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Transient Middle Cerebral Artery Occlusion Model in Mouse using Nylon Thread
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A A iS4 HEF YHEC] SUK6HL At @A HES A=A 9 "] wol JfdEo] 3le

A o | Fot, 2 A ol ® B2 AR A4 YAatEo] o8 A& 6] gt

Joltt. B2 A4 F HEF AE A5 9t 2Eskd AF 5EATE

EEH, ZF3H Nylon threadg& ©o]&3%t Sdixsd HHZE(MCAO, middle cerebral artery
occlusion)®] A&E tigt A+= AY gk

T 2999 0.18+£0.02mm 9] AES 71 5-0 Nylon threadE Zti=EHol 44stqct. 60& B
AFQIst o B HUE HHUE Al E7H5te] Nylon threadE ®iujx, =igkdl 9] wj5E-S Fo]Fof,
oA @dllo] FFEA ST A2HEE 2347 Fo] HE ol 1lmm FARE AE T 1.5% TTC
(2',?',f;]t_j_iphenyl—tetrazolium chloride)® 158-7F JM35}a1, 4% PFA(paraformaldehyde)® 158 &<t
7Y SERT

A3l Nylon thread® 443lo], MCA occlusion 507F], ICA occlusion 140tg], A& = MCAO
model®2tt & © @A E0J7t distal MCAO model 3612, HE Z4-& MCAY ACA7IA] E0i7FA AFHEA<Q]
IAE YEE occlusion model 19+, TI8]31 FMo] dojipr] ¢k upe-A 50utg]E FRIstot.

FE: old ¥ AFoAE Nylon Threads AF 9] FA1O wet 32~36g A FHAE Imm=Z Yoy,
37~40g9 BHE 9mm+0.5mme] Zo|&2 A5t A 1hr occlusiond} 23hr9 reperfusions o] A
FHE TTC S Boto] AL Lol BES FRIotaL, AF oA 7H9ZQ HEH Aoz 1518F
101094 HAMS = T 5 AATHG6.9%).
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. Abstract

Introduction: In aged people, stroke incidence is increased. But standardized experimental animal
protocol study for the research of stroke therapy is rare. There is little report on the success rate of
cerebrlelnl dartery occlusion model using standardized Nylon thread length of precise thread end-size
controlled.

Method: In this study, the operator intended the occlusion of middle cerebral artery (MCA) using
0.18+0.02mm end 5-0 Nylon thread. Middle cerebral artery occlusion was induced for 60min under
isoflurane anesthesia. After 60min, the operator removed the Nylon thread and reperfusion was induced
for 23hrs. The mice was killed 23hrs after reperfusion and infarction area of brain was confirmed by
1.5% TTC (2,3,56-tryphenyl tetrazolium chloride) staining.

Results: According to end size and insert length of Nylon thread, Middle cerebral artery occlusion (n=
50), internal carotid artery occlusion (n= 14), distal middle cerebral artery occlusion (n= 36), anterior
cerebral artery (n= 1) were induced. And no infarction (n= 50) was observed.

Conclusion: According to weight of mice, the operator induced reversible cerebral artery occlusion
model by different insert length (30.0~36.9g : 9.0mm, 37.0~40.0g : 9.5mm) of Nylon thread. Success
of cerebral artery occlusion model was confirmed by checking infarction area using TTC staining. The
success rate (66.9%, 101/151) of reversible cerebral artery occlusion model in the mouse and the
operational conditions are shown.

