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ABSTRACT

Introduction: Cerebral ischemia results from glucose and oxygen reduction following

insufficiency of brain blood supply. Ischemia could be induced in focal and diffuse models.

A type of animal model of transient brain global ischemia is induced via common carotid
arteries ligation and focal ischemia is induced by middle cerebral artery obstructions, :
which are the most common approach for investigation of the pathophysiology of brain
ischemia and its mechanisms. Understanding of pathophysiological mechanisms of
cerebral ischemia is important for the development of novel preventive and therapeutic
approaches for brain ischemia. Conclusion: In the present study, we have described the
pathophysiological mechanisms of brain ischemic events, such as decreases in cerebral
blood flow, glutamate neurotoxicity, oxidative stress, inflammation, brain edema, :
cholinergic system dysfunction, neural cell death, and hippocampal damage. Extensive i
efforts are being performed to find effective drugs with the least side effects for the i
modulation of pathways involved in brain ischemia. In summation, represented information
may be an appropriate guide to design novel therapeutic strategies for brain ischemia. i

: Keywords:
1. Neuropathology
i 2. Stroke

3. Brain Ischemia
i 4. Nervous System Diseases

*Corresponding Author: Arash Abdolmaleki

Email: Abdolmalekiarash1364@gmail.com


http://dx.doi.org/10.52547/shefa.9.3.90
https://shefayekhatam.ir/article-1-2141-en.html

[ Downloaded from shefayekhatam.ir on 2026-06-18 |

[ DOI: 10.52547/shefa.9.3.90]

A\ g uL...uLv PG Q)LA.»‘:) 40 0)90

O n"u L"’)T “.o..\.s.o ‘5~>L§)5 ﬁ‘)-eﬁ “‘5’5"\")9 S gRuwo

L)‘)"‘ ‘Jfér«-" “'\'Q”"‘A LS‘”?‘))S olKisls cr:sl.c oaSisls su’_wL..w v.w.v) 05;\

Sl e ekl Bimo oSS ¢ a5 slais y5lid 0USELS ¢ cwkiges pole 0,5

Ol eimed M (95 slacs yslid oliils «(g59ld Cansy g (i pole gl S e

i wledb!

179 3T YY el WWA9 0 0 redlyys

)95 )b JLisas (5enST g 55l alS 5| (5L g5io oS! 0210
Jome 5l g9 S 8,5 sl (5l 5 (SIS SLadne 53 lyion |y (oSl ol i
L =5l coSnl 5 0ig )5 S5 s g0 sl il L 1,345 (6wl (s50 ooSausl (Slom
Sl oot 6,50 sl by, S dshie a8 sgd o0 LAl (Sl g5 Gl Slad
S50l Slapailfe o il G L)l g Sl 5 (oSl Sfoln sudgil Sl

F e e oSl sl v (Sleys 5wt sl Sug) fangs sl S5 (oS
E e eS| B0ly > S5l il SlapanilSe il A alllas ) spga-aSRALET Co
- ol colgidl gslan ST o il (LalislS e oo (e 53 Ol lS ale
ot ) el ol g (e sl sl S e oS5 S s 0, Slos DS (5550
o Gl il 2l meS L S5 sleg s 8l (gl slos S sla I ool
L S o 4l Lol igazme 55 ol alonil JLo 4 sie oSl )5 155 (slb e
F il ke (oSl sl amae (Sleye slag il il (b gl e slatal, el

1 guads’ sejly

S5lsyy ) |

Abdolmalekiarashl364@gmail.com :Suig S| oy


http://dx.doi.org/10.52547/shefa.9.3.90
https://shefayekhatam.ir/article-1-2141-en.html

[ Downloaded from shefayekhatam.ir on 2026-06-18 ]

[ DOI: 10.52547/shefa.9.3.90 ]

“0 ol
&
SaS A leT g0 S ol by, 31 (Q) 59—b o Sl
=le Gigo p3 1y )3 (g sl pos (oSl Joms
(Two-vessel occlusion 2VO) g, au lsd g0 0,5 L3l
S pmiie Aoy I8 Sy s 93 (g, Gl 5o 0,5 o)L
oate—ie ey Sae 40 (638 lacledS S oS L
oS 1 glS oSl — (N 0) v e Ay
ol Gble ps o35 Sl als A e S5
ol b ol o Jslow Sy oS 5 09,8 0 50 ]
ool Lo Sgeg s lawgs algi oo a5 0, 0 Y0
Jos sl Ll (gl Jsmans yoboas (1)) 95 ol
b b ,—b sla ) (MCAO) g, 5l B as> 5o
LAl 5l et o Jlie Glgedy 098 oo ool ol (3o
S o ) 5 ama GBI i Joe (o
S5l it L bl e S ool B L 09,5
S ko (oo 5 s 1510 a8l
=S yebas (V) 00,5 oo LAl bge soSn] g oad
030 ol A >l jo S8l g9 90 SeaSn] 330 (o
Sl bl a_ ol 6,550 5 35 10 50 (=S5 99— o0 o2l ine
Sl T s, s el il g oyl 45 ]
ol (=38 seSmn] £58g b (V) el 0n i
JEN S SO NI ST PR U W
o ladle ol o g adds o odlie, SV e 0
adids o odlip, SV ooy e VYl i
WER W . =g 0 Hizen (VF) v oo
(Jold (Jobow S o 5l Dglitio g5 99 (oSl (i
(D) (sl 00 (65580l 50 S o 5 (39,5
bas 3 ooy ol Giall g5 e 000
el bz laanlp )0 ol )b czrge 555
S 9 65,1 S o g as (STl sLaanl)d
S i 9l g (S olanly 5 ol Jelw
B iz Jobo 53 Johos i 55 50 ok

2 b Ghre (8l 5 sl (e 5 0 a0
(83 yo Comud 00iS ablal lase SeSwsl Al
03,50 = 1y ol Slaw i3 (S a5 il> 3g,—=
wlwd o>l 0 Jobw g lal o Plslo s
oo (o, Edydn 9 (ol S e S A 0y
00) 25 oo Lial |y (oot A (e ol ol

Ol (seSml 0,98 Sy 38l Gy 45 (Hj50 0
4S5 05U oo B 00 ol Aol A a9
Olaz ik b S (isd ) o0y =l
Sl (o Jola 505 o 2 Lo 0Tl oe 9
sloampl 03, Jbsd 5 Jobo (59,5 el (50

5 il 55 czge bl Gl Josl, ads 5o S5

! Plateau
2 Middle Cerebral Artery Occlusion

dodso

TLQD 3))_1 J_.a_v.n sS_| u|3_..ca\; (_5)—’“’ S o)s)_a‘
R AN PO DY B CIP-SEE DL GRLIIN N W v )
Syl =l Oloys (9w an Olidod I (6 s Clan
sslawl u")"—“‘j a 0‘5_"50 uu*vu u_a‘ )l ol 00
Lol ais 45 o, oLl g5 cblis slaclo,s
Ol Sgdans 31 0 !l jo (g slbaSw sy
VY g (SoSm] £53) o 00isS 435 sl 0
G Py E55) Sihe Ba = b o)l Sl e sy
o aS goly; slbd iy vemg Lo (V) sl (coso
L5l suis qua u‘)l_o...l U_" 6‘)—‘ T@LM‘ 9
Obeys o) L Lo seeg 5l oslasul )
CF) sl LS 5 (g pie 435 et 0 ol
iy Lt S8 algi e e gL o 5] ooli_l
2 i slocal (55552 S 5 S tall
e Hleyd sla by, (8L Ylaix! g (6500 (oSs]
50wl S laladl plssil o> o oles sanl jo
Sl e la oSl 9 50 590 Jolse pog—a>
A8 das SO b ad, iy sl yeiS 0 daS can0 )8
le-bd)-"]&—ﬁh}‘ S 4.._“;|3_... 03— d_d)f )lS a gf'j)b
oalo JIy 8 ol o vaasie LBl ol ol ey
azlye SigSr Lpg—az o Lol gg)l,8 SVlsw
A) S -1 OJ_...S@IB 9 )5_‘5 e WL (5)Lo...a Q_" l_>
Glmoa b B, o Yl sladnie gl aid o (V.
=t C R R Pl b
Ol 5 Lo gl 5l (5 ke 45 (g5t B 5 (oS
aS ojlal go o) ble a1y LM i 4y SIS]
Gl sladpe any o auliss b olas alawle
33,5 o0 jd 0,8 gl o gloiz] g oolails 5 als
(B39 4 )le ST el guenn] Cedl o ay jglate o
L_Sl_bo‘) 9 )9,— J_LC :LQ.)L...J B ULQ.».QDU ‘bl_vul u)s)_o
0)5)_A‘ dlol> ul_ul..a u...._ibls l_> 9 (5)1_0..4 )l 6)_.531?
sl Jos glodl 00, 5 oo bl 4535 3 i
dm o Bgie sie J5 092 Oz 45 wmo e g

