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Abstract u
Background and Aim: Multiple sclerosis (MS) is one of the most common chronic infl eases of the
central nervous system that affects sensory and motor functions. Since exercise activit
benefits for these patients, the aim of this study is to investigate the effect of six wee mming exercise on
the content of AMP-activated protein kinase (AMPK) and Sirtuin 1 (Sirt1)@nd mot

Materials and Methods: In this research, 36 rats with an average age of 12 wi

ormance of MS model rats.
e iandomly divided into four
r*e@‘oup. In order to induce

MS disease, rats in the patient groups were fed food containin@€uprizone wi weight ratio of 0.5% for 6 weeks.

groups: healthy control group, healthy exercise group, MS control group a

The swimming exercise protocol was carried out optionally¥or ee way, it was increased from 10

minutes in the first week to 30 minutes in the sixth we he tim tOr was used as exercise overload in exercise

ests, hippocampal tissue was extracted and protein
OVA

considered at p<0.05 level. Results: The result: open field and the Rotarod tests showed that the

weeks. After performing rotarod and open box tﬁa i
levels were measured. Data were analyzegy ne- st and then Tukey test. Significance was
performance of motor activity and balance ntrol group was impaired compared to the healthy control
ming exercise (p<0.001). Also, the content of AMPK and Sirt1

proteins in the MS control group significant creased compared to the healthy control group (P <0.001 and

group and was significantly improved followj

moreover the amounts of these tein exercise group increased significantly compared to the MS
Al

’ the
control group (p<0.001 and . spectively). Conclusion: It can probably be said that swimming sports
activity, by regulatingathe of K and Sirt1 proteins, can be one of the possible ways to improve the
energy metaaolis 0 ron ch‘e ulate the metabolic processes of the central nervous system and also
erform

increase the rﬂ/em of animal samples suffering from this disease, and this could possibly open

a
the way for huma i*the future.



mailto:M.rami@scu.ac.ir

—

D93 i) pgle |

Jowo o,y S5 o 0 SXlos gSirt1 g AMPK (gl 5T g g oyl 3o g0 Ll (g9 pod aady il 5u3G
09X neS b oo @y 59 WSl oo

foolj ke ST she I ilinsd 913 0 (g0 doma Jpluilinss e 2

0lr! leal Glsal Gl rez ngld olLAlS (2555 pole 0SS (3355 (S38)2 508 09,5 el i S
0lr! leal Glsal Gl ez aned olails (o559 pole oaSiils (oB))9 35553 09,5 b

5ol adlol i aae 0 42 Bo Yo 4y Jol aian o ea © Ol Soge ol 4ol plol alde 1l Goe (6,LS

Sl il a5 95,59, 5)8) slo el el i SBESlET (a5 (sl tdn yo g pe3 L AL lyie 4 ploj Jele

S)ge 5P el 905l g g 20l
0, Shas a5 ols lis 04,6y, 4 ; a8l ol ais F L o p<e/e 0wy gyl cixe B S 18 )y
Oy il ij#

e QQJLAJ)JOB;A)MMSJ}*Jog;)QJOLuJa.ﬂ.?sg.f?wjbﬁ
J)...S 05)54.3 u.:......uMS @ Slrt1 AMPK 6Lmu.~..:9}: 6‘9..;2.@ w (p— \)w‘ d.JL: b% 6)‘0‘5&.0

09,5 > Liretisyy ol olie a5 ol e s(p=+/++)) 2l el (5)losine S jg0 4 ol
Lol 1o S azms (p=2/+ + ¥ gp=+/++ ) oo b a) bl iolidl 6)ls sxe & jao 4 MS
55 e lie S9p (Jloil (slo s 5 (S5 W5 (o0 SiMtT 5 AMPK (sla (1590 (e pelais b ol
Sl sl aigad (25, 0,Shos SRl s Grizme 5 00l (G35 50 (e s Selgilio glaan] b
sl oo 5o bl Sl sl olaKal, wlg oo Yol ol g 35

(S > 38 des e g (9 ISl e (6 jlow it e goalS” (45519

U‘)"‘ ‘)‘9’“‘ c)‘ﬁ.m‘ u‘).a.> \.\.‘.er.u olKisls ‘(5&).)5 'ﬁﬁlc IRCRRY ‘G‘b})? 6)95-')-‘-9 05; :u,u)é—‘ ‘Jﬁ:uw\.n o..\_Z.m.lj.;-ﬁe

M.rami@scu.ac.ir_ g =S) Co


mailto:ایمیل:%20M.rami@scu.ac.ir_

._~-%?\ Journal of Practical Studies of

|
A
\ \

' Biosciences in Sport

doddo

G095 oD ailied b oS el (53550 (ras e (o0 Sl lon (@S Sl (S (MSY s Al el (6 boce
)92 G)Lo...: U"‘ ‘3..30 cde (Y‘Yf cu‘).{).) jvj.uwla)y) A.Q.)GA )‘)S ).ul.v S ‘) QSSP 9 == .))S.LQ.C iw‘ o‘).a..ﬁ mas
‘ub.inb ;Q}J‘j) KVELY ° (;..b) 6)[.0.».) UJ‘ la ).cu U?"'L"" - Y/A )I w Ol'é{> )"‘“‘"}""J o RO FRWRP T c»o‘

iz Jale (ppaiz Yiaisl (Y TV (o500 5 Folo) Conl Lis Jol 5555 Vo c32 MS (5 Lo aglit] 5o < (Y-Y
bl Loplail pslte ol 150580 5 (o ot sl ST 5 a3 o M cabiils Cans (Y- 525 D) sl

Solom S iy Al (lapuaile (yleo sl @l Hlo o ol 9o o9y U5 10 g0 92 059 53 Sylem (2l £9,0 o)

5 63k K G e MS
soleas 1) 0gd oo (5,50l g alibl> o ak
o Ohlew e ates p slo Shy 5l (SO
(VoYY (LK b)) oyls bLsIMS ke o
J.\A Cawloauis asls J.elf )5.‘4:% W) 4.21.1.:.&0 g,uoS}u.Q
GeSen 5 (MBP) *tlie aly (g ol (el Slacntign (Rl (S gie o Slae Pl ol b wel
JolS =ld g0 Soles ,0 EAE Jow e (pl @ azg by VeV (1,0 815 oo MS L aplie al s
o %03 Y55 45 e L M
Oley Dae a5 LK ?*...;I

u-osj.-\-db ugmL..\.Luob ‘03)1.94.3 (Y‘ ’a ‘u‘)f.nb 3?).;..".:& f\“ i
u

2 oo o Shae P31 Jyts J5Szo 5 sk peloil

oo paie 598 0aiiS WSheeS Sy oS Ayg5 poS

595 2 s))9 Selld il addlae 6l (6 Fcmlio Ll g h o0 (G395
oolital (6 low ol el ol slobg, 5l (Ko Sl Joe Slalllas jo (V- Y

MG Sloe> dges f bl 4l ) 51 2eS 39,65, olSiwd (55, 2 (Sl Lgad s3I0k
gogamme Sl ol s o b oleilas glagleys (VY80 3T 0) o5doe

3 (_g)‘df)ubbw‘uia.aw))g u....ll;@ w‘)l.u o)yu_,..a.coli..wo)\ cdadlos (5‘)4 @Lﬁ)\) Qs> Lng\))SJs)

;d5).\.w) ..\.S A_ios MS U‘)LM )\) k.u‘).w \)9.4‘.' 9 (_g)l-o-u pj)l.c w&ls 4) 9 ob‘é ;LE_')I ‘) )M w)‘l.w\asc’_..,a.c

