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ABSTRACT

Introduction: Stroke is the third leading cause of death and the major cause of adult physical
disability in the world. Despite advances in understanding the pathophysiological mechanisms

of cerebral ischemia over the past few decades, the available therapies have not been effective
for these patients. Nowadays, various animal models are used to study pathophysiology as :
well as risk factors, and to find therapeutic strategies for cerebral ischemia. These models
divide into two forms: global cerebral ischemia and focal cerebral ischemia. Global ischemia }
models are divided into complete and incomplete models of ischemia, which are produced
by occluding the cerebral blood flow completely or incompletely. Several focal cerebral
ischemic stroke models have been developed in a variety of species that interrupt the blood
flow to the brain in one or more areas of the brain. The vast majority of cerebral stroke cases :
are caused by transient or permanent occlusion of a cerebral blood vessel (ischemic stroke) i
eventually leading to brain infarction. The infarct size and the neurological outcome depend
on a multitude of factors such as the duration and severity of ischemia, the existence of }
collateral systems, age, sex, and genetic background. Conclusion: Thus, ischemic stroke
is a highly complex and heterogeneous disorder. It is obvious that experimental models
of stroke cannot cover all the specific aspects of this disease. Therefore, the success of
preclinical stroke research in developing new therapeutics for these patients might rely :
on the selection of the appropriate animal stroke model. This review deals with the most i

: Keywords:

common stroke models and also discusses the advantages and limitations of each model.

*Corresponding Author: Fariba Karimzadeh

Email: Karimzade.f@iums.ac.ir

Accepted: 4 Nov 2021

1. Ischemic Stroke
2. Brain Ischemia
i 3. Models, Animal


http://dx.doi.org/10.52547/shefa.9.3.130
https://shefayekhatam.ir/article-1-2220-en.html

[ Downloaded from shefayekhatam.ir on 2025-12-19 ]

[ DOI: 10.52547/shefa.9.3.130]

1Fe e sl g 0)lads (ot 0y90

Sosr— dEe

G oS Slgus B3] s Jue p 5590

odlim )5 e 8 Sy JI5E 5 Sl (61 a0 0o

Olpl el ns ool L;.,..;).a fnslc oKisls ‘u.(..u).» 0aSLiily «(556) s 3 05;‘
Olrl el olpl (Sig pole olfails ( J9SUge g (Jobo Dliios 38 5"

i wleMb|

VEe e 4o YY tausdol VEe - olo,s 9 iedl e

Hy Ly ‘Slboj‘gg

SeaSs| (520 &S0 )

Sy gs"&“‘i‘ —Y§

@‘9.»} (_ngJM —\“g

1 Sk (goSn] Sl 535 SlopalS 0 (g, > Sy o dele Sl g

sl Jow 039l .l 0095 ;390 e il (8l S50 slayle, Al 535 A as w>

S5 38l 5 Lo yi518 S a5 (55 udfly aalllnn yo laio 4y (o ilis (Sl

ool A3 g0 an Lo Jus ol awloa s a8 5 S0 g5 oSl 6l (Sbeys slo
o Sl sl o Pl s ;e a S cwl oas al)l ca lise gladiss (o P -V
S o &S 9lge Bl a8 oy 25T g ge e a2 le Ly S 0 e
LA el (S (5 A1S) (5o (g 5y S el Ly SBge sl I b
(el Sl )95 B 3525 ¢ soSmun] DAl 5 Dae w il (gou e Jslse 4 ]
SO SeaSan] (g e A (ol plo USRI ] ]y S A iy g e
PG e &S sasli_.i..il.aﬂ slaJas aS ol o ol (- Keal g ooy s P
o Sladod s Cddee W] 0S8 1 o 1) )l =l pls cler oled 0 iley o
e Sl - Soe o il lym dmas slaleys 8l jelaie Al (g5se &S b
Psledas o pmly s am adllas ol alil (Sles (g &S Joe el ol 4
Pl ools J1, 8 dion 0,50 |y Joo o slacasgass g Lilie pioren g ailo (650 &S

03030055 L3 1 J ghomn ey gisk

Karimzade f@iums.ac.ir :Sod g y5SI| oy


http://dx.doi.org/10.52547/shefa.9.3.130
https://shefayekhatam.ir/article-1-2220-en.html

VFeo el ipges o)lads qots 0y90

[ Downloaded from shefayekhatam.ir on 2025-12-19 ]

[ DOI: 10.52547/shefa.9.3.130]