M keyword : | Ischemia | Reversible Cerebral Artery Occlusion | Infarct | Reperfusion |
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¥E£Z(Stroke)2 cerebrovascular accident (CVA)
s £ HzF 9 MG 1T 4 s B4,
AR SEE X9 FALdo] F47] AolEo] X9
AA7150l ozt verdth &34 HEF0] AA 9
20%S AAobH(11(2], @4 & MAof o3t F44 Hl
g4 H&EFol AAY 80%E AFAISkAL St} -2yt
oA AgEo] 2MAR AR L& §er}t =2 Ag
o7 T AEAQ A7F TRt Eofot
ol A+ YoMe & Edo] Fashy, A=
AXZE 0|83t MCAO (middle cerebral artery
occlusion) modelo] =74 At da] AREL Q)
ok NS ftEE o R ARl AN o
AIARI HF Mol Sled], F+ARI HAMeR AY &
A= H7HH g AAS = Zolal, Al
ArF oz S oIt} reperfusions
Agolt}, HAZN AFLZE F2 H|7HEHQ] &
B o83 et YFH R vt Ho| 1
Q HAA Hoh= 2 7HFoln UA[FRI X
A¥ct= A7t ©r1dEe], 7t Zo]a
7M1 mgo] Jfdo] Basith 7HHA
Hog:= FANEE dAlsto, 34
HAME BeE= R3], & F
T QFO =2 TheadE Aot FMS
AH4-7]. FAEE AA st
7ol @ AEja $=& AA}ol| Qs
e dd2 AN & 28 HEYo] &
QoA gHAlsE MCAO ZEE s &4 St 1
/H%% ¢lo] Nylon threadZ ©]83l= 7142 A
A A& Koizumiol o8 A-&o= A7 =UEH8],
AHOo R = =& A7to] ks A, & 99 &4
o] AL A, 11 ATt +EE & 5 AT, &
A13] middle cerebral arteryS HQ=AE gHAlE 4
= S ol Utk
olo] & Lo A+= Nylon threadE 018519 1hr9]
occlusion®} 23hr9] reperfusion & ©]-&%t &S 7
SR 9L MCAO o 93t ¥ 9] IA} BE gl
sk7] flsiA 1.5%
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2,3,5-Triphenyltetrazolium

chloride (TTC)E AH&st] Attt TTCE H4M
of o3t AelE &I o 7P £39] AMEE= FAeke
2A, Al XL Jestaedt®} Sandritter (1959)°] ]3]
A7) HHE FRIsty] gt Aok g A|EQL
t}. TTCE vEZ=Eol 9] dehydrogenase?} ¥
sto] FgHog AoRl=s MEs E24S UEL,
AL dojt HIZ8AAQl Ao A= | EZEdol Y
9] dehydrogenase?} &4lE]o] G40l E|X] gho}, |7
o] HAE FRIT 4= Slth= o] ot

Mid. cerebral a.

Post carebral a.

| - Int. carotid a,

Basliar a

gual a.

Ext. max a,

Sup. thyr. a.

Occlp. a.

Ext. carotd 8. — [TC A

l\ N
J8 1. 4Fe S siRE
(Nylon threadS ECARE AIZ510] ICAS Sdlf MCA UT77HA| e

Com carotida. — CCA

1. Mg ¥ 4y

20084 629HE 20089 11¥7H4] 1510tE]9] BHE
$&319}. 32~40g A2 BKW CD-1 AF $2& 12
AI7HA light/dark cycle2 |A5I9 oM, B3 AlgE
TFHE & Alofl& heating pad Yol AL
37CE FAAA, Ak4e} isofluranes Egst] &Y
olF Ao BFE shed T w8 & ARE 124
st & HE Afeiatt. a9 A4 52
Z|tigt th|A] %A 5o, CCA, ECAE 2k & £¥0|
UoJux] LT Z 6-0 mersilk ( Jhonson & Jhonson
, NJ ,USA )E "5 Aoi7HH[19 2. A~D] S8 d
ECAZ Nylon threadE® AUsIRHIH 2. E~Fl
Koizuminylon ®H[81Z ©]&3t9] threadZ& 5-0
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nylon (AILEE Co, Korea) & 12| £ 7}7lolsto] &
< 0.18+£0.02mm=Z = F ARSI 9mm &7t
G k) Eo7tES Sigirh o] HEY HYe=
middle cerebral artery(MCA)7} 95]A] =lo], MCA
HA mdo] gEojXA "ot BE & AX= 108
Qofl it 0= 2t AUT o S =Ud
S thA] AR5t Nylon threadE ®fWia, 2Hetd
9] W5 EolFo], thA| o] FJFEA si3ith
J2HE 2347 Fo HE AWl Imm FARE AE
& 15% TIC (2'3,5-triphenyl-tetrazolium
chloride)2 1587t FAHstaL, 4%
PFA(paraformaldehyde) 15% St 1AsFith
[51[10].
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— ) 28 &
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Probe Z1Li 1) CIAl S8}

