DOI: 10.22122/jims.v37i526.11962 Vesnu Publications

WWAA 155 093 (S4TaD/DYF (50 Lo/ @i 9 (w Jluw Olcwol (S 33 031D alxo
WANF/A :ols & ,6 WA/ 20 oy 2,0 WYY el ys &b

QA2A g § ol g weolS gud CAL A 10 (530 DlaIlo 39 ) ol LR g ) DLy g0 il
SN0 igo 39 (5 yho SwoSu| (SASw JLis

P609888 iy o glan e T calians Gilige (T saan0 I £lud 1 uu gasis (53¢

oS

isugle 1 2allS g 6yeps ey S ((Sojd Culld Db o colSgnn 13 (3,Slas 5 gl slacauwl ol cel (e iud oS! tdoddo
CAL (s40b (slaigyg 29 2 eso25 53y 2 plSiBIG5 (stolitol (32505 4tim A 3 ) r ctalllan ol ol 5] Bt sl (300 (53S0 | (g pISR3g;5
S35 @lee Jhge 3 e Bied ) (oSl S8 4 A2A (159 (o 5 el sen

09)5 (Slo b9 Nk el (205 5 oSt S 9 J)ES g (oSnsl SHAM) 05,5 a4y (ol oo 4 WiSHAr ol 5 olpeo (9o oo VY 1 ydg,
Sdo dy S o W59)l8 b b 93 2 il b oSn] .809 (4135 lg5 (g9, dian ) joy O catam A Sdo &y (oSuw) SWW]5] uy lio YF ¢y yed g oSumn)
odlitwl JSgy9 Spe lje wyp <oz (HEE) (il — S gilon (6540155, 5l g (63, Shos Cundy (wyp sly LAdAer ge5l ;i sl 4ids Fo
A5 odlazwl IMMUNONIStOCheMIStry jsg, jl ¢ cufSgn olo (cwyp Cae «Cpiomon 43,5

s g olyer Sllg > (S 6xS3k 5 (BLS Sk Jall 5 ligun CAL el (rae lasbs Sye GRIBIL siie (oSu] Bl
oSy oSl 0935 33 A2A (g n ol (pmen B (5> 653k g (Bld BT el g Jsle S (S el g sme pobo 4 pliasg;
bl (6l gime ©gles ¢ U8 + oSl 09,5 4 s

5 selgs (S 5 Slas dgi0 9 Jsbo Sy il > (ladlre Gl cage (Sl S e S Gy bS5 sy IS5 (203 36 5 A

Ofsedsts ccsaSont] eistoliial (503 16 31

S0 Olasld 39y (siolibins] o395 il pod yil i) (6988 e e ogin Oline aline sl (shome M (i hwgrino tEls ]
YA (lodol (SKbj 0aSiily dlowe o ol pouo (g 3D (G R0 SueSus! (gaSiw JUid a4 A2A (1G9 by 9 ol CAT ganl
FAO-FAY :(YF) YV

L;d\dﬂjlﬁobuﬁr@zﬂgﬁﬁué@lamw dodo

il s e A L ol 51 L e 5 S e e oS e B B e S
PR35 38 (b LR35 (1) i o 350 ) (92 Shas oSl el Dol 53 (1) ol Dl ol s 53 gtls ) o
3 5edt o oS e S ) g sl Sl YE 3 355 by e 53 el 2alS Eosl ie 5 S0l Shles oyl L LS
(8= dles S 4o 5 1y (50 Sl 2ol 5 Jlawr sla Jl5L Ll e il 03l (S (S0 s ol s Shes
sk s el YE s s p8an g5 Dl el g oimen (1) ey Ohley (S5 oS J2alS & g5 B b

Oyl 3950« ool S13T o&sls 039350 31y ( Slusl pole oaslasls (2559 pole 5 (G can 5 09 8 )

Ol sl cobssle oLy (o509 pole GouSisls ()09 S39lg2 528 09,8 lusisls =¥

Olnl cdgion g g 5 ol8ils ((b))9 pole (GoaSiils ()i S3glar 5 09,8 Sluiils ¥

Ol pl )90 (oMl ST o&itsls 3 ygizm A>lg (59 [a,l.c 9 d a5 (503D ()9 SIgle b 09,8 bkl -F
Ol lions 0l (K3 pole olKitils (K) (2132 candas Slisins 35 jo 35 (5,55 -0