3 Penumbra

[


http://dx.doi.org/10.52547/shefa.9.3.90
https://shefayekhatam.ir/article-1-2141-en.html

[ Downloaded from shefayekhatam.ir on 2026-06-18 ]

[ DOI: 10.52547/shefa.9.3.90 ]

VFe e lanls (pgan o)los qugd 0)90

e y=—e ML Ee

5 09,5 Lo eld o Lol 0l o0 09—t g p5 4
ols 50 CBdS L (V) cal ol o oo lizmen
ot ole cdle 4 o5 Ly il 5l ey
Simal53l Al ly 4y Y azml sls, oyl 45 05, 5 e
Loo e g Slonsl sloS 25 0w 93 ol >
Bl oS B k8 ol L s el
olsgS o glaw 9> il aS wz o o ulolon
iS5 6l (oS! 1 e i S L) o
o9y 3l sl (YY) e 36 rnb o> o
Sl G Sl 535 13]) =5 5 (ST ol
sloagbge o MCAO 5l oy 750 (2195 50 G5 D>
2542 05> Ol GRell 4 ams e Ll (e
03 o s 4y ol > go +/YYA ml/g/min i
Sl (Al 0 ol 05 go S5 ,55 55 5 aligy Tl
oSl 5l Jome 95 ml 39 ] 55 0 Slan o aS
P O Dy gn yeS e B D g se 590
i slajgs ez L (ceSml LA 5l 6 508 Joe
e o9 ol s9me )3 Fr g g 2SN gl
Do H slawil a1 oeie 0 Slg o 4 S 09 e 00
Ok o)lugd caSib L g ogd sladdo Ve L VO ole;
(YA) 55500 plol (5,08, (S5 ©j5—0 4 (5>

s Lo S g sl 5l (S Sl aulE o
sl e ;o (oSl 5l (AU (8L ol S ot
0 Sl (Bl Congae (V1) 09Sos
by Glap—unilio lge L g ol 5 g2 imila,
=2l a8 0ol e sy Slabigls ol i 5L L
b glS (YY) Eal g5yl o g o S 5|
22 (039 o5 69,0 (02 (mae (o2loe Sl
Sl slaanl o 4 coul (655 50 (oras Slelo
(T PVYY) sl Jas ably § zlie olyteds
Smly 5 3595 5 (ST Y S s am aag L
S5 i sl gl ST (gDl e s ua
Gy (oSl oy Sl )95 )0 i re g
Looole i o a0 Ceudgizme sloul e >ge
Oyg—o Gl 30 S el 5 S5 g 5 ST o5
s oble D b gl Sl lagls
e il (65l 0g—eS Ly w3 o0d S b
03—, JLb5 slaJsb—w 5 Lys g8 cad) s
Sy am wnly (oS Sl JUIST (s -9 o0
Jmd (ol o 9 (St pbiogileg—w (o219 )0
ok 5 sl g (S0 28 ool el 5 0ud
il G 3zl 00 By b jlais 5 s ol
Pt s s olabisls Je (oS0 200 slaslgiss]

4 Caudate
> Putamen

[

gilonaST oyl sLall 50 b 5l gslon ST laca—w]
ialS o a8 cisl £4-85 sBn (0 (V) 09
{0398 502)) S9=is0 30 e 4 0390 95 o>
[ oS! Jos joaS cul oyl aylie Laolas,
(\V) ‘55—““‘5" PRV R ‘)J_f 6J_M:L:).M: 6)_4.0 u)ﬁ_d).u)
sladsbo g Laggysi (Sl ploy jo SIS ()18,
Gl gla i 5o $iede sl Ol (F (LIS
1) 00,8 Sdglie Ol etd (F 5 30 1080 ol Jlms
ol ot e Lol (Yo=Y el  Sldl slaas] b g
Slaladl wai slol 8 _iole;] Sl idss 5 | ol>
95 gl s jetaied 4 5 g0 (il
N sy A g, i adlie [0 (YY) Sl 009
Ol i9bese lap—sil 5 7o (oSl 59—
3 ol mals o 55 e L izmen Cewl oall aislo
o Shoe (9,95 S s (HeSge Slapnilils 5 (i
Ol sy g alidl> g (o, S0l 4 Lo ‘5,..>L._.M: —t
ol ool 4Bl SLblS 5 55 dsS sle il
P Glwyges ol yo sl

Sz el ol 35l pladl ol ccJled SLs o s
59 9 (A 055,85 S e 90 Jubt (ol (et S
S )i e dy Sl 50 Sloyter g S
B oo JSiS jse 0aelB o) i gaalsa s ol
i LS 5 5,5 Se S S e,
DS oo Sl eF 1y e @ Lie >y g 00l
SIS 92 cezrge i 095 Loy Oliee alS
VYY) 05 oo (oSl 3l oy gLl (60, Slae
Gl gl e e Lg a5 el ool lis oldass
J—doas o555 S 5w go sl il la gy oSl
O3 Sl 50 e (et Lo Gl oS
Gloa—<lB sl nonse Py e m— ool ‘JLMJ u_‘u.ﬂ Ju—
LS > sl a5 a e e i eS]
— ‘55—"“5" A_A_ALYM )o U‘ 6&_@)0 7 9 )—JAAB )o
Slwosr ol asie ez SoB3S Gl ey 4S5 0



http://dx.doi.org/10.52547/shefa.9.3.90
https://shefayekhatam.ir/article-1-2141-en.html

[ Downloaded from shefayekhatam.ir on 2026-06-18 ]

[ DOI: 10.52547/shefa.9.3.90 ]

“0 el
&~
5T il el Ols—ieas 5 S 9 (V)
Ls‘d" 2 g A .)L}._._w 6@@‘;;515 )’l 6‘4—°9“°'?“°
S ol (Sidstisn slap il g5l led Jd
5 (Sl 9 =N Jsb cdsul oSy n
995 (o0 4325 | (i) (Jobo C)l—_> ok
3| Sy | P IR KOG | =R 2. PRy YUSURIWY [ SN TR
JB=sl) slaaiss sboml 5o U5nSTelSen s A2 5lodsa
O o gl Jasgs Lol oy 50 <) Sl iy o]
i ol g G el S5 A 5 000
JL sladisS 098 o0 05 (59—d ) [0Sl 5o
Obply sladsge 053 4y 4 po (5uS]
S il 5 ] slpai] b g, 0 (oo
09y° pe—elS clale 2nlidl g (SleS P A e 4 S
W0 iyl odipd Cedle plyisar (ol
A sy S S s bl (P YL YA
59388 3 ST S 1 e T (iSey alaly
e Jleigwdl sla ol j5 0z yo s S Lo
S 28l Gyl 5l Ll g oe B9, (oliS 4y
S—dsi A ymie a3 oo de ST slagss! Lo
30,5 oo 8L ol Gip S g Cn i Ssp
S8 5l (U Sasgeae g9—ozme )3 (TY) (1 ) 9a)
b el S sk 99 wlgioo (oSl 5l (AL
sl 5 ol Sysar 59, sl L () o led sl
sl Sl s g3l o, L (¥ 5 525l &9
59 534S e el (laos ol Jsbms 090
V) 0l i coS) Ly el sl a3

b= sload o alsbsls 51 S A d S 00, 5
5 s=5b Slals (1) b oo il g ao (Jolw
olie iole ) Jlow Glabiglt S0 o0 4] ol
5 s ws Lo xS Anls 5l ey Claligls ol
g 5 0ot JLsd (SLliglS Sy pobie slmons S
Sy el o ol (35,0 oelS s iyl
Be—dee Slind 6,5 Je—jenl Slewsely 5 C
Saligls e lab Uiy 45 leslas, 51 Koo K,
5 o slain a5l G 995 9B 0 £
-V-a-amino JLSB-eai 5 s g sl JUKS g
isoxazolepropionic acid (AMPA)-¢-methyl-°-hydroxy
Gk 3l mraw 9955 Sl Loy g 4y SLls 5 (34
e ey a5 e L aJUS 0058
3 b il g8, i sl Mo LI L
= NMDA 00555 J2ae )0 pjeie H9— j5—a>
L Jlo et 5 25,5 Jolis (9,9 4 el 3555 4
Fio Jobow 09,0 4o IS g mad 3959 48l 4 4
b o i ol e Jobws Sl pilly G5 295 )
= aS S oo (Jolw pol oloml g oads Jelow o4lg jel
9 09 sl Al (28l SYLESH s i ¢ Sl p55
=1 seSa) 5l e 00 ol Al Gy i 38
O 79 o8l ) s egdle (YYYO) cul JlAS
o=k JLB ladsl 5 Lagyg)si 5l pe—uly 9=
Os= o=l Sle ol g (oSl ) St e
Ol )M Sl a8 09,5 o Jshw z)l5 Ldd o
9= =g Slabials 51 LS jo g 00 b Jsl
33,5 oo yobome ladd—w plow o) S DI 25

