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A review of animal models of vascular dementia
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[ Abstract]  Vascular dementia (VD) is caused by cerebrovascular diseases, either hemorrhage or ischemic damage
in the brain, with ischemia being the most common. In recent years, increasing efforts have been made to study the
etiology, pathogenesis, and prevention of VD. The establishment of appropriate animal models to study the mechanism of
VD and explore the efficacy of VD treatments has become an important issue in this research field. On the basis of
conventional method, such as bilateral occlusion of common carotid arteries (2VO) and four-vessel occlusion, researchers
have modified these method to improve stability with better reflection of the clinical manifestations of VD. This review
summarizes these modified method and discusses possible cellular and molecular mechanisms and their advantages and
disadvantages.
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A AL 1) 2 ) 2 R REASTAUL T DA RE ) Y IEAIR
1.1 i & FRET % (2V0)

2VO J& H TN )12, 837 e LAY S B A
Rz 7 2VO0 A T T AR G5 AL R L
BRI 18 M RARARTHE RS A8 PG E
TE 5 TR A i R 2 A5 R AT O R A R R R R
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G H J2 Y R BT ) RO L e RO R BRARAR
EZEHIKE , s (1)2VO KB R & 47 4 %
R I X 22 & VA A AR T iz Bl B A A IR AR
UFARRAEL T VD SR B I PRI, 1 5188 P M e 1t
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S BIKA J5 3k, AT LA S A T A ik ke o AR
i 1k A BSOS 2 M e a4, BRI R BRAE T8
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Ohta %511 7 A 45 L 1M 78 T4 A 391 P9 3 ik
3 3k S U] 10 U 251 3 Jhk 5 1 52 SR 8
Mo S LN Sk, 0 B T3 Bl bk
TR A X REZLHE A7 00 29 5 2 ik R = 45 L, A
B KA 1 KRG 3 16, 35 30 5 36 1 5 ok v 400 o 2 43t
ML, Z5FLUI 5505 3 Jik 2 BELAS I Y8 3t ) R i 6 1
TG, R 2R G5 14481 493 4 K R 0 s B ) 2 ) e
5, SNBSS FL S B0 24 2T B 4 I 0 2 h 2
T A N R 1 R AR B 5 R Y AN
FH G ) 8 T 0 45 B R B R G T R B A 5 RS 1
NI B R A TR A I L 4 ek 2 A i
ARARI R 2 TCIRBE, IR RIAT SR DA B2 AN 2 f 225
FET- UM, 76306 8 ik e 2 e AT 1 R B A
KA, 5 (1) T B ks LK R R B
TR 22 05 45 AR 036 20715 B 50/ R AS [R) 26,
X SE S HOE SN Bl K 25 FL K R R 32 5, X 3%
B i ARG FL 3P Bl K OR 23 60 35 L3 D) g5 (2) 30
s ket L i P 0L 2] A = i B AR Ak 2 iR
B A RIS o MG A DL R By CAL KA & ot &
100 A R % HE, # P Bk 4 LR R
VA W10 1) G 20 2R B, ke o R P 3 3 ik
S5 B 2 o) B A5 R K 300 2 ke FL R L
EAF R A 2, BAR L AE S 0 N R AN B, R 7E
TAEICAZAT 55 ol i RE A 1) 2 S g
1.2 MmEPEETE(4VO0)

Pulsinelli 252" 38 5o 55 — Sk 38 £L v 44 K BLRL
NHE STk, - XU S Jik ] Bl e s ke ol 9 49 7
RIR, 24 b5 WHE BRI RIEAT IR 380 kR 2R
7= 4 S A5 (XU HE 2h Jik R8O #5088 3h ik ) 1A
FE, GO T SvE Bk s sh LR, B 5T R
B ,4VO0 J5 K Bz 1) 2 184268 1 W R R, 1l fiE
5 CA1 KRB Z T R RA K,

