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[ Abstract)

ischemia with Qi deficiency and blood stasis syndrome. Methods Thirty male Wistar rats were allocated randomly

Objective To establish and evaluate an integrated disease-syndrome rat model of chronic cerebral
into three groups (n = 10 per group): sham operation ( sham), 2-vessel occlusion (2-VO) group, and sleep
deprivation combined with 2-VO (SD + 2-VO) group. We comprehensively assessed Qi deficiency and blood stasis
syndrome manifestations in the rats using a dual evaluation approach, combining exhaustive swimming tests with
quantitative tongue chroma analysis. Cognitive function was evaluated using the Barnes maze, and cerebral blood flow
was compared using laser speckle contrast imaging. The histopathology of the hippocampal cytoarchitecture and white
matter were examined using hematoxylin-eosin ( HE) and Luxol fast blue ( LFB) staining, respectively, and
ultrastructural alterations of neurons in the hippocampal CA1 region were observed by transmission electron microscopy
(TEM). Protein expression levels of NeuN, vascular endothelial growth factor A (VEGFA) and CD31 were detected
by Western Blot and immunofluorescence. Results Cerebral blood flow was significantly reduced in rats in the 2-VO
group compared with the sham group, but they failed to recapitulate the key clinical hallmarks of Qi deficiency and
blood stasis syndrome. In contrast, rats in the SD + 2-VO group exhibited significantly reduced locomotor activity,
exacerbated cerebral hypoperfusion, shortened swimming duration, and darkened tongue color compared with 2-VO
rats. Rats in the SD + 2-VO group demonstrated significantly impaired learning and memory abilities in the Barnes
maze test. Consistent with these observations, HE staining, TEM, and LFB staining revealed substantial neuronal and
white matter damage in the SD + 2-VO group. NeuN expression was decreased and VEGFA and CD31 expression
levels were increased in the 2-VO and SD + 2-VO groups, as shown by Western Blot. Taken together, these findings
indicated that the SD + 2-VO model effectively recapitulated the clinical features of chronic cerebral ischemia with Qi
deficiency and blood stasis pattern. Conclusions The combination of sleep deprivation and bilateral carotid artery
occlusion successfully established a rat model of chronic cerebral ischemia with Qi deficiency and blood stasis
syndrome. Compared with the 2-VO model, SD + 2-VO model demonstrates more pronounced syndrome
manifestations and better clinical relevance, thus providing a valuable animal model for traditional Chinese medicine
research on chronic cerebral ischemia.

[ Keywords ] chronic cerebral ischemia; Qi deficiency and blood stasis syndrome; disease-syndrome
combination ; sleep deprivation; animal model
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TRIEZS G R RS YR AY | LIS A 18 1 i ke ot 17 o
B 245 0 5 4 A SRS T ) S 3G sh AR
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1.1 ##
111 SERshy

6 JEIE iR SPF i Wistar KR 30 H,
AT 180 ~ 200 g, 4 FH B DR (b at) AR
H RS F) [ SCXK ( 5T) 2024-0010) . sy i 35 T
WIPE R BE 25 K30 B [ SYXK (%) 2020-0006] ,
TR IR 20 ~ 25 °C, FHX IR E 55% ~
65% ,12 h JCHEIEA AL, A K,
TR 10 d J R SEE . s L A RBP4 &
LLPG v s 24 R 2 (S 36 = S W e BRI R 48 e )
H BRI I 0o L PG R 2 R SR AR B B AL
#E(2021DW098)

112 FERH 5%

SR (5. R510-22-10, W [ D1 i 1K £
AmBEARAR); A REEZM (S,
MB1378, 1 H K& £ CHEMEARAGRAT]) ;4%
ZRHEE(#5 . DF0135, 1 [ b 5 F R A W H AR
HIRAFE) ; BEEE Y (5. G1030-100, 14 A &
DR IR AR A FRA D) s SRR ZE - (HE)
YL (Ht5 . DHO006 , W [ At 50 B AR A= M e AR AT FR
/N¥]) s NeuN Rabbit mAb (#t5. A19086 , W [ %
HRTAY R A FRA ] ) ; VEGFA Rabbit mAb
(fit5 . R26073, 4 [ BCER 1IE BEAE W) H2 AR A BR 2
) ; B-actin Rabbit mAb (L5 : AC038, Iy [ Z {4
IR A PR/ F] ) s HRP Goat Anti-Rabbit
IsG(H + L) (#5: AS014, iy [ Z 1 2 75 L W Rk
BB A F) A7 R 8 b R A8 2O (HiE S
AR0024, Wy H iU -8 A TR A FRAF) il
$738 Triton X-100 (L5 ; T8200, M AL HL R E
B A BRZ 7] ) ; DAPT e (L5 . AR1177, 1
H R A Y TRA R A ;5% BSA Hf 1]