Email: zia-falm@umz.ac.ir ooz M sLis 1 Jggmmo (GO 99

FAD WAA S5 093 sazin IOYF (Go b / YV Sl — Olghsl (S5 0aSCils aloea

http://jims.mui.ac.ir

-uado ue sI siyl @

"pano Apiadoud si xiom eulbiio ayy papiaoad ‘winipaw Aue

u1 uonanpoJdal pue ‘uonNgLISIP ‘asn PajoLIsaIun sywIad YoIym ‘3stadi| patiodun 0y [e1oJelitio)UON-UONNGLITY SUOWIWO0.) ATEaI)) aU) JO SWIa) ay] Japun panguiIsIp ajoIe ssaooe



http://dx.doi.org/10.22122/jims.v37i526.11962
https://orcid.org/0000-0001-9102-9463
https://orcid.org/0000-0002-9214-0195
http://creativecommons.org/licenses/by/4.0

Olylsed g HAuugiso

Gl 5 A cos Sl S N=V) J 38 5 oSl o35 Y
s (G s IS g s LB S 15 (ke oS
(Srre oS GLAl oy a5 (N =V) (2555 5 el 05 5 T
o=l s O S I8 s el Dl e el 4 Sl s
LS L) Ol (S ke ol 20ls IO (4S5 anlllne
Gldas O L1 5e eles 5 b (IR SEMNAN.REC.1397.057
adllls ol 35 lasbae (mzmen S olal Helsinki sl
A WiStAr o155 5 5 i S YOY e 055 el
ol g el 52Ul pde Jold canlas 51 s 5 (sl jlns
2 s el b s (e S s e el e (S

L Dbl elsS Slealizad b s o se g pe a1/
5ol o S L Y 00 055 p S S a il p S ke £ 5
LB g Slio e G5 b 5l (esdhls p Ske Ve
53051 45518 Gamis 31 S xie A58 0L S 53 s (A
(et A3 S i A58 0L b 5 23 4 Sy ae
Saden o slme 8 Sl eslinl L agds £0 Sode 4 WO L0
e s Ol wsll ez b ol fes 3l o Sl 1S
L018) B 6,10 wlBlus (Cele Q) 55,8 e

o Sl oSl Sl e ol YE SOl pod sdolia g
G Il s slel ain A S 4 Sl gos O S 15 (o)
G 5 433 0 10 o L aiBa V010 ke ay a2 g (g 3Lusbi]
S Lol o el s Sl 4 55 55 oo @ x> i
23500 D dga)d o d 5 aads T Dde 4 483 2 VA
osb s s 5 d 5 e S 5 e (e ST W (g
Dle any it (gasis 5o DUl g oS 65k 4 0ndl Sl el
Ay e am e pd N S L ARBY T ey L adds O
S S S 5 o5 51 3 el U 5S tr mmen T)
A Bl Dby o3 (el i Sl S 5k

Sl 5 s 5 Sles o) g (535 O g0
L 8l 0L 5 55 e s ol ikl 05031 51 (S
L3 ) o celw s s eslic el dLadder o,
jlm_;(‘x_:é.a/\j;,.:—u\’i)rmémj\‘i Colu (oS
33 3 o3l b bl 5 Sas 5 A2 ol 03031 oSl S
o) gl el s 23 VL i L (Canon, Japan) sl el
oo L Ol o glallast sliad QLG 2 S b)) 6o Shas
(V) @35 15 o 5 s 3550 0030 ol 2ok

(e Gtk STl ey sl $A 2l (glwesle]
(dle doys /A L Transecardiac o5 5. 5 s 5 s b 550

s (PH = V/8) Sl 3L Ny v/) 5 aeadlle il o ys b

ol a8 sl 55k Sl wss Ly Reliiel alKias 55 Sl 5a3 4305

eaban V) dns o FalS | S5 SOl e s 6
Sl iy Sl s (W) Wass s o5 |y e a5 S~
L33 pa b o 53 sy ol b (V) 353 e olen 0
Sl o 48 Sl ol sdalile l (A3Lis il (0555 Dy a3
il ol (oSl S ) ey sl el YE s 555
SLacS s G L s Q) A5 o 5 1, 555
O b e bl 5 Slols Gl 8] o il 5 oLl
O o sl ol 03 5SSl s sl ST S 2 s 3ledled
OV 253 Jobo 55T Il Esl 55 (oS

plos) 03 oo DU 6l (S ol S5 oS (pl 4 ar s b
S ) ey sl el YE s s Sl el oK 355
S se L;Ln(._mﬂ;l_{,: Cols ((VY) 5,0 sy Srhe o)
ol Sl ol (g5 00 S S g 5 0lS 5o et
VPO S| SV [ [N I Y 1 B P PO
Sbes [ o Jw =L (ATP) Adenosine triphosphate
Gra 3 S sl 3508 5 (oSl b s S5 055 0Lz
sl A2A lasks S o 53 Alolidl & ((OT) Ll e talS
Al o Bl 0530 e (A2A L A2A adenosine receptor)
8) L35 s (S50 58 Slacal 5 s i