1. Multiple sclerosis 7 . Baltan 1 .Ye 3
2 . Portaccio 8 . Cuprizone 1 . Rieckmann 4
3 . Walton 9 . Myelin basic protein 1 . Neuroplasticity 5
4 . Rommer 1 . proteolipid protein 0 1 . Sandroff 6
5 . Artemiadis & Anagnostouli 1 .Zhan

6 . Halper 1 .Guo 2



P9 53 ezl b

6‘)|\> aS ul);.\JLH.MJ ud.u dLszlw f:l.o.: Pod Ls))"‘ L wL.M} p.l)j gS.' (Al\/lPK)1 AMP la 03 JLﬂS )L...S u...aj).b (Y‘Y‘

g yingSell gL éLmJ,J..., 525 gy )0 AMPK i u:;u 4 odleas (Y- YF ‘Qn)xio ;Jol...u oY
050 81 )1 Sl 0l 5155 iilioo (6950 Gebee INE (3luil al 50 45 sy youmsS |
Cuxdg 5 655 Gl ,Sen Slsie 4 Wl oy b S gy s Sl o0 Slasl w3 40
Slstlio 6ld 15 ms3isy Comizrad 3 LS oo Jyowd | colS Silgilin clo 35T bt LT o
AMPK g0 5" o0isS” Jlad lgie 4 lgie 4y wilgs oo (SiMt1) V(1555 s o) 05¥(Y’Y 39 50 BL)asS o puliais |

5 Sl Gegl comagis, w6 wile Jok sloanli o e L boyds e

N glapdlrals 5l gloagils W Sirt.aijls (5 I cusgazme Lulyd 50 sk 55 2 et 5 )Lad 5o Caaglie
sloanl b welass 5 Jsbos (65,3 gha alolids sy Joloo 09 sle S~ : " NAD+ & aly oo < Bl
5 SIS e O8ee (sl a3z Jobw oud s, asligy St Ll Gle o 5 s oo Slpilie
g abae (db (WSOl WS 50 o) onl Sedes ole la‘}lflf)l rt1 .(\’~YY‘Q|)SJ”.> L) 808 pacdglio
Slalllas (Y- % Yol ol oads ounle o 55 sl o 15 ol polie L2als 5 ond Lo jie
A5 Sl o b b e SVsb s o s o] 5 Wlsi e ST (gjl Jlsd a4 wilosls Lt
Ole Giali8l a5 sal eols plis pisen (YooY () 8V Jos YY1 JFaiily YeVY 1Ko 0 J5B)
Laseino a5 (TNF-2) " W1 505 55,50 ole galss S B slo S gl b tal33l 51 e bl ass o 31 ol L Sirtd
Voo (%0 §18un ) WS (5ol Wb Sl ¥l MS (55lens 5o
I ) 2.0 2979 MS @ Moo Gl (sloisas ) Getisn nl Ol 4259
g5 o0 e ol G1alS MS o ()] )l (RalS 5 (6,008 570 o Shas Cuodlas 5o
Blallle s bl S e | (V0 VY (%00 ¥ gmniaST) ol 6o () 535551
Gl sl Joows JB (Sad b (Gow dlad g e (nl b 09 o0y 055 9 DML and
WARRT SRR FRANMEIIIS 28 2 IPRNIC AN L SRV S YU S DUPIR VR COURIS I

(Y+YY

JB s o b sunles
Sirt1 e il 4 azg5 b cog
Slakis 4 5,05 58l o

(v

Vb f VY L BPlogea ;@) 8)lo MS wiile rac slas low Sone 5 6Nl )0 sote LB (29l €

1. tivated protein kinase 9 . Patel 1 . Tumor necrosis factor alph&
2 . Aslam & Ladilov 1 . Paintliaa 0 1 . Fresegna 9
3 . Gaetani 1 . deacetylase 1 2 .Wu 0
4 . Spasi 1 . Nicotinamide adenine dinu2leotide 2 . Nageeb 1
5. Ammar 1 .Yang 3 2 . Atkinson 2
6 . Sadek 1 . Bamps 4 2 . Warutkar 3
7 . Narine 1 . Fagerli 5 2 . Dalgas 4
8 . Sirtuin 1 . Piacente 6 2 . Harrison 5

1 . Shindler 7 2 . Learmonth & Motl 6



..‘-%?\ Journal of Practical Studies of

,| ' Biosciences in Sport

Sl ped w0y 20l Slo el il B3y el sube Sl i Slallas jo (YVF 1,500 o) 56lS V- Y
1500 g ki ,S = oSLSY Y VA (] 500 o e Sl o 00ls Lis MS (5 le (db @odhe S9upe 1 (5590 5 oglie
soglie g (55l5n (oS 5 Sl e 4 el ools i LTl (sasdllae G bt uizen (VoYY (LS00 f psle JB V- VY
(VVY %03 955005 (mys8) 2l i i5e MS (g)lem 4y (D (S5 CkeS 5 (oDle 05uge 50 Wil oo 5 Wb ol
Sl Jdo NN (g Dl yei K0 gleil b anglae o Ll (53,5 a5 Cawl oads ools L DA Coge 4 Mz e
G Ol (1 50 (655lud) L (Vo o3 (500§ (uF580) 00,5 a5 (5 iy cbli> 4y yonio )l oS a
Ohlos 1 L 51 (6565 000 103 o0 Sgume | (oS (K (0558 55k ) (nlply oo (oo 2 ) 0o

7 9 JB ysb ) (6 )lew S8ty W) (nlply IS (o0 SIS 3 IMlAe ool 4y laly 5 Lo 2 odle MS
g 5 osle S8 @y (285, S bl g (Sg (o ol ! MS Gl sl Lt EJled Sl 5,5 dwlg> oS
St et 2alS MS e sl Sleys ST @l ilas conl (S Yol oY+ V- ©05) 09 dwlgs 5 Jolae
30 ol slagles Cuenl 5929 Lol obian! b (28 of ) sl jo Jolas yio]33] Soate s Shac axs g
Conss oo ollews 2oy ALY gl (IFN-B) Ly 9,8 0! pudai oo Ol odle Sgups
OlRes ¥ oy5d) Sjlees JSia 1) leys @ il 5 aoleys il 5 (VWY lagods 5 (D)l

Lyl g by Sone 4 (29,8 Slagleyd JLS 50 Wl oo s SGOlgre e oB)s Clled b (V)4
55 5LEMBoS 53 Wlss Sg2mg b Lol 1S oS o) Lo
5 patede MlS (s )ler (nl 2 oSl (JsNge 5 Jobo
S Gy 2 omlied S8l 5 JsSga 00,0 sla i b3g: sl Slalllae & Gglane 33,5 colled Jloxs! &l
Sl sbdse ;5 S g Sl ogat 4 5 655 i polai (Sl sl (L2555 cllad ggi ool (Jleis
EAEY 25 siouloss Sokoogtlios] Joo 0 8B 50 B o555 alled S ot b 055 oo ol S (5 oy
@il 3550 09 RS Joe s end 53 20 g)ls (B p Sl izmen VYV (500 5 (6,) Conl 00l (o)
Jow ,8 SIRT1 3 AMPK ,, L G aS Al (pl 4 azg bl (Y- YY ()L, K00 37 lee) ol a3 5 108

g_sl-%WﬁQT <yt Pt Ay« o) )9 s ¢ ‘QI# \ N
o 9 Solew (nl 59y 0o plmil Slallas /5‘

o

G o el JLis 4 ol adlhae po sl oalS ()2 s nsS
e 50 ) MS 4 M (ladiged ;0 (93 295 Joe 5l (A6 Sliess Wlgs o0 (2900 8
gy Gl p Ll Codlad 0,50 S Dl cwyy pols dslllas 5l Gun 1A Suus™ Jioss