TR () 0 a5 A2 SR FH AT 9 4T 9 R 2R 5 5 42 41
S ok P S 114 1 ] 42 4 o] A 46 477 2 8, S 22 ] LA
308 3 i s 1) 725 2 (1 B0 49 2 B AR OAS [ ) 5 B AR A
AR e s s BRI RE A HESh KA AE
T — MR AL T, L BE A E AT Y, BT AR
5 A 2 O 5 50 4 L L R B LR, e A
AR B KO 4V O AN By 110 56 5 5 N 24 ki o5
A3 591 5 SO Sl ik e 24 A B 497, DTG 2 i) 512 50
LGN

HIR 4VO i AR H R AE T M A pln L E R
— BT UE AT 2V0,4V0 IR, 2



78 LR R 2 20K 2023 4F 12 A %5 33 4845 12 ] Chin J Comp Med, December 2023, Vol. 33,No. 12

RPN 5 P R A T SR S AR R Y
2VO F14VO HENT I A PR AR Y | EEF LG 5P
JrEAE R BAEAA N S (8] 2 ] BE ) Iy T Y 25 7 il
TR 2V0 MIFETRAKT 4V0 (B3 ) i e 71
ICIZRE ST BAK T 4V0, H 2VO B3 RAE T 4VO0,
Jaspers %52 AEREAILNT HRSZ I % B 4VO K B
CA1 DX BBl 28 JC IR 3R, T 2VO0 KRR Y 3E,
Ganesana 252 I AVO S 5 ™ 5 A9 e o 1 v XU
AL 4AVO FHIZEAEAL LU T B A5 R B d5e by B S ™
T A 2l Jik P 2 2 — ol e A 1) v XU AR
R,
1.2.1 R 4VO— RMESh K45 FL 071k

1 T AV O TEAE SN kA 35 77 1 A7 A 8RB, 2
RAGEEZET) Tk RHES K45 L . Lu
212 SR ] < ] A A R B 5 L ME S bk + e A 35
Tk fr ek Rk dE D) AR A — R A R 2
Z I RIMESIIK . 24 h 5, F OGS e 27 i 32 1A
WM Bk, DU S 14 P %€ 10,20 5% 30 min J&5
BB A4S 2, Pk H 4VO SRR T 01k B g i
XPRUAE 2 ok 47 25 4L, AR AT A A L BE T 5 2 3K
FAR A HESI KA TE 42 P ZE | AT 52 M A1) 322 o, T %) A5
B e R R T X — B BT ST
BT BRI B OIS AL S

Sun %5V T B K45 FLAE Bl bk + 2 A 25 A
Sk R ik, s EHEshik, H 5-0 FARJE
BIARAGEFLMMES) ik (AT EE) . 24 h J5 1
I A8 & — 3 e OB #5153, 3 ik 20 min 75 & 42 i
B, PEaK . (1) TR EE A HE Sl ik, Bk T PR ME 3
IOk A5 FLAR 12 117 5 BOUR) 25 Fh B IR LR R A5 (2)
I W GAT RO, I 53 A 0L 06 1) B R AR I R 25 4
PEESIE R Y 4V0 FS T ™ E A S84, 5
WA FEOH AL B AR Ak, ol R VR T 3 30
NI RERS R S 25 5, 5 0 6,
AR TS BRI AR
1.2.2 PR 4VOo—ik RFR1E I

Pereira 577 A 40 (B 104 OBUIIAE 3 ik +
FUEBIIK ) B XU HE B bk + S 35 P Bl Bk,
JEOT 3 BB AT DU ST M AE AR A A FE L RUIE B ik
JLF- IR P ZE (2VO 1) B 188 20 P 2620 — A BTN
K (3VO 1) F1 55 Hh— M i 551 4 3l ik (4V0 1) .
NP1 ZE By B 3 — 1 A ZE B Bt 118 Bsf ] () B A
7.5.4 803 d, BAHEM P EFERE, 4 d
53 3 By Beadt AT U S7 i A Kk A A 2E SR B A e R, SE

ROREAF o 0 R 2B PEAN 2 B A P 1A 2 4V0/
(SN BhIK) PR ER T PRI R 1Y) 56 B A | N 23 5% el L 2y
AEo BRa . (1) PU IS 58 42 ) 9E 25 T BOR BRI it
M EA R R EIET ARG, (2) 530
Y B e SR A i o R S A SN R N N
UL AR R R BRI AE 5 B Eh 451405, b 28 3R AT 1
R IVNGIRN A