“0 o
&
dgnog i ol Sl (5 5min S sl 00t b
Oy 00iiS Jlad by 4y (o yy S5
Sl 099 ol L (F) el (itPA) S 55 bl
e (g iie 43S ey el $10 L5 L a8 rtPA Ly
oo d ok 8 Lo, lgtca1tPA 4 c
5 5 il iy (V) el ol sl S8 Ly
D8 gy (Lo )5 - Sos (Sleys slsan S e
Sy Slidon o (alite (Sl Lo oo 059l
OBk 5 Loy oSl Sy (b)) s mdeily asllla
=2 09— oo ool ul (gixe seSugl oy sl g,
So oo s baslaie ol I S me v
2 i oSnmt] (o 55 A SIS Lyl e
laJow 3525 ol Ly Lol G dms o £ ol
s (399 sl Aoz 5| il Y ay Slsem
B ol (B Sl pgdme (B 5 (39 A e oS
3 00 oy oS mgy al g g el L
apd i 3525 L (A ) Wisd o oolaiwl olado
15 oSl s S8 SLedbl Lgis Lo Jow oyl Ly IS
sl 00l sty ] (6l o e bili Ly aln),
S ol gl amas Glale o dxwgy o G ddge
s—lge> Jos olsaslay ai oy a1 Sas (5 5—30
3 6 g0 adlie ol oo Sl ol dass o e wlie
5 QB e &S lp oo S slte 3550
D= (e Sz Jae ;o lalusgase 5 Llie (i

3L ‘;oS.w.l‘ ASow LsLéJ..Lo

Eetla s el
=

}

Lo s el Ol Dl

[ 3 ol ]

=Ll el

}

== Jﬁ-‘éﬂﬁ"-—-ﬂ-—

PRY

odsxio C) 0 5y o de oy e)lo (gse S
Ol ol 5 YL )5 o (Hlgl ol e e
loass ..\_;‘65; 99— (G0 slasw (V) cul
aoys A L (V) "S5l ppat (slodiS 5 ) SaSns]
39095 L (Hgmel 5l (U 5 oSl g5 5l lpasss
50l slaasrls L 50 S5 slagh 5 5l (6 50
Vg 0 a8 e bilen (¥) il o id8 Canl L
G ST (6 j—20 GAS_N_" B Sl 60 o0lo ol=is
Tl el as a S wig b e 5lel by slaslyg,
ol o (65 ie oS ] cloo s (6N Kol oS
— Jols 45 a8 oo g9, (oSl Ll o,
i Ll a5 el Sl 5ol oST oyl sl
gl slebw 5 326> (b )3 Jobow S g ool >
Ay iy e gl ol ] ) () o el o
el ] oy S o0 aS] Lz S (glaol
g a0 PLdly (S o g (o SIS 59
G milSo S y0 10 8 iy ot 5l () 05 5,50k
ad iz b o (i eeS] A (5555585
o=l Gl il e bt iloys sla g, i a8
Sl el (o9, 098 & 3ly ;S9e Gla—z Gl
Ol 39 )l B (oSl (s S Jlsye
L Sidseg i syl 5l by ol 5o il 9>
Sbzdas (s 0,5 5 sl (S laoliiws
S s Lt 0 iiS s oolit ol ol e ol

—
L — sl

wle o ik
il Ol

l

0 gl 5T (g 5lla
PR ALY

o |

A g ulis S

el & o5 5 it 50 > R R I
—_—

S & el g

ROS ,RNS uJ g

1

sliE o

(G5 J s

l

BBB 3 Sles kst

oSl Sl Sl el 5ie g5 e ol e oSl JL55 dy (i (oSl B S oo (S s —) g gl
Giio ~ o> S BBB 5 55 Jwb claaist ROS g5, Jisb slnais RNS 55 5o sl Sy o csls 1

! Ischemic stroke
2 Hemorrhagic stroke
3 Cascade

4 Recombinant tissue plasminogen activator

3> Global cerebral ischemia —

¢ Focal cerebral ischemia I VY


http://dx.doi.org/10.52547/shefa.9.3.130
https://shefayekhatam.ir/article-1-2220-en.html

[ Downloaded from shefayekhatam.ir on 2025-12-19 ]

[ DOI: 10.52547/shefa.9.3.130]

1Fe e sl g 0)lads (ot 0y90

6;5_)_0 .4._-“_3.o

Sla e wgiie el hyh o SwlSe Sl
00,5 Gk slasS sl og =g > g)lode Ve oxe
(\;’) J_m)‘sc 03— ‘SQLAAA)‘ wb a4 )5‘.-’?M b_>‘5.: (.)5—>

oSl A sl Jae JSb 50 4 Lo oo
Sl S5y T rdge (g oSl S 5 (g sl
slodoe a6 il (oSl sl oo () Jou2)
e I e e e e
Sy e Sl L JolS jobo s (e — 09 Ol
3 oy e 4 Jomes iz (V1) Wb
ol Ul el 45l dn gy i lise (sLatis?

S oSl B o slaJoe -) Jgux

S| (g 3he S Joo
Sl (S 3R (poSus
SPE S (rdge SR (oS Jo5 (gl (5500 (goSnn]
C b by slal Sl slaa g 3 80 olandl
gl sl mad Bl e yaa . Slidal ow sl (35,8 GIS L &85 ,3
s Sl adl s alina i nac Hhevnllin® il (rornsiBien B0 S eyl ol
e (g25FugS eS| Lal s O3l et
03U (gl ys (G 30 (oaSums]
S Lz (rbgn (5iRe (aSum] 08 Ld GalS L s s
SHaal 5leolaz il b sla) oS g
O assd jleolaz ol b ola! Slaezxez N3 g Lid 2ol
2o b By @bl sl S5 95 Sl
= ok Sl
Sl Sy 5l S (Ve Vo) oil oo ol o 95 > Sl s 70 (oS s oo

ooy paals Jlss as as col o] Jos ool 5,00
(oS3 ,95 555 50 S maw s o Vol i seS 4y s
030 Slow gz s e (g ;85 5l ey 4B I NO L5 O
aoby aelsl 3o g ble 5l man o celw YF L oslys oo
Cdy—ian 5 a8 o G O Ol Ol (YY)
e o5 ol cenl b (B a6 )ben 4 Jos
(YY) Sl o 6 ol s (6 3—%0 GAS_M.{I 36— 380

