sols s

AT Lgm,,f;\;rsé,b@.”y S ATHG o4 5
.(va}u}‘:‘}-&j)bﬁ(G)

154
~a 10 de
-
o
=
=
=
= g
#un HER gas
$$S
AAAN
0~

HC PD G AT AT+G

Lo s jhe bl 53 Bax/BCL-2 ;5Lde ¥ o lods lag—03

)‘bu’_buuia_lj’_é\(P:~/.~\)e:ee‘é->}%e&ﬁ'duu};):&lfw
O S I3 e J2alS (P=o/o ) HHE HC 05 S 4 o
G oy, S i S ls an 2alS (P=+/++1) $8$ PD o5 §

03,5 & S I3 gme 2l (P=2/0 0 1) M

sk a5 Res OJJ_?‘)JmiR'l = oy sl

AT G slaos S ;5.3 HC 05,5 51 VL (g)l5 gme
5+ PD a,;jlﬁr_(@bu_;”u» wAT+G
At odalin G 5 AT (slaos 5 55 (5 ls gne oslis
Gol> me 55 b A ATHG 05,5 5 Lal (P=+/89)

(F oylei 3505 35 G 5 (AT 6m,,?5l;g

H

2 4-

£

g 34 ot

%

=z #it
= 24 $S
- AN
=

et

= s

£ 19

Z

< 0-

= HC PD G AT AT+G

SLa e he Sl psMIR-1 S50k slie i osled 510403
DI ae (Al (P =2/ v V) s c&_.i:déba;ifjsva_‘jw
O i 15 e J2alS (P=o/o ) HHHE HC 05 8 4 o
AN G a};gwj‘b@xpﬂg(’:='/'\)$$ PD 5‘5;

AT°)J§4i¢‘7““.J"g§:’*‘J”&K(P=./..\)

€0 1€o 1€ oLT POo s)lat NUATY WATESIY

ohsjle Al ol oGRSl alas


https://jmums.mazums.ac.ir/article-1-22150-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

iR slo poalib 1 yw s)bac g silos 133383 31 Ly

PIBK/AKL dsle J ol sl sl e (g5 Jlad

e Sl e S 5,5 S L b
BDNF(brain-derived  neurotrophic  factor,
Lessential for neuronal growth and plasticity)

JNK(c-Jun N-terminal kinase, stress- —..s jlge
.(v# vd)AsL activated protein kinase)
e g 03l K Ol g ) o 0 jbae Olo o
e (bl (il 5 DS 5 51 (58 acb
L aS cltabin ool ols OLES Jsho canT 1y 551,
il O, LS 5 Kim 5 01,5 5 Rakshit glaasl
Sallyl 5w TS5 i Bas iyl
cysteine(antioxidant compound found in aged
O3S le slaas £ 2alS™ s garlic extract)
ROS(reactive oxygen species, harmful oxygen-

e e JL¢a gderived  molecules)

NF-kB(nuclear factor kappa-light-chain-enhancer
of activated B cells; pro-inflammatory

SS30LLE (A o) ls o yLal transcription factor)
PRCE P Py PP P N UV DU g
S I 3 edas o 51,5 o |y gl el
ST il e 1 (65 Ay 7S 5 e esls
yls
63, s (5,5 p 03 QLS (S 5 09 8 g
Aol Mg J S ge ol Bl oy & 55
Olajen 5 S lse 5l o 51 b Yot 5 2
S e (3 a3 45T (55555 4 (Dl Sdrte (Sl s

BDNF/TrkB(BDNF and its receptor tropomyosin
B s ow o y)lae 5 JLsd |) receptor kinase B

Nrf2/HO-1(nuclear factor erythroid  gla sl =T

2—related factor 2/heme oxygenase-1 antioxidant
S 0 Sy s |, pathway

58 dedda b 3 oS gl sla e

3,5 At oMl JLos as 1y suS” sLaRNA
35T ediS Wuis Jale oSG 0l e 4 MiR-1
A Osnl ediS Sl Jule ¢ 0l 5o 4 MiR-1332
Ol 31 a0 s S 15 5t cou o

MiR-5 2alS 1) MIR-1 Wl § Jaiuns &y g0 4

300.00

250.00
3
™ 200.00
'k 30044
\;"J 150.00 B st
5 10000 w oo . o
1 . o4
< 50,00 .

