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Abstract
~ A
The Experimental Study on the Animal Stroke Model of Oriental Medicine

Han Chae*, Hyun-Sam Lee**, Moo-Chang Hong*

* Department of Physiology, College of Oriental Medicine,
** Department of Neuroscience, Graduate School of East-Weast Medical Science, Kyung-Hee University

The purpose of the present study was to explore the proper method for animal stroke model of Oriental medicine To this
end, brain ischemia was induced by distal middle cerebral artery occlusion(dMCAOQ) and proximal middle cerebral artery
occlusion(pMCAOQ) and evaluated with the method of Triphenyl Tetrazolium Chloride (TTC) staining and Swimming
Behavior Test.

Results demonstrated that first, infarct size and volume of pMCAO group were significantly bigger that those of IMCAO
group. Second, analysis of swimming behavior test revealed that the percentage of left turning angles of pMCAO was
significantly bigger than that of dMCAO. Third, during swimming behavior test, there were peculiar traces of smalt
successive circles that represent motor dysfunction and conscious disturbance among dMCAO group.

The results of the study thus indicate that non-invasive intraluminal method of pPMCAO was the appropriate animal stroke
model for Oriental medicine in the light of brain ischemia as hemiplesia and conscious disturbance. (J Korean Oriental Med
2000;20(4):82-92)
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AE o] 83 H3Y 2l M3 E (global
cerebral ischemia)® =A% 8 (focal cerebral
ischemia)o] glt}.

AHE Y 2de dAF o tH e §HE T
AFL Fo| BF F FE| ANATH &S
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TaNHY L doslE e Aedd A2
A% (craniectomy)< E3F F4E% (middle cerabral
artery; MCA)H 3 9} W] &2
(intraluminal suture)-2 ©]-§
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Z ] Eull(distal middle cerebral artery; dMCA)2}
A A2, Belayev 59| M HSAA WS o &
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gto] 544 $ (inraluminal suture)S §
3l 29X 2y Zul(proximal middle cerebral artery;
pMCA)e] 9773 HgESs At Zztel $F
=gndS gEgrch o] & triphenyl tetrazolium
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Fig. 1. Diagram of the intraluminal method of the
proximal MCA occlusion. A poly-L-lysine
coated suture thread was inserted through the
external carotid artery and set at the
bifurcation of the middle cerebral artery from
internal carotid artery under 3.5% chloral
hydrate anesthesia.

Fig. 2. Diagram of the craniectomy method of the
distal MCA occlusion. At first, craniectomy
was performed at lateral side of brain skeleton
and dorsal part of MCA was coagulated by
bovie. Ipsi-lateral common carotid artery was
temporary bound and contra-lateral CCA was
bound with 3-0 silk suture thread under 3.5%
chloral hydrate anesthesia.
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28 FulZ (Carl Zeiss, Zeiss, Germany) 3}ol| A
WA anterior triangle®) T+&& Fgldte] ECA
(external carotid artery)9} CCA(common carotid
artery)Z %2 A| 71t} Occipital artery$} superior
thyroid arteryE- electric coagulator (Ellman, Dento-
Surg 90 FFP, USA)E A}£-3lo] cutting A 7=
4). ECA9) distal parts A&} 1, 548 ZFAH5-0,
sik)2 @ nelE F 7/ Eo] $2 ¥, ICA(internal
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carotid artery)?} CCA+ artery clamp(microvascular
clip)%t #€8& TG0, silE AHgstd RS
4A =rsicl
Microdissecting spring scissor?2 ECA2] vl &
opt Al = FHld 58 FFAH4-0, nylon)E A}
Pk &% B-3AKEthicon 4-0 Ethilon, nylon)&
& 274 wE9] poly-L-lysine solution(SIGMA
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do] Yt} olu lateral part2 ¥X|3}E ptery-
gopalatine artery 2 -8 5 &AL E07HA] E=F
uheko) §-9] b} Tip& carotid bifurcation© & X-¢
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9 ¥ ¥ zygomao) Al temporalis muscle] 4] €
squamosal bone7} A A7) gt} squamosal bone©]
zygomad| UE LRE| Hle FES AR 7

QNEE ZHE TR 2A HNPATHFig. 2A). TH

3
2 A}gel] 1-2m AR S AAeE BT
th(Fig. 2B). drillo] dura materE 3 7FA] &A 7]
9J8) M, burr hole S &3] HA ¥ 73 Foll A=
G FHES forcepg ©] &3t A AL Dura
mater= #11 scalpel bladeE AME-3te] ZAAYHA &
=1} needled A}E-3led dural openingS 7)) 3t
MCAZ 2% 9] pia-arachnoidol| A} £2] 3Hh(Fig. 20).
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Correct infarct volume= Left hemisphere volume
— (Right hemisphere volume —
Measured infarct volume)