Alioe 5952595 b 0sls SWIMS (55las 4 Mo slocs

G (59
1. Close 5. Torres-Costoso 1 . Tintore 0
2 . Campbell 6 . Deforges 1 . Experimental autoimmune 1
3. Langeskov-Christensen 7. Kim encephalomyelitis
4 . Taul-Madsen 8 . Interferon beta-1b 1 . Ammar 2
9 . Barclay & Shinohara

5



SOITPRIZE I

S A VYN 55 5 o)V pow oSibe b @l o) 5 Y7 5l GRaohy cnl 5o 16,0l p g Olilgee
g daes ol jo o eoliiwl wind (g a3 sleal ol axagd oSiils Sippls casliils alKisle;l Sl o g
o Cugby w0l )T Zile gam 0 VY IV . oo b Sl caSlidls Slilgs sails jo dian 90 Do 4y Jases b 0,55l

o s 138 g Ol @ aibly] & g0 4 g o (10855 So,6 el VY g by, el VY b conlio 4505 oo FO-00
ol G5 5 lo> (6l 05,5 ;0 0nile (Bl Dy 5 YV 5 ol Al Oy s s Slowd Gudos [SUg Jsb)oMSi.SJl)'l O -l
Sslll (sl 09,5 o 5l diged gy slawi (Guyed SSSgy plasl 5l Gy o leny sl 05, 0 end il
PMS (nped 9 MS J5uS onyed pllo ol J7S 09,5 1 el (ploog 57 50 o) 288 ;‘,‘ o3l Ko
ool 45w ezt § C8)5 8 sy 9550 55 Dy Sy a8 leB] Gloj o ia
St oS rmgty 50 BUS aieS gl 4 pole G lye (eled iog 5 LS sl

Wy
2 09RRgS 5 10) deyd 1B (39 e b 9 ngS MS (5)lom SNl WL 55l I g,

(s o3 Ji*s)e.. ol g VY aiia b os}e.;e.sf s> @..‘“ D% 5T S ngh) 99,63, el Lawss MS

2,5 oy dalol

2 055 Okl 3l ey 1ol B> g (35 > )18, sl yges]

0,90 4O Lmuj.a)i (5"["’" A eolawl Qj)bj) 9 )L: > 6Lzuyoj

5 Jokes 5 (Keabon 5 35 > ellab b))
s ol VY-8 el e 5 o, codled

JEezms 90 awgs S0 (salaks Il bl oo, (8 > cdlad 93] ol 53 13k A (yg03]
oS ol (6 el 5 B cos, 5 Ao aliims (GVU o 45 (il Y1) 55« gy bl (g glid oS ,5)
L5 AL s oy T o ol P gl ol b Sl & S s S
R ER QU PEIPIRECE I T3S 0 35 By e JeSAT g1 005 ol (Slans Ly @upe YO &1 (oglas

18Tl i Uyt 5 1 3 o o il IS () K80 s s -
(VY 150 g cppandad)

28,5 )18 ey 0 0550 9

1. Zimmermann 2 . Lubrich



Journal of Practical Studies of

Biosciences in Sport

Healthy

u
3k oz 903l 5l Seiledd £ -
@ o3l nl 9569y 3903l
L (oais 2 bl aloo (g5,) ails,5 o ol
L5 Joli®als)) Sz 0gdion predl ol oz i
A8 8 18 ol e ooly o8l adBs jo 190 FO @z

09 ,Ug, olfiws 058 oo colaiul Lo, o 25 > sbaplal (o
ez & IS5 Slopls lmio Laugs 45w oo e 5l Aol
Sladb Yoo Sae o ol cepm a5 i > b o 45"565) :
Gl oS CS ) pe sl ale 5, 1 oule Shiglals &
Slerod ¢ 90 axlllae SG gl (¥ JS2) (V- VY ‘Q‘ 5) wd alne ] 5eSilon 5 51,55 iy a0 2 (sl e
ools lis 1y 29,9, oliws ails 5 (g3, gs‘%") U by pralS g olojimke gl slml 50 95 nsS (68
5,5 0alil yolpl sl 4l dlf 35, |l o s (VoYY (LS00 5 S pssl) AitS oo i |y 03031 02l s 5

Rotarod Test

Healthy
093Uy 903l Suilods b ¥ S

S5 0 plaxil B aigz ogaste ;Hil (o atin £ Sae 4 Ol jo Ll e ST, MS Gl aul jlom oy podd JST gy
A 00938l (i yed JSTgp 4 ;b a8lal Jol a5 &g cpl 4 wg Mol (SWIL YT G Ses g 08 Gubion 5l a5 o el



3 5 ctate IS

N

A9 53 ) pgle |

5 b aslol Jol cule, jslate 4y o SLs aiam £ Se s g 35, 50 ,b K Lt Codled 05,5 slac, (Y- TY (150 5 we)

Ol o a5 abioe Ml (g0 4 @il B sl atdn )3 (n ped Do &S 39 D90 (al 4 L (e Bllsm 6,850 oz
4 ) did g ety sladtia )3 adSs Ve 4 aiin o 0 BB 0 (05 Bl L 5 ggD Jol g, p0 akde Ve sl codlad e
43 5l st sy 0 et @l p ol anlssl 3l g e giogesT ay (Bl ol 4is o 0k 0)ls 5l (55Tl pslare
Lo sl (205 0 ol paile i 6Ty 30 5 (6,5 Spg0 @ Lo, L Slad 5 (Y- Yol Saong 55) s oolinal
LaS oy seclo 00 5 Jsb yiecilo 1Y+ 5 elis) e lo 90 slol L (ololpl Ylo (il o8,5) ¢
)5 550 e (Tl B Sl Ol (sl oad 428 )5 )15 50 Bac b plonl gy 00l el Cool (1

Sl oa ools HLaS ¥ S jo el STy plol b g 00l

):h.w‘ ).)
Slras

)

A
o3P

o)




—
Biosciences in Sport

W
7

{ )
/A
|

\ \

¥ v l N e e e

Vs $aiin Aaiin Qazin :‘I [P VY aiin
§ "\Y A ds 1 agdo Y- X L 4 aido Yo Adds Y. VY asi
addo )+ 139y SR 50 el lej e addo ¥
v (303 g3y} (o ped ol
IS EEEN] 1
d 'xJ v
ST TY ‘
A O S JES N
P ¥
2! el -l _—
wf}u,m -~ q\’\ ]'X | & 4 % 1 0 4 .
\ Wy LY |
\‘\\ “ ’\

& D & g ()2

J! OgelisSS Sl ol
Signal Substrate
[ ]

- N
Gel = Enzym =
- = y -
R N - ﬁ S .
econdary
A antbody  df NS primary

} antibody - =

N %*An(\'gen

‘v
Ol SS9y bl Jol e Suiled 25k Y S

LENGPIWE ) SRV oW u)b U)""""} wg) )l Sirt1 9 AMPK c;LQ w.ﬁ.;s).: 6‘9...790 oo SO )9.E...A 4 Z‘S.QLSM/ W “Lﬂ}T ‘slb &9)
057 G 53 Jge (e 00 05 oY) il e 5 ol Sy 00isS 3 3L ) S Ve iZ8h )5 (e Ve o )
30 Jse sk VO« )T ¢ IFY) oo wlS ()0 /YO ()5 2 [00) DY wSels mud (B o/) )5 ¢/ Y) X-100



o

A ) s} qbﬁJ’-

Sl o Yo 10 a5 ((p,5 OIAY EDTA) Sl el (69 sl asl 0oy + /) “D)S‘/‘Y) Slad g Gu.fgl? o (]
SpU5ged olXiws b aids )0 ;90 YO« v Caoyun b g ol 00g38] A8 il sladiges b 0 00l boglsee PH=V/E L ylade O]

