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Therapeutic Effect of Huangqi Chifengtang on Cerebral Infarction Rat Model and Its
Effect on Expression of ZO-1, Claudin-5, P-gp and MRP1 Protein in Brain Tissue

LIU Shu-yu, WANG Qiu-yue, LIU Shu-min’
(Heilongjiang University of Chinese Medicine, Institute of Traditional Medicine, Harbin 150040, China)

[Abstract] Objective: To explore the therapeutic effect and mechanism of Huangqi Chifengtang on
middle cerebral artery embolism (MCAO) rat model. Method: The 90 SPF male rats were randomly divided
into sham operation group, model group, high, medium and low dose groups of Huangqi Chifengtang (8.10,
4.05,2.025 g-kg') and positive drug group (Naoxintong 0.32 g-kg"'). MCAO rat model was established and
intervened with Huangqi Chifengtang, and the neurological scores of each group were scored. The area of
cerebral infarction was calculated by 2, 3, 5-triphenyltetrazolium chloride (TTC) staining. Serum interleukin-6

(IL-6) and interleukin-18(IL-18) were detected by enzyme-linked immunosorbent assay (ELISA ), The contents
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of matrix metalloproteinase-9 (MMP-9) , vascular endothelial growth factor (VEGF) and vascular endothelial
growth factor receptor 2 (VEGFR2) , the pathological changes of brain tissue in each group were observed by
hematoxylin eosin (HE) staining. Western blot was used to detect zonule atresia protein-1(Z0O-1), tight junction
protein-5( Claudin-5) and P-glycoprotein (P-gp) and multidrug resistance protein 1(MRP1). Result; Compared
with the sham operation group, the neurological function score and cerebral infarction rate of the model group
were significantly increased (P<0.01) , and the levels of IL-6, IL-18 and MMP-9 in serum were significantly
increased (P<0.01) , the levels of ZO-1 and Claudin-5 protein expression decreased significantly (P<0.01) , and
the levels of P-gp and MRP1 protein expression increased significantly (P<0.01). Compared with the model
group, the neurological function score of rats in each administration group decreased significantly at 14 days ( P<
0.05, P<0.01) , the pathological changes of brain tissue effectively improved, the rate of cerebral infarction
significantly reduced (P<0.01) , and the expression level of IL-6, IL-18 and MMP-9 in serum decreased
significantly (P<0.05, P<0.01), the content of VEGFR2 increased significantly (P<0.01), and the content of
VEGF increased significantly in high, medium dose and positive drug groups (P<0.05, P<0.01). Although it
decreased in low dose group, there was no significant difference. The levels of ZO-1 and Claudin-5 protein
expression in brain tissue of high dose group and positive drug group increased significantly (P<0.05, P<0.01),
the level of MRP1 and P-gp protein expression decreased significantly (P<0.05). Conclusion: Huangqi
Chifengtang can play a therapeutic role in rats with cerebral infarction by improving the pathological changes of
brain tissue, reducing inflammatory reaction, promote angiogenesis and regulating the function of blood-brain
barrier(BBB).
[Keywords] Huangqi Chifengtang; cerebral infarction; inflammation; angiogenesis; blood brain

barrier; tight junctional protein
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Fig. 1 Effect of HQCFD on TTC staining in brain tissue of

cerebral infarction rat model
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Table 2 Effect of HQCFD on cerebral infarction rate in rats with

cerebral infarction (x+s5,n=6)
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i > 38 20 0.32 13.23+0.62"

3.6 %A% AT K B 2 21 ZO-1 . Claudin-5 2 1%
s 5T ARA A B ALZH ZO-1 ., Claudin-5
A RB KT B EREMR(P<0.01) ; SR L5, &
B 4H F GO T8 41 ZO-1 . Claudin-5 & 14 35 7K F 1
I (P<0.05,P<0.01)., WLIE3FZES,
3.7 X A A K BRUG 2H 4 P-gp (MRP1 5 H 323k 19
o SR TFORA L, BRI P-gp MRP1 4 1%

KKV 3 T 5 (P<0.01) ;s SREAY AL L3¢, v 2) i 5
- 2H F% 0 38 4H P-gp \MRP1 & 4 2 15 7K F 17 i
ik (P<0.05). WLE4F15E 6.
4 itit

B A BB U SRy e R A R g A

N K 2% R 25, KRS A Hb s A0 308 L, 5% I BEL PTG
25, R AL IR i R A7 3% 5 T PR 2k i A0 T R
H AT R A HOR HL OGRS KR R R
A Hodr S i s A e R LT H AT I R
TR IT IR S8 Y T TP 2 20k 4R A I I AR 2 R
B

. 30 .