oSl 3 ey Al leln 3 S il odd asin iores
0011 1S o Jlasl was Bl S 3 WAZA G0l Jle (6 50
Sl a3 plasl b SILAAZA s il o B s fen o
S (oSl ol 31 oy I3l el YE s el ol 55
Solbe ol sl o e o o Gus 5 ST Jele
Sladless 5 ol S5l 35 S (5500 oSmt] 585 (V) A2Y
o) P 55 Sy s () ol 3l i p OS] alen w18
Lb a3 ol il (saalllae Jlgm il Sl 5SS (5 beus
o LS s Aol e O Sl (g, el (’K‘“ﬁ) Sl el
sl Ses s 5 ColS 5 CAL Loty s panls
ASASL J3e (g e SaSsl (a8 3 gy A2A UL 5 (S~ 550k

B 9)
L5 ol Wistar si5 Ji 5 ol e Gige o VY ilism
Csby L) edd Jm8 Lo sme 53 Oy 1 a3l o 2
Sl Gl By gt sl S Sl a3 YY-TE
Syt i ol e Sla iy s S (sl 1YY
4S (n=V)Sham .5 5 -\ ;0 - 05 S a4 odlu dolas
ol plas (oSl Ul (Bt 4 e DU D 5S g
A oLl Sl Ll 050 O 5l dm glacdl e 5 1~

WAA L5 o3 axian IOYF (Gojlad / YV Jlo— Olghnl (K3 ALl dles FAF

http://jims.mui.ac.ir



Olylsed g HAuugiso

L;_l)_ajj&iﬁlef);u&;'-slw‘w s OLL >
meﬁéd)‘bﬂyu‘drﬁ)wwlejjj@w
(¥ JK) P < o/v00)

Sham el inls + oSyl o ) 05+ oS

*

0 S el
-

oo sl Y¥ celo PATPIVeT
s glaog £ 55 dd S el Kile ¥ S

P </v00) oSl o 8 L aglie 55 s pme oglis

Gt ¢ aS) W1 51 LS S sls OLes Ladder o e 5 b
S s g et bl slallr (S0l 03 05 ST G (5l e
Jol b Lallest sl sl 31y sl YE (P = o VY )
P <)) il il Sl o3 SY 55 e s
sols ol o SIS A2A s ol sl oL =k

(52

Sham Oyl F aSans]

B ---
C F

Merge

5 oSl 038 ShaAM o5 8 15 Ld g il 5 2Ll ¥ S
Jsl Css,y pabar oy B alad 55 op 05 5 oS 035 5 J RS
sbas g A2A 55 4 sl 3k ST Ll 4 b g o (A-G)
b S slasis plad el K5 4 by o (B-H) s s,
AL (DAPI) 47,6-diamidino-2-phenylindole ;i o5tz
bpss 5 dsl s, psbeas plosl 4 bgy e (CD) g i) psluas
xEre pladS )5 b il g O gy S ha 5 B o 0

S led g 2b5,l bdghe Ol 5 g pdy STy

ol a8 sl 55k Sl wss Ly Reliiel alKias 55 Sl 5a3 4305

oy A andls p Sl e a3 S 13 e diS Cu Olge
Gere 3l S 15 nlde ged Sl S s sy T s
Paxinus bl i a5 Lo oo i 4 2L e 5L
Slr iy Gl s S Vs o adhly JUs S gla i
A eals 5 LS s te e WY8/Y (6501 SOy il

s baon g (HE&E) sy sl — pbenS gilos (s 500l K
Sras SVl 4 JUy S wblis 2l SasSk 5l e 55 K
s a5 B el sl = oS giles 5l eslinad b g el
L o= Sy Son kw5 Histomorphologic &l a5
s sLis U e sbadshe Las oy p X Eer L3S 5
é\ﬁgﬁdudp)aL)J}LQl};&@uﬂx&»M
L a3 e glad e e 4 VU S5

S 31 Ammunohistochemistry  ———., o
3 eslazal L 5 (YY) Envision 5, « Immunohistochemistry
Biorbyt s, c..) 0rb338920 us L A2A ol ool s
Slesliad U (g sl o ooy p 0Lk 5o i sl (Ol 58
RISy LahS o Gl 5w S sSes Sm Sl 52
23 8 5 oslSly 5,50 1/84 (gasens IMage] Adle s L

