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BE BAY B R I RSB LU H 105% ACREBY  fe HE F  T3 3 SR A 1 52 1 R IR o
B KB ZERH (MCAO) , $2 i  JAE AU AR L B ARG 2 h B 2P 4345 SR e s A i 2h K RO FERE ML A
340, 3 BITEAERR R 1013 h 6 h 19 hoff th At P S i i A3 , A2 ) R BUB Bk 1L 5 #1512 A5 28 (tMCAO-HT) .
ARJ5 48 h LI ZUESERE B0 HT A A= 38 i ZH S 53703 A S L1488 3% 5 DLSRBE T3 48 b5, PEA
i e R ALY tMCAO-HT BB il 25 . B SR SR T ARM L , 2L L AN BR ML/ 5 rovim 00745 1 97 F2
YT W 2 BRI (B A 42% ~ 53% , FRHEVESS S min P25 ARG LV 5240 1 25402 5 5 RS 2 h 2 0P 2 I e T e
(P<0.01), HAL [ TCH BGETT27 22 5 s AT 48 h A BORIZH AL AL B 18, HL3 BRI RLEE A9 HT s HT 19t
LA PP43 R 2126 2 U TR 41 (P<<0.05 3 P<<0.01) , FLBifi 5 ke 1fn B ] (4 4E 4 SR 7 b T
oy BRI A AR R R BE T, ELREA BRI ) Y SE G, R BRAE T A S s a5, Horpkf 9 h ZH5E
TR A 83.33% , LEIR 2k M ik i AL BUM BRI JS 3 ho 6 h. 9 h 13 LLFFIE 1 2 RE A 2h &2 1 K
tMCAO-HT #AY , {H 11 9 h FBIET -3 5 , W0 (MCAO-HT B Ui 1L 3 h = 6 h /& PRI A L
SREIA A LS L AR s Sl s R
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Study on Rat model of Hemorrhagic Transformation after Cerebral Ischemia by Suture
Occlusion Method NING Long, SUN Hang, ZHOU Yan-kai, FENG Jin, XU Chun-ping, HE Fang-yan.
School of Chinese material medicine, Yunnan University of Chinese Medicine, Kunming 650000, China
Abstract Objective: To explore optimal conditions for the suture occlusion method to make the model of
hemorrhage transformation after cerebral ischemia in rats. Methods: The rat model of transient middle cerebral
artery occlusion (tMCAOQ) was established by the suture occlusion method. According to the changes in cerebral
blood flow and results of neurological assessment 2 hours after operation, the rats that underwent successful
model establishment were selected and randomly divided into 3 groups. The suture was removed at 3, 6, and 9
hours after cerebral ischemia to make hemorrhage transformation after cerebral ischemia (tMCAO-hemorrhagic
transformation, tMCAO-HT). The cerebral infarction, incidence of HT, cerebral hemorrhage volume,
hemoglobin content of brain tissue and mortality rate were used as indicators at 48 hours postoperatively to
screen for optimal tMCAO-HT rat model replication conditions. Results: Compared with the sham operation
group, the cerebral blood flow in each model group measured 5 minutes after cerebral ischemia decreased to
42% ~53% of the baseline value; when measured 5 minutes after reperfusion, the blood flow in each model
group was significantly increased. The neurological scores at 2 hours after operation were significantly increased
(P<0.01), and there was no significant statistical difference between the groups. There was obvious cerebral
infarction and HT in various degrees in each model group 48 hours after operation. The HT hemorrhage volume
and hemoglobin content in each model group were significantly greater than those of the sham operation group
(P<0.05 or P<0.01), and these values gradually increased with the prolongation of ischemia. Each model group
showed different degrees of mortality, and mortality rates increased with the increased ischemia time, in which
the mortality rate of the 9-hour ischemia group reached 83.33%. Conclusion: The tMCAO-HT model in rats
can be successfully replicated by reperfusion at 3, 6, and 9 hours after cerebral ischemia with the suture method.
However, the mortality rate at 9 hours is too high, and reperfusion after 3 or 6 hours of cerebral ischemia is more
appropriate in studies using the tMCAO-HT model.

