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[ Abstract] Objective By comparing the changes in cerebral blood flow, neuronal morphology in brain tissue, and

the levels of serum oxidation and inflammatory factors in models of cerebral hypoperfusion, three experimental rat models
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were assessed for their suitability as subjects of studies on the mechanisms and therapeutic drugs of cerebrovascular diseases
and neurodegenerative diseases. Methods A total of 88 male SD rats were randomly divided into a sham operation group
(n

(n = 24), and intraluminal thread technique group (n = 24). Bilateral common carotid artery ligation was performed on

16), classic bilateral common carotid artery occlusion group ( classic 2-VO group, n = 24) , modified 2-VO group

the classic 2-VO group, while blood was drawn from the common carotid artery before ligation in the modified 2-VO group
(1 mI/100 g). Middle cerebral artery occlusion was performed on the intraluminal thread technique group. In the sham
operation groups of the first two models, the common carotid artery was separated but not ligated, while the proximal end of
the common carotid artery and the external carotid artery were ligated; in addition, the bolt thread was not inserted in the
sham group of the intraluminal thread technique group. Cerebral blood flow, infarct volume, serum inflammatory factor
levels, hematoxylin and eosin-stained morphology, and ultrastructure of the hippocampal tissue were assessed at 1, 3, and
7 days after the operations. Results Laser speckle interferometry showed a decrease in cerebral blood flow of the modified
2-VO group that was more obvious than that of the other two groups. On day 7, only the modified 2-VO group still had
significant differences in cerebral blood flow compared with the sham group, and it remained in a state of hypoperfusion
(cerebral blood flow decreased by 30% compared with that before the operation). TTC staining showed that infarcts in the
striata of the three groups gradually increased with time after the operation; 4 rats (about 26.7%) in the modified 2-VO
group and 10 rats (about 66. 7% ) in the intraluminal thread technique group had infarcts in both the cortex and striatum.
ELISA showed that the levels of inflammatory factors, such as TNF-o, IL-13, and hs-CRP, in the three groups were
increased after the operations, and levels of the pro-oxidation factor ROS were also increased. In contrast, levels of the
antioxidant factor SOD decreased. On postoperative day 7, there was no significant difference in the hs-CRP of the classic
2-VO and intraluminal thread technique groups compared with that of the sham group. However, the modified 2-VO group
still exhibited significant differences in all the above indicators compared with the sham group. Hematoxylin and eosin
staining showed that the modified 2-VO group had more severe damage to the hippocampal CA1 and CA3 regions compared
with the other groups. Transmission electron microscopy demonstrated that the modified 2-VO group showed more severe
damage to the mitochondrial and endoplasmic reticulum in the hippocampal region compared with the other groups.
Conclusions A cerebral hypoperfusion model was successfully established. Compared with the classic 2-VO and
intraluminal thread techniques, the modified 2-VO method can induce more complete cerebral hypoperfusion and more
severe neural damage within the same time frame, resembling the pathological state of human cerebral hypoperfusion more
closely.

[ Keywords] cerebral hypoperfusion; 2-vessel occlusion; intraluminal thread technique; animal models

Conflicts of Interest: The authors declare no conflict of interest.

o [ S0 Bh 2 2024 4F 9 A2 32 B2 9 Wl Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9

B afn P A e R e D IR i B Y KA
G Y bbrns , LA mAET % mEUk R | L%
AR A P R T R RS T RO
BE PTG, (032 R F ™48 6 97 B (8] %, Be 65 2
Z I IR IT R N B IR (KO R R
5. 64% , ML PIEIT 5 1.45%) , Mk 929% 1 il ifi 14
A EE TR EZHERIGITY . XREERRE
FER AT 2Pk P 22 5, b it X i 37 3 3 R afu e
R, T IR A0 AZ 0, ) PR 2 20 I 3 8 ¥ AN G e A
Z MR A 3 E H T RE BT T 15 20 0 A B A T b T
PRARIRZS , FR Sy il i 5 47, 3 B R A s
Qb AR AR A B i 4L 2 5 I 3 R N B A B
PRI, 3 B A TR 1A 1) o 2 2 45 32 38 & 24 AN T s
MIFET, T S50M A8 T FRHE — 20 4 K, s ik A B
ZeTREE R WA R 5 R Y I I B 7 2 R