FYvell

Sham c}ﬁjawijéu&l{ov\}jﬁébdw
JJ_Z'S} L;Qi.«v:‘“ B};éb}f L;Lhdjl.wds‘_;b-)i ..-Uiy. odalie L}"B
Slado (1 IS0 asedalia W (S5 oS15 L S5 5 Sy &
Jpl_ii)g;}l_ﬁc,_w;\l.x_.p)a'\;}l)):Sham a})_f)zuf
)#MJPWLJJLSJ&KMJ a)ﬁ)s (o ‘JJJ..Z@
e e sladslu &S (gosb 4 P </v0)) Cil ialS (gols pme

r&@:))@ﬁi.bi_iw&u\)gjhﬁ»gvj MJQQ' 39—

:)J._')-UL;JBL;'&AJ)JGA{\) a:fdudjhwk;&u;a\@@jd
(P= '/'Y')J\: U,LALS JJQS)QA&.;J oj_)fm.g:,.?wlv\.p)bio

cAl 6“'-’"‘ SL0g5 sl 5 e Slan 6}“’"5‘) A J‘-ﬂ
3 oSl 5 (B) J S 5 oS (A) ShAm (glaey £ )5 ol s
e s 9 Bl St (pdg) (G b b ST ks (C) (s 05
S50 4 ey o 5 Sl Kok wr b0 o lad s 5 ()50
ey ol ) ol salia 6 K 0,8

FAV WAA S5 093 sazin IOYF (Go b / YV Sl — Olghsl (S5 0aSCils aloea

http://jims.mui.ac.ir



Olylsed g HAuugiso

S s e S a8 s e Dlals Sl s Caslis
ATV=YY) 550 (63 Shas sl po3l uls

S e Al Ol bl g ol gaddllas s
S as ealicad (YY) Ladder & e 5l 6 jre SeaSaml (g
Lros S o Soloime sl i 555 0 30 OLES Jol 5
Ol s Wl el Y8 G238 ) e bl (ol 55
5 s 5, Sas 53 (ol re JalS S gk 4 g s e
05,5 do ad (Sl Slaos 5 0> Dbl 53 (S - S0l
P Soles 5 (S 3 Ses e 5 Stout .2 sl Sham
e Gla e 53 SeaSla) saSin Ll 5l g 5 315 035
05,5 53 QLT ganlles 53 .15 S i Ladder o3l 51 estizad
5, Shas Oy 53 Ssls prs ials Sham oy 4 cos S|
ol gaallas 3 (YA) At slowl Lajiga otlis — S >
03,5 53 Sl (S 5 Shas Oles 53 S ons Ssnr (roen
A edalin J 8 5 eSinl 05 8 4 S jed 5 (0S]

(Srre oSl Ol oy S s e n S0, 5 o bllasl
52 (V) 5 e b pl 53 (6555k 50 Shas 03 ek 4 e
Gk Ol s Ll g gadate Sl S o)l
el e S Jeele e ke o5 by e
—¢+ J—\= (BDNF L Brain-derived neurotrophic factor)
Ol GlSgmn 3 Gl p Oy 4 48 il She gl s
el BDNF Ol o b 51 255 slacdlad (7) 555
ol Rl S 3 e Gad s 2Ll 5 Ozl SO R
S o« olg 3 5 el JLE a0 55 5 (S5l Jogud 1
S st Sl Tl g 5 (S = e Shes
(V) ol 335 oslS 8 CAL 50t s

Cot Sl e VEGF 0y (1531 (Ss aeslSle S
5 W50l slad gl s n A8 5 & rlee 2S5 i o VEGF
Gl 48 () 3550 35 3T L 138 (il g «alg 53
b 5 2SSl Sl Sl s SIS 5 G5ST gdsle 3 25
Chen ;5 alaly cpl 53 (FT) 5l Cueal Sl ol 5 (o5 Shas
53 el oL 55 Ly e plamil as sy 0L 0L
Gl s G b 3l g5k oSl ] Sl e sl sl Y
W wenlg 55 s iss sis sl Ll BDNF s VEGF
(FE) iz o 2500 (Sipe a8 Sl Gy 1y LS 5 S~

D303 S jab a4 S LaA2A sus Ul s g
23 Joges L 10) U yls 13 e laalhly 5o 5 ol pon
B-3laS tnis s oS 5,8 « 5 BDNF VEGF i

L 5 5 ("=YA) (TrkB L Tropomyosin receptor kinase B)

ol a8 sl 55k Sl wss Ly Reliiel alKias 55 Sl 5a3 4305

e Ll aS Wl ek de b SCo elol s cpmaeen

05,5 4 s A2A DLy 5 Hls e Tl Comge S
05,5 5 o 5 oSl 03 S Ll (P < v/v00) s Sham
A edaliie gyl e gl A2A 0Ly 55 oJ S 5 oS

P> /e00)