4) Ase) 25 0 249 7 AU WAE ofelsh
e Ag ol gole] NP 4 AAE AN

Total infarct volume =

2 area(m) per side”

No. of sides analyzed X 12mm(Max. extent of infarct)

4. Swimming Behavior Test
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4 F 22 g5 54 BHE = p<0.05 ¢ p<0.01Z fol4dE HAF3tdch
Percentage of left tuming angles:=, v 23 A] 0° &
NFog & 9207 0|53 § Axol 2o 17157
2 o] g3 4xE %3} 3 Aot
1. SlEY & 2o oA

Percentage of Left Turning Angles =
4% 49 2=
3% 59 4% + 92 59 A%

293 FHFUEMCA) AN TH A% FHF
X 100 9(dMCA) AHT 25 HPY H&de] T3

interaural 2.57mmol| A ¥-8] Z 8Fe] interaural 10.97mm7}

Percentage of left tums+, | 23 A) 0° 2 7108 A 25 elstchFig. 3).

- 735 2 Adez F4d3 HA Ao HZo 27 S AT A9 HEN o] vk
2 3|A% AFE %3} F Aolth cortex$} basal gangliaol] 23 w]$ A Jelyton,
A9E SxZa Hy 7o A$ dorso-lateral cortex

Percentage of Left Turning Angles =

98 FR0R AL 29 Hege] TATS

A= oo 3=
= T 6 AT
. . %100 th 295 S #Hy o 3leIA interaural
HEFGEF + $ERGE+ A8

Al ZltH(Table 1, Fig. 4).

APZL 297 FHFY 3 A ZEMCAO), 49

10.97mm, 9.04mm, 7.41mmo| A1 &} &4} Ko7l o)t

2 2450 H4HIMCAO)S.2 1hro] 79 127}
EERLEEIDETE
®© 294% FH%A HHTLEMCAO) : Belayev F
o) PYoz FUNBUL NP TO2 9
Aol oe} st «
@ 9% %% 342(MCAO) : Chen 5] e
oz FULEUE HHP 2oz 9 A PMCAO dmMCAO
ol whet Agstgict Fig. 3. Serial coronal sections of the rat brain of the
pMCAOQO and dMCAQO groups. Note the
6. EAIX 2 difference of infarcted area between two
groups.
A Aol EAL Student t-testE o]-&-3le] 9F

Table 1. Infarct Areas in Coronal Sections of Rat Brain after pMCAO and dMCAO Groups

Group Infarcted Area (mr?)

10.979 9.04* 7.4 5719 4.25” 2.57%
pMCAQO 19.87+2.96 28.831+3.30 26.56+3.94 20.69+4.66 9.74£2.05 6.28+1.85
dMCAO 4.3942.02%%* 12.5843.46%* 12.4342.20%* 11.06+2.03 12.92+3.19 10.06+2.80

The numbers are shown as Mean -+ Standard Error pMCAO : Proximal part of middle cerebral artery occluded rats group
dMCAO : Distal part of middle cerebral artery occluded rats group

** and *** indicate that their statistical significances are P<0.01, P<0.001, compared to the value for pMCAQO Group.

2 means distance from interaural line.
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Fig. 4. Infarcted areas at brain Section 2.57 to 10.97
mn from interaural line. Error bars indicate
standard error of the mean. Statistical
significance compared to the value for
pMCAO group(**; P<0.01, ***; P<0.001).
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Fig. 5. Infarct volume after pMCAO and dMCAQ
Groups. Error bars indicate standard error of
the mean. Statistical significance compared to
the value for pMCAO group(**; P<0.01).

3. Total Path Length

027 AF-Fdolid TR Y HAyEe
17.77£1.35m 2, 9494 F 3559 #4272 1661+
1.16m & #2923 2o & Ho)x| YUstthFig. 6).
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Fig. 6. Total path length of the pMCAO and dMCAQO

group in water bath. Error bars indicate
standard error of the mean.
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Fig 7. Swimming patterns of the pMCAO and
dMCAOQ rat in water bath. Note the left rotation
of the pMCAo rat. + indicates the starting point
of swimming.
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Fig. 8. Percentage of left turning angles of the
pMCAOQO and dMCAO Group in water bath.
Error bars indicate standard error of the mean.

4. Percentage of Left Turning Angles

2R FH 59 A2 4 $5 wslel o3
Y2 A% AZ WnE 22 P A& 7
< FA9 g9 5ol A8& elA "rkFig 7).