5 2geS

Ik (SLEE 5

.
.
-

sl gl o5l Jlad
&~ L5 y,50

/ 5T cola Ul tsz'ud—fw sl

\ e

e

LS sls oo S e Jld gt (e e ()58 gl DS am (65,5l 58 e (oSl S35k SIS g Sl ) g
lodd o peally 9 9 SLaligl sl og b (o (Jslos B9 sl Al g IS o ol 90 g (99,0 Sl Gl oz
lay 95,9 Jobmw 4y 0a slog (g el o Jlosoay Ol 00, 5 Lo Jolow v ;1S el Do slonl cozgo aiily o Jobw 7 L5
Glad Glsse ) r":’»};‘] sl o Jles ¢b~4 S8l g 4l el le—cay slglw 09 M_...15~4_x.45 bl ol pol g oo,
gl wls e Jld Lo a S ailw) o ool 58 (5 0 S g 4y olié 3 o] i egdlc ca sl vg g il Lo JSGol, et o (GLelS g3gul
A i god, S Jlad |y LaldSy Ko a5 o nles oo Ll ], ldl sla mile S5 ol] sla ol ioran il ol o Jol o S5, o
Y) 0550 39— JLligasl slo sl L Loyl e (S oty (i ldl L (cawsS)) (5o il an ase (il sla ol 5000

¢ Neuronal Nitric-Oxide Synthase


http://dx.doi.org/10.52547/shefa.9.3.90
https://shefayekhatam.ir/article-1-2141-en.html

[ Downloaded from shefayekhatam.ir on 2026-06-18 ]

[ DOI: 10.52547/shefa.9.3.90 ]

VFe e lanls (pgan o)los qugd 0)90

e y=—e ML Ee

9 e eOmaliasd (L g LT Loyl ool
oS el (FF) oS o e i |y ST S s
a.)._ﬁﬁ ‘-)AA_AJ Lgl.bujg,uu U_’)"gﬁl‘o‘ )I ‘ﬁ_ia L...: \
&slasloly jo aS el (gire (oSl cuwl o sl
aw gl 0 aS dlaoni 15 gilw]ld L Jolw S, e
as (TNF-0) LT j5 095 59,56 Jale Joasl (caJl: jbg,
oo Jlsd lajlwls o Jled 1o (FADD)" 00,5
LgL_.(baJu)..\f 6)LM:JLx$ (u QHGQ sl )9_.99)] 9
o 5L lS S o L e 4 S 5950 UL_.J)J
Slacnsyn 59,5 JLad b oo g 03g—ai JLad ) 59001
23,5 50 59,55 LAl 2o LS 98 (e
Lo a2 000 ol slo o 5l o> oloS 5 (z
P dobw mh A b e looni ) S o, 5 JLad
00 gy aslin Sy 5l () N st LA
& Lacdsae ooy Ll oo oVl pa s Jol o
S 8l ol b A gl jetay Jobw S
S R P N I e IR
il ol yan  Sledl glooni 5 5 dled 5l il
g ouuSTo) Jlsed ST sladaiss o lacaweS)
asle (=l sloaiy omen (FV FA) (05T, 0o
35,5 o0 pomedS 5 Loy 0 Limldl el 4 STP ool
SIS zrgo &S (i (ol 1) A iy 0t
adgl 5l e b 4] o She Jalee cogdlca
60l J=o (sl milo (0,5 JLad 0 a5 a0 5 oo
S 80l (B) )l s S (ST g S
00,8 an Jlasl Ly g a8l s lidl o5se soSwsl b
S rdydeis Giml8l e oolaS e (598, JLS B2
B9—= po—slignil g lacewsS) (loe (AiSen 9 B9 <
035 5 (DY OY) 00,5 o (70 pol A e 45 00l
5 e Bere JLbgail gladglow Laiyg)g 59, — B2
el ol e (Sl el Al S slsnl -
s i g oS 5l U Hgye8 I e jLe]
VYL S DA W JUC S I KL JW S-S STRCR K
g9 04— W_M:T :\._..\}l) Sy ML{ ‘ng_a.c r:d‘ o—x>
ety s Sy len 5 sl (e
OV OY) el ol3T sla JSol, odgs g La Ldg 5

7FAS-Associated Via Death Domain
8 Pyro Ptosis

-

3T s JISyoly callsd 5 adg

3 =l A oo 7y seSmn] Ho AS sSla ST o ]
30 (YA) sl 59 9 eS| JLad sloaisS o Jos
aly i b golon ST el yand gl xnb byl i
JLasl (g oS gie slie Jowily > Ly g o wn
S0 AS 0,0l e Dyge 00l S O g g Sl
adgi g el g ,iS o &y ATP o Jg >
&y oBlas zh w5 55 5 wST JLsd slaais
Oloid Jds ay a0l o Gl BIATP a5l a3
u_ml OOW L)»Jyh) u_.)‘ Uj)_“g‘ ud—} 6‘)_: u)._ms‘
Og= Sl ol ool oo il B (60 e gelaS]
rge (=lyaS g lajllind (gilw Jled L il
Oal8l g ATP Lo ogi L g yla 88 (0, S aly 0 i
Sg—n ¥ SheaS 9 C g S g (Lot lad
g dlgio (hedim) E989 S0 Byl jlaes e
00,5 ATP adgi 5 (g oy 09 JUizil g9,
30 glonST gl yad gl 3l S gl ol L
G =S g glsé cndad g s o Sl o Jled
(V) Wgds oo ade Y g ) sla oSS lawg Jlad
o—isasl aald slalely oy plyeas S8 5
CS e o, Slae )0 Pzl g0 500, 5 | ae
Juasl alelw e Jled i alS c el a5 o508
S oo (5=l ddgl Ho TSl A5 0 g g xS
c)._chb 9 Jﬁl—“' )é W’“—“‘K uw..;lj.sl ‘U—" — 09){_: (Yﬁ)
ne— 03— Gy, g 0y ce s (50 g o
=S 9y L ST S s 59 0 duaST oy S|l
O3t 3 e P9 0900 el >l 0 Sy i
Op—loenS g p Ldniign (—da s 5 GgmlannS]
e L g5l Jlad (g 08 g g DNA ool oo
slagsl 4o byoye (Gl plg oo 5l JLob
(F T wise o s 1) 5955 5 se—s | e —le)

el
Loadedy i datawgid datowgise (o2 oo (o]
00, S Jlsd Iy Lacs 5 b —w cwle Lo dg5lL
Pl ooy Gy ladsNse 5 sl
Ll 505 59,55 Jsle) (bl slogrS gl wile



http://dx.doi.org/10.52547/shefa.9.3.90
https://shefayekhatam.ir/article-1-2141-en.html

[ Downloaded from shefayekhatam.ir on 2026-06-18 ]

[ DOI: 10.52547/shefa.9.3.90 ]

“0 g4
M
o B oo Dol |y e slaad gwlanST o,

S pal szl jo Sl3T sla JIGal, as el jak e
Ol (ee A SR (e [ eSSl (L
o sl 45 El 00 7y dae Jazz ol (VY-V)
55 Sl iy leh o e 3gre JLibised
b 5 (ST g 00 S 0 gh o 51 ST
NUBSLIPPIUEINJ N VWY JYPNECHENUL S QPN LR S e
o5 5 o0l 8 pie — sy ALK (VF YY)
S0 Slog s 039y [ (ooSmmal £9-35 5l ey (8L
5izly sl e 5| ol 55k Slae ]
Sleiasd 30 cez ol o a S el g0 ol
o 5 3o ol gLl a sy 5iSTaol, gl
S o ls oy ) (Sosls,08 oo lys g a8 S 1,8 5
QST g dd gy yialS 0g 0 oo dmls 8 iy o
)QHK@WLSHA Go&_&u‘ ‘d._:usg_s_b)o
9 ko pol g (§7—e — 59> S (b 45D
a0, Il Glaal 5l Sy lply (VA-AY)
A wles s Bss —ds sle sl 3]
S (5 358 Gl cmge (oSl £5-39 5l o
L | i Al (lien Ly 5 o 5 dn o>
b oS s 1y 0gdle (AT AY) 3,15 i s
(8o —gigS St (§ypiydghi i 50 S Lajlasy
o ol 3l (=80 Jekw S 5 S3ds 90 pol 6935
YAT) S oo Ll 5 1,35 598 10 ) | oS