0.00 ] ‘

HC PD G AT AT+G

o 303057 i 53 Jale L Olej e o sleds s1oges
Sl gme [aalS (P=0/001) s ¢ Gutoed (5 o}; Oga1
il 8l (P=+/0 ) HHH# HC 05,8 4 CsPD o3 S o
PD 03,5 40 Cens ATHG AT G gl o3 5 55 ,l5 gne

SAT Glaoy, S 55 ls ime Jhl8l (P=+/++1) $$$
G o3 8 4 Lo ATHG

O gmniS 5L (Sl W) 457 515 QLS 5l andllas
S 20550 e S e 03 (s L)
5 BaX) S5 515 5 SLans p Jolw 5l
prls ol s Re il > (Bel-2) ST ST
S o0l b Bax/Bel-2 Cuws il 3L &S (0515
S ST T b ledl a4 (ol
3 MIR-L Oly ool 215311 oS daasdl o). 24,
L J 5 sb 4y ks g ol on MiR-133a V.:.EJ Sl
Sl o) (VF M)t goad e Sla i1 S
B 05t 53 Sas s ] oS Lins o OLES
1S il 3 (56 U yiS st s o b
P53(TUMON (g5luds 5 olis fouils 55 S|
suppressor protein regulating cell cycle
a3 & ,ANd apoptosis)

005 2l 6 Olge 4 $5ler o
o 5 B i 4 e (SIS b
Iy Bax gl calstlte ol i 5 5T (sla s i
5 e 93l il Bel-2 Ols g esls el
Sloi! il b 55 | Bax/Bel-2 s
5 0, 5 Han 2 L aS (bl Sl 51yl
Jols sl s (sl Ll o 01, e sPetzinge

1o 1€ BLT POo ylatd NUATY WATESIY

ohsjle (Al ek oGRSl dlas |57


https://jmums.mazums.ac.ir/article-1-22150-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

pljSam g ealj puua uaim

Ghs0b) 5 Jlad S 5 03le 95 calstlbe il dhas
D )Lz a5 0T Jlos!
iy Las e olis Cf,éj @ odw] Cwdds glaesls
las 5 Gl el el Jols (S5 5l
ST e Ls sl s 5o b Sl
Ul 5 s (MIR-1/MiR-133a ¢S5 ! sBax/Bel-2
Solan Gl e 53 Jsho 5 10 516550 55k«
Cobom L s ol ST (6,8 sl 055
> ly 655 Ol pie a il o0 S 5 ol 45 S o

Golost o= o pibe 53 S5 5 mal Glans JeSs

= - - - e .
25 A g 50 581550055

References

1. Frank A, Bendig J, Schnalke N,
Klingelhoefer L, Reichmann H, Akgin K,
et al. Serum neurofilament indicates
accelerated neurodegeneration and predicts
mortality in late-stage Parkinson's disease.
NPJ Parkinsons Dis 2024; 10(1): 14.
PMID: 38195715.

2. Smitowska K, Pietrzykowski T, Owczarek
AJ, Dorsey ER, Bloem BR, van Wamelen
DJ. The Prevalence of Parkinson's Disease
in Poland: Regional and Sex-Related
Differences. J Parkinsons Dis 2024; 14(3):
521-532. PMID: 38457147.

3. Pringsheim T, Jette N, Frolkis A, Steeves
TD. The prevalence of Parkinson's disease:
a systematic review and meta-analysis.
Mov Disord 2014; 29(13): 1583-1590.
PMID: 24976103.

4. Bloem BR, Okun MS, Klein C.
Parkinson's  disease.  Lancet 2021;
397(10291): 2284-2303. PMID: 33848468.

5. Ghavami S, Shojaei S, Yeganeh B, Ande SR,
Jangamreddy JR, Mehrpour M, et al
Autophagy and apoptosis dysfunction in

e posdls g o 5 g (MY ) aas 115301,133a
SV S s otalie oS 5 05,5 3 Sl ks

BDNF/TrkB J sl sl (s jons 2l (g5l Jlad
NIf2/HO-1 Jla 8’| 5T lsblons (slanuslS

YA X3 95 o 2L
Lo 4l L st Jlatn) )3 oeT sy ol
sMalczynska-Sims  aalllze y3.3,05 O 5 Lae = 5
5l o “OHDA ¢ Juss j31yBax izl 70 o, LSea
533 OLKes 5 Bigham 5.5 5™ 518 s op el
7 3N S otalive (g alime i e 0 jlae uly

allas b s it 4 a5 L Lo ses b o el

neurodegenerative disorders. Prog Neurobiol
2014; 112: 24-49. PMID: 24211851.