oA BT 1 4 2 49 bR A3 7K 0 IXC 8 2R 1L A8 5 |
AELAEFE , RIVERHE TR MR A E Y 3 S — T I3
TN R 5 B RR IR S AL A0 s i Ve i A b, Lt
SO ATRTRE 1 DX I P o, 3t 8 13 B I 466 R ik SE T 1Y)
i 2H 212 H IS R T U Y A 2 —
SRR — 1 2 PR 5 L il I 5T T A % 4
A EE T H N RS 7 256 75 R s R ] |
JRASTCR RN S0 AR 25 22 5 T PR 3R i 4 Y e
NG 5 ATHE T2 o ML R 28 B EL ) B ] A Y
SPREAL, EHT A SCHRAE 04 i I HE T 5 )
PN DL A B A8 XU 23 55 3 Jik PA) 2E ( bilateral common
carotidartery occlusion, BCAO) | Ko 7 2 k& 43 4] 2
(intraluminal thread technique, ITT) LR £k A 15, F
7IN BRI B 23 5 Bl ik e 2 ( bilateral common carotid
arterystenosis , BCAS ) B 4 320760 ITT #£k ¥E A



Fp [ S2E SR 2024 4F 9 A 32 555 9 Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9 1095

T R A DX S 6 45 5 e K, R MR
22170, BCAS SR I 45 P9 B 7= A AN R 5, HL 3]
1R A S A 2 BB R R A N T S B i As . KRB BCAO A5
RS2 AT R e 32 00 B ARG AR A A A A
SRy FEARDX T T A A IR AR, 55708 BRIV BRAH
RN =S e RS PN Sk /Sl = £ T
SRR B K ER (Willis 2R, 1T 2L a0 <7 7 21 42
AR BT A9 0 38, L3 [] B A2 B i — A B
BCAO {3 AN 58 4 1 19 i ke I, 4511 PR A v s AR
T RE R ERARIE AT . Rk R AH L BCAO
B ST 1 PR RE R P AP 3 RS R E i
P B AE B AP (24 )17, BET LA b 2 Fpist
A BT AT BAGE o LA e AT A H AR B s, ST
T B AR AT (AR R 2-VO 18, |/
FERE N, — Pl 2 7 A AR AR HE BRI IR IR
AR Y G I TR T

St WESE NG T 3 BRIk A R I R
B i I 97 2 009 AR RE 5 SRk R KT | i A A
TRFRR/IN FRAR R (HE ) Yo (0455 5 0 15 5 B3
AN AR T A AR bR T EE T AR S 25 L A
PF T BRAR I Bt 25 et ( RPEk R7R 2-VO %) iy
SEFLAUM B S bk (G FRZEML 2-VO 35) DL R ki ik
3 ook 34T B g 57 1) G P 1 S 58 Sh AR TR, S A
Je B I T AT SR AR A S 2 |
1 ¥MRERZE
1.1 ##
1.1 SE5esh¥

88 M SPF it SD KB, /& 220 ~ 240 g,
Yol [ b o 4 il R A2 525 3 W B R A BR A
[ SCXK () 2021-0006) . 1% 78 i [ B2 24 Bl 24 B
245 FAE I 5 B sh i e [ SYXK (52)2023-0008 ]
SIS R R S R A B A R AR i, R
FebrmdEHIIE R EIR 20 ~ 26 C,HIRE < 4 C,
FIXHRE 40% ~ 70% ., F /NS R B /N 15
W OCHRBL WS = 12 h: 12 h, WS TAREEN, &
5 H R SR 2 [ A A b A N R R ) 51 A
GB14925-2010 " 5T 5256 3h ) BT 5 fie /> 25 18] 14 FRL
o A R B UIG A% BN B T SR A R
BAEFELSBET RS EES AR, AR
J5 SR [ BE 27 B2 B 24 FH AR W) 60 90 i 52 40 s )
1O 2 51 23 W it 3l & J5 JF R SE 5 ( SLXD-20230
505012) .