Key words hemorrhagic transformation after cerebral ischemia model; suture method; reperfusion
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e AR P HEUREOE W Y HT sh Al X TR
SEHT By R ARG SAGIT e B,

IS RAJG B ILIX AT 43 A i 28 TOAN AT SR AR ) ik
I ORI RAAR 28 ST TR A kI~ 571 (ischemic
penumbra, IP) . WIHETE &% )5 4.5 h N (t-PAJRYT I [E]
%) TR AL, TP Y ZH ST ekl R MPKH % AL AN
Al A REAEIX . {H HHG t-PA P55 HT 5 Bl 542
ik ) 22 ] 14 ¢ R AT A i, H A 5 5 A W
BAPERE VRN (8] S5 HT Sy, SEB ik 5E 2 DL t-PA Y
BTN 4.5 h AR &2 XS HT % T
THES ] (HJR TP (A B UERE HL A B 28 00K = 7 Y

AL, a5 NZ B — 2 25 . AR pEIE4s
SRR RENE , FRATTHT I Z: B SE E A iy 22 R Tl [
251 (Stroke therapy academic industry roundtanles,
STAIR) AL 5 PR AT S8 MEAEH AR 4, LA 16 378
A, PR L2 VE S KA SEARFR A AH DG R PN a4
FH 2t 2 52 1 R B K A v 3l ik BHL 28 A AU (middle
cerebral artery occlusion, MCAO) A& & PEWF 5T, AT
TIPS R A RS IR R . SRR MCAO K
BT BRI 1 h B AR IP, H7 45 R BRIML 6 h IR TP FEAR 7
&, 24 W R TH R (Feharh) . AR ks A g
MCAO K RIS IS 451407 , PEFF ot L P78 s TP I
(493 h IP HEAH 2L 1 6 h S IP 584 TH 2 19 9 h i [i]
SR G S T A ADLI K ¢-PA VR L I
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{1k #& Y (transient Middle cerebral artery occlusion-
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1.1 EZXH 5 A4t

111 SEEesh¥)  SPF 4l Sprague-Dawley (SD) K
B ATIES - SCXK(J11)2020-030, 41t 5: 512035000165
72],4 ~ 8 JH#% , 250 ~ 300 g, W4 [F AHS A0 S0 S A
FRAHEL, s T arEh EA RS =, H
AR, AT H R ST0K,

112 FEGY 550 2,3,5- 81k = 28 35 70 & g
(triphenyltetrazolium chloride, TTC) (4t 5 821W031)
W F 4k 50 & 2 B A B2 A 5 QuantiChromT ™
Hemoglobin Assay Kit ( It 5 DIHB-250) 4 T 3% [
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1.1.3  EEUA MCAO L (F15 2636A4) 1Tt
SPGB A BR A F 5 SO EOBRE I AR AR A (F
PeriCam PSI) I3 T i L1 5 = 27 () 28 ] 5 B AR AL
(745 Infinite M2000) It T -+ Tecan 2\ w] ; /NSl W ik
PEHL (5 V1824301 ) 114 T~ 32 [E] Marex 23 ] .

12 F#k

12,1 shsr ¥ SDREBENL - MR TR (12 H)
FIFARLL(36 2 ), MCAO A5 5 4% ik 1 7 A8 Ak X A 5
2 h PR 222 P50 45 A TR A B AL P53 4 - Bkl 3 b
6 h 19 h P53 v I A% AL A IF 24 (tMCAO3h-HT .
tMCAO6h-HT FItMCAO9h-HT) , £5:4H 12 H .

122 MCAORHIHIME  10%K& 5 (0.3 mL/100 g)
P S R A B, AV MY [ 2, 2000 R = | AR
S AESUE PR A Y29 1.5 e V10, B A4 00 35 4 5
Jik (common carotid artery , CCA ) 12k E #2253 55 £ 43
XAk F5FL CCA Mo, Bk Ie e ] CCA 3 .Coviw , 7F
CCA ' HUEGLRIT 1545, BB BT fERE 43 X 1 em 4k
BI— VI B O B R RSN AR A . #AIF CCA 3
JikJe , A7 P CCA I Ui 25 $LER , PR B IE 46 A1 1l
LM% L) B IR A ) AT B K, 458 1k A R, 7 i s
IMJ5 3 h 6 h 9 hik H 2 S P v LAS 2 HT i &
4