Bee -
3.
xq‘
15 ve.
S
S v A
N
3 [

Sham 2als + oSl et S

8955
S s 3 Jol A2A 5y 0L o s 8 JSS
il glasy S s Immunohistochemistry
P <./:0:)Sham o5 8L auslis 55 4ls ime oslis ©

W)
L S oSl 505 olins 55 Sy ke 36 candllae ol 3
5, Shas Ol 0 05,8 5l (s bl Sl a3 5 eslizal
SLa0s, s 3 A2A 5, Ol 5 S - Sl (s
53 e SIS oSl dlis e alS 50 CAL gt
CAL sarl slalips s A (et 5 o sl s
A n S st K] ol 4l 5 el alS
oSl slaul Eel (S i U558 sladl 4i3s 0 &S (gl S
OT dlis a5 OF) 553 o alS gon CAL sl 55 |ulS
LS Sl S LB a0 S gadsl B Sl ol

YY) 355 0 055 o) oK) 51 50 ]
ol sy San8 Sl 5 S e 3 sl Sl s 51 S
s 53 01 (S 28 e 5 DL IS (g 5Ladlnd (oS
(s 33 et S s U S DLl el s
Ad) p e (GUsb Dk 3 age SR 45 el (555 0 (e

(V8 2l Lo sl s

dalas Pl o se OF (slaedi 1S 5 SLb IS 5l K o
SLals, 0 Conme 5 (J35 st gl 035 4 Sl 0500 S
i G355 S e an (ol 53 4 (Y0) S dal s ke 603
LS Geb ol Wl e el s g5 by o3 (O 355
shoml s e (Dl 8 Glaoiias JUisl 0l bl 5 Ll 418

WAA L5 o3 axian IOYF (Gojlad / YV Jlo— Olghnl (K3 ALl dles FAA

http://jims.mui.ac.ir



Olylsed g HAuugiso

el Gl s A5 S 5 a0 Sl
gt s s (1)) 4 sl 5T 3
5 el e Il L e Sl 51 oy S o lKens 55
S Dl b e il (Vg Sm—

(A=) 55,8

S5 s Dl e 53 eyl 3y s 4 s S b

Sty Sl ol e S0 5 (6) 013,510
S35 S0k LUT OIS Sl s bzl Sl o3 «alS sn
(V) 5,108 o SaSgl (gaiisl= 5, m0 53 s sad sl
ol 03,5 35 5l AlE e il sacalllan s ol sl
Dl 3 3 gmse (SIS 5 s ol B el b e
A Gl alS b 4 0l S
53 s Sy pas pias s LT oS 3l Ol sl sasllae
sl il p e b (gire oSl 1 e sl el
o el Sl o5 S Sley syl (gobes ol r@:}j o e

SLel oSl sl 5l e sl Y8 250015 S e K Ol s
s e Bl Glae il s Lol Jlezl 4 sl
3 eolSsen ae bl 55 en)ly gamls el Cel as
IS e oS s e S S0k 5 o Shes o s
IS s as)le G s S p s Sless sy S& Ols

28 U a5 s (oSl Sl (AU e Sl

S10508 g S
et 3505 pate Slhis S e 5o OLLSs Sl s ks

ity S5l Sl Gkt ol 3 S Kes pl s b
238 o Sl Kl

References

1. Knecht S, Hesse S, Oster P. Rehabilitation after
stroke. Dtsch Arztebl Int 2011; 108(36): 600-6.

2. Antonow-Schlorke I, Ehrhardt J, Knieling M.
Modification of the ladder rung walking task-new
options for analysis of skilled movements. Stroke Res
Treat 2013; 2013: 418627.

3. Stroke Unit Trialists' Collaboration. Organised
inpatient (stroke unit) care for stroke. Cochrane
Database Syst Rev 2013; (9): CD000197.

4. Bernhardt J, Dewey H, Thrift A, Collier J, Donnan G. A
very early rehabilitation trial for stroke (AVERT): Phase
11 safety and feasibility. Stroke 2008; 39(2): 390-6.

5. Risedal A, Zeng J, Johansson BB. Early training may
exacerbate brain damage after focal brain ischemia in the
rat. J Cereb Blood Flow Metab 1999; 19(9): 997-1003.