W) o.)l.a...w‘ (10X) )....J L_A...a \‘ ).&b 6‘)‘ L )Li.uj).: OAJ.LS)Le(q uojﬁ gS.' )‘ o> g_)}...uj)s...c L <9 eLo Jl&.u‘ 9 4.9..3.) )o

wb‘f)&d)&wl)l.ﬂbcbwuB;)bB‘sm)).ao)ﬁ.a‘oAc]woda ul...a.:).:}wu.la.l.c b)ﬁﬁb‘fus“oom‘law

0)5.7[.3\) LQLS"":"j)" leﬁs.[}n LSLD)LDL.» b asods OAJL.»? d.a.d.) Z,h" 9 .bji.‘?bo 2X 445.04 )Sl) la (\3)930‘).1 U"’j) 3 &)51).:
59 35,000 O 5l g 5o diged 018 1B au s eSS yg 4l i b >l 0 sa sloul ol ) uWGS o 9 ol
lg Lbd.aj.o.) ‘MBL 9 JLQ.».J‘ 9 )9)93).&‘ Js‘d.ua GLQ wj) r:l.?u‘ )‘ o= 9 A eolauwl SDS-PAGER 0 G99

« SirT1 (D1D7) Rabbit mAb) Sirt1 4 (Cell Signaling Technology ¢ AMPKQL (D63G4) Rabbit mAb adsl slasols 6';31

mouse anti-) 4,456 ol ‘éjﬂ 3,8 18 i 3,90 PBS 8L ,0 VB e - ‘_,’Jllﬁ .. (Cell Signaling Technology
GAPDH ;| udios ol ;o o eolasl adgl ol 5T & Jlasl 5l PBS 8L ,0 VY« - bbit IgG-HRP: sc-2357

9 g_i:)Lv dl.l‘ 9O Uy o eolawl )L.x.a u..f.:g;.; u‘}»& aQ (GAPDH (D1

1) XP® R mAb, Cell Signaling Technology)

Sygo ((ux LD-14) X-RAY Sijls p olfiws ;o laail jeels (55 0 1834 bca oS 5l oolatwl b je,8 jei 5 40
adls g oads Sl jo a0 wlus sAE( > BonninT&gh oiws 5l oolarul b wans (gl 1oy .08 8

2 O59e JS 2000 oXwo )‘).9| ra).v oolazwl Ls Lb.).;l.a

Slyil £ Sl & j90 45 gl .0l plxil SPSS L aosls g bl Jdos g 43500 16 ybe] Judxs glo w¥9)
b 4 4z b ol solinal Sy —g,mlo (9031 25 095 sk s shte 4 0l (B)1F eSSk o il
TS5 omhind (g5l 5ol eolatwl loeg,5 Sl 'Lm s (ANOVA) aal, G uil g Judos oyge3l 51 daools a565 oy0

20 5ol sre a5 0 S ooliiul oy S (599 4 95 Dyl (o Sl

& (o asily

Sy a5 0l Las 39,3, > SWO505] )0 (S§ ot 903l o] Cllate g anl, o il ly Julos (yge5] @l
FoS Gl e Dys0 4y 3 09,5 a4 Camd MS 1S 05,5 slacs 50 5k dz gejl 0 ead (b cilas 5 05 >
09)5 4 S MS (3 503 09,5 ;0 bd psie el aS slo (lid bl fpuzmen (p=2/+ 2 1) o5
Jys S alie 5, p Jolas Laa> 5 6 B uile loj o aS ols Las 09,64, (yge5] b cogdle s (p=+/++ ) o4
-‘ 2 Sl ploy Ses (som 31 P=011 0 )) 35 I (s (s lel LS 5l aS gy eSS 0,8 L dglie s MS
S5 T805,65 5 5k az o smil @l (p=21+ V) 01 iy (610 x5k MS 555 09,5 4 S MS (53 5 09,5

el o | F

1. Shapiro—Wilk 2. Tukey



%f\ Journal of Practical Studies of

Biosciences in Sport

5 £
1, ] )
4 Yo

. 10

3 jL Aol

37 ]

‘L Y E ’i 10

A i ~ .

nJL«JJ,wS MSJ;J e lew MS (o3 mJl—»J,wS IVISJ)J S wJL~ MS (5 o3
u
* > "j
N
Yo ‘

PR
3001 7
—;’h Yo 1
3 v
ES) ]
(:9‘ V6 _
3o
3‘3: b. E .

el J)-‘-'S MS JyuS (nyes wﬂw MS 5 e
C \ * v
s ‘(°-\-5’4‘s‘°¢~5@‘-l - “ ) Sbfe (y905] L (B 9 A .cilizko (sl 03,5 10 39,Ug; 3 5k e sl (9051 ol F S
: : 45 AL # ¢ LS 09,5 g MS S 09,8 oy )1 (e ogldd Al 3 (aluo (59, yiile (B (yloj) 99U 903
T MS 505 09,5 g MS (52 yod 09,5 (ya 510 (Smo Wgldd aillisest tlaog 5yl g (o pod Wl 09,5

oS gt 2L Sirt1 g AMPK (slariig oyl 50 anly SO uilly Judos (g3l 51 ol bl yuizen
S ls (p=e/ o)) Cwl Buiod @l sloog S j0 i n ol Gliae 0 o gre Cglas saims las il
sbiul 4 AMPK e )0 olul cpl o cewl ool ools Ll (C 9 B) O JSKo ,0 Sirt1 § AMPK sla pxco b alayly o S8
LS iomed (P[0 0) 091 Lo Sxe og,S ple o 50 Oglas (p=2NYF) MS (s ed g Wl S sloog S y Dglis
@S Sygo ol a4 (P 0) 09 o sae oy ,T pled s y0 glas aS ols Lis Sirt1 paite b oalaly 0 (Sg5 ouhiad (a0

11



A

B e mﬂﬂ ‘

L)) 05 a8 (g kel Sl Sl el 5555 05,8 4y S MS 35S 05,5 50 (eSg  nl olie

GRIBIMS (o3 09,5 3 5 (p=
ol o ooy 1Las Sirt1 g AMPK (glapus5g 5 OO () g slaasl (A) & S jo (p==+/+ YY) ol plias |y (s)ls oo

oo J,58 MSJ,as ol MS oy ped

]
AMPK
82 KDa ?

Sirt1
120 KDa
GAPDH
37 KDa
A
LI S
\V/F * V/¥ *
/Y Al
) %
'_?i A % 3: \/~ %
- xE N *
1 6 36
h s }3_5 N
X 8 * : £ *
~ /f tE - .
2 / ® Al
oY ~/Y
[VZN- N N - ; . S T T
oo JusMS s Wl MS s o JpS MS Jius Wl MS el
G o
-
B ‘* C

C 9B .M ¢y ywg (o9 3 eolaiw! b calieo 5 09,5 Sirt1 g AMPK (sla 1dig 1 (5lgsime &l i (A O SO0
 ailidnr (og,S plad by Hlo (Smo wgldy ailid # .caliceo g 09,5 ;0 Sirt1 g AMPK gl 159y <D (o yiwg
P <el+b )10 (Sro s MS J iS5 g (2 pod @Il (sbrog )5 g MS (2 p0i 09,5

e

Joe o, S gma b o ity AMPK (slagysgy lotme Ll (o8))9 Cudlad 136 (o) p pol> saslllas 5 Son
Sl Cel S gt ;0 oy 4 (mas Sl ke S e Gyb 5l 95 0sS Jde 05 3 s b eads sl e JSl Lcdle
5 5YsS ) el oanlice BB 5L saaz 5 55,65, LB 5l 6,L3; sloyge;] awgs a5 Sedpe Jobsd g S8 > o LS