-
ST

o sl 0L

L 9 OL S
o oroPASly

259l Gl olhem 4 (brd 93 (nlicr Glojes Glrd 5 a9 8 Dbyd =Y gl
s e ol 93 (ol B e Sl (Sloses 5

Sy G0 oSusl slo Joo 5l —alize glo
oSl oy Dae IV Jguz) Gl a8l gl
Bad malS L (6wl s (g5 (soSmn] 0l g0 e
19 3 s ol Esl ke IS 0 55 ol
sl o 0 (gl ool sla oude (5, 8, )
AVAA) 092 (oo JLibg )8 (aS5,55 95 59 9 55 )9
(VF) 5 0 algr Lo yg,e8 plooi casly aalol sgu sl

<k Sl Jow

P9y S ol 40 VAV JLa jo (5 ke sl Jos
slagbye s si—he ad)b 90 (oSl 5l pdyo a5,
kel Jome st anl)) Ltse 5 ol oS > L (e
ol = s sl L gl ads 1o g0 =l > Julss
S e a9 S bl b Sladly sl 5, 50 slo g
r9a8) V) Slos 5, 50 A5 S oz g S
o8y Sl i (edle Ly Cdibge O jso po (Y
S g g Gl 50 Sl S g (s Lbgn
Same 6,18 9 ag)lS slas) (50, Sl 5l ey ]

7 righting reflex


http://dx.doi.org/10.52547/shefa.9.3.130
https://shefayekhatam.ir/article-1-2220-en.html

(70 e e Lo

[ Downloaded from shefayekhatam.ir on 2025-12-19 ]

[ DOI: 10.52547/shefa.9.3.130]

“0 ol
M
RUEJUC gP PUR- DX PR B JLIE SR UK UL gpp- -3 = W
o g5 ol )0 e mll A e 0l e 48
AL3S e a5 Jue ol mlpln oed Sy
3550 Syl yo (S5m0 (oS sl (gl (sloo S 5y
0,5 Bl pye AtV cwlad )8 eola
J=o 09 s 9 S)Lb92 (58 Ss Sl ke
S Slos Ll 09, o slatl el any celws VT o 4
Bgol sy 59 9 gl Sl

S ALY s s s sl sl o o]
A Jhs—ed pl—3 G— b 5l sl S el Ly
Ay Gasb 5l S sl S 5 Sye T g8 e
5 =S Sezl a9 JlwsSon e am b
Sg—i g0 LAl Joo ol joSde >lgi o slail slox
o=l 00 e 9 S Yo s 4 aar g Lo (V)
GlpJon izme 5 500 Gl Jus axrwgi 5 Jos

S e ookl ol 1 e glsixe Sagas
SS90 S (oSl oo

WS Sl roge S (oS A sl o
el Jds an Lal s jsailin @ 8ly ool 5540
S0 oSl sl Joo 5l jSeanzmy (e g (S
Sl bl 8 (Slge sl Jas ml wiies (gl
9 39035 1o 9 Sl 515l (B (55 A Al
olyse I sk o 9 0 e (53l 4t |y (Hoel
P az e S sladoe it g0 ], Lag]
(V) 0,5 s SglS S5 (5 ko 435 sl Joto 5

PGP ST (oSl sladoe

S oSl 0090 o atin jse pls Al
Yo—azo Lol ca il ai bl 0529 00 coSun] 4>l
O 005 Gk sl aS ol vg 2 o 2 (g lade
Lsw Sy (0 LSQ‘L"" :L_~>L: 00gdx0 Ay d‘;..‘a‘ ‘5-919.)
Ol ol dgdme e ay el il o g3
6L—“°QE’J‘£’ Ot ot 5 (7S5 5l (Se a5 e (S
‘éJg_.go‘ l_sﬁ)j_mfil.._ﬁujd._aw‘)mou@m
e Mgy (Sl Gl Sl (VF) 0o o Sl
bl )3 ae 92 Gl el g (e ol
4o o9 Ol @59 9 Ol Ll 0gB 0 234
Gira b= slaial jo slaci! e wlaudl ey Gae

8 Middle cerebral artery occlusion

) 99 ol Jow

VavY Jl_w e )l_g U_Jj‘ (5‘)_> arf) 99 Slaudl JJ_A
=5 90 dlamuil Sl Jomo jo and anl )l s5se a3l
JU N S IR U gCa UG A L) NN