1.2 EERF S5

RS ( R AE YR A R AR, 57455,
S12004-100 g) ;1% 2 L2244 (50 mg/kg) ; 202 [
FEVR (AU BT UM S A0 AR A Py BB A BR A F], BLC-
01) ; HE YL £ (Servicebio, G1003) ; Gluta [ & I
(I EREERARAF, #P1126) ; TTC YLK
(Sigma, T8877-10G ) ; IR HLIN F o ( TNF-ou ) I
G gZE W BRI 2 1) B (b st AR AR Y B RS
HY-HO0019) ; A2 1B (IL-1P) Fili ¢ Hru 2 g RRH 5
R & (bRt AR AR R R 58 T, H-HO0001 ) 5 C )2
N EE 1 ( CRP ) BRI G2 8 00 s 3500 6 (bt A
W) B R WF ST B, HY-10024 ) 5 # 48 1k By 15 1k i
(SOD ) Fif Ex B 32 W Bl s 700 & (b e s A W b
ARAFFEFT, HY-M0001 ) 5 1 1 45 ( ROS ) i 156 f 928
FRHI 5 200 & (b T e 0 A= W B R B 5% BT, HY Y -
0087) . ARSI 48 A 2 (4 M U5 5 B2 97 #48 B
BHIRAHE] S .4-0) ;2 mL {ESTRs; Je et gk (b
PEVRBHE A BR S 7, 1720-A2]C) s R B AR ( L gk
BHE A B A BR S 7, YP2002N ) 5 380G i 5 1 1% 1%
(¥ [E Moor Intruments, MoorFLPI-2) ; {8 i ¥ 3% 46
( VR I A A4 1 3 A7 BR 23 F], ZXDP-A2080) 5
57K ML (3 KA DIAPATH , Donatello ) 3 £ 3 AL ( 27X
BRABTFABRAF,LIB-PS) s B A AL LTk
I FRA T, RM2016)
1.2 A&
1.2.1  Zh¥y it Radp

HRPE R BUA T | BEHLE 88 L SD KA 4 41,
ABEFARD (n = 16) , 28 2-VO 4 (n = 24) ;LR
2-VO A (n = 24) MZMIEA (n = 24), HAREAE
W .24 2-VO 4 . FG T 240 (50 me/kg) JBR
KR, 38250 5 S S5 8 s bk, fif ) 4-0 SMRHAE &
LAEFLIDSIIKG B W HEEAE S . SR 2-VO 4.
IR BRUR 1 5 i kM v I R s i KRl &
WFEAL, B2 535 H SN 35 20 ik, 2850 35068 3l ik
VTS, FEEREZEFLAL 2.5 em 40T 1 ARSE S LR S8t
O AT L3R4S . B2 mL RS , DA W45 b e £
EFLB0 A 7 0 NS i (100 g/mL) . 1k,
HLEZHT RIS, N T By Ak 4% A LTS Rk AT
4 R4 SRIG FTFAR B AE W4k 22 8] B i A sl ik, 55
— IR S PR L, S, hikd. o
BRI #5083 ok AN #5410 s ik, R sk s ik SJe St 1A
FUSBIIK , AU L 35 28 FR e 04 Sl Bk 09 43 52 T
BEHSNIIKE T IS SIS X 3 ~ 4 mm kbZ



1096

T E SR B 2F AR 2024 459 A5 32 B5E 9 Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9

FLo BBhIKI RIS e P 2N Sl ik, IRBL 59K 3150 3
BKBY 1 /N0 3R AEAR 0. 175 mm Rk, 7 8140 5
JOKBY VARAT 1 Mgl LA BH W 25 P 2l ik i 1 80RO, 25
BRI Bl DK A9 15 3l Tk ke, B2 4 e e e ik A\ S B
Jhk , 3 43 BHL Wit K< i+ 3l Bk ( middle cerebral artery,
MCA) JT AL 18 ~ 22 mm, ZERFUE S
kIl Ik Je , 18 35 5 18 )2 48 A BT LR Ik
T AR E R IR T AR BAR AR . £ 2-V0
AP R 2-VO 4 AL B SRS KB A FL ; Zefa:
TR BR TN AR LN AR SR — 3,
1.2.2 Zhyhb

N T AHRTE 3 Fhis 8577 200 R B AR 15
M, 34 IO P A, S8 N B T 3 T A

A A i i
J®
t

EAPS
Day 1

1T

BIARJE 1.3.7 d, AR H 9 R BRAE o xs
%, LA E R B ERE 1 R,
1.2.3 PO GHICHE i 304 SORSI A BRUAR it 378 52t
SEHG N GREIN T 60 FOK B Bk 0 i e PR
KEUG, 55 FF 3% TR Je ik, v B T ik B B k. F
FHY MO Ze T KBSk B, B KBRSk 350 1 X S T
ML AERAR K FE LA 3 min, KRR ML 37 & T F
EHRIMFT 40% ~ 30% LN A B ST,
1.2.4 TTC 4efz,
R BRI 5 W I G S, M8 3 30 ik it Sz RP W
S B M 2H 2 0 85 5 v R A SORE A B 2/ ik
T, I &S] 6 A (BER 252 mm) | K5 ik