1.2.3 B 4VO—34in i B i [

Plaschke 2528 5% FH UM 25 5 3 bk A HE 20 ik 52
SCRHMBTY 5125, R4 B 2K A 48 BEL W . S i
SEFL— M Bk, R X A ) Jik 2R AT 7 I A
FE, 1 JRJE - T 53 AP Sl AE AT 2

SOV R R A | R A B A T A AR a8
SR A MISCHE BRI I BE AR ]
ki 2H 2R RE 12t By IR A 5 ki 406 A8 s A T S o
I R 5 2 1t ok 38 2 0 il A3 o, 2 S — o A
HEVERIRE SN M XL B S Py T DT B A A
bR LL P PR Pl R 1L, 2 AR AL Y AR R R T S I
PAIZE 1 e AL S I A8 A 2E 2 S S i sl g 2 i
WP SHOAA B 5, RRURIE TR,

1.3 Z=m&EMEEE(3V0)

de la Torre %5 POV @ g T —Fhi i PH ZERTE T
S DK BEL WA Bl bk i 3 o8 ik . BRGS R An R . K
RS R A B P AR S T I R BR AR T
SKIFEEFL ., F 8 BN BUE B IR AR 70 R 7, it AT
g4l RAGMBUE T shIk (A SO TREEITHL,
AR I, 3 4R 1) 2 7R 32 S5 3 v OR LA 3R B S ki
HZUEEFE, B AR 2 0 02 5 Z1 A0 B2 O 4 it 34 8 il
CA1 HEMA P 22 TT I BE BEE 451407 , 1B T VA UE Wi s 7Y
A LAERAAEAL) VD,

Horecky %" 3 1 i 4% it 48 P41 €407 8 14T 3VO
R T, SR I SUAT IE U0 AR AT i #4E
(1) BELBT S 1 L B 3k A 000 A6 50 Jok AR A A 8
BIKI I 5 (2) PZE LSS Bk 5 (3) 45 2 Ik o

WY Dela = I A8 PF 2 W 45 288 3 ) A6 100 1) 4
S i N B ZE 20 iR T Sl Ik, DATH B o e A
BIKIILI . SR, XA B AR REF AR B FE T (45
min) , X Sy #1701 Z484F (UEEE, NTE
LI FAR) REORRIE TR A S, Horecky HIBA
FER T X 8 | 26 B s A B A 2 Sk T Y
FARTy =, LI BRI 2 A5 O HE 2l kR -~F-4 7 A5 ) 250 6
SR ML

SEERHE R AR TR I ] A 45 min J 20



rp [ LA PR 22 A 2023 4F 12 A% 33 %45 12 3] Chin J Comp Med, December 2023, Vol. 33,No. 12 79

27 min, FFARPAAF RN 95% 2= 2] 100%, 1t
Hb ISR LRV 22 58 19 B A A8 M (i ) 2R 3%
A28 T A0 L P AR A W IR AL AR i Rk AT BOA
HIBEERY , SR BNININ VD A
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TeT1) SRJE BT D B R 5 BB (5 A 2 12 e il
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Jokcpe 7 b B[] B SO T kB e e R R ARG T
M5 N R 20 M B A R B | ST 2R A1
1.8 HEREmRMISET &

1.8. 1 ZRHLIE SR AR Y

Kaneko %5 857 1 A BRI M 4 ZEE A9 1T &2 41
BAL, BAR AR IR . TR AT 36 h, I — HBE M
Wistar B B2 ik AR B 10 mL IV, JF-6 At
FEAE 3TC R FRAR T LB i e . HI T3 RO & | i
LRSI K /NN 100 ~200 pm, 36 h J&5 , BRI R
B2 s A M S5 6 30 Jk R 25T 81 3 Jk 8 2 3L, S 4]
HHMEIK, 60 R BUE I TE 1~2 min P ) 4 5l
PKESS 0. 3 mL FH A= BRER K AR BE 11 3% B HL 207 W
Ky AR ZER
1.8.2 i ML — o ML B2 L PR R A R