1.2.3  BIRIPEAL OB I R A5 S W I0 A 1 37i
S PRI R, S RAN BY 40 T8 1z Bk, R B i i X1
FHAE BRER K ORI o B R BRI 18 2 A SO K
BERSAR WA T, 0 S e s i Bz S5 I sl A B I HL
TE & i 1L 3% &= (cerebral blood flow, CBF) {H & 100% .
AR5 5 min BRI W DU 1 20 2 )55 CBF T B 28 42% ~
53% BRI B2 5 3 4 5 5 min PO 0 i 2H 21
Jri B CBF A5 1 &2 W P 1 T . Qi 22 24143 Al
PRI REGR SRR : R ST 2 h 2 BE Rk B 19 Longa V435
HETPEAN K BB T RE , 043 JCA 2 T RE BB R 5
153 52 B Rkt PR s e D Re i, B4 2 B s AN g e
T2 40 2 v R Ry kb peh 2 D RIS , RT3 ) 22
A B 5 3 43« T8 SRy kb A 2 D BB R , B A7 A PR M
i) ZEAMEAR] , SN RE F R ATAE 54 43 ARRE F RATHE , 3
YUK TR 54 6T, TTC YL A iR 4L . A5
48 h, £ A AL 2 HICER, BRI bRk o Sk UG , 25
BRIRER Sl R, 365 A (292 mm/ ) RGP0 A
B ATTCE W, 37 CHE ARG YL 15 min J5 BUH
VIR 4% 22 5 WS b 1 i, SR i, A R
PEAN IR SEAR 0 . (DB 2L HT $5hrAG I - R )5 48 h,



LR LB D)

SRS PR DT Sk B , 2 PR IRER | Ll R V) A, 365
(252 mm/F) , GEiHIKZH 2 HT & 43R Jm R A 246
DU R T) e 0 HR L T 432 0 43 « A DL L 5 1 43« AR AT 2%
AN BRI 5 2 43 AAE XN SRR R I 5 3 49 2 H i T
FU<FESEHY 30% 54 43 - ) LT AR = FESE Y 30%., FEAS
VIR A3 MR 85 o S8 B i 43 Js , i it A
MHZUIFFRE . 1 mg IZHZUINA 9 L PBS W, 7257
AR DM IR AL 3500 %4/min 2500 20 min, YU4E
|-7% )5 #% Hemoglobin Assay Kit i 7] &5 156 1 45 B R A6
N 0G0 2T 8 P, R 4 £ 400 nm,
1.3 #itFam

K FH SPSS 26.0 A Ab BRI . 45 A IE S A0 LA
KI5 225 E R TR ORE LA (aks) FE7 , 4L 1R] FL AR FH A
SEAEAR SR R s TR LR R A TE] LR
K s P<0.05 R2ZE A S22 R L.

2 #R
2.1 Bfxfii g

S B ETA H, 25 B B ZH 2Lk IS S min U5
CBF 40 i T B 2 KLl A0 42% ~ 53%, B3 h.6 h
19 h 21 i) CBF 43l % A LR B Y 51.48% . 53.23% 11
52.99% , B B LA ALY 5 P S 5 min |75 CBF
e HE s, Rl 3 h.6 h AlT9 h 41 CBF 433l T+ =
FERE Y 78.19% . 74.58% F1 66.24% , $&/R LK &,
R, W L,
2.2 BaAv 2k

EHRTFARLEA L, Bl 2 h 5 &R 2H 2 PR
FIA I REB IR , #2221 BE TR 2R A5
THERE L (P<0.01) s £5BAU2 (R B 2222 00y 22 57 58
THFE L (P>0.05) , $&n 4135, L3k 2.
2.3 B4R I A i AR

SEFARLEHM 4B 4 AN SE LI B, Bt Bl il
I ] 0B < fi A9 7 T S 49 Tk 34, UL 24 A5 B 24
P BURTRI R B HT, WK 2B, S5 AL ik 221 HT
A I A3 A £ 8 R TR TR A
(P<<0.05 8¢ P<<0.01) , H.Ffi %5 1l i 5] ) ZE S, HT 1Y
et N A AR (1w A A A S s =S S
Fhas, W33,
24 BAKIAMHRTE

B F ALK FRAET RN 0; 45 1R 4 #5944 K FRAE
T2, FLAET 2B i s 1] () i 52 398 ke 34 i 3 b
6 h 19 h 4L AET %751 K 33.3%(4/12) .50.0%(6/12)
F183.3%(10/12) , ¥y TARF AR (P<0.05)

1 tMCAO-HT B §{ CBF {H (mL/100g/min, x=s)

BRI PR

5 min 5 min

415 SERE

tMCAO3h-HT#] 556.08+54.68 283.93+5.84  434.97+46.02
tMCAOG6h-HT 4 569.73+19.70  303.05+24.91 425.38+35.76
tMCAO9h-HTZH  551.85+20.35 292.17+4.08  363.64+38.76