ARG 37 C 2% TTC ¥ BHOLm s
‘_‘"““ « :«’- ‘y

;j { )
S S

t

—

BOR ‘

> >
, e
J®

' WIR
Day 1

bwo ¥
~:~,’ﬂ"~,~
]\
";“\"S

¥
7]
¢
\
&

ELRPN TR
Day 3 Day 7

3R HIK
Day 3 Day 7
Wy W
RN ;f \
P Ve’ Y

f EHPS
Day 1
OR
Day 0 ‘
U i
) A
"

WAL 2-VO 4B 2K 2-VO 4 C. kM ikd],

HIR EAPN
Day 3 Day 7

318 WA A A N G
Note. A. Classic 2-VO group. B. Modified 2-VO group. C. Intraluminal thread technique(ITT) group.

Figure 1 Schematic diagram of gait model construction
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Note. A. Laser speckle was used to detect the changes of cerebral blood flow at different time points after operation. B. Changes of cerebral blood
flow at different time points in the three groups. C. Changes of cerebral blood flow at different time points after operation in modified 2-VO group.
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Figure 2 Changes of cerebral blood flow in rats after three methods of modeling(n = 5)
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in cortex and striatum.

Figure 3 TTC staining was used to detect cerebral ischemia at different time points of the three methods
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PLAALH 7 SOD izl b, HJ, 4 2-V0
2H hs-CRP K FAEHS 3 KRBT 5 %5 B4 A 1 2% 5 6 i
FYERIG 7 d W E s TR, MR 2-VO 4
BRI EARIG 7 d BESXT AWM ZE R EA 2
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3 P ARy i B AT 5| b K B A 4 i AR A 17 K
JIE, AR 2-VO 75 RERRE i 5 A (K R
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Table 1 Comparison of serum levels of TNF-a, IL-13, hs-CRP, SOD and ROS among three groups

at different time points(x * s)

HEH
(;E)ZIJ) TNF-o/ ( pg/mL) IL-18/(pg/mL)  hs-CRP/(mg/L) SOD/(U/mL) ROS(MFI/mL)
s
(23 ! N4
e 2-VO T A4 28.57 + 3.21 15.68 = 1.70 2.90 + 0.58 78.24 + 10. 67 147.38 + 6.77
Classic 2-VO Sham group
MR 2-VO IRTFARA
Modified 2-VO Sham group 25.02 £ 4.01 14.10 £ 0.85 2.49 £ 0.12 85.37 + 3.91 133.49 + 5.45
Y AN 1 > 4]
ERpRIL T AL 24.30 + 3.48 13.72 + 0.43 2.34 £ 0.20 89.26 + 1.82 87.24 + 17. 84
ITT Sham group
LM 2-VOHARIF 1d - - x B .
" HASS 52.20 + 4.04 31.45 £ 1.417"  4.59 £ 0.76 67.62 = 7.00" 282.45 £ 20.86 "
Classic 2-VO group 1 day after surgery
ZM2-VO ARG 3 d .
. HARE . 48.31 £ 0.29™ 30.75 +£0.87™"  3.88 +0.48 72.11 £ 4.87" 277.89 + 22.43™
Classic 2-VO group 3 days after surgery
2 2.VO ARG 7 . "
. 0 ZR/E 7 d 45.03 £ 4.02™ 30.08 +2.63™  3.45 +0.88 78.78 £ 0.74™ 270.12 = 11.09 ™
Classic 2-VO group 7 days after surgery
MR 2-VOHARE 1 d - . * - .
Modified 2-VO group 1 day after surgery 36.65 + 2.46 25.67 + 2.69 4.00 = 0.84 60. 68 + 0. 64 234.29 £ 6.79
MR 2-VOAARF3d . x * . -
Modified 2-VO group 3 days after surgery 35.28 + 3.58 24.38 + 8.69 3.80 = 0.87 64.86 + 4.62 206.09 + 4.62
R 2-VO HARSF 7 d . . - . .
Modified 2-VO group 7 days afier surgery 34.73 £ 8.82 22.58 + 4.67 3.58 £ 0.48 71.21 = 7.24 198.98 + 33.10
LREHAE 1 d ) ) ;
o BARIL AR 36.57 + 10.98"  23.33 £ 6.41° 2.87 £0.49"  81.28 + 4.87" 248.54 + 33.34™
ITT group 1 day after surgery
RIS 3 d .
RIERARE 3 ¢ 53.60 £ 9.47™ 27.64 £ 1.51™  4.27 +0.20™ 66.76 + 6.27 " 275.54 + 45.01™
ITT group 3 days after surgery
LRIEHAIE 7 d
SRR A 43.28 £ 12.28"  22.08 + 6.29" 3.06 + 0.67 69.09 + 8.69™ 224.80 + 60.87 ™

ITT group 7 days after surgery

. 5RFARAMLE, ™ P <0.01,

Note. Compared with sham group, ™ P < 0.01.
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Note. Red arrow. Abnormal neurons. Green arrow. Normal neurons. Blue arrow. Inflammatory cells. Yellow arrow. Irregular physalides.