%?\ Journal of Practical Studies of

Biosciences in Sport

O g 6)1.@...4 6[.0.” 9 99>g ..\.a.ula 6‘;! 03 )So LSLQQF)T )l dxlllas L)"‘ Pod (Y‘ YA ‘U‘)i"o jvjmyj.cj‘ YooV \nbjl_;)..v
dadlao Q_J)o bjjl.:}) U?‘A)‘ 6[.%4..3[4 u.uL..u‘).v Al eslaul LQ)...:..A L)"‘ L ua).o.u u‘r‘ j)La.u 6ng_)) @S)} .))S.Lo..c R
29,9, olSws ails)F (59, 2 b Sy 09,5 L aulia 1o MS J S 05,5 sladogesl aile (Bl ploj azgs BB rals
(Y‘YY) ‘)ih) 9 ;5_7).'5.] Ja.wa: 03 ﬁl.‘?u‘ U’“‘aﬁf l.a G as S99 LS)LA.A.D bl.?u‘ » ujfﬁﬁf 6)‘J§ﬁb S/Lo..}‘ S S¥-N) ul.ma
c\JJUa.A u.:‘ C.ll.u 405..»‘50 Lgi; Lo...l 4.15.@..' u‘}..c =Lv U?‘o)‘ U"‘ ).) d.ul) ‘\\ )‘).ms L) ) e Ay L..>).~w‘45 4\45S4L0.Q ‘05.'
o2y (nl b o)l Gl (g BB U8 @ it (o pe5 IS szl 5l o lem (oS 095 50 Ol
Lgipo g2 re3 055 Jobo Gial33 & Ylaio| Sglis ol ol (Sn 45 032 5208 (50 ol 5 ol J S

Sl Wlgs oo Yl 5,8, slacyge)l 5l abol> zuls .
iz 4SSl il Lo e asdee il o el 6&&)1;!!‘,,

"'aLw,_e) &los S u»)l;MS @ 5w 4o u;"l*“‘ jy

ol slass (2alS 5 (VY ]500 §f sle) 955 Ly S ol (rimren gzt 8L 1S 5 6L°J91~ TR

oS lasdlas  udos anion | . Oeole) Canlon S Jos g0 ped 1 5 a0 e 8L o (g Ll
a2 090 |y 593 yeS Jae jo g Ll codled 4y uly jo |, Sirt1 s AMPK &l yoss
e; LY) M MS J)—MS 09)5 )b Slrt1 AMPK QSLQQJ"*@J" 6‘9..\.?:4’ dS alo UL'"" )..oL>
) 90 Ol o NTbelS1 L L350 s el (Y2YY) 1,500 3 lee Lragh =l b guen g ool
5 et 358,515 9 psS Jow jo 1, St el 15 (YY) 0,500 Y sl es S

Sl aS sl [S3 a3y 109 EAE Juw ;0 (Y- YY) 1,500 g 6,k iwgh zuli b guned AMPK jo 251581 -
50,8 ooliul jie sl 0S5l el I3 agh 0 (ke g 0dgy Diglite pol adlllae b 500 5 gk tegh

1. McQualter & Bernard 6 . Fietsam 1 . Ammar 1
2 . Omotoso 7 . Parmar 1 . liraglutide 2
3 . Mandolesi 8 . Houdebine 1 . Liu

4 . Tomas-Roig 9 . D'Ambrosio

5. Han 1 . Wilkins 0

13



o

A ) s} qbﬁJ’-

Gl bge 1 4z I Hob & AMPK ()l cJewd 5 (595 2 (5519 (52305 588 A 5l (g 45 050,87 5,155 (V- V)50 ¢/ SOl
(Sl sloazals ;o AMPK collad Jobo jo a8 aisls (5,15 (Yo V)50 o7 s jo0 500 (gom 51 il ialidl Gl
Codled a8 03,8 o (Yo +#) 01,500 o (Joly crizmad 098 oo Jlad AMP/ATP Cord i3l b laplasl Lo 5 ouS ¢ oy 2l

Slp 3 @ pamie Joo So Sl Ole 50 e g sdoe LS AMPK (SG3el5 58 oasS JUd (n 598 Ol @
45 wiS oo L] AMPK (g5l Jled ;o cs‘&w‘s G (o859 adlad sl (8559 Sullad 56l 508 (sla g 5l ()b anlllae
st S b a5 Joe o slam oot SialS ol adllas s gab S (g e MS aiibe bags oy
551553 (sras S lon ;0 Layg)08 S e )3 a5 goaxie Jalse (o o 3l Gk 5l SiMtT ool Golae

ol Jis 4 a8 wisls las 1) AMPK/SIit! SoJlfw (zals MS Jles> Jow U‘F e
JLis 4 o Sirt1 g AMPK (g5Ludlad b (o555 Sodled (V217 o), S00 & SSlg eV YY oy

GialS 5 TLR (goui S 4 DAMP Jlail pas (V- YVl 5
PRPOLE 2 SRR SV ARNPURRUIK S REC GNP JNES NL@
ial38l 5o PGCT-a' g AMPK (o5lulled iuld ¢ '
O Sl Gl Ol Gl s jlecelee
SIS 5 ke ©de Sguge 4 Th17 slo Jolos 5l oais
59w PGC1a (5l e Lilaie 5 AMPK_ 2 SDL

g |, TLR' G0N S 35 AMPK %o;
s NF-KB o Jled 5l 04> MYDB8' SJlXw
)y Cedlad a5 wes o lid wwled (Ve Vel S0

tho (Y. Ve (1,558 g dian 3)095 o Klotho 1.5 g 3 Zskaws
NF-a zshow Sialiél 5l 6 ,uSel> rizmed 5 PLP g MBP aiile
0 2ig Sl odle 4 (VoV el Ks 5 wien a0
IRV PSPV SRR QRNCIRS LB N JE AP RRRTC JE 10
“i (o0 §V o VN ()1 50 97 eedl)ams iol3l |, (BDNF) ' ae
35S slagtagi 5 (VT (1,508 350,60l 55,0 a5 5l c bl
(VY R0 Y mgpailesls (las (o55 a Gie slaceand 1505 5) oS50

1. Zhang 8 .NLR family pyrin domain containing 3 1 . Marosi 4

2 . Morissette 9 . damage-associated molecular pattern 1 . Brain-derived neurotrophicactor
3. Wadley 1 . Toll-like receptors 0 1 . Salamon 6

4 . Manjula 1 . Myeloid differentiation primary 1 .Shen 7

5 . Ruderman response 88 1 .Bernardes 8

6. Wang 1 . Govindarajan 2 1 .Voss 9

7 . Nuclear factor kappa-light-chain- 1 . Peroxisome proliferator-acBvated

enhancer of activated B receptor gamma coactivator 1-alpha



Journal of Practical Studies of

Biosciences in Sport

E3o90 50 dlal (s (pg;y sl 00 5S 5 5 gl Slalllas @ LS 0szg (ol bl (g 5lens (nl 4 M Silga ladiged
.A.M:La KS'L“"‘ Sladlas Ls‘)" G.l.wiml) oJ.u] o JJ‘F @‘9..9 JA.A Sldlas U"‘ G 05..» <° uul.w?‘ Aoy U"‘ o u.?u 3,90