6. Rekha KR, Selvakumar GP. Gene
expression regulation of Bcl2, Bax and
cytochrome-C by geraniol on chronic
MPTP/probenecid induced C57BL/6 mice
model of Parkinson's disease. Chem Biol
Interact 2014; 217: 57-66. PMID: 24768735.

7. Junn E, Mouradian MM. MicroRNAS in
neurodegenerative  diseases and their
therapeutic potential. Pharmacol Ther
2012; 133(2): 142-150. PMID: 22008259.

8. Mouradian MM. MicroRNAs in
Parkinson's disease. Neurobiol Dis 2012;
46(2): 279-284. PMID: 22245218.

9. Kim J, Inoue K, Ishii J, Vanti WB,
Voronov SV, Murchison E, et al. A
MicroRNA feedback circuit in midbrain
dopamine  neurons.  Science  2007;
317(5842): 1220-1224. PMID: 17761882.

10. Hassanzadeh K, Mouradian MM.
Advances in Disease Modifying Therapies

for Parkinson's Disease. In: Trends in CNS

v 1€o 1€ oLT POo s)lat NUATY WATESIY

ohsjle Al ol oGRSl alas


https://jmums.mazums.ac.ir/article-1-22150-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

sishnT slo pnals 1w s)lac § s)lgs 33183 B

11

12.

13.

14.

15.

16.

17.

Drug Discovery. 2025: 17-66. PMID:
40185524,

Braun T, Challis JR, Newnham JP,
Sloboda DM. Early-life glucocorticoid
exposure:  the  hypothalamic-pituitary-
adrenal axis, placental function, and long-
term disease risk. Endocr Rev 2013;
34(6): 885-916. PMID: 23970762.

Acufia MA. Positive allosteric modulation
of inhibitory neurotransmitter receptors-
novel mechanisms and targets to restore
spinal inhibition in persistent pain. Zurich:
University of Zurich; 2016.

Chen Y-C, Ma N-X, Pei Z-F, Wu Z, Do-
Monte FH, Keefe S, et al. A NeuroD1
AAV-based gene therapy for functional
brain repair after ischemic injury through
in vivo astrocyte-to-neuron conversion.
Mol Ther 2020; 28(1): 217-234. PMID:
31551137.

Zhang W-J, Liu J-P, Xu Y-S, Zuo C, Liao
J-X, Zhu F-Q, et al. Olfactory ensheathing
cells transplantation alleviates cancer pain
by inhibiting P2X7 receptor expression
mediated activation of microglia. Int J
Surg 2024; 110(5): 2654-2663. PMID:
40638362.

Petzinger GM, Fisher BE, McEwen S,
Beeler JA, Walsh JP, Jakowec MW.
Exercise-enhanced neuroplasticity
targeting motor and cognitive circuitry in
Parkinson's disease. Lancet Neurol 2013;
12(7): 716-726. PMID: 23769598.

dos Santos Rodrigues B, Arora S, Kanekiyo
T, Singh J. Efficient neuronal targeting and
transfection using RVG and transferrin-
conjugated liposomes. Brain Res 2020;
1734: 146738. PMID: 32081534.

Zeng W, Wang Y, Liu Y, Liu X, Qi Z.

Garlic-Derived Allicin Attenuates

18.

10.

20.

21.

22.

23.

Parkinson's Disease  via  PKA/p-
CREB/BDNF/DAT Pathway Activation
and Apoptotic Inhibition. Molecules 2025;
30(15): 3265. PMID: 40807441.

Pagano E, Souto EB, Durazzo A, Sharifi-
Rad J, Lucarini M, Souto SB, et al. Ginger
(Zingiber  officinale Roscoe) as a
nutraceutical: Focus on the metabolic,
analgesic, and antiinflammatory effects.
Phytother Res 2021; 35(5): 2403-2417.
PMID: 33278054.

Jha D, Bakker EN, Kumar R. Mechanistic
and therapeutic role of NLRP3
inflammasome in the pathogenesis of
Alzheimer's disease. J Neurochem 2024,
168(10): 3574-3598. PMID: 36802053.
Moradi S, Habibi A, Tabandeh MR,
Shakerian S. Comparing the effect of 6
weeks of continuous and interval aerobic
training on vascular endothelial growth
factor and superoxide dismutase enzyme in
hippocampus of male rats of Parkinson's
model. J Shahid Sadoughi Univ Med Sci
2019; 27(3): 1302-1312.