Figure 4 Hippocampal CA1 and CA3 regions of rats were stained with HE at 1, 3 and 7 days after operation
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Note. Blue arrow. Ultrastructural changes of mitochondria. Yellow arrow. Ultrastructural changes of endoplasmic reticulum. Red arrow. Integrity of
tight junctions. Purple arrow. Cytolysosome.
Figure 5 Representative images of the effects of three methods on the ultrastructure of different cells in the rat hippocampus

at 1, 3 and 7 days after operation(n = 3)



1102 rh ] ST S 2024 4E 9 55 32 55 9 1 Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9

Pk DA S B, BRI . (1) 4T,
3 YL AAR A 3 U A U0 3 i, R S 25 A SR
HAGEFE R bk, ELBR B 2-VO 2H N 5 M g sk AR
PE, (2) A . 20 2-VO 2 AR A A 4
PR e, BB E Bt B, B 2-VO 415
SLIRC TRV A | % % F SR, 20 (AR 35k Jo o 3 v Al
BBl R 528 2-v0 4% Bk
AL, (3) ISR . 55 A 2 AR B T2k
KRB 1 b Bk A1, B R 2-VO AT 55 4h 2
2 P9 I A s B P

RJF 7 d, Bk B 2-VO 44kl PR DL & %
WA AR R B K T & 2-v0 4 R AR ik
A, BAREEN . (1) 4ot 441 2-vo 4L R
2-VO L ZRLREL 23 oAb fin i, 22 8 2-vO 41N T
W Jrs 52 AT e, A 4 T 5 s B R 2-VO 2 7E Al
R P YR, (2) Tl . 2
HL2-VO 2L M A PN B 200 i 35 JEG 5 v R I A, R
e BT B 2-VO 484 N Bz 40 E L
IR 5 30 e X A 7 R IR, B AR IR L 5 A
fitt, (3) BEBRANML . 2580 2-VO ZHERRIRDE 2L, 35
S s oAk Y, PN S5 I TR 5K B R 2-
VO A T2 2-VO LR IR 71 £ | 25 i fk
PPV, BRI B IS A A AR AT 1 d
13 d B FOINEE B R B AN N 53 Ak 2 BisETY

SR, 7R [R) A s B[] P, B0 2-VO0 4]
TS P VA I DX 40 B 8 45 R 7 R, R AR B AE . B
ALK 2 HIE NG s RS 1 d BV B
W R38R 3 d RIRBRH B R

3 itig

22 2-VO 0 BT i) 12, 87 A
AT R 2 — | LA PR R AR S A
TR AR HE A R — AN 8 A
i, EEIF KT SD K EAA 28R Willis 3, A
FERUIN 35 Bl ik 285 LS FR 8 Sk R i 2 AR AN ] Dp {HL
TRV A I R A T LAk 1) B AL A i 1 5
B, WRAKZEG R A/NRSEY Willis PRk
SH2-VO AR H B A i L = AT
UL T Willis 24} 2-VO BERI R 2 dE 5 R, XfF
L T BRI B 4 2 i 40 4 R 22 SRR
RN BRI Willis B % B 15 00 A0 32 A2 fig
AR, X F—2 2B R Willis FRF LR 6if 5% 66
FTH R RUE, AUAY 2-VO AS 2 LA B BT 3, A