ol a8 sl 55k Sl wss Ly Reliiel alKias 55 Sl 5a3 4305

S0 (M) il s g ol s el 5, 5 Las) SR8
Ao a (8] b el (S = e 3 Shas 3 s 5 (M)
i ol pre 3L s LAZ2A 5 5555 i gae) 5o (sladlas
Sl oS €l_§;m:jj g% sy olis sl gaallas s Ll
slgin 48 ol w3l A2A 55 o gls me b elizal
358 Djpo e ) 53 e Dlallas 35 8

slaslosd =1 b s am sy gl s 5l S
il oSl Sl ey B0 Ol (R S0l S golgiy
el = el 5 Sl Gl e oSl 5l ey el YE
5Zhang o b ool 5 (8) Codl Olles sl im0l s slaedlas
s Sl ad oL 55 s b s S e e OLSen
(e el 5o sl G b 3l re oSl Sl a cell Vi
aSw S 3l aolee s 3l e s B e cbL>
DRI bl S g5k w3 (£1) S o sl) (5 500 Sl
oalS Esl (e Bs e oL ez s LGS
Sluld Gan s o pe (mlg 53 5 e Sl 4 Sls0 s
Sl el Al s 50 OLLSes 5 TiAN L(EY-£Y) 55 5 (g ne
Gk 3 e 05 Ol 2me b adsl ol YE s (K0 55
Sl LS el o gl sl a4 axels SleeY L S Sl
(88) 555 00 2l e e 53 Gyre LG5 glad P

el 45 il s G5us gadlas 3 55 OLKes 5 Zhang
a8 3l e el Vi aliz rl_<:.a;))' P SPRCH PN
eoS) 56 Gotss ol (Slac LS s s I oS
DS e 5LeT ) asSTs 03081 Jled glas S 51 (g e LT &S
ol Ll (80) Al (s pae (e 5 g Olss (2 K5 o0
Sl el tlﬁn;;) g OLLSen 5 Shen gaadlas ;5 4

Ol L e oSl 3l e el YE OIS Sl sy bzl

6. Zhang P, Zhang Q, Pu H, Wu Y, Bai Y, Vosler PS, et
al. Very early-initiated physical rehabilitation
protects against ischemic brain injury. Front Biosci
(Elite Ed) 2012; 4: 2476-89.

7. Yang YR, Wang RY, Wang PS. Early and late
treadmill training after focal brain ischemia in rats.
Neurosci Lett 2003; 339(2): 91-4.

8. Matsuda F, Sakakima H, Yoshida Y. The effects of
early exercise on brain damage and recovery after
focal cerebral infarction in rats. Acta Physiol (Oxf)
2011; 201(2): 275-87.

9. Xing Y, Yang SD, Dong F, Wang MM, Feng YS,
Zhang F. The beneficial role of early exercise training
following stroke and possible mechanisms. Life Sci
2018; 198: 32-7.

FAQ WAA S5 093 sazin IOYF (Go b / YV Sl — Olghsl (S5 0aSCils aloea

http://jims.mui.ac.ir



Olylsen g s gasso

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Li F, Geng X, Khan H, Pendy JT, Jr., Peng C, Li X,
et al. Exacerbation of brain injury by post-stroke
exercise is contingent upon exercise initiation timing.
Front Cell Neurosci 2017; 11: 311.

Shen J, Huber M, Zhao EY, Peng C, Li F, Li X, et al.
Early rehabilitation aggravates brain damage after
stroke via enhanced activation of nicotinamide
adenine dinucleotide phosphate oxidase (NOX).
Brain Res 2016; 1648(Pt A): 266-76.

Diserens K, Michel P, Bogousslavsky J. Early
mobilisation after stroke: Review of the literature.
Cerebrovasc Dis 2006; 22(2-3): 183-90.
Williams-Karnesky RL, Stenzel-Poore MP.
Adenosine and stroke: Maximizing the therapeutic
potential of adenosine as a prophylactic and acute
neuroprotectant. Curr Neuropharmacol 2009; 7(3):
217-27.

Desai A, Victor-Vega C, Gadangi S, Montesinos MC,
Chu CC, Cronstein BN. Adenosine A2A receptor
stimulation increases angiogenesis by down-
regulating production of the antiangiogenic matrix
protein thrombospondin 1. Mol Pharmacol 2005;
67(5): 1406-13.

Gracia E, Farre D, Cortes A, Ferrer-Costa C, Orozco
M, Mallol J, et al. The catalytic site structural gate of
adenosine deaminase allosterically modulates ligand
binding to adenosine receptors. FASEB J 2013;
27(3): 1048-61.

Mazzon E, Esposito E, Impellizzeri D, DI PR, Melani
A, Bramanti P, et al. CGS 21680, an agonist of the
adenosine (A2A) receptor, reduces progression of
murine type Il collagen-induced arthritis. J
Rheumatol 2011; 38(10): 2119-29.

Borea PA, Gessi S, Merighi S, Vincenzi F, Varani K.
Pharmacology of adenosine receptors: The state of
the art. Physiol Rev 2018; 98(3): 1591-625.

Sharifi ZN, Abolhassani F, Hassanzadeh G,
Zarrindast MR, Movassaghi S. Neuroprotective
treatment with FK506 reduces hippocampal damage
and prevents learning and memory deficits after
transient global ischemia in rat. Arch Neurol 2014;
1(1): 35-40.