TAE FHEY HAAFL 65.19+330% 2, 49
B 2zl gl 58.70+1.48% o v]3lo] 2=
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Fig. 9. Percentage of left turns of the pMCAO and
dMCAO group in water bath. Error bars
indicate standard error of the mean. Statistical
significance compared to the value for
pMCAO group(*™; P<0.01).
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5. Percentage of Left Turns
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occlusion®] Sleh. olejgt =d %% Ay
Arel me 2 A 498 ¢ AE 3R
sler}, i Aoz A%, 25 e of
€, 50% Axe Yo AEE, HEF 2o Q3
A} 29 T o] glho,

22438 Rde 3% 0
& dzAld FaHez o¥
A AAE AT e AR, AA Azte 94
247 fabsted HEE A 3o hd Aol Ads
e AR, HE P et A7l ¥ol AHEHT
Slep.

e T44eY vde BEoE HUe Wi
N7V, 7 Z40) Aol ol B ol A3, 5%

=] [e]
L5 HAES 5 FI4e
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o) F3de] AFE Aoz A=Y AL B
7} © vk gich
242958 E fdste WHoEe, THEEAs
(craniectomy)-& E33le WO 2E FHEHE &
Aoz Fshe 7AY 23 B3 g4
s 283 F3lstg el glom, FIEAA

& AHe g oz e vAEA dud
T2 A4F) S(intraluminal suture)e] $ATH?.

19753 Robinson 59 o8 & =U® %,
1981'd Tamura 579 /MES Ax A A A}
£53 dE VAR 2ZeL, FAE AAeS 9
ojelol 7L sol FUBAL L F 0|2 W)
Aoz 2 A2 Fol A
198613 Chen 572 o|21d el 43 &S ol
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AN S FH] AAFE A4FH BN 7
A9 22 ZAZUHANT YA Y& ZAE
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198613 Koizumi 590 28] 3¢ =UHA o]
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FHZl viAlE o] ul$- 7] wEolt
£ dFe AAZ2HA Bt 3loA triphenyl
tetrazolium chloride (TTC) G ¥-& Ea] A9 =7]
£ 24393, A 8P AT 2+ water mazes
o] &3 FFRAAAE AHEIAT FERIAAE
A5 A2 13 PFe voh TFH e 4
Ao} Bag B QA5 £4
Al S3E 5 AP
A5 FH 5 AT HEA o
gt orso-lateral and lateral and inferior
cortex®} basal gangliad] 23 wj-¢ A Uebgey,
oy =x =l # F& dorso-lateral cortex F-¢] &
FAE A Yehth
95 S5 #Hdre 7§, Interaural 10.97mm,
9.04mm, 741mmoll A 9] | &iFol FolstAl A e
%21, Caudate Putamen, Hippocampus, Thalamus &
o &40z s A7) s vt et 13
£ 197 23 FFo] ulg AstA vetwted,
o3 FF AA Uil YA EsHA Hele
5739 s, olel & A% +%71% B, & - 7]
o] 5] o, o4 Foff o] F4E B &
Ay 2 Ed H 7o o)M=, collateral supplyE
F2) 2a) A4 Mrt Agkon, i LS H
23} primary and secondary somatosensory cortex
regiong) superior cortex o] 73 Ao LERETIO.
HEA HES B AR L 2HF FHATY A3
oA 24431421.75m ek ol B A9 ¥Y
3l 4hH 8- A}8-3F Minematsu 529 225.0+127.8mr
o]} Meadows 529] 251.0+74.8me3} H] w3l & uf
o] & &2 coefficient of variationS AUe RO,
neuro-protectivedt k&2 A7 TAE A8 9
3 TP Rdo] ZtEojol & F23 2ot
6027 379 7, F9A AN F 2T
23 2o 7} gl en, SHzte vlZof glojM 2
AR Al ZA Jebdoy folst
ookt 3G vl & glojM e 2T FHE
o g Tl A F2)sA ZA Jehgt o), 2 F
o e Fole HEY &5 vEH

a

B

ofN J
X
offl

A FEo] o Hojzl FeellA ALH o2 FAA
A1 dhe & o8 WIS glo] ASHeR
frdal 3 b, A9y S HA 2o gl
= A sEd= W7t gle Ao o %
58] o7t gilenz 9 ek dto] g o
4§ B el g9 Aol doje K £
Aol AHEE LT FHEY AHes AT
Coyle 599 AT 4 FES F2 B AE
AA A& o Bao] BTl A o)FE B

017 WtTH3 Bk

AYFEY +9 Fele T AL Y& &
FAoz wgat, A 44, A 5H 55 9
F& oAE ez F3EP. 297 T o
Aze] Afelle 5 M= A% 5715 4
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