SR SEEG 45 5 N, PULSINELLIL %51 78 1979
AR T 1 R 4-VO BERL (XU SR Bl Ik e A + HE
SIKPAIZE ), KBRS TiE i 21 2K ™ 5 Bl ol g6 4, i 9
AR A 3% 28 5 /0| 7 S B[] P 5 48 A8 A G ik
DX EE A7 P ELAE A BRI Sl B A, 1258 Shy 4 i ik
MARFFEVE S T B KRB DTk, (X Fp 4-vO F7H
FANT B a5 B AE R ME, X T AR A Gk R
R, ARG &g, h e 3 m , BRI O 30A B
JTZZ TR . DL AR R R A
WFoE A ARG T 1 bk B 2-VO F8Y BIZE 2-VO #Y
FEA b 25 TR 09 25 A2, DA 32E — 20 88 AR i 8 3
JE, AT 2-VO 33 B A X e A8 AN 52 4 1 ik St i
SR P B A B AL, H S TR T 4-VO AL S
A TC AR | S AT e PR AVR T T P i A v BB
TR ARRRIE . O A WS s, 78 I P AU 2505
02)] QIR R I e U - e S = R B S (A ]
JE RS AN i A B9V FAE 30 min JEH K,
B BROIC T 4 op 2C BF ) AR ARG R, I HLAM A
I A8 P SR T 5K 7 R B T B DR 3R S M A R, AR AR A
FEMRZE , FEARBEF T, WS s A SD KR
U B KA I A AP R R I 2 R 38 B B AR
ik 3 s 1 L 3 2 T 8 108 AR 0 A5 AR A
T 2-VO + G A A A feoe s AT S R
st s IR T 4-VO BB BLA BT 8 | Sh 205 %
AR A5 I ELAE R A L 2-VO AR B 5 4 A i Bk
I, — e PR Rk T PR A i It S 4 e ) 25
HORBISZ IR, R T 4 WA T A AU DL AR, B2 KM
IOV AE 2005 AT ST A R 0 A AR P T R AR (B AR S
P LA T ) 38 A P 2 AR SR T A% 48 1 S 1 i
RHEEIR T ~ Iz 0E), BY vk, B DA A4
5T T 24 h P9 RS AR HE X R R s2 g, S 788
FEA IS AT TE 13 45 23 AN () A o 38 A 2 R
AT G T A A S A S 25O B 6 Al b B T 3 A
6], I FLAH 5 A i I s A LA

Rk 0LV AV BF 22 8 FH R4 2R 2 58 RN 1 28 &R
G R FR G B, v 35T 8 B0 ik 2R 6 4 1 1% G I 45
W26 R M RTIE A, 4281 2-VO 35 RE A 2%
R R g a7 AR R W A 2 L 2-
VO RJG 2 ~ 6 JA7E K JZ MEBCRIR ) #2080 &
TR /L 5 BH 3 T A X e A2 08 M R I ) B R
KIS ARG, 2281 2-VO HAUAE BUR AR WL 5L
BRI, A FE B2 J22 WL 2% 21 A A8 AL 3 7T fig 2 A
R KNG Bz 230 A6 5 R 52 2% 1 A P 2% XA Y 45 4



P E SIS 2R AR 2024 4E 9 A 32 %5 9] Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9 1103

AT REAE A B 2 AR X T SR AR B JAT P s it M
PRI BE T, 4B 2-VO k5] 5 R AT H 48 i
[ RYBR I (0 ~ 7 d) FTREA 2 A5 | B2 JZ= I BEAE
MR 2-VO IEH KZ0H 26. 7% 1) K BUAE K2 FSt
ARAHR BT BEBE X AT RE A A B R 2-VO0 7
AT T R P OO T R R T AR T4
B 2-VO B P E M DI RERA . SRR T
FIJ TET T34 1) 2 TSR BT B T 11 J22 SR AR R TR
FEZE 33X ] G 55 A [F] 50 1Y H 0y i) 25 of ot 58 A [m] A
KRR HA AN v 3l KR 1 RE A7 23 3 AR AH iz
O DX A Il Bt 3 5 25 L B0 #5058 B kAR [R] - R 2
TER A, SD R BRI R i 2l Jikole o 19 9 2 — i Ay
0.2 mm , ZELRUEA AAR R B BE BRI 82 T, AR 05 1
B B 58 4 BH 28 1A 2 AT ST H 1y, Pt
o 27 TR 2 I AR U AR B . AT SR U
£0.175 mm ARRZE, TR AR EE N 18 ~ 22 mm Y
T O S, (HL Hy 7 O Bl A AR 1) At 701 2 22 5 55
K, A AAH IR B2 R A8 ) e 2 X6) v 30 ik 1) L ZE
JESEANRI Y X AL B T B v ) S A TR AR AR
fe g BB ST AT BA R 22 1KM ] MoorFLPT-2 3
DR A ASC 2 P M 00 A L ) il o 7 S LA o) 8 A
LS HZ BRT R AR B 23 2y B, O B
JCHE R HE A R it R 7 Ak i DG 1 ik ) BEAR
WOR T EAE S T W S v i — 2D G A e 38
PSP A HE 1 A JE 5 | 1) ) 4 A R AR TR 2y
S Ca® RS BMIR, 51 0 M A S R g
AT 3 T T R LR AR 5 | L A 4+
DAl BE R AT, DAL b M 1K 9 VA Ok S S Bl e fig
SRR E LR, 20 2-VO 4135 59 H 5L
SRR S BE A I ) A9 2 VR B X4 Y
LR BN, 7EMR 2-VO AP iFE A
SUAOIES B 132 0 fin i 9 2ok (451 1, iR e 9 T
WM 2-VO LT A T S Ik B4, P BT Y
FEAE BRGS0
KR Ca®* J5E eI Ca® " FaS iy h B &
FAE M, 2R R A 5 I ( mitochondrial associated
membrane , MAM ) J& N i o) FIZR B4R Ca® "5 515 ik
T IS W, 7 AR BLAR A MAM 428 1 5 4%
RERFIN T Z B Y Ca® "R TR BE A T,
RN Y Ca®* 7] %12 31 W Y A J5T 099 0T 5 SR 76 MAM
b FE 3 N TR 2R AR Ca® " K FE RS, SR S5 Zeobi ik
B MEFALIT I =1 Ca® B RS BOGEH T
PR~ 108 30 38 e 5 | 4 L 9 20 A o ke 4