ERFNE NNy
P s i 5 S SS s slno Sl
g lez y0 o8 Liw 4 les o o Ao jla S c
(ABAP) 0, 5 o,Lil 6, 8ol g a bl i >o5 (g lou
] Sg ez e i ol Sl o PL
NN DRSPS 1| IRV V-SSP C= VI KU JE
i Sdled LLS | () 2 6l Olo—o0 ol
3 eonSmt] 3| s i35 WL 3 Sy yidsS
Ol S eolaiwl w5l pg—ate sl S L
e 55 Ll oo 4, o slyica LS s
A oS Sl () Sge slmoni S L 5 Tila il
Oleea Lol e dbs o 0o LS aig & J—ate Loy
et (M) s Lt S5 sS is sln i
Sl 00 lal_?aﬂ o, oyl o a s alallas 3 o Lws
Jlsods pinow ol el ma v a S aas o LS
ol Jlas Slwis 5o a9 e (oSl £9-5
Sl alllas o izman (A A+) el oot grg |5
Gloons, S el palfasy 3 5Y-Y Jlw o alin
oSl Jloay il g il (dsS g () Sse

? Choline Acetyltransferase

PVGSIY- SN U4 | ] DN S PN W S V- Y0 L 8] W
el sladsb b JLsd g Qdzr 4 e
LT’LQTVJ"T Lde.o 0 ] H‘}: 5 'A"9—“’L§‘°
Ayl G o aidS L g adei jo a4 S oo e Jled
olgadl ol B o causes b gl 5l b adS g
9 B89< .‘QLM‘ 9 aSE2 u.n\a)'{fla_wg)) o= .\a_wl.:L;o
OY0F) oyl i olgdl g 0,0 a cowlus o8l

Si%e pol

09 s Ly Jsbos 09,0 & ezl (20 (5530 ool
helse 5l (S g el (e B Sl 4 sl
Sy g Jolw S0 59 50 |y (eter S 4S5 2l
019—'6" 4S5 5 9b 4 (BO-0F) 3,1 520 ol
bl 5l (30 e 5 Sy 5 000 00 i
Sl BT AY) ol s anlyd olas ) g3
B9 o 09,8 cdazmaz f2ls Li8 plblas
i ol b s Sl yigs eals 5 e
S5 5 O5eSTOA) 35— o0 amils (B8 el
sy 2lsS o) Due 53 oSl ) Sl (ol 5o
15 P (0%) 0y o 5 yeS o3l il e s
PH (ials JLuS )0 (iaanST 39eS Loty (6505 gie
S ghd (om0 5 g Lo Jsls (4950
S5 5 prelS g i (g dpdeR il Lsd
S el (Pl PY) 0ed oo ol sl IS0,
2 =513 by il o)l s (Slades sl e
Ol (sigy88 LS glplaze )3 S5l (oo
oSl pew e d>g J B )8l s e
=5 Uiy 939 FT) Sl (Jolw )l Lo
ST Lt sladisf o Jg 5 el 9 o
ol olzul jo g eoals il o ST g s
FY-F0) 05)ls soge o |,y ol i (5)4_155:..,0 a
et o aliwl Sl pdS s 8l il
r:él ‘6)"*—‘55"‘#" 6L..«.C o r‘lﬁ.u‘ ‘r>|9; u.._n‘..\...: au
ials bl L JISGol, o dgs (aldl o b aiS g
i Saliil oyl Slgime o ol] g Lté il
oS! Yoo 45 Cnl Ay > (FFFY) 05 oo
sladool; a4 (ig—dms E539 (g i
o—lplo (FACFA) 00, 5 o o s, ol ol
Sy 3 Sire oSl Sl e (95 S0 o
S 55 5 9T sla Josl, Sts 4y o isy
oSS i o Sg5ls (V- -YY) Syl i Jsb
Ol cdlad 5l al Ss5g5ls pol LSi5 0 a S
G35 y5b an huSg 000 Lo S0l 5 0S5
S G s Sy s ol o aslais olowlis

I


http://dx.doi.org/10.52547/shefa.9.3.90
https://shefayekhatam.ir/article-1-2141-en.html

[ Downloaded from shefayekhatam.ir on 2026-06-18 ]

[ DOI: 10.52547/shefa.9.3.90 ]

1Fe e sl g 0)Lasds ot 0y90

e y=—e ML Ee

sLoog)g 50 jeugl g98g eaiiSanl s J5U (55!
Yo oizman (Ve ) Casl 2VO Joe oSl sl
J=B s oty 23098l 5ol (oSl 51 s 59,
‘5_45)5..! )9_.»..:9.:1 ) Sl OIJ_AB 6‘4_4..») o 5O
P a2z Lo n ool s Ol 5 (H9s9
ools i Sl alllas .ol CDK4 4Bl opulSols , L
Laintsn ol Olie (2nS —28 5 celSgen )
PRV IR @o )_Md 9 wl.:y “_i_u..:‘ ) :l-..?-l.: duus)&:
d—oy aS cwl oo A Ol ol g e
a2 8o Ve cidS 3l e 00,0 YA 51 gl 350965

olS g sl

Sgliie (219 G3ke (gD s [ oSl 959 51 5o
=5 50 el Aol Lol caigis g0 as)le Lo (550
o3l ey o=l 5lsls iaSTy 92 Loz Aels 4
29k 4 igd oo S5 9 Oy als jlze 48
A o0 59 i |y (gel B 5l (Sglite Sloyo Jglatia
G Ddme 3l eSwsl Jlsoay a s 85 (V- )
e Slwyye ials () .x_u)L:: A &)
sbo (99— coslSga CAL 4l (0y0 sLoiyg)os
o ot S5 ,55 95 (o2 5 JUL il (oSt - iy
Sy g eS| Jlsd slaaiss adgs (Y .(VA) e
Goldled o (F .(AF) ATP 59.aS alaly 4y 330 j0 S|
‘SOLAAAJ‘ 0,99 ] 00 W )y ;S_i)o (V- 0)
oy ol (21850 (L 5l ol o5
oo B8 ¥ 0 gy S0 a S audl o ol dise
Ao Lo )@ fo—ommo )0 020 0 ) G20 (g0 3l
SLaig)9 9 ool g CAL (00 Slpiyg)gi 9o
Al Lo oSl 5l e a a0 Ve 5,550
Uil a8 80 V0 eSn] oy Do ;ST 0ie 0 oo
SLo s dmo)d N 5,3l S s 5, g 0l

10 Oxotremorine
' Hoechst

|

o ol .(AY) g_,:;l 00, S oLl LA 5 o, b e
Slponi S eS| Gloear U 90 S5 ST 59l
g TSV P S EL g PN [N VIO, CEWT S UL IS S P L ST
bt g abSle o & 09 cozge Il oS
PSS WY [ (P FPGIN PSP » PN "I SN SRy BV WJE
S aeo oo sl Sl gaxd wogdlcdy (AY) 09— 0
g0 dlg o (05 s GlaigST l eolan
AY) ail gyl sloJoe o oS!l e