&3l (ol

2,5 0929 Alae pl pgas o adle )l AeSone a5 W ls ﬁ el s g

b oS Conl leal ol ez auged oA (23555 (ST5ds 8 09,5 wbl (oulid IS asl (Ll Jol> aslllae (nl:
hrgh oglee Slatin 5 ) Ken jl dliwy (o Cawl 4185 alxil SCU.SS1402.266 o)l B

&bw
Ammar, R. A,, Mohamed, A. F., Kamal, M. M., Safar, M. M., & Ab 022). Neuroprotective effect of
liraglutide in an experimental mouse model of multiple s¢lero: K/SIRT1 signaling and NLRP3

inflammasome. Inflammopharmacology, 30(3), 919-
Atkinson, K. C., Osunde, M., & Tiwari-Woodruff, S. }a( lexities of investigating mitochondria
dynamics in multiple sclerosis and mo%se dd . iers in Neuroscience, 17, 1144896. doi:
10.3389/fnins.2023.1144896 l‘
Artemiadis, A. K., & Anagnostouli, M. C. (2010).
of Myelin Basic Protein in Multiple Scle ssible Role for the Early Stages of Multiple Sclerosis.
European Neurology, 63(2), 65-72. doi.org /1000272940
Aslam, M., & Ladilov, Y. (2022). En@ing role of CcAMP/AMPK signaling. Cells, 11(2), 308.
doi.org/10.3390/cells11020308
Baltan, S., Jawaid, S. S., G. J., Chen, J., Battapady, H. D., . . . Trapp, B. D. (2021). Neuronal
hibernation follo i pal demyelination. Acta Neuropathologica Communications, 9(1), 34.
doi.orgl10.1‘86/s
Bamps, S., Wirtz, J., ﬂo

godendrocytes and Post-Translational Modifications

., & Hope, I. A. (2009). The Caenorhabditis elegans sirtuin gene, sir-2.1, is

ed upon caloric restriction. Mechanisms of ageing and development, 130(11-12),

016/j.mad.2009.10.001

(2017). Inflammasome activation in multiple sclerosis and experimental autoimmune

AE). Brain Pathol, 27(2), 213-219. doi.org/10.1111/bpa.12477

Bernardes, ira-Lima, O. C., da Silva, T. V., Faraco, C. C. F., Leite, H. R., Juliano, M. A,, . .. Orian, J. M. (2013).

tial brain and spinal cord cytokine and BDNF levels in experimental autoimmune encephalomyelitis

modulated by prior and regular exercise. Journal of neuroimmunology, 264(1-2), 24-34.

doi.org/10.1016/j.jneuroim.2013.08.014

Campbell, E., Coulter, E. H., & Paul, L. (2018). High intensity interval training for people with multiple sclerosis: a
systematic review. Multiple sclerosis and related disorders, 24, 55-63. doi.org/10.1016/j.msard.2018.06.005

Close, G. L., Hamilton, D. L., Philp, A., Burke, L. M., & Morton, J. P. (2016). New strategies in sport nutrition to
increase exercise performance. Free radical  biology @ and  medicine, 98, 144-158.
doi.org/10.1016/j.freeradbiomed.2016.01.016

15



P9 crupsk | )3

Dalgas, U., Stenager, E., & Ingemann-Hansen, T. (2008). Multiple sclerosis and physical exercise: recommendations
for the application of resistance-, endurance-and combined training. Multiple Sclerosis Journal, 14(1), 35-53.
doi.org/10.1177/1352458507079445

D’Ambrosio, A., Pagani, E., Riccitelli, G. C., Colombo, B., Rodegher, M., Falini, A, ... & Rocca, M. A. (2017). Cerebellar
contribution to motor and cognitive performance in multiple sclerosis: an MRI sub-regional volumetric
analysis. Multiple Sclerosis Journal, 23(9), 1194-1203. doi.org/10.1177/1352458516674567

Deforges, S., Branchu, J., Biondi, O., Grondard, C., Pariset, C., Lécolle, S., ... Charbonnier, F. (2“9). Motoneuron
survival is promoted by specific exercise in a mouse model of amyotrophic lateral sclerosis.yhe Journal of
physiology, 587(14), 3561-3572. doi.org/10.1113/jphysiol.2009.169748

Fagerli, E., Escobar, |., Ferrier, F. J., Jackson, C. W., Perez-Lao, E. J., & Perez-Pinzon, W A. ins and
coghnition: implications for learning and memory in neurological disorders. Fr siology, 13,
908689. doi: 10.3389/fphys.2022.908689

Farahmand, F., Nourshahi, M., Soleimani, M., Rajabi, H., & Power, K. E. (2020). The effect o
interval training on myelin biomarkers and demyelination in expefﬁnental immune encephalomyelitis
model. Journal of Neuroimmunology, 346, 577306. doi.org/10.1016/j.jr¢ro' 306

Fietsam, A. C., Darling, W. G., Sosnoff, J. J., Workman, C. D., Kamholz, J. d ﬁ,T. (2021). Cerebellar
contributions to motor impairments in people with multi The grebellum, 21, 1051-1060.
doi.org/10.1007/s12311-021-01336-6

Fresegna, D., Bullitta, S., Musella, A., Rizzo, F. R., De Vito,
Role of TNF in MS Pathogenesis and Therapy. €el/

Gaetani, L., Salvadori, N., Chipi, E., Gentili, L., Borrelli, E
in multiple sclerosis: lessons from cerebr#inal
42. doi: 10.4103/1673-5374.286949

Ghotbeddin, Z., Basir, Z., Jamshidian, J., & Delfi,
death by nitric oxide in the neona
doi.org/10.1002/brb3.1841

Ghotbeddin, Z., Khazaeel, K., Tabande .-R.,‘ihe ri, M., & Yaghoubi, H. (2022). Effects of omega-3 fatty acid
supplementation during c rnal hypoxia on behavioral disorders in male rat offspring: The role
of Trk family and ‘oxidativ. . abolic Brain Disease, 37(6), 1959-1967. doi.org/10.1007/s11011-022-

o SRS,

s of high intensity

. ile, A. (2020). Re-Examining the
0i.org/10.3390/cells9102290

ilippo, M. (2021). Cognitive impairment
jomarkers. Neural Regeneration Research, 16(1), 36-

odulation of behavioral responses and CA1 neuronal
hypoxia model. Brain and Behavior, 10(11), e01841.

01012-6
Govindarajan, V., de her i, J. & Keane, R. W. (2020). Role of inflammasomes in multiple sclerosis and
their potential a i gets. Journal of Neuroinflammation, 17(1), 260. doi.org/10.1186/s12974-020-

01944-9

lipid metabolism in mouse models of multiple sclerosis. Chemistry and physics of lipids, 207, 127-

. doi.org/10.1016/j.chemphyslip.2017.06.002

PN-C, M., & Holland, N. J. (2005). Multiple sclerosis: A self-care guide to wellness. 2th Edition. Demos

medical publishing. Park Avenue South, New York.

Han, S. R., Kang, Y. H., Jeon, H,, Lee, S., Park, S.-J., Song, D.-Y., . .. Lee, S.-H. (2020). Differential expression of
miRNAs and behavioral change in the cuprizone-induced demyelination mouse model. International journal
of molecular sciences, 21(2), 646. doi.org/10.3390/ijms21020646

Harrison, A. M., Safari, R., Mercer, T., Picariello, F., van der Linden, M. L., White, C., ... & Norton, S. (2021). Which
exercise and behavioural interventions show most promise for treating fatigue in multiple sclerosis? A
network meta-analysis. Multiple Sclerosis Journal, 27(11), 1657-1678. doi.org/10.1177/1352458521996002



r'*;ﬁ\ Journal of Practical Studies of

W\

. ' Biosciences in Sport
Y

Jalali, A.,, & Pourhosein, R. (2021). adaptability to multiple sclerosis (MS) from psychological and social
perspectives: a systematic review of literature. Rooyesh-e-Ravanshenasi, 9(10), 143-152. [In persian] doi:
20.1001.1.2383353.1399.9.10.1.2

Kim, J.-Y., Yi, E.-S., Lee, H., Kim, J.-S., Jee, Y.-S., Kim, S.-E., . . . Ko, I.-G. (2020). Swimming exercise ameliorates
symptoms of MOG-induced experimental autoimmune encephalomyelitis by inhibiting inflammation and
demyelination in rats. International Neurourology Journal, 24(Suppl 1), $39. doi: 10.5213/inj.2040156.078

Langeskov-Christensen, M., Hvid, L. G., Jensen, H. B., Nielsen, H. H., Petersen, T., Stenager, E., & Balgas, U. (2022).