BIZAE PRSI 7 38 AT 2k — 20 i B SR AR 5 4
IIRESU , T T — IR 2 R 2, AR SR
SRR IR R 2-VO IKAE S A1 2 FhJT vk R 51

PRI P90 S RO RS ) P (RS 1 ) RIS S H P 5 T i

WG, I Hoa ™ R SR AR 7, MR S

Pk A Ff U T T A AR ] A S A ] P, o R 2-

VO BT 2 2-VO 35 AN ok g B AR5 &

AR i R AT e s R S R

ZE TR AW ST IR 2-VO B A

AR (1) BAaE , BB, (2) REELUE 58

S MHEEA RS, (3) BEE RS 5 il 2 )

REM . A A —E WY, BN (1) i

e B AR S L R, I 2 n] RE S At

ToRTR , (2) S ET O ZAR M e ML A IR

A7 DME M, g hn T P ORMERE SE K T T

AR ), il A R ] BE 206 145 P B 7 AR R

ABIEFEE I R 3 R A 2 SRR ] 7

75, IR T 3 SR ARL Y I S A F R fI sk

LRI ERRTETEAS R 1 s BEAIL ) SR 7 25 Wt

=%,

£ % 3 #k(References)

[ U] o AR B 38 5 6075 2. ¢ o B A o 3
2019)HRZE [ 1], w [ il 9 2% 38, 2020, 17(5): 272
-281.

Report on Stroke Prevention and Treatment in China Writing
Group. Brief report on stroke prevention and treatment in China,
2019 [J]. Chin J Cerebrovasc Dis, 2020, 17(5): 272-281.

[2] YE Q, ZHAI F, CHAO B, et al. Rates of intravenous
thrombolysis and endovascular therapy for acute ischaemic stroke
in China between 2019 and 2020 [J]. Lancet Reg Health West
Pac, 2022, 21 100406.

[ 3] HEISS W D. The ischemic penumbra: how does tissue injury
evolve? [J]. Ann N Y Acad Sci, 2012, 1268 26-34.

[ 4] MOMJIAN-MAYOR I, BARON J C. The pathophysiology of
watershed infarction in internal carotid artery disease; review of
cerebral perfusion studies [ J]. Stroke, 2005, 36 (3): 567
=-5717.

[ 5] WASHIDA K, HATTORI Y, IHARA M. Animal models of
chronic cerebral hypoperfusion: from mouse to primate [J]. Int J
Mol Sei, 2019, 20(24) . E6176.

[ 6] FERME, v, 207, % KU Rk PR AR B A o
(1], R A ZE, 2005, 2(7) : 316-320.

MO D P, LING F, LI M, et al. Study of establishing a model of
regional cerebral hypoperfusion in rats [ J]. Chin J Cerebrovasc
Dis, 2005, 2(7) : 316-320.

(7] X6, HIM8, . o5 1 o K BURE B R RIS 0 8 [ 7]

I LR B2, 2019, 27(6) : 805-809.



1104

T E SR B 2F AR 2024 459 A5 32 B5E 9 Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9

[10]

[11]

[12]

[14]

LIU W, HU P, FENG B. Research progress of rat models of
vascular dementia [ J]. Acta Lab Anim Sci Sin, 2019, 27(6) :
805-809.