FY Sy
Pl il 5 s 28 sl 5o 13 Laygysd j—us
L. (AFA0) cul g5 soSans! 5l ol ol 5l S
&5 aajls (goilyd eugl ol s a Sl A a g
Dad ed ) se—ugl b o (ials o a s ATP
€539 (ooSmmal 5l oy sl 595 7) g0ms Jl 0 5o Ldl
(fwla (5‘51_“) sf)_o ’(ﬁs ‘\\°) Gl coliin J_blﬁ )5_.4—541
6 g a5l Sy ST L lsSiee |y S!S
seaml b basye sloags Ol sin s Nomzss Ly
5 bosl—ls el il )i 5Tyl eayy (A lagretio
o)'l_‘; ) )_..u Bcl-2 6)5_..'54‘ o u_..bs).a C.L..u w_ﬁls
Sdled e 59y = VooV Jlw o 45 (g gl
onl e s aS aas o s s plssl ¥ 5LwlS o 5l
a8l Sl (g B Oje o (e sl ige
Y 5kslS s Bax ol jo sl easyy i slagntisn
ol Jlsea .oa)_?‘_?a e e Lwiln o Plasla
OS99 00 Sl (Jolw (9 Ludd el 9
B9 Ly 4 4 S 03, S JLab 1, Calpain ol
D¢ oo 2o (BH3 Interacting-Domain Death (BID
ss—asl eain i Sl s s —Son o
L.S)L““"‘J‘)—‘ g0 u_|Lef BLE) OJ)J JLd ‘) Bax sBad
se=al LAl Jale € g S gis 09 00 C g S g2
q 5kl - i ¢ Protein-Activating Factor 1 L, oai
t)\“ 9 q )L._..uls QHNJ)M FERY! ).)3 oals u.._.io.ca);


http://dx.doi.org/10.52547/shefa.9.3.90
https://shefayekhatam.ir/article-1-2141-en.html

[ Downloaded from shefayekhatam.ir on 2026-06-18 ]

[ DOI: 10.52547/shefa.9.3.90 ]

“0 ol
&
S el il 4l jo 00l 0,550 slaiyssh (lwlid
el 4S 0iS o ol el 00 plol oSyl
S5 ST (5,95 Hsanl 330wl b ol 5l ey
3w 59, Y L5 el VYl oS g jo 0] 3 ]
zol 4= ol sy 50 9 Sl a5 B (oS
Sl Elad s Sg sl ST oy sy e S5
S Al 4S 08 (o0 At sl gma (g9
SrSol g a bl Ly b5 ,e sl lid, 0 00 s, alls
el 5 sl g 4y il e ol 5 L
Golgmn L b (ool a4 Cl il ot
S5 Uy Lo (oo JUie gty )+ ) Casl 00 o
o9V G (bS] Gl e 35 4 MRIT (2
o 600 dslllas 0 (VY e) ol o)l il a5 gn 4
Sy slaiatin g ol i 45 latil o o Liixa
oSl b i oals Ay a5
VY 0900 aalSigeed )3 (8L ool 59— czge

S 35 A

S9=is0 e (5898 Loly> I (oS (55 seS
S a0 )18 Sl o ] e 4 Sl e 45
i le ] o SeilS e 3 g sla S |
Gl Jol e Gedn gl S5t 5 Lt 5o (Sl
s Jow 31 oolitaal 5ol el (65 ka oS
aldo §5ie (oSl il (o) Sl (Sl
9y 2t G (izpad 5 42 (oo ) Ol asy]
Sy zrge algi o0 )1 (955893 SlapannilSs
ol 00,5 a5 Sl sl Saly 3l o
la g, L Lag,lo a S cwl ools s oladss oyl
aS aiil Hloy55 5 (YL Ceal ol o gl e yo
o |y 359y | oSl sl ol Jalge o slgn
e ol (S Sz a8 (il ()l LAl
s A Olyise dmiged ly—iedr ams )5, b
S s F-gigS e jsm (g9 cbile 5|
S0 &by L3S Gie—drm s ool 5l (2L
K2 bty 3 o ¥ ipSlan 5, o
(sleys Sl S 5o ol ot sla (s 5l (=2 45
A adlie o) 0. () cnl il B )lee 39, loid
S=irdss OIS e oSl Sl 59—
ot S o i O] 5l ol a5 S5 LIS
00 cowl A2l o o3 )l > Bl b a Sl
;n_l..mﬁlyo)_iu.c)oua_mju_abu.._u—lu_cb
39— 4 a5 350 oo gloaeld lmonie 5 o alS5n
s 30y F n ot )5, 5 S AL
e Loy e 50 Slaliols o 2ol as & )90

12 Magnetic Resonance Imaging
13 Heat shock proteins

Glagdo Ve slaila s el o ol osi
JB—5,95 95 sloagygyg dmo o Te S e argo il oo
Slalllas 05— CA3 4>l 0 5,58 S po (ppizmod g
ol slaws oLl o)l as 6,50 Jai s
b gy a8 Uy (ilej il g blis 5 S g
aS o el slasy s oo ol el oul plzdl
s VTV slajey) oley cddS L wiloa s S0 Lo
o 5 ol WSS alS g, (amls 5l ey YA
33 @VO) oSag) gLl 51 oy el Y 45
S 5 Sl ol el s g S
oad oddlie JlU Cs S L 6)5—”9’1 sl ol
it LB oo oSl Sl g 5, TA LS 45
cdled o a4 el S c Jld goamme o ain
——lS g ;o Neureguline 1 (NRG1)/ErbB SIS
S S AT e ealS 4 ) Loyt el YF 51
O F) cl (Sgy5 cblas v wslSe Ll sazas s
slass a S el oals HLas VeV e Jlw 1o (6,50 dsllas
o ol ¥ atan Sy 8, b o e b sla ol
03 5§ 4SS i alS 4y g, 2V0 oSyl oLl 5]
ol iz At s okt L, S0 anle s ko
Oy Of by aS ads S b |y las f e b
» =hong alp Jlsn (S el e ss
e JU la sl slas ol oz ge cslSsn
=9 S el ol il ot QL—_‘} 29 4=
eoS—n] 5l =L CATL 1y 00l sloco—u! (izon 4
92 Sl 5l o ALSl> g (cwlidjl slaanl B 50 (i
A Sl gleanl ol o ulesls s |
e g vz s b alwlis glagsesl g
sl 00y (5 58 03Il i Lo Slalllan 1o s 90
Sy GiST JLil s o9 ol a5 (00 Y)
b DLbLS ) JSi5 g, r e &8 5l 0,9
oe2lS ol ply o S o, Sb 0 jais bl
RS RICAR S KRBT S AN I
2l 59 corge (il e g (SN
abdl> g S0k J=d 5l (Bl slss Shee o
5 Sl 59y A Vo Jlw o (RS 0B e
Slr099 3 JLlS ool (03909890 Sl i
oo alize iloy slroeo o oS g CAL 4 U
ol sl oo ol (55 ie 6yl oo oS ]
sbpjg) yo CAL 4l (oopp logg)g 45 wns oo
Wgdioo $ Pl S jlars (oSl jl ey Ve 5 0
29 Bouang ;030sS gl 5 ey il olass (pizren
S5y s 5 il i alS gy S
=S (Vo A) 058 oo oamlio LS o ro—bgay
!= Fluoro-Jade (g3l S5, oS5 L a5 (glaalllas

[


http://dx.doi.org/10.52547/shefa.9.3.90
https://shefayekhatam.ir/article-1-2141-en.html

[ Downloaded from shefayekhatam.ir on 2026-06-18 ]

[ DOI: 10.52547/shefa.9.3.90]

VFe e lanls (pgan o)los qugd 0)90

é;s_)_c ;4,_—“—3—&

Ol b))y Slidod 55 03 L (lsSs0 g9—ane )
ol ), gl 5 (B ally s (oS

JU SYNEIVYY BN W] IF PR PR P-JUC SR SR

1. Bacigaluppi M, Comi G, Hermann DM. Animal
models of ischemic stroke. Part two: modeling cerebral
ischemia. The Open Neurology Journal. 2010; 4: 34.

2. Abdolmaleki A, Akram M, Saeed MM,
Asadi A, Kajkolah M. Herbal Medicine as
Neuroprotective Potential Agent in Human and
Animal Models: A Historical Overview. Journal
of Pharmaceutical Care. 2020; 8(2): 75-82.

3. Banerjee A. Pathology of cerebrovascular
disease. Neurology India. 2000; 48(4): 305.

4. Friedman HS. Tissue plasminogen activator for acute
ischemic stroke. N Engl J Med. 1995; 333(24): 1581-7.

5. Kempski O, editor Cerebral edema 2001.
6. Rosenberg GA. Ischemic brain edema. Progress
in cardiovascular diseases. 1999; 42(3): 209-16.

7. Brainin M, Dachenhausen A, Steiner M.
Epidemiology of stroke]. Wiener medizinische
Wochenschrift ~ (1946).  2003;  153(1-2): 3.

8. Nagahiro S, Uno M, Sato K, Goto S,
Morioka M, Ushio Y. Pathophysiology and
treatment of cerebral ischemia. The journal of
medical investigation: JMI. 1998; 45(1-4): 57.

9. Farhadi Moghadam B, Fereidoni M.
Neuroprotective effect of menaquinone-4 (MK-4)
on transient global cerebral ischemia/reperfusion
injury in rat. Plos one. 2020; 15(3): e0229769.