W (AL : AR0004 , 1 H 2 A ) TR A [
ONHD) B H R B EERH (5. 61221, 1 A
RITEYE IR AE MR B AT RS A ) 5 B 798 S 3 ik 3
AR (i AR1109, 1 1 U A=) TREA
FRZNH] ) 3 Anti-CD31 Rabbit pAb (5 : GB11063-
2-100, 14 F SRR R AR A R AR ) 5 CY3
Conjugated AffiniPure Rabbit Anti-Rat IgG (H + L)
(it :BA1036, 114 F sl -1 AR 1) TR PR
A s LB T (A5 61102, 1 [ BRI FE 4 IR
HEYRHEA AT

INSHHRRIEHL (5 . R540 , I 1 D1 3 1K f
AR A R A F]) 5 I RUET (Barnes) # F ( 8
5 :63027, W E I B IR TR A A BB By A PR
ONFED) NS AT R 2GR B R G (S
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3-0,5-0, %0 H ok (P ) BEITasA RA
A ) s WOGHRE M AL (A5 . RFLSL I, 1 A
TROITH B IR A8 A iy BB By B A ) s R B
AL AL (5 FDR-AX100E, 4 [ FigZE)H
FABRA ) ;3 S 5 (85, HT7700, W A
hitachi) ; £ B U] K 459 4% 4% ( 5 5. KF-PRO-005-
EXG I A TR FAEDE B R ARARA ) sk
(5. DYY-6C, Mg A AL at i —AUA T ) ; &
B A% 2 55 (35 . SH-523PLUS ; W [ oM I A6
FEHRATA)
1.2 A
1.2.1 s dd SRS
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BYFF Rz R, 8 )2 43 B 4 20 2 R XU 3 B ik, el
PR3 B 2K 2 5 FUE Sk, 8 5-0 2248 S s
sk, HasH 0 — M, AN EE R
KT )G 3-0 2% )24 4. SD + 2-VO
ZH BRI 340 25 15 0000 #5830 Bk 45 4L T R 45 A
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RSB T, SE IR R S o T Rk
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A3 R U I 2 S0 R a3 O 0 L o KRR
B E p o RBF IR S s JERE, IR
5%, 180 s P KRR TR Bk k46 W) 5 | 5 28 P 38 17
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1, Tt & IR Bk AE , YT 25 S R R 2k
WERFE N 30 s, IFIA] 180 s, A RYINZE 1 Wk, 353 Kk
DRI I sk A, R BRI 180 s, #AE R YN 25
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SRTEARIA , AR AR B WK EIC S 180 s, Td SRR
HARNTE B AR X SRR BT
1.2.7 iBHHEEE

PIEC 1 mm x 1 mm X 1 mm K/NiELHLH,
2.5%% —EFEE R/ 6 h S HCE T 4 CukEET,
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JBE 2 TR K, TR e 7K, TR R i 95 425 i AR I
136 ~ 60 CRAE, X APt e, il s
WY R Gy, BT R NI,
1.2.8 BERYLf

AL WS YU 60 C TR 0.5 h WU s 5
T LFB 4L ft 4 by U ¥R 5 F H Rk 577
7,0, 5% RIRELF I AL 5 s, F R IKPELE 1R SO 5
70% LRI AL S s, A RAKVEL 1R 50. 05%
BRER RV TN 70% LA RS B AL 2 0K A B 4%
IR, T KBS A TR B B R
1.2.9 FHFARELO(HE) Yt

GLH 2 ) R B s, PR AR K D0 R A
IR ZRVEW YLD 3 min, HRIK WL ; 1% LR TR
4k 10 s, AR PE; 1% %K I 10 s, KK
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e B F SR SR EE AL,
1.2.10 Western Blot

Bty 5 ] 405 K 5 $R B 5 il 45 SDS-



[ SEES B W E AR 2025 4 8 A 33 55 8 ] Acta Lab Anim Sci Sin, August 2025, Vol. 33, No. 8 1095

PAGE BEZ, A KA B 8 A 80 V,
10 min, 120 V, 50 min HL3K; K& 1 h B &
PVDF J& I TBST ¥E 5 3 ¥k, 4 YK 10 min; ¥
PVDF i & F £ PH 82 R = 3R B 30 ming ITA
— 9Pt ( NeuN K& VEGFA i 1K F B¢ e 61 2 K
1:1000),4 C xf%; TBST ¥ 3 W&, & X
10 min; N A — ¥T ( HRP #¢ 1K B B¢ [ 61 A
1:10000), %M H 1 h; TBST YEME 3 ¥k, ik
10 min ;4 i1 &G, B TR BRI RRUE
1.2. 11 pPEod 6 (immunofluorescence | IF)