Asadpour R, Azari M, Hejazi M, Tayefi H,
Zaboli N. Protective effects of garlic
aqueous extract (Allium sativum), vitamin
E, and N-acetylcysteine on reproductive
quality of male rats exposed to lead. Vet
Res Forum 2013; 4(2): 95-103. PMID:
25568680.

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.
Metab Exerc 2021; 11(2): 57-76.

Blesa J, Phani S, Jackson-Lewis V,
Przedborski S. Classic and new animal

models of Parkinson's disease. Biomed

11E01E 9T P00 yladh «@aiy § (i 5)93

ohdjle (i) eole alEibily alas [N


https://jmums.mazums.ac.ir/article-1-22150-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

pliSas g 0alj ppuua paie

24,

25.

26.

27.

28.

29.

Res Int 2012; 2012: 845618. PMID:
22536024,

Perier C, Vila M. Mitochondrial biology
and Parkinson's disease. Cold Spring Harb
Perspect Med 2012; 2(2): a009332. PMID:
22355801.

Han C, Lu P, Yan SZ. Effects of high-
intensity interval training on mitochondrial
supercomplex assembly and biogenesis,
mitophagy, and the AMP-activated protein
kinase pathway in the soleus muscle of
aged female rats. Exp Gerontol 2022; 158:
111648. PMID: 34861356.

Petzinger GM, Fisher BE, Van Leeuwen JE,
Vukovic M, Akopian G, Meshul CK, et al.
Enhancing neuroplasticity in the basal
ganglia: the role of exercise in Parkinson's
disease. Mov Disord 2010; 25(Suppl 1):
S141-S145. PMID: 20187247.

Rakshit D, Nayak S, Kundu S,
Angelopoulou E, Pyrgelis ES, Piperi C, et al.
The pharmacological activity of garlic
(Allium sativum) in Parkinson's disease:
from  molecular mechanisms to the
therapeutic potential. ACS Chem Neurosci
2023; 14(6): 1033-1044. PMID: 36861262.
Kim HG, Ju MS, Shim JS, Kim MC, Lee
SH, Huh Y, et al. Mulberry fruit protects
dopaminergic neurons in toxin-induced
Parkinson's disease models. Br J Nutr
2010; 104(1): 8-16. PMID: 20187987.

Lau FC, Shukitt-Hale B, Joseph JA.
Beneficial effects of berry  fruit
polyphenols on neuronal and behavioral
aging. J Sci Food Agric 2006; 86(14):
2251-2255. PMID: 16194581.

30.

3L

32.

33.

34.

35.

Lu W, Lin J, Zheng D, Hong C, Ke L, Wu
X, et al. Overexpression of MicroRNA-
133a inhibits apoptosis and autophagy in a
cell model of Parkinson's disease by
downregulating ras-related C3 botulinum
toxin substrate 1 (RAC1). Med Sci Monit
2020; 26: €922032. PMID: 32713934.

Ye Z, Yuan T. Role and therapeutic
potential of non-coding RNAs in
astrocytes during neonatal brain injury.
Front Neurosci 2023; 17: 1123456.
Malczynska-Sims P, Chalimoniuk M,
Sutek A. The effect of endurance training
on brain-derived neurotrophic factor and
inflammatory markers in healthy people
and Parkinson's disease. a narrative
review. Front Physiol 2020; 11: 578981.
PMID: 33329027.

Bigham M, Mohammadipour A, Hosseini
M, Malvandi AM, Ebrahimzadeh-
Bideskan A. Neuroprotective effects of
garlic extract on dopaminergic neurons of
substantia nigra in a rat model of
Parkinson's disease: motor and non-motor
outcomes. Metab Brain Dis 2021; 36(5):
927-937. PMID: 33656625.

Blandini F, Armentero MT. Animal
models of Parkinson's disease. FEBS J
2012;  279(7):  1156-1166. PMID:
22251459,

Kothari D, Lee WD, Kim SK. Allium
flavonols: Health benefits, molecular
targets, and bioavailability. Antioxidants
(Basel) 2020; 9(9): 888. PMID: 32961762.

eq 1€o 1€ oLT POo s)lat NUATY WATESIY

ohsjle Al ol oGRSl alas


https://jmums.mazums.ac.ir/article-1-22150-en.html
http://www.tcpdf.org