10. Traystman RJ. Animal models of focal and global
cerebral ischemia. ILAR journal. 2003; 44(2): 85-95.

11. Miettinen S, Fusco FR, Yrjanheikki J, R Keindnen,
Hirvonen T, Roivainen R, et al. Spreading depression
and focal brain ischemia induce cyclooxygenase-2 in
cortical neurons through N-methyl-D-aspartic acid-
receptors and phospholipase A2. Proceedings of the
National Academy of Sciences. 1997; 94(12): 6500.

12. Khoshnazar M, Parvardeh S, Bigdeli MR.
Alpha-pinene exerts neuroprotective effects via anti-
inflammatory and anti-apoptotic mechanisms in a
rat model of focal cerebral ischemia-reperfusion.
J Stroke Cerebrovasc Dis. 2020; 29(8): 104977.

13. Wang J, Ma C, Zhu J, Rao G, Li H. Effect of

[l

JLso dm g Jobw (39,0 4o pemdS (592 0959 i3l 4o
wybise sl s gl Glo s ol zdlel, 4y ol
G 5 5 )9 Glie 4 ATP (a8 o ioen
Dol oo Lanl oSl (655T93kg )98 j0 1) (—onl Lo

&lw
3-aminobenzamide on the ultrastructure of astrocytes

and microvessels after focal cerebral ischemia in rats.
Dose-Response.  2020; 18(1): 1559325819901242.

14. Kloska SP, Wintermark M, Engelhorn T,
Fiebach JB. Acute stroke magnetic resonance
imaging: current status and future perspective.
Neuroradiology. 2010; 52(3): 189-201.

15.  Astrup J, Siesjo BK, Symon L.
Thresholds in cerebral ischemia-the ischemic
penumbra. Stroke. 1981; 12(6): 723-5.

16. Elzawahry H, Hernandez-Frau P, Behrouz
R, Clark M. Reperfusion injury in stroke. 2009.

17. Krause GS, Kumar K, White BC, Aust SD,
Wiegenstein  JG.  Ischemia, resuscitation, and
reperfusion: mechanisms oftissue injury and prospects for
protection. American heart journal. 1986; 111(4): 768-80.

18. Damodaran T, Hassan Z, Navaratnam V, Muzaimi
M, Ng G, Miiller CP, et al. Time course of motor and
cognitive functions after chronic cerebral ischemia in
rats. Behavioural brain research. 2014; 275: 252-8.

19.Candelario-JalilE,MhaduNH, Al-DalainSM, Martinez
G, Le6n OS. Time course of oxidative damage in different
brain regions following transient cerebral ischemia in
gerbils. Neuroscience research. 2001; 41(3): 233-41.

20. Rothman SM, Olney JW. Glutamate and
the pathophysiology of hypoxic-ischemic brain
damage. Annals of neurology. 1986; 19(2): 105-11.

21. Lo EH, Moskowitz MA, Jacobs TP. Exciting,
Radical, Suicidal. Stroke. 2005; 36(2): 189-92.

22. O'Collins VE, Macleod MR, Donnan GA,
Horky LL, van der Worp BH, Howells DW.
1,026 experimental treatments in acute stroke.
Annals of neurology. 2006; 59(3): 467-77.

23. Heiss W-D, Zeiler K, Havelec L, Reisner T, Bruck
J. Long-term prognosis in stroke related to cerebral
blood flow. Archives of neurology. 1977; 34(11): 671-6.

24. Meyer JS, McClintic KL, Rogers RL, Sims P,
Mortel KF. Aetiological considerations and risk factors
for multi-infarct dementia. Journal of Neurology,
Neurosurgery & Psychiatry. 1988; 51(12): 1489-97.


http://dx.doi.org/10.52547/shefa.9.3.90
https://shefayekhatam.ir/article-1-2141-en.html

[ Downloaded from shefayekhatam.ir on 2026-06-18 ]

[ DOI: 10.52547/shefa.9.3.90 ]

“0 ol
M
25.SopalaM, Danysz W. Chronic cerebral hypoperfusion

inthe rat enhances age-related deficits in spatial memory.
Journal of neural transmission. 2001; 108(12): 1445-56.

26. Otori T, Katsumata T, Muramatsu H, Kashiwagi
F, Katayama Y, Terashi A. Long-term measurement
of cerebral blood flow and metabolism in a rat chronic
hypoperfusion model. Clinical and Experimental
Pharmacology and Physiology. 2003; 30(4): 266-72.

27. Coyle P, Panzenbeck MIJ. Collateral
development after carotid artery occlusion in
Fischer 344 rats. Stroke. 1990; 21(2): 316-21.

28. Nikolova S, Moyanova S, Hughes S, Bellyou-
Camilleri M, Lee T-Y, Bartha R. Endothelin-1 induced
MCAO: dose dependency of cerebral blood flow.
Journal of neuroscience methods. 2009; 179(1): 22-8.

29. Sanderson TH, Reynolds CA, Kumar R, Przyklenk
K, Hiittemann M. Molecular mechanisms of ischemia-
reperfusioninjuryinbrain:pivotalroleofthemitochondrial
membrane potential in reactive oxygen species
generation. Molecular neurobiology. 2013; 47(1): 9-23.

30. Ghayour MB, Abdolmaleki A, Behnam-Rassouli M.
TheeffectofRiluzoleonfunctionalrecoveryoflocomotion
in the rat sciatic nerve crush model. European Journal
of Trauma and Emergency Surgery. 2017; 43(5): 691-9.

31. Siesjo BK. Pathophysiology and treatment of
focal cerebral ischemia: Part I: Pathophysiology.
Journal of neurosurgery. 1992; 77(2): 169-84.

32. Belov Kirdajova D, Kriska J, Tureckova J,
Anderova M.  Ischemia-Triggered  Glutamate
Excitotoxicity From the Perspective of Glial
Cells. Front Cell Neurosci. 2020; 14: 51.

33. Dirnagl U, Iladecola C, Moskowitz MA.
Pathobiology of ischaemic stroke: an integrated
view. Trends in neurosciences. 1999; 22(9): 391-7.

34 ReikenS,Lacampagne A,ZhouH, Kherani A, Lehnart
SE, Ward C, et al. PKA phosphorylation activates the
calcium release channel (ryanodine receptor) in skeletal
muscle. The Journal ofcell biology.2003; 160(6): 919-28.

35. Lin T-N, He YY, Wu G, Khan M, Hsu CY. Effect
of brain edema on infarct volume in a focal cerebral
ischemia model in rats. Stroke. 1993; 24(1): 117-21.

36. Hossmann K. Periinfarct depolarizations.
Cerebrovascular and brain metabolism
reviews. 1995; 8(3): 195-208.

37. Kemmerling U, Mufioz P, Miiller M, Sanchez G,

Aylwin ML, Klann E, et al. Calcium release by ryanodine
receptors mediates hydrogen peroxide-induced activation
of ERK and CREB phosphorylation in N2a cells and
hippocampalneurons. Cellcalcium.2007;41(5):491-502.

38. Granados MP, Salido GM, Gonzalez A, Pariente
JA. Dose-dependent effect of hydrogen peroxide on
calcium mobilization in mouse pancreatic acinar cells.
Biochemistry and cell biology. 2006; 84(1): 39-48.

39. Li J, Wang H, Rosenberg PA. Vitamin K prevents
oxidative cell death by inhibiting activation of 12-
lipoxygenase in developing oligodendrocytes. Journal
of neuroscience research. 2009; 87(9): 1997-2005.

40. Chamorro A, Dirnagl U, Urra X, Planas AM.
Neuroprotection in acute stroke: targeting excitotoxicity,
oxidative and nitrosative stress, and inflammation.
The Lancet Neurology. 2016; 15(8): 869-81.

41. Powers SK, Jackson MJ. Exercise-induced oxidative
stress: cellular mechanisms and impact on muscle force
production. Physiological reviews. 2008; 88(4): 1243-76.

42. Roy P, Roy SK, Mitra A, Kulkarni AP. Superoxide
generation by lipoxygenase in the presence of NADH
and NADPH. Biochimica et Biophysica Acta (BBA)-
Lipids and Lipid Metabolism. 1994; 1214(2): 171-9.

43. Zuo L, Christofi FL, Wright VP, Bao S, Clanton TL.
Lipoxygenase-dependent superoxide release in skeletal
muscle.Journalof AppliedPhysiology.2004;97(2):661-8.