BUA D) R, B KL E  FriE R e e 2
W2 30 min, 96 °C, PBS W&k 3 X, Bk
5 min;0. 1% Triton 32 15 min, PBS 1§t 3 1K, &
YK 5 min;5% BSA $H] 30 min,37 °C, /1] PBS 1k
3, RS ming i H]—H0 (CD31 1AM B L4
1:200) % &, 4 C L&, PBS Ik 3 K, BIK
5 min; ZHU(CY3 PUARBELLA] 1 200)H5F 1 h,
37 °C,PBS ¥ ¥k 3 ¥k, £5YK 5 min; DAPI EilHIFH
10 min, PBS ¥ 3 K, BHK 5 min; H & 9EGEEIGH
B VM 15 min, PBS ¥ 3 UK, AR 5 min; {i% N
Lo R, SO U N IWER
1.3 ZHiIFEH

S H B S% J1] Graphpad Prism 9. 5.0, SPSS
26. 0 BAFIATA3HT , 2241 22 0] L 5035 45 SR 4% & 1E
Ao o255, MR BN ER B 2050, 5
G LSD, B LIS {E + w22 (x + ) 38,
F7 26855, K H] Tamhane’ T2 #6556 , 2 AFFE 1E A
O3Aa SR H #6556 ( Kruskal-Wallis test) |, B0 %
AP AEL + PO EE (M + IQR) ffiik, I il 4
K E AT R L TR T A IER 0, R H
BwR G T 22081, BHATF S, WK A Friedman,,
PLP<0.05 M2 HA BEN,

2 HR

2.1 KE MmFIERIFES

sham 20 R BUARBLIE # S HURE BB 63
YR, BAIE; 5 sham ZHAH H,2-VO 4 K K
iR E N, o ED, BEAME; 5 2-V0
HAHEE,SD + 2-VO 41K US>, (45 5 i3
R W ShEETIED , B AR EICEEE, WL 1A,

SR Z T, v R M2 B8 H1 18
1B BRI N B3R 8 it vk i 3K 3 ) 1) 32 B B

T3 BN S IETE B WK 4, an &l 1B, 7E
1 JE B B R SE 25 5, SD + 2-VO 2H K B ik st 1)
B sham 415 2-VO H B E45 % (P < 0.01) 5 AUl
FR B K4S FL S, 55 sham 4 1L, 2-VO 4}
SD + 2-VO RS 3 .4 J8 J7 v i Uk Bt () 4 22 4
S5 4 I 2-VO 20 K SD + 2-VO 4K B Sy i
VKAl sham A L EHA B E 25 (P < 0.05,
P <0.01);52-vO 414tk ,SD + 2-VO 41 K iUt
VKIS TR (P < 0.05)

T T I8 1 EE B AR R 2 — RIS
557 K (SD #EST SR ,2-VO ARHT) &4 35 K (2-VO
RIGH 28 K) W& shi i & b ie, Wk 1,
YEAT 7 d BEIR I ZF )5, SD + 2-VO 4 K {4 2-VO0
H,H AR G EREF R (P < 0.05),% sham
H,BIEHEZET R (P < 0.05); W32, S84 35
KBF(2-VO RJF5 28 K) , sham 2 K FUE G IR
21,5 sham ZHAH Y, 2-VO 4H K BUEH ARG L, R (H
FEAG, A BEMEER (P < 0.01) ;5 2-VO 441
Lt,SD + 2-VO A K& Ay 5, R (H R EFEIR(P
<0.01), A 1C,

2.2 BN En

2-VO 235 | i ifin 375 1) RIS, PRI L SR FH O K
B 5 S S I3, 45 2R W7, 5 sham ZHAH EE, 2-
VO ZHH1SD + 2-VO ZH A4 ki 1L 3 35 & 2 R R (P <
0.01,P < 0.01),5 2-VO ZHA,SD + 2-VO 41K
SR 3 2 R RE (P < 0.01) , LK 2,

2.3 ZIBIZEEHRT

G 110 7 o AR 45 27 2T TE A2 4540 B &R 2 1
U, BIFFE N B SR FH B2 R 3 5 g s o i £
WL R AE B Ar KR R 1 B K AR R R2E Tl
ICRESI R I FE A%, ZEVIZEI, sham 4 AT 2-VO
2 S04 1) 20 s v PR B I I 2 VB A  on 4
2, UL 3, FEM A kAR IS, sham 2K BR
eREVER AR 309 B S, FL7E H AR IX SR R I ] e
55 sham 1A L, 2-VO 20 3l 4 i 398 ke s Ak 09 4 <
HFERIAE (P < 0.01) ;5 2-VO A%,
SD + 2-VO 4RI RIEER (P < 0.01) HIRR
A48 (P < 0.05)