FRBEAE SR« SR —e ™ 1k RO BELINT A2 1 B kA
FO0veg I HABE Y | 1 v I ARk MR 7 L, 308 e aff, ) e
LG A3 0T, 977 326 10 /8 10 He — 3 10 A (OBL i ) 488 780 K
B, PEUE A 2R 2V O k32 P RU S 20 ik, 257 e
LR~ MU A2 5 A M2 (HH-VD) #5571
1.9 BEEFENREFARMRE

EEI T RSIE7 B 530 SNE b N 1 Do)

1A PR, 2V0 F1 4VO S H iR Y 8y
B, A AR U AT E WA 2V0 £7E
R 4V0 BT &, KRG B RE M
AT BEATECR - (1) 3R EAEIE R 5 (2) S IR

5 4V0 M, 2V0 K EOARIZE AL 32 F B0
PSS R 5 2VO0 AR B AE 7 08 PR AIE R A
FEIRAET- %, SR 2V0 J5ik: (1) 2 miAAih 2 . (Al FR
— 7 IS T8 3 T 0 235 L U 25058 20 ik - 75 = S Ui P Y
i e AL BR A, A A0 B DR R PR A ke L T AT T
(2) 4 e LBl % QD MR I« ik S LA AR B
5 |2 P18 I s 1T 5 s e B 52 P R R 1 A, K
SOHTER AR PIIIRE . @ AR ARG FLAUM M 3k .
AEEISEDIRE , B0 P K B S BE B A5 L
POITR(E 1),

5 2VO0 ML ,4VO AT LU i 42 ) 3l 1k A ZE Y i
[ (K R B S ) %) B AR A, JHL 3 91 el o
ST R 4VO J5: (1) 4RI NPT AT
LA 1) B PP ] 38 5 5% A D fi 3L o 008 e i ke
I, A AR TR T 2H 2 Sk e o ke ST A R A
TR, (2) $m R (D SR AEZIKEE L2 4G
AHFRAETT AR AR S2 96 2R W45 ) e o B4 A 1 A8
(OBUM A 5 Jok + 250 58 3 K ) 8 Ry LA AE 3 ik + XA 252
W BIIK : FER AR 45 0 T IR T2 HG A5 R (3R 2) .

— B HA B R U5 vk, BAR IR WAL A B2
VD BRI TR (K 3) .

SR B F, /N BU AR R /N TR # 4 X
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ZINERRSUA) 50 68 51 ok 2 7 T L7553 IR A 1 5
BRAL , /N BRAN X R S5 Bl kB A /N B Y ] A5
FUBTRRAE , A8 1 ok AR AR A H 6 B TR e J2 1 K
JREFE AN H BB A R BRAE A (R 4) .
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F 1 LIRECHATFEN QAT (2V0)
Table 1 Modeling method using rat as research object (2VO)

xm

Type

A

Operation

A

I

Characteristic

1R S
2V0

T I 7 I BEL T 92 ¢

95 100 BEL B 9 + A - A
R

Modified 2VO .

2VO0 + sodium
nitroprusside antihypertensive

R TG L BT <

[ — 5 B[] 43 2 K5 4L
XU 250 5.3l Jjk

Modified 2VO .

Bilateral CCA was ligated

twice at a certain interval

5 B P I LD I <
TR ANESEFL
Modified 2VO

Permanent ligation

XoF SR B A LA 250 0 It A [ o 2 L P 22
Simultaneous ligation and occlusion of bilateral

common carotid arteries were performed

S U S50 ik S P e 1) 35 o e P UK
Lengthen bilateral carotid artery occlusion time

and increase the number of occlusions

e IR EOT 45— FLE Sk

Number of clamps was increased and unilateral

CCA was ligated

(0B 5 d 23 2 PSS FLOUN S Bl ik

Bilateral CCA was ligated
days interval

(IR 3 d KA 2 YRE5HLOUN 8 2l ik
Bilateral CCA was ligated twice in

3 days interval

NI U AR A PR L

Double permanent ligation with small incision

TR A PEZEFL NS5 N Bl bk

Permanent  ligation of  bilateral

carotid arteries

J& FU i Y VD dfE ik 2 —

It is one of the most commonly used VD molding methods

AL A BHL A 224 A0 A< XU 2503 80 f ke D ) s 1) 3-8 o ke P o
BEA PEE R R B T R

It was found that extending the time of bilateral CCA clamping and
increasing the number of clamping did not seriously affect the