LAPI D, MASTANTUONO T, SAPIO D, et al. Pial
microvascular responses induced by transient bilateral common
carotid artery occlusion in Zucker rats [ J]. Clin Hemorheol
Microcire, 2013, 54(4) . 415-429.

GARCIA J H, LIU K F, HO K L. Neuronal necrosis after middle
cerebral artery occlusion in Wistar rats progresses at different time
intervals in the caudoputamen and the cortex [ J]. Stroke, 1995,
26(4) . 636-642.

ROUHL, WRoete, 2R, A, U PR R Sl BEAL I BF 5T
iR [J]. HEEEEZAGE, 2023, 33(12): 75-85.
SONG Y Y, CHEN Y H, LI ] F, et al.
models of vascular dementia [ J]. Chin J Comp Med, 2023, 33
(12) . 75-85.

PNV, BBE, BRI, SE. Sprague-Dawley 5 Wistar K BB
BB IKES LIS RN B AL FIA I DI RE R 225 [J]. ZEBH
274R, 2019, 71(5) : 705-716.

SUN W, GENG Y, CHEN Y T, et al.

A review of animal

Differences of brain
pathological changes and cognitive function after bilateral common
carotid artery occlusion between Sprague-Dawley and Wistar rats
[J]. Acta Physiol Sin, 2019, 71(5) . 705-716.

TAMAKI M, KIDOGUCHI K, MIZOBE T, et al. Carotid artery
occlusion and collateral circulation in C57Black/6] mice detected
by synchrotron radiation microangiography [ J]. Kobe J] Med Sci,
2006, 52(5) . 111-118.

R, AN, EAF, AF. KONV UK i AR BT 22 JR
MR E KRR AT R (1], RS RSY R,
2018, 26(4) . 512-517.

LICL, DUX Y, WANG D P, et al. Advances in research of
the establishment of an inbred Mongolian gerbil model of cerebral
ischemia and its mechanism of pathogenesis [ J]. Acta Lab Anim
Sci Sin, 2018, 26(4) . 512-517.

PULSINELLI W A, BRIERLEY J B. A new model of bilateral
hemispheric ischemia in the unanesthetized rat [ J]. Stroke,

1979, 10(3) . 267-272.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

WU S, HUANG R,

gastrodigenin

ZHANG R, et al. Gastrodin and

improve energy metabolism disorders and
mitochondrial dysfunction to antagonize vascular dementia [ J].
Molecules, 2023, 28(6) : 2598.

FHE, BFE K, HE-M, 0 KRB CE MR B
ik (1], hERTEA: BEZRRS , 2000, 16(10) : 914-916.
WANG R, YANG Q F, TANG Y P, et al. Improvement of a rat
vascular dementia model [ J]. Chin J Pathophysiol, 2000, 16
(10) : 914-916.

KATO H, KANAI Y, WATABE T, et al

measurement  of

Quantitative

regional cerebral blood flow and oxygen

metabolism in a rat model of cerebral hypoperfusion [ J]. Brain
Res, 2019, 1719; 208-216.

JING Z, SHI C, ZHU L, et al. Chronic cerebral hypoperfusion
induces vascular plasticity and hemodynamics but also neuronal
degeneration and cognitive impairment [ J]. J Cereb Blood Flow
Metab, 2015, 35(8) : 1249-1259.
RAJEEV V, CHAI Y L, POH L, et al. Chronic cerebral
hypoperfusion: a critical feature in unravelling the etiology of
vascular cognitive impairment [ J].

2023, 11(1): 93.
SZYMANSKI J, JANIKIEWICZ J, MICHALSKA B, et al.

Acta Neuropathol Commun,

Interaction of mitochondria with the endoplasmic reticulum and
plasma membrane in calcium homeostasis, lipid trafficking and
mitochondrial structure [ J ]. Int J Mol Sci, 2017, 18
(7): 1576.

ZHENG S, WANG X, ZHAO D, et al. Calcium homeostasis and
cancer; insights from endoplasmic reticulum-centered organelle
communications [ J]. Trends Cell Biol, 2023, 33 (4). 312
-323.

WANG D P, KANG K, HAI J, et al. Alleviating CB2-
dependent ER stress and mitochondrial dysfunction improves
chronic cerebral hypoperfusion-induced cognitive

[J]. J Neuroimmune Pharmacol, 2024, 19(1) . 1.

impairment

[KFEEHHI] 2024-04-30