B2 HQCFD X % 5t K R i 40 LR fw 3 2 L B9 2 I (HE, x200)
Fig. 2 Effect of HQCFD on morphological changes of brain tissue

in rats with cerebral infarction (HE, x200)
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Table 3 Effect of HQCFD on content of IL-6 and IL-18 in serum
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Table 4 Effect of HQCFD on content of MMP9,VEGF and VEGFR2 in serum of rats with cerebral infarction (x+s,n=6)

=
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g kg
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Table 6 Effect of HQCFD on expression of P-gp and MRP1
Claudin-5 _ 23 kDa proteins in brain tissue of rats with cerebral infarction (x+s,7=3)
F -
) ;.J%1 P-gp MRP1
GAPDH 39 kDa /g+kg /GAPDH /GAPDH
AL 0.96+0.11% 1.01+0.06%
A B C D A
S F A4 0.48+0.02 0.49+0.03
B3 MiE5 Ak RKEAR Z0-1.Claudin-5F B FKiL Bk H
S| BN 3) 3)
Fig. 3 Electrophoresis of ZO-1 and Claudin-5 proteins in brain o2 e i 8.10 0.76+0.04 0.78+0.07
tissue of rats with cerebral infarction i > 308 41 0.32 0.70+0.10> 0.75+0.11%

%5 HQCFD 3 fii 18 5t K B I H R Z0-1.Claudin-5 F B RiXH
Mg (x+s,n=3)
Table 5 Effect of HQCFD on expression of ZO-1 and Claudin-5

proteins in brain tissue of rats with cerebral infarction (x+s,n=3)

. Frilkes Z0-1 Claudin-5
2090 o

/g kg /GAPDH /GAPDH
AL 0.65+0.05 0.67+0.05

BFARA 1.02+0.05 1.04+0.03
v 2 7 e 4 8.10 0.86+0.06" 0.86+0.02"
ki 0> 308 21 0.32 0.95+0.12% 0.95+0.03"

A B c D

4 3 RNAE I K BR i 4H 41 P-gp \MRP1 & 5 RiZ Bk
Fig. 4 Electrophoresis of P-gp and MRP1 proteins in brain tissue

of rats with cerebral infarction
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M2 TIRE
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/N JE J5T 400 i SLRT B 7 Shy A W A0 S 43 WA TL-6  IL-18
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MMP-9 J& 5 [t 4x J 2 11 B G i, BT — 2
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fift 40 it A0 5L B R 5 BBB I 35 1k, 190 % 1k 40
T, A 8 A S NN A 28 A0 B R T, DA I ) A ke
/P FE AR 052 . e A, MMP-9 Y 3 JBE 3 3 ml 11
il VEGF 1 77 2k | 3k — 25 BH 1k 28 % 28 A i 48 A=
7 . VEGF J& — Ry 5 0 im 45 P 2 48 38
B A R DR A i et P 52 300 A i A E b B
FEAE A CHAN SRV 58 & W, VEGF 38 i #%
T 10 PR 4 RN pf 22 T 20 B TP ) VEGFR2, 203 i
e ot XoF i SR AR B . AR 9T 4 R Kk B, B AR K
7 T L 3 B IR MCAO B2 R K BRI 5 MMP-9 &
i, F & VEGF/VEGFR2 & &, Jf H @&l w4l it T
(R A 5B — G AR 4R R R R
MMP-9 &, | ¥ VEGF/VEGFR2 % iA /K F J& 8 1
A R 8 0 i A A B AL 22— o

BBB 7 & 15 ik A% 5 U 8 A1 E 2% B T AE L4
Fr b A b 28 R G0 R A 8RB 45 O TR G B AR
RS S v 4 A R BBB Y 45 A4 JE Al , ZO-1 Fl
Claudin-5 £ B ®EHRE N Z — . ZO-1 504 T ZH
Bz 20 T PN R A0 A N R o R
BBB (14 458 £ R 25 55 Ay Bk, 2 A6 W0 D Bz 4 5 i 4
AN BE Y B GF 5 4R o Claudin-5 /2 i P9 40 i % %%
T 1 2 A0 RGBT A0 I A PN R A0
St B R A2 R G BEAE T . R B BF ST EE L ZO-1 Al
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K B BBB %% % 4% , (R ) {2 i BBB W REIK & -
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