Efficacy of high-intensity aerobic exercise on common multiple sclerosis symptoms. Ac
Scandinavica, 145(2), 229-238. doi.org/10.1111/ane.13540

Learmonth, Y. C., & Motl, R. W. (2021). Exercise training for multiple sclerosis: a narrative rg/'
safety, guidelines, and promotion. International journal of environmental resear
13245. doi.org/10.3390/ijerph182413245

Liu, Y., Fan, H., Li, X,, Liu, J., Qu, X., Wu, X,, . .. Yao, R. (2021). Trpv4 regulates Nirp
10l pathway in a cuprizone-induced mouse model of demyelinati@Exp
doi.org/10.1016/j.expneurol.2020.113593

Lubrich, C., Giesler, P., & Kipp, M. (2022). Motor behavioral defici
test paradigm. International journal of molecular sciences, 2

Manjula, R., Anuja, K., & Alcain, F. J. (2021). SIRT1 and SIRTacti
Frontiers in pharmacology, 11, 585821. doi.org/10.3 fphar. 5

Mandolesi, G., Bullitta, S., Fresegna, D., De Vito, F., RizzO‘F. . sella, . & Gentile, A. (2019). Voluntary running
wheel attenuates motor deterioration andgbraift da cuprizone-induced demyelination. Neurobiology
of disease, 129, 102-117. doi.org/10.1016/j. 2 0

Marosi, K., Bori, Z., Hart, N., Sarga, L., Koltai, > & Nyakas, C. (2012). Long-term exercise treatment
reduces oxidative stress in the pus of aging rats. Neuroscience, 226, 21-28.
doi.org/10.1016/j.neuroscience.2012.09.0

McQualter, J. L., & Bernard, C. C. (2007). Mulfiple s€lerosis: a battle between destruction and repair. Journal of
neurochemistry, 100(2), 295-306.\d6j.org/10.11941/j.1471-4159.2006.04232.x

., Moffatt, T. L., Wigle, J. T., Wigle, T. J., . . . O’Hara, K. A. (2019).

ression and activity of cardiac sarcoplasmic reticulum calcium

ealth, 18(24),

me via SIRT1/PGC-

| Neurology, 337, 113593.

¥u

m*l: validity of the rotarod

g/10.3390/ijms231911342
neurodegenerative diseases.

Morissette, M. P., Susser,
Exercise-induced
ATPase 2 i 2 kinase-dead mice. Canadian Journal of Physiology and Pharmacology,
97(8), 786-7? i

Nageeb, R. S., Fawzy, , EA.-M., & Talaat, A. (2024). Sirtuin-1 level and gene polymorphisms in multiple
scl@rosis. The i Journal of Neurology, Psychiatry and Neurosurgery, 60(1), 43.

Naghibzade anjbar, R., Tabandeh, M. R., & Habibi, A. (2018). Effects of two training programs on

ional levels of neurotrophins and glial cells population in hippocampus of experimental multiple

sis. International journal of sports medicine, 39(08), 604-612. doi: 10.1055/a-0608-4635

wAzmi, M. A., Umali, M., Volz, A., & Colognato, H. (2023). The AMPK activator metformin improves recovery

from demyelination by shifting oligodendrocyte bioenergetics and accelerating OPC differentiation.
Frontiers in Cellular Neuroscience, 17, 1254303. doi.org/10.3389/fncel.2023.1254303

Nazari, M., Kordi, M. R., Minasian, V., & Quchan, A. H. S. K. (2022). Ameliorating effect of 6-week swimming exercise
on mice with experimental autoimmune encephalomyelitis (EAE) by reducing fetuin-A and increasing
AMPK & NAD* levels in liver tissue. lranian Journal of Basic Medical Sciences, 25(8), 1016. doi:
10.22038/IJBMS.2022.65117.14335

17



o

Nogueiras, R., Habegger, K. M., Chaudhary, N., Finan, B., Banks, A. S., Dietrich, M. O., . . . Tschop, M. H. (2012).
Sirtuin 1 and sirtuin 3: physiological modulators of metabolism. Physiological reviews, 92(3), 1479-1514.
doi.org/10.1152/physrev.00022.2011

Omotoso, G. 0., Gbadamosi, I. T., Afolabi, T. T., Abdulwahab, A. B., & Akinlolu, A. A. (2018). Ameliorative effects of
Moringa on cuprizone-induced memory decline in rat model of multiple sclerosis. Anatomy & cell biology,
51(2), 119. doi.org/10.5115/acb.2018.51.2.119

Paintlia, A. S., Paintlia, M. K., Mohan, S., Singh, A. K., & Singh, I. (2013). AMP-Activated Protein ‘inase Signaling
Protects Oligodendrocytes that Restore Central Nervous System Functions in an
Autoimmune Encephalomyelitis Model. The American Journal of Pathology, 18
doi.org/10.1016/j.ajpath.2013.04.030 u

Parmar, K., Fonov, V. S., Naegelin, Y., Amann, M., Wuerfel, J., Collins, D. L., ... & Tsag ). Regional
cerebellar volume loss predicts future disability in multiple sclerosis patients. um, 21(4), 632-
646. doi.org/10.1007/s12311-021-01312-0

Patel, S., Khan, H., & Majumdar, A. (2022). Crosstalk between Sirtuins awl Nrf2:

treatment for diabetic neuropathy. Metabolic Brain Disease, 37(7), 1-21 i.ﬂ'gm 0.1007/s11011-022-
00956-z u

Piacente, F., Bottero, M., Benzi, A., Vigo, T., Uccelli, A., Bruzzone, & Ferrara, 022). Neuroprotective potential
of dendritic cells and sirtuins in multiple sclerosis. Inte‘1 [ olecular sciences, 23(8), 4352.

doi.org/10.3390/ijms23084352

Portaccio, E., Magyari, M., Havrdova, E. K., Ruet, A., Bro
sclerosis: emerging epidemiological trends arfre
Europe. 44, 44100977. 10.1016/j.|anepe.20§|009

Rieckmann, P., Centonze, D., Elovaara, I., Giov oni,
Unmet needs, burden of treatment, and i
from the MS in the 21st century steeni
doi.org/10.1016/j.msard.2017.11.013

Rommer, P. S., Eichstadt, K., Ellenberger, ecker, P., Friede, T., Haas, J., ... & Zettl, U. K. (2019).
Symptomatology and symptom atment in multiple sclerosis: Results from a nationwide MS registry.
Multiple Sclerosis nal, 1641-1652. doi.org/10.1177/1352458518799580

Ruderman, N. B., Julia Xu, X:;{Nelso ?; edo, J. M., Saha, A. K,, Lan, F., & Ido, Y. (2010). AMPK and SIRT1: a

B., Sc i, A., ... & Amato, M. P. (2024). Multiple
jcal course. The Lancet Regional Health—

agement in multiple sclerosis: a combined perspective
up. Multiple sclerosis and related disorders, 19, 153-160.