survival rate of rats

SEHRAT VD SO ek SR T S EOR BUK A R R
It is closer to the pathogenesis of VD and avoids repeated

reperfusion leading to normal rats

PRl 2 P Al i T 8 T 199 R BRBS it vl AL BR TR v o i Je
ARG AT 1K BRI 2
Fewer rats died from acute cerebral ischemia, but the number of

rats dying after operation due to bleeding infection increased

A RGEE R 2R G BOE TR T B
It effectively avoided the increase of mortality caused by multiple
ligation, which was ideal

A TARICAZ (A 2 X I 2 2 A0 AL 5 28 50 3 10 RS 3
FLIIN 2 o] R A AN BH ., (R0 2 36 RS ) (HGE TR
It impairs working memory, but does not cause pathological
damage to brain tissue or the visual system. Short term learning
disabilities are not obvious, ( short term experiments are not

applic-able ) but it” s good for long-term experiments

®2 DIRBUNTIRARRYERT % (4V0)
Table 2 Modeling method using rat as research object (4VO)

ZeH! (e A
Type Operation Characteristic
S A AT o e 0 , 4 B S AN TR PR I
SRR AL T 30 (HLBEAE B RO SC SE(H S vh TR A )
T HLBEAE B BRI A XU B B bk 2 37T HARIIPRE T 2V0, )t HATE R Y VD &8k z —
. WPERER Reversible clasp can indirectly control the degree of brain injury
NIIREFHNTRER : . e . o .
AV0 Blind electrocoagulation of vertebral artery and  and obtain different pathological manifestations of animals
reversible  clamps  were Although the mortality rate was higher ( electro-coagulation of
bilateral CCA the vertebral artery was key but the experiment was done blind) ,
the success rate was higher than that of 2VO, it is one of the
most commonly used VD molding methods
LA L BE A FLARE Bl Tk + e A1 S5 Bl ik R ZE 4 o, (R 5 SR s , A& B iz v
Visual electrical coagulation of vertebral artery  Model success rate increase, it is not suitable for wide application
BB BRI BELIS - and clamping of common carotid artery because of the high requirement for operators
o R AHES KA LT

Modified 4VO .
Improved VA ligation method

R S5 FUHE SN+ P LR B K
Improved ligation of vertebral

clamping of common carotid artery

R ) ZE 4 o {HL e 1 e B B f

Model success rate increase, but ischemia was not obvious
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HR2
Fol 1 P
Type Operation Characteristic
n A G SRR L U K+ 0L 5 2
B £ 00 W
;ﬁﬁﬂ;;iﬁﬁmﬁ S 8 DU Sk s U 35k TR0, HER LT (E A8 Ry

Modified 4VO

Modified operating vessel

TR DY Ifi A B DT <
eS|
Modified 4VO .

Increase interval time

Traditional operating vessel ( bilateral VA and
CCA ) was changed to bilateral VA and
bilateral ICA

XU 35 By ok AR B Aok 5750 3 A BEL B
Bilateral CCA and VA step permanent blocking

No visual damage, eliminate its interference, but the mortality rate

is higher.

FETHREA, 8 T e e

Low mortality, suitable for chronic cerebral ischemia

R3 LURBONIITON G 7 (Hih)

Table 3 Modeling method using rat as research object( other)

KR Heff: LS
Type Operation Characteristic
N . - 3VO REEIR L B R VD AR 5E AR 2 VD iR
FE/ B AU 25 ’
AR PH 2820 B T Sl KRR XU 258 3l fik D