7

Ol 29— 50 (Sl g5 Slo e Lol -3 3k
AD S9a> (550 (il poor Jomo 2] )3 o Ol >
VO dgaz 4 30 JSlowyisr ga 8l oS o o)
)_..u‘).....: ) ‘) GALA-MJ‘ u,uj) U_" (YV) J_MJ)CST S0
Slas cul Slas o cowl ge S aliwa S oS
00— w)bj .J_;lo\))..' BRI p.ll_..u Ql_> Hﬁ u_....u‘
lals as y oo 5, oz ol Jao a5 el
\55_...: = r:l_>u| )_>u.‘>‘) L_;) 9o Sla—wd! JJ_A ‘Q_?f))l.e‘.?
6 s SliglosT Aol Sl Joce oyl oy iaS oy

oSl szl gl (6500 by, (il (gredly
J21s s Wg Gyl ol el 0 S Gy L (B
=Sl jLid (5,58 Gials Ly g oloul Ys Sg5 09
‘)_..053)_@‘:53!1_. S )0 J_Jod_uju_u‘)‘ﬁ_ud
L5 YE b o Loguas Sllgeo 5l JalS o3l e s,

GO AU L eS8

g 0= SBlbl jo S5 S g5 Lo Jos )
Lall ograr oo o0 L5 Ll (2lidl g oad (Bgten
Vo e 095 Ol Al A e 48 e b o
Sy e ol p ) S s e G a0
Lo s ol b, ogdle (S5 o (V)
sl KB o0 Sgimune 435l 90 )9 4 S 055

\\"\C


http://dx.doi.org/10.52547/shefa.9.3.130
https://shefayekhatam.ir/article-1-2220-en.html

[ Downloaded from shefayekhatam.ir on 2025-12-19 ]

[ DOI: 10.52547/shefa.9.3.130]

1Fe e sl g 0)lads (ot 0y90

é;s_)_c ;4,_—“—3—&

Ol 9ol 3l eolawl b 3o Sl (5l i Sl

ol o (FF) sl Ysb o, Shae Ly 55 Bgp0
A u—»deJJ‘ T..Slag.:;..m‘ Ko )I oola__wl l_u ws)
S dn ponie 45 Sl e (b (b0 O jgloee
VLV 092 0z @ ol gl g
Sd e (5,85 a5 5B o 0ds S mhw an)o
I8 o=l g ol 99— Fa s (29, o=l slalie
u_..l.lﬁgb‘ 399 )l oolaz_wl l_| ul.v)_u Lri"‘ 9 S| ol
Sr—=Sol> 7 O ae cowl jl g aBle (i
dwzxez (S5, JsmlS cils Lo 4 Sl s St g g o0
oSl Eo gm0 |y g e e
st 5| il DL il asS g ol 8
l_hus)y dl_ws a u_..lasd.v‘ le_ﬁo;.\))j as u_..vﬁ‘ﬁ
0o ool Ul_"‘"" 9 JJH‘SA ul_..u )_u LQU.._..ug)M] 9
5 alyz o 9 5y yiwl el o igui] “—f_
CFACER) asS olomy] I35 e oro s (gL siglos]

o (§0g5dgS (eS|l
= s Jsle o it Yo (95 litd a5 Lol
g 31 eolianl sl Gl o s pio &S 2Ll
05_...4‘50 oolaz__wl i605_’> A QB_‘> UP LS)[—A.MS)J l_|
U Ll o St 5 ,Lis Sal F LY 4o
“\_“))(50 05_._‘>)_..a ‘fl...a Yoo Sgd—> )_'OLD.A a4 griQL“
Wi ge (39 A 39 (53 (5,28, (OV)
ools g la ko p o 43 (g, 5y 4 Sl __>gi
&5)_...4 J_.JJ a l_QJJ.a U_" )l oolaz_wl QHGA A...D_M:

P8 Bz iR (Sl gld Juw

L iss aiid 5 Ly Jgmel ol 5l ol o a5

? Spontaneously hypertensive rat
10 Microsphere

wa

S (2l an (il 095 Gl 0959 Ol 9 (Sl
L a5 O gm0 d (g0 (smibn oyl =i Slausl 4 S0
Jlso U Jlou 555 5 Camnd jo olausl L g ol adls
b b slaudl 5l alides gla Jow 09— sl ool
J=do an Lo Jow ool 51 o s (YO) 040 0529 (5520
4 Sl Sdgaalgung i (g5ae &S L Loyl cal s
(YPYY) oslas 5 ), 8 oolarwlo,g wosm w8 4 b

955385155 31 03liiusl b 330 il oy Oluka

dozmez 355 5k Gk 5l e (e 0l S Joe ol o
o> Spgmar S)lae yiion 19 99,5 (0 1B e s o
Slo s, b 5l cadize Slalllas [0 .05,5 o0 S90uns
asn (YA) ((ouls Sloiil) ;5959 i8Il a Lo 5l glaie
DS (0 dgdmms |y (g xe le Gl b (CBge O jgay
ga ez 50, S Lo ccdeay g, ol b (YA-F)
J—éb)l—*i’*é)")—._ﬁ”ws%?&)—“)*’}—*‘&-é;)‘ré
(FV) 05— ol Lzo 3se a8l cl S 30