Iong-standir“art 2?2 A jcan Journal of Physiology-Endocrinology and Metabolism, 298(4), E751-E760.

doi.org/10.1152/aj .007452009
sadeghi,astabsari,ebadi ,redjIi,&sadeghi.(2022).socia| support needs of family caregivers of iranian patients
sis: a gualitative study. rehabilitation archive Quarterly,23(1),68-87.[In Persian].

23330.1
M. A, El Sayed, N. S., Sayed, H. M., & Kandil, E. A. (2024). Neuroprotective effect of curcumin
experimental autoimmune encephalomyelitis-induced cognitive and physical impairments in mice:
sight into the role of the AMPK/SIRT1 pathway. Inflammopharmacology, 32(2), 1499-1518.
g 1.org/10.1007/s10787-023-01399-3
Salamon, A., Torok, R., Sumegi, E., Boros, F., Pesei, Z. G., Molnar, M. F., . . . Klivenyi, P. (2019). The effect of physical
stimuli on the expression level of key elements in mitochondrial biogenesis. Neuroscience Letters, 698, 13-
18. doi.org/10.1016/j.neulet.2019.01.003
Sandroff, B. M., Jones, C. D., Baird, J. F., & Motl, R. W. (2020). Systematic review on exercise training as a
neuroplasticity-inducing behavior in multiple sclerosis. Neurorehabilitation and neural repair, 34(7), 575-588.
doi.org/10.1177/1545968320921836



: —ﬁ\ Journal of Practical Studies of
W

. Biosciences in Sport

Shen, J., Li, Y., Qu, C., Xu, L., Sun, H., & Zhang, J. (2019). The enriched environment ameliorates chronic
unpredictable mild stress-induced depressive-like behaviors and cognitive impairment by activating the
SIRT1/miR-134 signaling pathway in hippocampus. Journal of Affective Disorders, 248, 81-90.
doi.org/10.1016/j.jad.2019.01.031

Shindler, K. S., Ventura, E., Rex, T. S., Elliott, P., & Rostami, A. (2007). SIRT1 activation confers neuroprotection in
experimental optic neuritis. Investigative ophthalmology & visual science, 48(8), 3602-3609.

doi.org/10.1167/iovs.07-0131 u
Spasi€, M. R., Callaerts, P., & Norga, K. K. (2009). AMP-activated protein kinase (AMPK) molecular ssroad for
metabolic control and survival of neurons. The Neuroscientist, 15 09-316.

doi.org/10.1177/1073858408327805 u
Taul-Madsen, L., Connolly, L., Dennett, R., Freeman, J., Dalgas, U., & Hvid, L. G. (202
training the most effective exercise modality for improving lower extremity phys
fatigue in people with multiple sclerosis? A systematic review and me rchives of physical
medicine and rehabilitation, 102(10), 2032-2048. doi.org/10.1016/j.apmr.2021.03.
Tintore, M., Vidal-Jordana, A., & Sastre-Garriga, J. (2019). Treatment of multiple s ?uccess from bench to
bedside. Nature Reviews Neurology, 15(1), 53-58. doi.org/10.1038/s415 @z‘
Tomas-Roig, J., Torrente, M., Cabre, M., Vilella, E., & Colomina, (2019). Long, lasting behavioural effects on
cuprizone fed mice after neurotoxicant withdra\ﬁal. ha brain research, 363, 38-44.

r resistance
on and perceived

doi.org/10.1016/j.bbr.2019.01.036
Torres-Costoso, A., Martinez-Vizcaino, V., Reina-Gutiér‘z, lvarez-Bueno, C., Guzman-Pavoén, M. J., Pozuelo-
Carrascosa, D. P., . . . Cavero-Redondo, |I. (ﬁZ) of e ise on fatigue in multiple sclerosis: a

network meta-analysis comparing differen cise. Archives of physical medicine and rehabilitation,
103(5), 970-987. €918. doi.org/10.1016
Voss, M. W., Vivar, C., Kramer, A. F., & van Praag,
brain plasticity. Trends in cognitive scienc

Wadley, G., Lee-Young, R. S., Canny, B. J., Wa

ridging animal and human models of exercise-induced
0), 525-544. doi: 10.1016/j.tics.2013.08.001

s*t:\ra t, C., Chen, Z.-P., Hargreaves, M., . . . McConell, G. K. (2006).
xia’on

Effect of exercise intensity an etal muscle AMPK signaling and substrate metabolism in

o
humans. American Jou hysiology-Endocrinology ~and  Metabolism, 290(4), [E694-E702.
doi.org/10.1152/aj do.0 05
Walton, C., King, R., Rec . ,ﬂ., eray, E., Marrie, R. A,, ... & Baneke, P. (2020). Rising prevalence of
multiple scle*is : ights from the Atlas of MS. Multiple Sclerosis Journal, 26(14), 1816-1821.
doi.org/10.1177/ 52097
Wang, J., Ziao, C., Kon Bian, G., Sun, Z., Sun, Y., . .. Li, B. (2016). Methylene blue alleviates experimental

i‘lutm une enc lomyelitis by modulating AMPK/SIRT1 signaling pathway and Th17/Treg immune
euroimmunology, 299, 45-52. doi.org/10.1016/j.jneuroim.2016.08.014

Transition Phase: A Scoping Review. Cureus, 14(10): e30779. doi: 10.7759/cureus.30779

(2017). Cerebellar dysfunction in multiple sclerosis. Frontiers in neurology, 8, 312.

doi.org/10.3389/fneur.2017.00312

Wu, Q.-J., Zhang, T.-N., Chen, H.-H., Yu, X.-F., Lv, J.-L,, Liu, Y.-Y., ... Zhao, Y.-H. (2022). The sirtuin family in health
and disease. Signal Transduction and Targeted Therapy, 7(1), 402. doi.org/10.1038/s41392-022-01257-8

Yang, Y., Liu, Y., Wang, Y., Chao, Y., Zhang, J., Jia, Y., ... & Hu, D. (2022). Regulation of SIRT1 and its roles in
inflammation. Frontiers in Immunology, 13, 831168. doi.org/10.3389/fimmu.2022.831168

19



SOITPRIZE I

Ye, J.-N., Chen, X.-S,, Su, L., Liu, Y.-L., Cai, Q.-Y., Zhan, X.-L., . . . Yao, Z.-X. (2013). Progesterone alleviates neural

behavioral deficits and demyelination with reduced degeneration of oligodendroglial cells in cuprizone-
induced mice. PLoS One, 8(1), €54590. doi.org/10.1371/journal.pone.0054590

Zhan, J., Mann, T., Joost, S., Behrangi, N., Frank, M., & Kipp, M. (2020). The cuprizone model: dos and do nots. Cells,

Zhang,

9(4), 843. doi.org/10.3390/cells9040843

Y.-J., Li, J., Huang, W., Mo, G.-Y., Wang, L.-H., Zhuo, Y., & Zhou, Z.-Y. (2019). Effect of electroacupuncture

combined with treadmill exercise on body weight and expression of PGC-1Q, Irisin and AMPK in skeletal
muscle of diet-induced obesity rats. Zhen ci yan jiu= Acupuncture Research, 4 476-480.
doi.org/10.13702/j.1000-0607.180460

Zimmermann, J., Emrich, M., Krauthausen, M., Saxe, S., Nitsch, L., Heneka, M. T., . . .‘Iﬁl . IL-17A

promotes granulocyte infiltration, myelin loss, microglia activation, and icits during
cuprizone-induced demyelination. Molecular neurobiology, 55, 946-957. doi.org/1 035-016-0368-3

)
u

-\