Erfani S, Khaksari M, Oryan S, Shamsaei N,
Aboutaleb N, Nikbakht F. Nampt/PBEF/visfatin
exerts neuroprotective effects against
ischemia/reperfusion injury via modulation of
Bax/Bcl-2 ratio and prevention of caspase-3
activation. J Mol Neurosci 2015; 56(1): 237-43.
Bedford TG, Tipton CM, Wilson NC, Oppliger RA,
Gisolfi CV. Maximum oxygen consumption of rats
and its changes with various experimental
procedures. J Appl Physiol Respir Environ Exerc
Physiol 1979; 47(6): 1278-83.

Wallace DG, Winter SS, Metz GA. Serial pattern
learning during skilled walking. J Integr Neurosci
2012; 11(1): 17-32.

Hofman FM, Taylor CR. Immunohistochemistry.
Curr Protoc Immunol 2013; 103(1): 21.

Bonde C, Noraberg J, Noer H, Zimmer J. lonotropic
glutamate receptors and glutamate transporters are
involved in necrotic neuronal cell death induced by
oxygen-glucose deprivation of hippocampal slice
cultures. Neuroscience 2005; 136(3): 779-94.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

WAA L5 o3 axian IOYF (Gojlad / YV Jlo— Olghnl (K3 ALl dles

ol a8 sl 55k Sl wss Ly Reliiel alKias 55 Sl 5a3 4305

Sattler R, Tymianski M. Molecular mechanisms of
glutamate receptor-mediated excitotoxic neuronal cell
death. Mol Neurobiol 2001; 24(1-3): 107-29.

Endres M, Dirnagl U, Moskowitz MA. The ischemic
cascade and mediators of ischemic injury. Handb
Clin Neurol 2009; 92: 31-41.

Kima GY, Kimb EJ. The effect of physical training
on glutamate transporter expression in an
experimental ischemic stroke rat model. Phys Ther
Rehabil Sci 2013; 2(2): 87-91.

Sosa PM, Schimidt HL, Altermann C, Vieira AS,
Cibin FW, Carpes FP, et al. Physical exercise
prevents motor disorders and striatal oxidative
imbalance after cerebral ischemia-reperfusion. Braz J
Med Biol Res 2015; 48(9): 798-804.

Stout JM, Knapp AN, Banz WJ, Wallace DG,
Cheatwood JL. Subcutaneous daidzein administration
enhances recovery of skilled ladder rung walking
performance following stroke in rats. Behav Brain
Res 2013; 256: 428-31.

Morris RG, Garrud P, Rawlins JN, O'Keefe J. Place
navigation impaired in rats with hippocampal lesions.
Nature 1982; 297(5868): 681-3.

Liu YF, Chen HI, Wu CL, Kuo YM, Yu L, Huang
AM, et al. Differential effects of treadmill running
and wheel running on spatial or aversive learning and
memory: Roles of amygdalar brain-derived
neurotrophic factor and synaptotagmin 1. J Physiol
2009; 587(Pt 13): 3221-31.

Teixeira AL, Barbosa IG, Diniz BS, Kummer A.
Circulating levels of brain-derived neurotrophic
factor: Correlation with mood, cognition and motor
function. Biomark Med 2010; 4(6): 871-87.

Suzuki J. Muscle microvascular adaptation and
angiogenic gene induction in response to exercise
training are attenuated in middle-aged rats.
Comparative Exercise Physiology: 2015; 11(1): 23-33.
Hayashi T, Noshita N, Sugawara T, Chan PH.
Temporal profile of angiogenesis and expression of
related genes in the brain after ischemia. J Cereb
Blood Flow Metab 2003; 23(2): 166-80.

Chen Z, Hu Q, Xie Q, Wu S, Pang Q, Liu M, et al.
Effects of treadmill exercise on motor and cognitive
function recovery of MCAO mice through the
caveolin-1/vegf signaling pathway in ischemic
penumbra. Neurochem Res 2019; 44(4): 930-46.
Baxter RL, Vega-Riveroll LJ, Deuchars J, Parson SH.
A2A adenosine receptors are located on presynaptic
motor nerve terminals in the mouse. Synapse 2005;
57(4): 229-34.

Mojsilovic-Petrovic J, Jeong GB, Crocker A, Arneja
A, David S, Russell DS, et al. Protecting motor
neurons from toxic insult by antagonism of adenosine
A2a and Trk receptors. J Neurosci 2006; 26(36):
9250-63.