Ol 5l eoliwl Lo o (—leo oyl )= Sla—ud

4_5 )5_.|aJLo.b (\\) 05_4.4.: eéLA...._u.:‘ LS'NL) L) ‘)J._f ‘5_.‘.09&
s ol slsl jetaie ay 09 b o 0d 0 ¥, sgal (o
359, Ol Gk 5l Gledld S e (Sl 8
A S oy Lo 0gd oo sl fso S 4y S0
ol 5 OY) 0,5 8 5 se Sl )b b glaol yo
500 lawg ol aladal eSS Joo 3 ,m0
Ol Gials g 0, 5, Sael )5 G g )| X iaghs
Sl 00 raL?u‘ JJ_.A w‘ 9y g_AL:‘}.\} —9 j)_a
Sy OLadkd Js-b g (1S5, 55 39— )O Lpg—a> 4
Ol Ay (o d yuas )0 5 iored g oolaiul
JJ._.A u_;._o..s ;L_.Q.:)‘ 6‘)_.: °)3]—‘°‘ (\Y‘ YY) )_x.c ‘é_JL\.a
O 9 5l 950 ldld Jobo sl Stz (izre
Ly e (o590 93 Lo,z (b= olausl =lad
(FY) 0S8 o oplal egld Ll 5 J 5l ool il

[EF anl?

La ola o5 2l
S

Ol 4l & (Bye s po Olodld Colon Sileds led - Yy guad
Sy Sl


http://dx.doi.org/10.52547/shefa.9.3.130
https://shefayekhatam.ir/article-1-2220-en.html

(70 e e Lo

[ Downloaded from shefayekhatam.ir on 2025-12-19 ]

[ DOI: 10.52547/shefa.9.3.130]

“0 ol
&~
a8 e L8 cola AJH:Q@A_J? 3 =S
6‘)_.! ‘S_AADJB LAJJ.A U_" Ao L_wlul .ol su
SS9y = ) A oais veg L aies o Sl ke
Sledol Lgas (550 (soSmnn] &S calizxo sl Jow
Gl emas cblas L alaly o Sl peny 8
sS)é GQ.L“.Jl LgL_AJJ.A u—)‘ ol od._.ni Sy ul_.w.:‘
MT :L_u..a) B od_m ‘sljl_w ‘5LA)L~..)T S)9— O ‘) Lo
S QT Sl Sl (Slejo Blacal g (6530 oSl
J=o5 jotay adlin ol jo Csn 050 (Slem slo Jos
30 0SS (gilwdnd el o 1) i eSS S
Jasas u—’L’”T I PRG-I SN t LW I Y (N
ool wl cul , e, g 58 5, g ool
A i =S, 90 dladl Jaw imen o)l (g iy
0l ol eolai il p eSO Slae J o
=], Jdoa Ll ool ol Ly 550 —ils
ool JJ_A $S9) )._:J.._.w.u J).—A.AS ul.LA‘ 9 09—
Jem0g i dawg b b sladl Jae ogdleds o ls g0l
il S 5l ol b Joe Sy o5
O Slars 5 ke 85 I5S0se sl lap il
3,90 sl Jaw ;o coliiwl 850 Gliles .l cwlin
pae L 0529 ( caSugl ol g o J—ud 5l sol;
09 L8 Sgelm G Ol Glapte 0929
ol jmad sl s low yiorad § i ¢y« Sadiaacw
sheols S8 ey Sy atlw g calize glag)lo Ly
0l )L-_m.: Pl SO S o &5°L‘“'" asw 9, u_:‘
ol O in 3l (6 eSSy o A S s g
S 09_213 Sl U—SM J—A‘}C u_.!l ULy ‘J._.u 39—
Lo aS A 0w s |y gl o (g5 coSeus]
3 Lm—uBLm BT L o [UNE PR S WS IVE Sy i S NS
Lanl ad; cqz ;o T 5 Lo Jow =l slacusgases
aees ol Gl an  Slas g ceSnn) &S

sl i Lo Joe ol 0gd il conmd 98 ST L
Y 31 50 00l slom! jgeg i 5 (b aSw aline

3T b bl

oLzl gl ym ek sla g, 5l Joamo ol Lall e
Iyl (A 0,5 0l b G 5l i Sow 55 5|
LY. ,hil b, Jold jawg S aisS oo ol
o2l a8 s asile  —alisee Slgo 5l 4 tag S O
Ol g Wigdgad o b pinng Se (o 45 cl o
5 Hywol szl gz ply 055 (55 4l 5
wlio oyl ia S 05 0 oo eolai ol S slaudl
o=l oS o gl Joe 1) il jo assw bl L
pac dmlo v a g Ol Lo a Lo b,
Omizead g Slaudl e 05 et i (g, ST

2l gid 5095 bgi (3 0 O]

5 il i o 55 Jl i 55k 25
5 Rose Bengal o sile gl Lo, —Soloogd
a3l 3,3 ) e LSS ) .oul erythrosine B
b 0 Gl 50 9SS (o He—e (e~
5 Lo By e po—ligail amy a5 (ol o sile o0
il A By g e e ;Ko (g a5l
zo— Job Lo js— (o250 il P o Lo S,
Lasad OgalienS g czrgo 0 S (o0 )13 adie
Loy amozxs 45 ouds LacSN g b Jolow slis (o
Juss an ly aml o g, oladl g 4z oLl
‘_g)‘_é.a‘_ngJst)_assaS_mi‘d_g)_?L;nd_fo)b
Ole—se Jo—o ol ool ul Ly (0 £2) 04— oo
ogdledy 03,5 (yal | (oSl dmald olasl g IS
=l el a5l g ccul e lyy e Joo
Sl aslllas gl— 0594 Jo—s pl S0
oras wm S lwdne) (o eSse g (ol
(V) sl il s pn g mas S ladlns