44. Abdolmaleki A, Fereidoni M, Asgari A.
Analgesic and  Anti-Inflammatory  Effects  of
Hydroalcoholic ~ Extract of Salvia multicaulis
on Male Rats. Sciences. 2015; 21(2): 121-8.

45. Pradillo JM, Murray KN, Coutts GA, Moraga A,
Oroz-Gonjar F, Boutin H, et al. Reparative effects
of interleukin-1 receptor antagonist in young and
aged/co-morbid rodents after cerebral ischemia.
Brain, Behavior, and Immunity. 2017; 61: 117-26.

46. Honardoost M, Soleimanjahi H, Rajaei F. Apoptosis:
programmed cell death. JQUMS. 2013; 17(3): 48-57.

47. Wallach D, Kang T-B, Kovalenko A.
Concepts of tissue injury and cell death in
inflammation: a historical perspective. Nature
Reviews  Immunology.  2014;  14(1):  51-9.

48. Chen L, Deng H, Cui H, Fang J, Zuo Z, Deng J, et
al. Inflammatory responses and inflammation-associated

diseases in organs. Oncotarget. 2018; 9(6): 7204.

49. Svizenska I, Dubovy P, Sulcova A. Cannabinoid

I


http://dx.doi.org/10.52547/shefa.9.3.90
https://shefayekhatam.ir/article-1-2141-en.html

[ Downloaded from shefayekhatam.ir on 2026-06-18 ]

[ DOI: 10.52547/shefa.9.3.90]

VFe e lanls (pgan o)los qugd 0)90

é;s_)_c ;4,_—“—3—&

receptors 1 and 2 (CBI1 and CB2), their distribution,
ligands and functional involvement in nervous
system structures-a short review. Pharmacology
Biochemistry and Behavior. 2008; 90(4): 501-11.

50. Hajipoor F, Fereidoni M, Moghimi A. Effects
of Intrathecal Administration of Vitamin K2
on Pain in the Tail Flick and Formalin Test
in Rats. Journal of Mazandaran University
of Medical Sciences. 2014; 24(119): 132-40.

51. Groger M, Lebesgue D, Pruneau D, Relton J,
Kim S-W, Nussberger J, et al. Release of bradykinin
and expression of kinin B2 receptors in the brain:
role for cell death and brain edema formation after
focal cerebral ischemia in mice. Journal of Cerebral
Blood Flow & Metabolism. 2005; 25(8): 978-89.

52. Lehmberg J, Beck J, Baethmann A, Uhl E.
Influence of the Bradykinin BI/B2-Receptor-
Antagonist B 9430 on the Cerebral Microcirculation
and Outcome of Gerbils from Global Cerebral
Ischemia. Brain Edema XI: Springer; 2000. p. 39-41.

53. Kandel ER, Schwartz JH, Jessell TM,
Siegelbaum SA, Hudspeth AJ. Principles of
neural science: McGraw-hill New York; 2000.

54. Williams CS, Mann M, DuBois RN. The
role of cyclooxygenases in inflammation, cancer,
and development. Oncogene. 1999;  18(55).

55. Cellular OR. The pathophysiology of brain
edema and elevated intracranial  pressure.
Cleveland Clinic journal of medicine. 2004; 71: S7.

56. Sharma HS, Westman J, Nyberg F.
Pathophysiology of brain edema and cell
changes following hyperthermic brain injury.
Progress in brain research. 1998; 115: 351-412.

57. Bennett MVL, Contreras JE, Bukauskas FF,
Sez JC. New roles for astrocytes: gap junction
hemichannels have something to communicate.
Trends in Neurosciences. 2003; 26(11): 610-7.

58. Dietrich WD. Neurobiology of stroke. International
review of neurobiology. 1998; 42: 55-101.

59. Stout CE, Costantin JL, Naus CCG, Charles AC.
Intercellular calcium signaling in astrocytes via ATP
release through connexin hemichannels. Journal
of Biological Chemistry. 2002; 277(12): 10482-8.

60. Hormuzdi SG, Pais I, LeBeau FEN, Towers SK,
Rozov A, Buhl EH, et al. Impaired electrical signaling
disrupts gamma frequency oscillations in connexin
36-deficient mice. Neuron. 2001; 31(3): 487-95.

I

61. Abdolmaleki A, Zahri S, Bayrami A. Rosuvastatin
enhanced functional recovery after sciatic nerve injury in
therat. European Journal of Pharmacology. 2020: 173260.

62. Scemes E, Dermietzel R, Spray DC.
Calcium  waves  between  astrocytes from
Cx43 knockout mice. Glia. 1998; 24(1) :65.

63. Micevych PE, Abelson L. Distribution of
mRNAs coding for liver and heart gap junction
proteins in the rat central nervous system. The Journal
of comparative neurology. 1991; 305(1): 96-118.

64. Belliveau DJ, Naus CGC. Cellular Localization of
Gap Junction mRNAs in Developing Rat Brain (Part 2
of 2). Developmental neuroscience. 1995; 17(2): 90-6.

65. Spray DC, Dermietzel R. X-linked dominant
Charcot Marie Tooth disease and other potential
gap-junction diseases of the nervous system.
Trends in Neurosciences. 1995; 18(6): 256-62.

66. Suter U, Snipes GJ. Biology and genetics of
hereditary motor and sensory neuropathies. Annual
review of neuroscience. 1995; 18(1): 45-75.

67. Giaume C, Venance L. Gap junctions in
brain glial cells and development. Perspectives
on developmental neurobiology. 1995; 2(4): 335.

68. Cino M, Del Maestro RF. Generation of hydrogen
peroxidebybrainmitochondria:theeffectofreoxygenation
following postdecapitative ischemia. Archives of
biochemistry and biophysics. 1989; 269(2): 623.

69. Love S. Oxidative stress in brain ischemia.
Brain Pathology. 1999; 9(1): 119-31.

70. Piantadosi CA, Zhang J. Mitochondrial
generation of reactive oxygen species after brain
ischemia in the rat. Stroke. 1996; 27(2): 327-32.

71. Chan PH. Reactive oxygen radicals in signaling
and damage in the ischemic brain. Journal of Cerebral
Blood Flow & Metabolism. 2001; 21(1): 2-14.

72.LiuPK, Hsu CY, Dizdaroglu M, Floyd RA, Kow YW,
Karakaya A, et al. Damage, repair, and mutagenesis in
nuclear genes after mouse forebrain ischemia reperfusion.
The Journal of neuroscience. 1996; 16(21): 6795-806.

73. lkeda Y, Long DM. The molecular basis of
brain injury and brain edema: the role of oxygen
free radicals. Neurosurgery. 1990; 27(1): 1.

74. Chan PH, Yurko M, Fishman RA. Phospholipid
degradation and cellular edema induced by
free radicals in brain cortical slices. Journal


http://dx.doi.org/10.52547/shefa.9.3.90
https://shefayekhatam.ir/article-1-2141-en.html

[ Downloaded from shefayekhatam.ir on 2026-06-18 ]

[ DOI: 10.52547/shefa.9.3.90 ]

“0 e d
M
of  neurochemistry. 1982;  38(2): 525-31.

75. Heo JH, Han SW, Lee SK. Free radicals as
triggers of brain edema formation after stroke. Free
Radical Biology and Medicine. 2005; 39(1): 51-70.

76. Stanimirovic D, Satoh K. Inflammatory mediators
of cerebral endothelium: a role in ischemic brain
inflammation. Brain Pathology. 2000; 10(1): 113-26.

77. Abbott NJ. Inflammatory mediators and modulation
of blood brain barrier permeability. Cellular and
molecular neurobiology. 2000; 20(2): 131-47.

78. Beaumont A, Marmarou A, Hayasaki K, Barzo
P, Fatouros P, Corwin F, et al. The permissive
nature of blood brain barrier (BBB) opening
in edema formation following traumatic brain
injury. Acta  Neurochirurgica.  2001:  125-9.

79.d'Avella D, Cicciarello R, Angileri FF, Lucerna S, La
Torre D, Tomasello F. Radiation-induced blood-brain
barrier changes: pathophysiological mechanisms and
clinical implications. ACTA NEUROCHIRURGICA
SUPPLEMENTUM-WIEN-. 1998; 71: 282-4.

80. Nordal RA, Wong CS. Molecular targets in
radiation-induced  blood-brain  barrier disruption.
International  Journal of Radiation Oncology*
Biology* Physics. 2005; 62(1): 279-87.