O3 2. AS b ZAE
(A) ECA 228 28 DiS; (B) CCA 1# Oi5; (C) ECA OBHRE 19 O4S; (D)
O g ¢ 1# 0iS; (E) (AXD) WHE A0l Nylon thread EO-I" ‘:'fﬂ Y,
(F) Nylon thread &2 5104 Nylon thread?t S07H= &2 ( ICA £ 510
MCA 7K &2)); (G) 28 = 1AIZE 59 occlusion; (H) 1AIZE S &) 'E Nylon
thread 1 23AI17t rep

B o|./\

1hr occlusion® F3 23hr reperfusion & TTC
FALZ sto], YAt Aot B9E gl & 151
ni2l9] BHE AMESte] &t 41}, 57HA] daE o
QItH1¥ 3]. Nylon thread® 4AYsle], MCA
occlusion 507}, ICA occlusion 147+, A= &
MCAO model®t} & © A Eoi7t distal MCAO
model 361, Y& 72 MCAY ACAZIA] £0]71A]
AEARl IAAE YERE= occlusion model 19, 1
21 Mol dojubx] g wheA 50utE]E ERISH
HIY 3. A-El. &% JAA A 5 280tElE, 1hr
occlusion®} 47hr reperfusion ¥ brain A< 3}
AaE Y] 2o, FEEC] infarcto] YEA|
%= Zo] Wolth. 20 vhEe IohEdoly, vR Al
infarct 2 Q18] ZUTHIE 2].

2 1. 4F A0 2 MCAO model
32~36g
o] (=IES 21 29

0.18+0.02mm size@| Nylon threadE Z2 ZI0|2 MRS mf A0 ME
MCAO model 2=

H 2. 479 52 ¥
Cause of death ot2|4
A5t infarct "
= 1
olg 28 8
T 20

=2 M7 MA| 20012 &, 11012k Nylon threadE &8t £ reperfusion sH=
| ol 0| 2 Mgt Y22 Yo7\t =YL, 1012 a3 UCEER, LY
X sofel= Hefet OIRE & + SRS

V. uF

2 FEoly4 FL 5E (e.g., mice, rats, gerbils,
rabbits, cats, dogs, pigs, sheep, and monkeys) &
%+ ischemia modelZ & 4 Ql&d|, 442 Az
ol qlrk WA, 2 FES AR A FBE
e A EHo =4 7919 imaginglH,

functional imaging= 3}7] €1, regional cerebral
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blood flow?} metabolism@™ &%3517] 4o} sHA|9t
7}Ao] ¥R, occlusion®] BEHA| Gtt= TES
7R 2L e}, ¥iHol| 22 FEE HEE e P9 &
’5] ‘45‘]%91‘ 22 FEZ FUHAY #AE 4 & 5=
= AR o 2ot @2 HlE-E AT 5 ok 1 S
"1E TRe-As AR WP 240] 419, ot &
F7F 471 w2ol Aol weh g2 nElS A=sio]
ARESE71o B £t 11 9jo] AY 7|EFE rato] H]
sto] ohgsHAl AR & Utk ARol qioh SHARE
ratol] Hloto] X7} YR 2, AlE] xek= SR ofA
t, 71540 A4 ZolE Uehle B 7 9
tH11l. FANE ratg Wol ARt oY H2ol= &
A7 Mol tigt A7 soldel WehA mouseE ©]
&3 Aol solval Sl Aol Utk
=AM doy|= & YHoRE FANSE A ot
of, AHHOR FO0F HUA HAS doy|= &
Ho] Sl=H, ol AgsHA & 5 U= FHS 7t
ARG, eEAIACKH: £9E B FANE7HA] AAlst
ofof of= o] St WA Fo| IRt Hrfste] 5=
& HE HX] &3 @& ko2 Nylon threadE A%