S S Aoxads

oS—) slaJos 5l (6 )b (559 adlie ol o


http://dx.doi.org/10.52547/shefa.9.3.130
https://shefayekhatam.ir/article-1-2220-en.html

[ Downloaded from shefayekhatam.ir on 2025-12-19 ]

[ DOI: 10.52547/shefa.9.3.130]

1Fe e sl g 0)lads (ot 0y90

é;s_)_c ;4,_—“—3—&

1.Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD,
Michaud C, etal. Disability-adjusted life years (DALY's)
for 291 diseases and injuries in 21 regions, 1990-2010:
a systematic analysis for the Global Burden of Disease
Study 2010. The lancet. 2012; 380(9859): 2197-223.

2. Mozaffarian D, Benjamin EJ, Go AS, Arnett
DK, Blaha MIJ, Cushman M, et al. Executive
summary: heart disease and stroke statistics-2016
update: a report from the American Heart
Association. Circulation. 2016; 133(4): 447-54.

3. Lipton P. Ischemic cell death in brain neurons.
Physiological reviews. 1999; 79(4): 1431-568.

4. Khoshnam SE, Winlow W, Farzaneh M,
Farbood Y, Moghaddam  HF.  Pathogenic
mechanisms following ischemic stroke.
Neurological Sciences. 2017; 38(7): 1167-86.

5. Zavvari F, Karimzadeh F. A Review on the
Behavioral Tests for Learning and Memory
Assessments in Rat. The Neuroscience Journal
of  Shefaye Khatam. 2017; 5(4): 110-24.

6. Roth JM, editor Recombinant tissue
plasminogen activator for the treatment of acute
ischemic  stroke. Baylor University Medical
Center Proceedings; 2011: Taylor & Francis.

7.  Finsterer J.  Central nervous system
manifestations of mitochondrial disorders. Acta
Neurologica Scandinavica. 2006; 114(4): 217-38.

8. Zavvari F, Karimzadeh F. A Methodological
Review of Development and Assessment of Behavioral
Models of Depression in Rats. The Neuroscience
Journal of Shefaye Khatam. 2015; 3(4): 151-60.

9. Khanizadeh A-M, Karimzadeh F. Experimental
Models of Rheumatoid Arthritis: Acute and
Chronic Pain. The Neuroscience Journal
of  Shefaye Khatam. 2017; 5(1):  98-109.

10. Ginsberg MD, Busto R. Rodent models of
cerebral ischemia. Stroke. 1989; 20(12): 1627-42.

11. Koizumi J. Experimental studies of ischemic
brain edema. 1. A new experimental model of cerebral
embolism in rats in which recirculation can be introduced
in the ischemic area. Jpn J stroke. 1986; 8: 1-8.

12. Longa EZ, Weinstein PR, Carlson S, Cummins R.
Reversible middle cerebral artery occlusion without
craniectomy in rats. stroke. 1989; 20(1): 84-91.

13. Meyer JS, Gotoh F, Tazaki Y. Circulation

\Y‘V

&lw
and metabolism following experimental
cerebral embolism. Journal of Neuropathology
& Experimental Neurology. 1962; 21(1): 4-24.

14. Zhang Z, Zhang RL, Jiang Q, Raman SB,
Cantwell L, Chopp M. A new rat model of thrombotic
focal cerebral ischemia. Journal of Cerebral
Blood Flow & Metabolism. 1997; 17(2): 123-35.

15. Markgraf CG, Kraydich S, Prado R, Watson
BD, Dietrich WD, Ginsberg MD. Comparative
histopathologic consequences of photothrombotic
occlusion of the distal middle cerebral artery in Sprague-
Dawley and Wistar rats. Stroke. 1993; 24(2): 286-92.

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

17.HornM, Schlote W.Delayedneuronaldeathanddelayed
neuronal recovery in the human brain following global
ischemia. Acta neuropathologica. 1992; 85(1): 79-87.

18. Smith M-L, Auer R, Siesjo B. The density
and distribution of ischemic brain injury in the
rat following 2-10 min of forebrain ischemia.
Acta  neuropathologica.  1984;  64(4): 319-32.

19. Pulsinelli WA, Brierley JB, Plum F. Temporal
profile of neuronal damage in a model of transient
forebrain ischemia. Annals of Neurology: Official
Journal of the American Neurological Association
and the Child Neurology Society. 1982; 11(5): 491-8.

20. Choi K-E, Hall CL, Sun J-M, Wei L, Mohamad O, Dix
TA, et al. A novel stroke therapy of pharmacologically
induced hypothermia after focal cerebral ischemia in
mice. The FASEB Journal. 2012; 26(7): 2799-810.