A B ]

tMCAO3h-HT 4

tMCAO6h-HT 41

tMCAO9h-HT 4

0

T (A)FEERIME ; (BB IS 5 min; (C)FHET S 5 min
PRI 1 A% 2H K U I 3t e BB 1]

750 0 750 0 750

2 SAKEARNE 2 hHEFITo (5, ats)

2153 AL SRS
BFARA 12 0.00+0.00
tMCAO3h-HT 4 12 1.83+0.39”
tMCAOG6h-HT 4] 12 1.75+0.45"
tMCAO9h-HT 4 12 1.75+0.45"

. S5EFEARL L, P<0.01

- (A)TTC B /s IAREAE (1 @) 5 (B) Al WA A 7
LY IRSREAREN: DS E (=)
K2 SAERBINELS YT



#£3 KRB HATIHEMN L (vks)

. s KAEHT ‘HJ. iI5e JI[LiIE M
[H)] W58 &EA(gL)
BTFARH 12 0(0) 0.00+0.00  7.74+0.34
tMCAO3h-HT4] 8 6(75.0)  2.00+£1.55% 8.85+2.21
tMCAOG6h-HT#H 6 5(83.3)  3.33+2.80" 10.87+2.62%
tMCAO9h-HT 4 2 2(100.0)  3.50+0.58%  8.09+0.72

H: 5EFARU L, P<0.05,7P<0.01
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TEBE2EAI 5T R, ShP R A 5 BIE 5 X 42 (R AR AL
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B ORHLIRAS T ARG F  Di6e AL SE 5 3
VEPR A IE A SEG i, N7 5 NS AL v A S
ISR, DU S IT A R AT S . AR R A R
tMCAO A | ELAT JO T FF /5 T o o 42 il ke a2 13-4
TR R BEFEF AR IR AE LAY . 222143 AT R
KA INRE R IGRRLREE . TTC i SRR AL 4 21
HH P 8 S S I 7 A 21 G B PR IR S, 1A AT 2 N
SR T B TT T SN T 52 1 68 198 ke A D i
Fekt, R FH A AR SE PR FE FR

AW FEAEBOC R W CBF (B T, DL
PEOR I TTC e {6 36 b , PFH tMCAO R f4 52 1 155
o ZEHFRH, BIRIZ KRR BRI 5 CBF YREAL 2] Il
{ELHY 42% ~ 53% ; HLASERIZH 374 A [) i B ) o 25 T e
BRI, P 2225 o B B TR s TTC Y a2 SR s A
B S (R IR A AT, B35 tMC A O K55 784 55 1 L 21

2T 88 F 2 A7 T I 2 5 Rk B T,
i 23 % A T J5 Al K s A4, SORH i 20 2 i,
LIS E—E R LI 2 HT B E AR
JE o ARSI AR BRI AN RIS ) 85 45 HH 2 AR RN IR
IR T4 | I 1 P 50 R s i ot P R 403005, 8 i
7ML 2 kA HT, 58 K B IMCAO-HT AR 1) &2
il , J5 LA tIMCAO-HT B2 il 2l 2V HT 19 & A%
N | Rt || EA e A = R O A e W R b= U
o SEILFROH A5 B A i 2 21 o R A A 41 2K
F & 8 BT SR Indi i 3h ., 6h ., Oh St FE 1 34 g
A R B AMCAO-HT B/, H &5 4 44 4 K By
BT % &, tMCAO9h-HT 2H (A6 T 2 55 5 (5 ik
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83.3%) o WU I IEA T I 2 BT A DA 7 T e A
Bl il 3 h 5 FEEVE LU S tMCAO-HT B0 B, &
R o ) 78 FH 245 A DG A2 I M e L 6 h J= P e o

AT o , P il P R B ) 5t HT &
Az R LI ARSI ] S IE AR DGR3 . Bt i A )
FE M o B BB 45 I, R B A i LA Bh 254
TEURTEIR , FHZK H B/ PN R 400 e [ 4 sk 0 1 i e
AN KRR N i P S U ]
A A 7 (FINDST BT i o = 1| 8 7 1 P e 9
PG ARG L 200 e A P T T s A HT &2
RRFCT ARG T . ARBIFE Bl 9 h 41 i 21 8
TR SETFARALER LG5 L, TR S %4158
R, MAGET IR R SR DA

25 PR el vk 2 R B tMCAO-HT 5 AL 1 fi
AR I FERE RS R AT AE 4 3 hal 6 h, (HASHFZE RS A
[ g5k iy, FsF [i) 5K SRR B BREA TR 3, Jim i it —
BRARR , USRI 458
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