3o} A8e Qo sauo] i, ol B 5]

o et WATO R Seg o 4 e BHE 1A
9 Bz s BRI AgsHA s & gl 9
7HA7] 2ol g Laé st JEES £ davt

UeHB]. 2 AT F
Nylon threadg 41215k} 341 Q071 +4
& olg3iel 438 ol ol 4= Lol 5

mouse?] FFA9l WZ Nylon thread?] Zol& ot
HIA Shi.
A5t MCAO modele WE7]  YsiA=

0.18+0.02mm A9 Nylon thread”} Q3}1, E
St o] Nylon threadE QuivhsE 4Hisfjof st=Ae &
935}tt. Nylon thread2% 5-nylon (AILEE Co,
Korea) A& ARS8, 49| T-& =A-L E& ARSI
24 W=+, o] Nylon thread & A&©] infarct
sizeg AXot=d & 9T SH2I[101[12]. Nylon
thread®] A} Zol= AF 9] FA0f we} o Zo]
9 FAZ Z42F 27 gZo] k= JANL BHE
32~36g2] AFE= 9mmZT, 37~40g°] AFH=

9+0.5mm AEZE 4FIstHct.

Z o] AFoAE Nylon threadS ©|-&3%F a1}2Ql
MCAO model& T&7] ¥all4l= Nylon thread?] &
&S 0.18+0.02mm=z THER, 32~36g9] AF=
ImmZ, 37~40g9] BFE 9+0.5mm=E FUsto] &
shH £ o H&3 MCAO modelS THE & U3iTh

J% 3. TTC &4 At
Nylon thread 2 QI5H =ZA0] LOJt Bol= TAPE LOjLL, HAMO| E[X| 3.

(A) MCA occlusion model (n=50) ; (B) ICA occlusion model (n= 14) ; (C)
distal MCAO occlusion model (n= 36) ; (D) LIF Ze MCA'—} ACA TIIX| 20
7hM MEEOI IME LEEHUE occlusion model (n=1) ; (E) No infarction A%
(n= 50)

Nylon thread& Y& ZF 29od ICA7} 9HdA,
ACA®} MCAZHA] B5 9+ infarct size7} U5 @ol
HoA =i, 4R AA Yol HLols, MCAY
branch& @Ho] 327 o, infarct size7} ZA U
u=E, A&EZ 9ol dfoF F "WRAHS ATt
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TTC @42 HEZEole] g4 aas FMse
AE]z G (physiological conditioning staining)®]
e ERth oA Dol AN} AFEeHA = v
EZC oA g4 fas BHT 4 glonE oA
o] H7] gk=rt. YubHoz TTC P 3P4 H&A
ojuf ATAMA| e} HARAE HEste] FA] GM6H
of FA9| 37|15 vlwstr| sl Eol ARgHrt. %]-E'V—?
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2 3729 AAEso] 1.5% TTC powers 1.—_011:}.
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15-3087F 37=A 94 incubationdtd Hc} 123
H 222 HE T 308 A= AU SESE A7
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= 10% FAU 4% PFASIA] 4A01A 4417 A% 174
2 AF ZoJshw gk

Fes vl 2SR neArt 08X AT E A
Ao AMESHA &Koo, EHRFo R ¢Z Y &
olttH &= A ZAE &= A8 & F, occlusion
FE= 5UOIY, reperfusion s Bt H2 Hhe-A
T =T, ol AAeIY & =59 HE 28T
22 olf 2R waEirh 1A 11 o] Fol= A

Ao F= ABFE 0171 Yot occlusion F=
BetollE st pad 9ol Fol Alo] oAl A
A5kt

1511t8] % MCAO, ICAO,distal MCAO 71#] &3]
A HAMe dozl A9st (0lvlelo|ng 3hE
66.9% BEHct 181 15190 ARt ;q% 1
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