21. Pulsinelli WA, Levy DE, Dufty TE. Regional cerebral
blood flow and glucose metabolism following transient
forebrain ischemia. Annals of Neurology: Official
Journal of the American Neurological Association and
the Child Neurology Society. 1982; 11(5): 499-509.

22. Furlow Jr T. Cerebral ischemia produced by four-
vessel occlusion in the rat: a quantitative evaluation
of cerebral blood flow. Stroke. 1982; 13(6): 852-5.

23. Sanderson TH, Wider JM. 2-vessel occlusion/
hypotension: a rat model of global brain ischemia. JOVE
(Journal of Visualized Experiments). 2013; (76): e50173.

24. Atlasi MA, Naderian H, Noureddini M, Fakharian E,
Azami A. Morphology of Rat Hippocampal CA1 neurons
following modified two and four-vessels global ischemia
models. Archives of trauma research. 2013; 2(3): 124.


http://dx.doi.org/10.52547/shefa.9.3.130
https://shefayekhatam.ir/article-1-2220-en.html

(70 e e Lo

[ Downloaded from shefayekhatam.ir on 2025-12-19 ]

[ DOI: 10.52547/shefa.9.3.130]

“0 ol
M
25. Hawkins L. The experimental development of
modern resuscitation. Resuscitation. 1972; 1(1): 9-24.

26. Berkowitz ID, Gervais H, Schleien CL, Koehler
RC, Dean JM, Traystman RJ. Epinephrine dosage
effects on cerebral and myocardial blood flow
in an infant swine model of cardiopulmonary
resuscitation. Anesthesiology. 1991; 75(6): 1041-50.

27. Michael J, Guerci A, Koehler RC, Shi A,
Tsitlik J, Chandra N, et al. Mechanisms by which
epinephrine augments cerebral and myocardial
perfusion during cardiopulmonary resuscitation
in dogs. Circulation. 1984; 69(4): 822-35.

28. Kofler J, Hattori K, Sawada M, DeVries AC,
Martin LJ, Hurn PD, et al. Histopathological and
behavioral characterization of a novel model of cardiac
arrest and cardiopulmonary resuscitation in mice.
Journal of neuroscience methods. 2004; 136(1): 33-44.

29. Siemkowicz E, Hansen AJ. Clinical
restitution  following  cerebral  ischemia in
hypo-, normo-and hyperglycemic rats. Acta
neurologica  scandinavica.  1978;  58(1):  1-8.

30. Kabat H, Dennis C, Baker A. Recovery of function
followingarrestofthebraincirculation. AmericanJournal
of Physiology-Legacy Content. 1941; 132(3): 737-47.

31. Grenell RG. Central nervous system resistance;
the effects of temporary arrest of cerebral circulation
for periods of two to ten minutes. Obstetrical
&  Gynecological Survey. 1946; 1(5): 667.

32. Jackson DL, Dole WP. Total cerebral ischemia:
a new model system for the study of post-cardiac
arrest brain damage. Stroke. 1979; 10(1): 38-43.

33.  Uzdensky AB. Photothrombotic  stroke
as a model of ischemic stroke. Translational
stroke research. 2018; 9(5): 437-51.

34. de Lecifiana MA, Diez-Tejedor E, Carceller F,
Roda JM. Cerebral ischemia: from animal studies to
clinical practice. Should the methods be reviewed?
Cerebrovascular Diseases. 2001; 11(Suppl. 1): 20-30.

35. Takizawa S, Hakim AM. Animal
models of cerebral ischemia. 2. Rat models.
Cerebrovascular Diseases. 1991; 1(Suppl. 1): 16-21.

36. Garcia JH. Experimental ischemic
stroke: a review. Stroke. 1984; 15(1): 5-14.

37. Hossmann  K-A. Animal models of
cerebral ischemia. 1. Review of literature.
Cerebrovascular Diseases. 1991; 1(Suppl. 1): 2-15.

38. Tamura A, Graham D, McCulloch J, Teasdale G.
Focal cerebral ischaemia in the rat: 1. Description of
technique and early neuropathological consequences
following middle cerebral artery occlusion. Journal of
Cerebral Blood Flow & Metabolism. 1981; 1(1): 53-60.

39. Popa-Wagner A, Schroder E, Schmoll H,
Walker LC, Kessler C. Upregulation of MAPIB
and MAP2 in the rat brain after middle cerebral
artery occlusion: effect of age. Journal of Cerebral
Blood Flow & Metabolism. 1999; 19(4): 425-34.

40. Sugimori H, Yao H, Ooboshi H, Ibayashi S, lida
M. Krypton laser-induced photothrombotic distal
middle cerebral artery occlusion without craniectomy
in mice. Brain Research Protocols. 2004; 13(3): 189-96.

41. Dirnagl U. Rodent models of stroke: Springer; 2010.

42. Trueman RC, Harrison DJ, Dwyer DM,
Dunnett SB, Hoehn M, Farr TD. A critical re-
examination of the intraluminal filament MCAO
model: impact of external carotid artery transection.
Translational stroke research. 2011; 2(4): 651-61.

43. McCabe C, Arroja MM, Reid E, Macrae
IM. Animal models of ischaemic stroke and
characterisation ~of the ischaemic  penumbra.
Neuropharmacology. 2018; 134: 169-77.