2.4 RMARREFETK

2 2R AT B A% 3B AR T ki (1 5T
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. sham#H . 2-VO4L ‘ SD +2-VO4
sham group 2-VO group SD +2-VO group
400 -
B 150
£
©
350 = £ £
o0 E =
2077 = 100
g - E
. 8 £ E
E 2 300 %= £ Hy
=3 = o
A w oo 50 5
R E
250 4 § HEk Hxk
| 2
48
0 T T T T 1 0 T T T 1
1 2 3 4 5 1 2 3 4
I ¥/ Time/week N 15/ Time/week
C
sham?H 2-VOZH SD +2-VO4
sham group 2-VO group SD + 2-VO group
IR
Day 7
ISR
Day 35

A ARBI B S K ] C H @R 5 sham AR, " P < 0.05, P < 0.01;5 2-VO 414" P < 0.05,%P <

0.01, (FE/ZF)

1 SRR MFATE N (2 £ 5,0 = 10)

Note. A. Body mass. B. Exhaustive swimming time. C. Tongue color image. Compared with sham group, “P < 0.05, ™ P <

0.01. Compared with 2-VO group, *P < 0.05, ¥P < 0.01. (The same in the following figures and tables)

Figure 1 Evaluation of Qi deficiency and blood stasis signs in rats in each group(x + s,n = 10)

R1 FETREHKREED RGB L& (% = s,n = 10)

Table 1 Comparison of tongue color RGB of rats in each group on the 7th day(x + s,n = 10)

! R1H GH B {H R1H/GH R {/B {H
Groups R value G value B value R value/G value R value/B value
sham 41

79.570 + 2.947 42.850 + 1.533 52.460 = 1.595 1. 860 + 0.043 0.890 = 0.073
sham group
2-VO 4
78.340 + 2.562 41.710 = 2.230 52.880 + 3.090 1.900 + 0. 061 0. 860 + 0.073
2-VO group
- 4
SD + 2-V0 £ 86.360 + 6.791 56.700 + 4. 822" 69.990 + 5.718" 1.540 = 0. 032" % 0.810 = 0.016

SD + 2-VO group

i, Ul 4, sham 240K FRAGBERT S5 F0 2% HE
G155 5 sham A, 2-VO 2K SUBEHS HES) L
LS GRS, M ABE B EH L2 (P <
0.05) ;5 2-VO I, SD + 2-VO 4 K B g&EHSHES
AL , 24 6 1) () B A K, b 22 B O 2 3 ol 2 2

(P<0.05),

2.5 B3 CAl XHl CA3 X#HEZTiHESEITK
22 2102 K5 BAL FRIE 5 i T R 2 UIAR G,

K B M e I, 2 T 00 S i i B AR, 1

HMATCI . 1D CA1 XA CA3 [X7E2% )i
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F2 35 REHKREG RCB A (x +5,n = 10)
Table 2 Comparison of tongue color RGB of rats in each group on the 35th day(x = s,n = 10)

axil R1{E G1A BfH RE/G A R{E/BH
Groups R value G value B value R value/G value R value/B value
sham 2
91. 830 + 2.429 52.580 + 1.825 60.470 + 2.635 1.760 + 0. 047 1.540 + 0.056
sham group
2-VO 41 -
82.270 + 2.077 49.890 = 2.301 61.650 + 3.113 1. 670 + 0. 060 1.360 + 0.061
2-VO group
SD + 2-VO 4 . )
. 72.570 £ 2.018™"  43.410 + 2.177"%  52.670 + 2.867"  1.690 = 0.057 1.410 £ 0. 070
SD + 2-VO group
sham#H 2-VO# SD +2-VO#
sham group 2-VO group SD + 2-VO group
A b
800 -
600 =
400 = *k

#H

H%

i 1L /PU
Cerebral blood flow/PU
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Note. A. Pseudo-color image and grayscale image of laser speckle blood flow imaging. B. Cerebral blood flow.

Figure 2 Cerebral blood flow in each group(x + s,n = 3)
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Note. A. Trajectory diagram of rats during the test period (target area in blue circle). B. Escape latency of rats during the training
period. C. Exploratory latency of rats in the test period. D. Exploration time of rats in the target area during the test period.

Figure 3 Results of Barnes maze in rats in each group(x + s,n = 10)
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Note. A. LFB staining of myelin sheath of the corpus callosum in rats ( black arrows refer to myelin vacuoles of nerve cells).
B. Statistics on the number of demyelinating nerve cells.

Figure 4 Comparison of white matter in rats in each group(M = IQR,n = 3)
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Figure 5 Comparison of hippocampal neurons in rat groups
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Figure 7 Expression of NeuN and VEGFA proteins in the hippocampus of rats in each group(x = s,n = 3)
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