Fontinha BM, Diogenes MJ, Ribeiro JA, Sebastiao
AM. Enhancement of long-term potentiation by
brain-derived neurotrophic factor requires adenosine
A2A receptor activation by endogenous adenosine.
Neuropharmacology 2008; 54(6): 924-33.
Ramanathan M, Pinhal-Enfield G, Hao |, Leibovich
SJ. Synergistic up-regulation of vascular endothelial
growth factor (VEGF) expression in macrophages by

http://jims.mui.ac.ir



Olylsed g HAuugiso

ol a8 sl 55k Sl wss Ly Reliiel alKias 55 Sl 5a3 4305

adenosine A2A receptor agonists and endotoxin
involves transcriptional regulation via the hypoxia
response element in the VEGF promoter. Mol Biol
Cell 2007; 18(1): 14-23.

39. Fontinha BM, Delgado-Garcia JM, Madronal N,
Ribeiro JA, Sebastiao AM, Gruart A. Adenosine
A(2A) receptor modulation of hippocampal CA3-
CAL1 synapse plasticity during associative learning in
behaving mice. Neuropsychopharmacology 2009;
34(7): 1865-74.

40. Correia-de-Sa P, Sebastiao AM, Ribeiro JA.
Inhibitory and excitatory effects of adenosine
receptor agonists on evoked transmitter release from
phrenic nerve ending of the rat. Br J Pharmacol 1991;
103(2): 1614-20.

41. Zhang P, Yu H, Zhou N, Zhang J, Wu Y, Zhang Y,
et al. Early exercise improves cerebral blood flow
through increased angiogenesis in experimental
stroke rat model. J Neuroeng Rehabil 2013; 10: 43.
42. Sharma HS, Westman J, Nyberg F. Pathophysiology

43.

44.

45.

46.

47.

of brain edema and cell changes following
hyperthermic brain injury. Prog Brain Res 1998; 115:
351-412.

Marmarou A. The pathophysiology of brain edema
and elevated intracranial pressure. Cleve Clin J Med
2004; 71(Suppl 1): S6-S8.

Tian S, Zhang Y, Tian S, Yang X, Yu K, Zhang Y, et
al. Early exercise training improves ischemic
outcome in rats by cerebral hemodynamics. Brain
Res 2013; 1533: 114-21.

Zhang P, Xianglei J, Hongbo Y, Zhang J, Xu C.
Neuroprotection of Early locomotor exercise
poststroke: evidence from animal studies. Can J
Neurol Sci 2015; 42(4): 213-20.

Sun J, Tong RK-Y, Ke I, Zhang J, Hu X, Zheng X.
Treadmill exercise facilitates functional recovery and
neuroprotection in subacute stroke rat. Int J Biosci
Biochem Bioinforma 2013; 3(2): 170-3.

McEwen BS. Stress and hippocampal plasticity.
Annu Rev Neurosci 1999; 22: 105-22.

£4) WAA S5 093 sazin IOYF (Go b / YV Sl — Olghsl (S5 0aSCils aloea

http://jims.mui.ac.ir



DOI: 10.22122/jims.v37i526.11962 Vesnu Publications

Journal of Isfahan Medical School Vol. 37, No. 526, 2"¢ Week, July 2019
Received: 21.04.2019 Accepted: 05.06.2019 Published: 29.06.2019

Impact of Early Endurance Training on Improvement of Brain Damage
in CAl1 Region of Hippocampus and Expression of A2A Protein
Following Ischemic Stroke in Rats

Mehdi Seydyousefi'”, Ziya Fallahmohammadi?"”, Mahtab Moazzami?,
Ali Yaghoubi?, Zeinab Faghfoori®

Original Article
Abstract

Background: Brain ischemia/reperfusion causes structural and functional damage in the hippocampus. Physical
activity is an essential method for early rehabilitation after a stroke. The aim of this study was to determine the
effect of 8 weeks of early endurance training on treadmill on improvement of the neurons of CA1 region of
hippocampus and expression of A2A protein following cerebral ischemia/reperfusion in male rats.

Methods: 21 male Wistar rats were randomly divided into three groups of sham, ischemia + control, and
ischemia + exercise. 24 hours after induction of ischemia, the rats in exercise group ran 5 days a week, for 8
weeks. Ischemia was induced by blocking both common carotid arteries for 45 minutes. Ladder test,
hematoxylin and eosinophil (H&E) staining, and immunohistochemical method were used to evaluate functional
status, neuronal death, and protein expression, respectively.

Findings: The brain ischemia was associated with an increase in neuronal death in the CAL region of
hippocampus, and reduced cognitive function and motor learning. Early training significantly decreased cell
death, as well as impaired cognitive function and motor learning. Moreover, in ischemia + exercise group,
expression of A2A did not change significantly compared to the ischemia + control group.

Conclusion: This study showed that early training on treadmill, as a rehabilitation stimulant, would have
protective effects against cell death, and can improve motor function.
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