44. Yanagisawa M, Kurihara H, Kimura S, Goto K,
Masaki T. A novel peptide vasoconstrictor, endothelin,
is produced by vascular endothelium and modulates
smooth muscle Ca2+ channels. Journal of hypertension
Supplement: official journal of the International
Society of Hypertension. 1988; 6(4): S188-91.

45. Fuxe K, Bjelke B, Andbjer B, Grahn H, Rimondini
R, Agnati LF. Endothelin-1 induced lesions of the
frontoparietal cortex of the rat. A possible model of focal
cortical ischemia. Neuroreport. 1997; 8(11): 2623-9.

46. Biernaskie J, Corbett D, Peeling J, Wells J, Lei H.
A serial MR study of cerebral blood flow changes and
lesion development following endothelin-1-induced
ischemia in rats. Magnetic Resonance in Medicine:
An Official Journal of the International Society for
Magnetic Resonance in Medicine. 2001; 46(4): 827-30.

47. Nakagomi S, Kiryu-Seo S, Kiyama H. Endothelin-
converting enzymes and endothelin receptor B
messenger RNAs are expressed in different neural cell
species and these messenger RNAs are coordinately
induced in neurons and astrocytes respectively following
nerve injury. Neuroscience. 2000; 101(2): 441-9.

48. Moyanova S, Kortenska L, Kirov R, Iliev L

I
[


http://dx.doi.org/10.52547/shefa.9.3.130
https://shefayekhatam.ir/article-1-2220-en.html

[ Downloaded from shefayekhatam.ir on 2025-12-19 ]

[ DOI: 10.52547/shefa.9.3.130]

1Fe e sl g 0)lads (ot 0y90

Sosy—= dlza

Quantitative electroencephalographic changes due
to middle cerebral artery occlusion by endothelin
1 in conscious rats. Archives of physiology
and  biochemistry. 1998; 106(5):  384-91.

49. Kahvand Z, Edalatmanesh MA. The Effect of
Trichostatin A on Working Memory and Serum Bcl-2
LevelinHypoxic-IschemiaRatModel. The Neuroscience
Journal of Shefaye Khatam. 2016; 4(4): 35-40.

50. Alberts MJ, Atkinson R. Risk reduction strategies
in ischaemic stroke : the role of antiplatelet therapy.
Clinical drug investigation. 2004; 24(5): 245-54.

51. Okamoto K, Aoki K. Development of a
strain  of  spontaneously  hypertensive  rats.
Japanese circulation journal. 1963; 27: 282-93.

52. Bailey EL, Smith C, Sudlow CL, Wardlaw JM. Is the
spontaneously hypertensive stroke prone rat a pertinent
model of sub cortical ischemic stroke? A systematic
review. International journal of stroke : official journal
of the International Stroke Society. 2011; 6(5): 434-44.

53. Johansson BB. Cerebral vascular bed in hypertension
and consequences for the brain. Hypertension
(Dallas, Tex : 1979). 1984; 6(6 Pt 2): Tii81-6.

54.Hossmann K-A. Cerebral ischemia: models, methods
andoutcomes. Neuropharmacology.2008;55(3):257-70.

55. Rahimi M, Nameni F. Effects of Endurance
Training and Adenosine on the Expression of
the A2B Gene on the Ischemic-Reperfusion
Model of the Male Rat Brain. The Neuroscience

Journal of Shefaye Khatam. 2020; 9(1): 79-89.

56. Mayzel-Oreg O, Omae T, Kazemi M, Li F, Fisher M,
Cohen Y, et al. Microsphere-induced embolic stroke:
An MRI study. Magnetic Resonance in Medicine:
An Official Journal of the International Society for
Magnetic Resonance in Medicine. 2004; 51(6): 1232-8.

57. Niessen F, Hilger T, Hoehn M, Hossmann
K-A. Differences in clot preparation determine
outcome of recombinant tissue  plasminogen
activator treatment in experimental thromboembolic
stroke. Stroke. 2003; 34(8): 2019-24.

58. Wang CX, Todd KG, Yang Y, Gordon T,
Shuaib A. Patency of cerebral microvessels after
focal embolic stroke in the rat. Journal of Cerebral
Blood Flow & Metabolism. 2001; 21(4): 413-21.

59. Ishikawa M, Sekizuka E, Oshio C, Sato S,
Yamaguchi N, Terao S, et al. Platelet adhesion and
arteriolar dilation in the photothrombosis: observation
with the rat closed cranial and spinal windows. Journal
of the neurological sciences. 2002; 194(1): 59-69.

60. Watson BD, Dietrich WD, Busto R, Wachtel
MS, Ginsberg MD. Induction of reproducible
brain infarction by photochemically initiated
thrombosis. Annals of Neurology: Official Journal
of the American Neurological Association and the
Child Neurology Society. 1985; 17(5): 497-504.

61. Uzdensky A. Photothrombotic stroke as a model of
ischemic stroke. Transl Stroke Res 9: 437-451. 2018.


http://dx.doi.org/10.52547/shefa.9.3.130
https://shefayekhatam.ir/article-1-2220-en.html
http://www.tcpdf.org