81. Yang Z, Bai S, Gu B, Peng S, Liao W, Liu J.
Radiation-induced brain injury after radiotherapy
for brain tumor. Molecular Considerations and
Evolving Surgical Management Issues in the
Treatment of Patients with a Brain Tumor. 2015.

82. Betz AL, Keep RF, Beer ME, Ren X. Blood-brain
barrier permeability and brain concentration of sodium,
potassium, and chloride during focal ischemia. Journal of
Cerebral Blood Flow & Metabolism. 1994; 14(1): 29-37.

83. Hatashita S, Hoff JT. Brain edema and
cerebrovascular  permeability = during  cerebral
ischemia in rats. Stroke. 1990; 21(4): 582-8.

84. Yang GY, Betz AL. Reperfusion-induced injury
to the blood-brain barrier after middle cerebral artery
occlusion in rats. Stroke. 1994; 25(8): 1658-64.

85. Thiel CM. Cholinergic modulation of learning
and memory in the human brain as detected
with  functional  neuroimaging.  Neurobiology
of learning and memory. 2003; 80(3): 234-44.

86. Hampel H, Mesulam MM, Cuello AC, Farlow
MR, Giacobini E, Grossberg GT, et al. The cholinergic
system in the pathophysiology and treatment of

Alzheimer's disease. Brain. 2018; 141(7): 1917-33.

87. de Souza Silva MA, Lenz B, Rotter A, Biermann
T, Peters O, Ramirez A, et al. Neurokinin3 receptor as
a target to predict and improve learning and memory
in the aged organism. Proceedings of the National
Academy of Sciences. 2013; 110(37): 15097-102.

88. Tanaka K-i, Ogawa N, Asanuma M, Kondo
Y, Nomura M. Relationship between -cholinergic
dysfunction and discrimination learning disabilities
in Wistar rats following chronic  cerebral
hypoperfusion. Brain research. 1996; 729(1): 55-65.

89. Ahmad A, Khan MM, Javed H, Raza SS, Ishrat T,
Khan MB, et al. Edaravone ameliorates oxidative stress
associated cholinergic dysfunction and limits apoptotic
responsefollowingfocalcerebralischemiainrat. Molecular
and cellular biochemistry. 2012; 367(1-2): 215-25.

90. Ishimaru H, Takahashi A, Ikarashi Y,
Maruyama Y. Pentobarbital protects against
CA1l pyramidal cell death but not dysfunction of
hippocampal cholinergic neurons following transient
ischemia. Brain research. 1995; 673(1): 112-8.

91. Zakharova E, Storozheva Z, Dudchenko A, Kubatiev
A. Chronic cerebral ischaemia forms new cholinergic
mechanisms of learning and memory. International
Journal of Alzheimer's Disease. 2010; 2010.

92. Damodaran T, Miller CP, Hassan Z. Chronic
cerebral hypoperfusion-induced memory impairment
and hippocampal long-term potentiation deficits
are improved by cholinergic stimulation in rats.
Pharmacological Reports. 2019; 71(3): 443-8.

93. Azam NF, Stanyard RA, Mat NH, Hassan Z.
Cholinergic modulation of hippocampal long-term
potentiation in chronic cerebral hypoperfused rats.
Neuroscience Research Notes. 2018; 1(1): 42-57.

94. Farkas E, Luiten PG, Bari F. Permanent, bilateral
common carotid artery occlusion in the rat: a model for
chroniccerebralhypoperfusion-relatedneurodegenerative
diseases. Brain research reviews. 2007; 54(1): 162-80.

95. Stanojlovi¢ M, Gusevac I, Grkovi¢ I, Zlatkovié¢
J, Mitrovi¢ N, Zari¢ M, et al. Effects of chronic
cerebral hypoperfusion and low-dose progesterone
treatment on  apoptotic  processes,  expression
and subcellular localization of key elements
within Akt and Erk signaling pathways in rat
hippocampus. Neuroscience. 2015; 311: 308-21.

96. Wang J-K, Guo Q, Zhang X-W, Wang L-C, Liu

Q, Tu P-F, et al. Aglaia odorata Lour. extract inhibit
ischemic neuronal injury potentially via suppressing

I


http://dx.doi.org/10.52547/shefa.9.3.90
https://shefayekhatam.ir/article-1-2141-en.html

[ Downloaded from shefayekhatam.ir on 2026-06-18 ]

[ DOI: 10.52547/shefa.9.3.90]

VFe e lanls (pgan o)los qugd 0)90

é;s_)_c ;4,_—“—3—&

p53/Puma-mediated mitochondrial apoptosis pathway.
Journal of Ethnopharmacology. 2020; 248: 112336.

97. Acarin L, Villapol S, Faiz M, Rohn TT, Castellano
B, Gonzalez B. Caspase-3 activation in astrocytes
following postnatal excitotoxic damage correlates
with cytoskeletal remodeling but not with cell
death or proliferation. Glia. 2007; 55(9): 954-65.

98. Liu G, Wang T, Wang T, Song J, Zhou Z.
Effects of apoptosis related proteins caspase
3, Bax and Bcl 2 on cerebral ischemia rats.
Biomedical reports. 2013; 1(6): 861-7.

99. Broughton BR, Reutens DC, Sobey
CG. Apoptotic  mechanisms  after  cerebral
ischemia. Stroke. 2009; 40(5): e331-e9.

100. Bennett SA, Tenniswood M, Chen J-H,
Davidson CM, Keyes MT, Fortin T, et al. Chronic
cerebral hypoperfusion elicits neuronal apoptosis and
behavioral impairment. Neuroreport. 1998; 9(1): 161-6.

101.CaiQ,YaoZ,LiH.Catalpolpromotesoligodendrocyte
survival and oligodendrocyte progenitor differentiation
viathe Aktsignaling pathway inrats with chronic cerebral
hypoperfusion. Brain research. 2014; 1560: 27-35.

102. Xu L, Di Q, Zhang Y. Cell cycle proteins preceded
neuronal death after chronic cerebral hypoperfusion
in rats. Neurological research. 2008; 30(9): 932-9.

103. Iadecola C, Zhang F, Xu S, Casey R, Ross ME.
Inducible nitric oxide synthase gene expression in
brain following cerebral ischemia. Journal of Cerebral
Blood Flow & Metabolism. 1995; 15(3): 378-84.

104. Kho AR, Choi BY, Lee SH, Hong DK, Lee
SH, Jeong JH, et al. Effects of protocatechuic
acid (PCA) on global cerebral ischemia-induced
hippocampal neuronal death. International

journal of molecular sciences. 2018; 19(5): 1420.

105. Farkas E, Donka G, de Vos RA, Mihaly A, Bari F,
Luiten PG. Experimental cerebral hypoperfusion induces
white matter injury and microglial activation in the rat
brain. Acta Neuropathologica. 2004; 108(1): 57-64.

106. Hei Y, Chen R, Yi X, Wei L, Long Q, Liu
W. The expression of hippocampal NRGI/ErbB4
correlates with neuronal apoptosis, but not with glial
activation during chronic cerebral hypoperfusion.
Frontiers in aging neuroscience. 2018; 10: 149.

107. De Jong G, Farkas E, Stienstra C, Plass J,
Keijser J, De la Torre J, et al. Cerebral hypoperfusion
yields capillary damage in the hippocampal
CAl area that correlates with spatial memory
impairment. Neuroscience. 1999; 91(1): 203-10.

108. Sugawara T, Noshita N, Lewen A, Gasche Y,
Ferrand-Drake M, Fujimura M, et al. Overexpression
of copper/zinc superoxide dismutase in transgenic rats
protects vulnerable neurons against ischemic damage
by blocking the mitochondrial pathway of caspase
activation. Journal of Neuroscience. 2002; 22(1): 209-17.

109. Butler TL, Kassed CA, Sanberg PR, Willing
AE, Pennypacker KR. Neurodegeneration in the rat
hippocampus and striatum after middle cerebral artery
occlusion. Brain research. 2002; 929(2): 252-60.

110. Baumgartner P, El Amki M, Bracko
O, Luft AR, Wegener S. Sensorimotor
stroke alters hippocampo-thalamic network
activity.  Scientific reports. 2018;  8(1): 1-11.

111.Shah FA, Zeb A, LiS, Al Kury LT. Pathological
Comparisons of the Hippocampal Changes in the
Transientand PermeantMiddle Cerebral Artery Occlusion
Rat Models. Frontiers in Neurology. 2019; 10: 1178.


http://dx.doi.org/10.52547/shefa.9.3.90
https://shefayekhatam.ir/article-1-2141-en.html
http://www.tcpdf.org