3VO

AR =L BT

IR LA P ZE
Modified 3VO:
Change the location

vascular occlusion

of

Occluded the left subclavian artery and bilateral
CCA

P 2 S A A S Bl K

Occluded  brachiocephalic  trunk and left

common carotid artery

0 32 35 P B0 K kT iR e Sl kAT ] 2E R

Pathological damage of 3VO model is different from that of VD

model, which provides a new idea for VD modeling

FET AN LA, BB T VD

Mortality rate was relatively low and VD was simulated

MCAO B AEIN DI REREES , FTREN VD AR LR 8

i v 3 fhk A 2E WA
K] (?é.{}_ Cognitive dysfunction exists in MCAO model, which may provide
MCAO Middle cerebral artery was occluded and K K
. . . new ideas for VD modeling
reperfused via the internal carotid artery
R4 UM AR 1
Table 4 Modeling method using mice as research object
AR E iR
Type Operation Characteristic

/IN OB 3555, 30 ik e A
BCAS

AN X B B 3 ik

FE—— AT B ik A 2E

rUCCAO

INERAN KBRS Bl ik ope A

ACAS

PR ACAS—— P35 3l
Jok P 2 3175 S 00 350 A 3

ke
MCCAO

XU ST B Rk ek bl
Microcoils were placed in bilateral common

carotid arteries

SEALATIN SR B BRI A7 2 A o 22
Ligate the right common carotid artery and the

right vagus nerve

A I 250 B AR A2 Bl Dk 4 4%, A O 2505
B KA AL P

Right CCA was implanted with an arterial-like
contractile, and the left CCA was implanted

with a microcoil

eSS Sk A AT ZE | A I ST B bk 5
AT E

Left CCA was permanently occluded, and the
right CCA was bound to the blunt needle

S Y S T T R BN B R T SR P VD

Replicates late subcortical ischemic VD with hippocampal

neuron loss

FENT SRR TR () B N — P Bl 1 BTRLG 9 VD R
B ERS B o e B0 U e B R R RS B B A
B

Original intention of establishing this model was to establish a
transverse VD pattern with ischemic white matter injury, but it was
found that insufficient cerebral ischemia in mice resulted in
insignificant white matter injury

YER S 1) T S REAY SRR B A A2 S kB R o A AL
T RZE T AR FE A

It accurately replicates major white matter infarction with motor
deficits and dementia and accurately simulates subcortical vascular

cognitive impairment

WRAR T LY P9 Bz AR AR R EZ , B AT R AR
Injury degree of vascular endothelial cells and the death rate of

animals were reduced
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I A A, ASBE 58 4 BRIt VD I R 52
IR AR 5 4 [ AR ECSEAG R I, AR
A S BRAR A L VD ARk — [n) AT AT o i
e, EFXFEOAYE VD, B B B PR LT A 5 1%
G5 AT L B = B R vk =2 T A ) B AR
SEHGT R FRATIR T 6 — AW AT B R, DA
XA, FET AR AR 14 0 B T 9, I 7 ke JE
2R A I I A B B 3 PR T s
e A 1T 1 I A 5 P I8 A48 % 55 [ g e ]

ARV ZH A 1A DA T A S 6 7 il P R R 1
PRAFNFERGBI 5, 761 11 PR 52 BR Atk 1 & 3, vh s
FEIRYT VD K 48 P D0 T 8 B A5 Oy T A A R A
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ML K BT LUARCAEL 8 b 250 00 3 5 %o K Uz
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SRUEREAY s SR B b BR Bz B 3R Sk vT Ay, ml A
B BRI AR H I A B R IE ) R B 5 IR B
FE B LT LA £ B A R

IR VD A EEE AL & 75 AT LATE 4540 1
B Z W I TR B (5 FH A 2 DA B R A 1
SR BIBAUAS [R1 A 53, AT B UE I 36, 2 17 52 5
FPARK, T SR A5 B FIAR 2R A )

2 I

3R 12 BRI AT HE VD 3 R 2 R
HF 58 2 AT AR 8 K [R] S 56 H %) 20 48 e A 3 19 3 Ay
2%, TR, 30 A B 98 N B3 ik — 25 0F e o A 1 3
YIS RLAR AL T SR SR

R 8 4 AE A6 B ML A9 A TRD, I K VD
Ay R ZFEH 5 VD E AL Y PR A4 1A s B
PR SR 9 FBL P P L A5 R P I A ) A2 R
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