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[Abstract] Objective: To observe the protective effect of Sanhuatang and its modifications on the brain
tissue of rats exposed to cerebral ischemia-reperfusion injury (CIRI) and explore its action mechanism and

compatibility characteristics. Method: One hundred and forty SD male rats of clean grade were randomly
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divided into the control group, sham-operation group, and operation group. The Longa suture method was
employed to establish the CIRI model. The successfully modeled CIRI rats were further divided into five groups,
namely the model group, nimodipine group, Sanhuatang without Notopterygii Rhizoma et Radix group,
Notopterygii Rhizoma et Radix group, and Sanhuatang group, and treated with the corresponding medicines by
gavage for five days. The cerebral infarct size in each group was examined by 2, 3, 5-triphenyltetrazolium
chloride (TTC) staining, and the pathological changes in the brain tissue were observed by hematoxylin-cosin
(HE) staining and electron microscopy. The mRNA and protein expression levels of Claudin-5, Occludin, and
zonula occludens-1 (ZO-1) in brain tissues were detected by real-time fluorescence quantitative polymerase
chain reaction (Real-time PCR) and Western blot, respectively. Result: Compared with the control group, the
model group exhibited markedly increased infarct size, obvious changes in brain morphology and ultrastructure,
and down-regulated mRNA and protein expression of Claudin-5, Occludin, and ZO-1 (P<0.01). Compared with
the model group, both nimodipine and Sanhuatang significantly decreased the infarct size (P<0.01) and relived
the pathological changes. The infarct sizes in the Sanhuatang without Notopterygii Rhizoma et Radix group and
Notopterygii Rhizoma et Radix group were reduced without exhibiting a statistically significant difference. The
mRNA and protein expression levels of Claudin-5, Occludin, and ZO-1 in the nimodipine group, Sanhuatang
group, and Notopterygii Rhizoma et Radix group were up-regulated significantly in comparison with those in the
model group (P<0.01, P<0.01). The mRNA and protein expression levels of Claudin-5 and ZO-1 were higher in
the Notopterygii Rhizoma et Radix group than in the Sanhuatang without Notopterygii Rhizoma et Radix group
(P<0.01, P<0.01). Conclusion: Sanhuatang exerts the protective effect against CIRI in rats possibly by
regulating the expression of Claudin-5, Occludin, and ZO-1 and improving the blood-brain barrier function.
Notopterygii Rhizoma et Radix in Sanhuatang may play an important role in the protection of rats from CIRI.
[Keywords] Sanhuatang; Notopterygii Rhizoma et Radix; cerebral ischemia-reperfusion injury (CIRI) ;

blood-brain barrier; Claudin-5; Occludin; zonula occludens-1 (ZO-1)
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HOPE R B A BRA AL LS 409E033) 5 SR K R -4
(HE) Z¢ W ( 3 4% W4 o) B 42, 4t % G1005)
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2.4.4 Real-time PCR £ M £ 40 K B W 4 41
Claudin-5, Occludin, ZO-1 mRNA Fik/KFE RKH
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P& i 7K 30 L ¥ fif B RNA . 4% R a2 & 43 BT (Y
W72 RNA W, H WG A,0/A, TF 1.8~2.0, &
cDNA JZ # & % , PCR ¥ 1 Occludin, Claudin-5 &
ZO-1 5 B . UL GAPDHE NS S, |2 I A
Z K SRR BE Promage I 57 & Ud W B B, W S
K 95 °CHiLAS ¥ 2 min, 95 °C7E P 15 5,60 °CiE k
60 s, 40 THFA o % Sk 58 60 s 1 th 2, R H
FERPLA o A 45 R 15 3 H 9 &2 # GAPDH Y C,
B, DL 2™t AR Rk & Il A TAEY T
(R R ABRAR G 51T IE 1,

&1 5|1MF75
Table1 Primer sequence
GiEY] 751 K /op

GAPDH  5-CTGGAGAAACCTGCCAAGTATG-3' 121
5'-GGTGGAAGAATGGGAGTTGCT-3'

Claudin-5 5'-CTGCCTTCCTGGACCACAATA-3’ 128
5'-GGTAACAAAGAGTGCCACAAGC-3'

Occludin ~ 5-TGTATGGCGGAGAGATGCAC-3' 134
5'-TCCTCCAAAGATGCCCGTTC-3’

Z0-1 5'-GGCTGTCTCAACTCCTGTAAAA-3' 147

5'-TATTCCGACATCATTTCCACCAG-3'

2.4.5 Western blot #; il £ 41 K iR i 41 21 Claudin-
5,0ccludin }z ZO-1 1 #5 [ KL KF PRI 4K
BRI A2 20, i A RIPA 4 21 24 i Wi O 78 40 51 9, UK
W ERE 10 min, 12 000 r+min” .0 10 min(5 0242
86 mm) , W I iE , BCA 4 & & a5 & A i G 2
M & & . SDS-PAGE #E & HL K |, 5% B I £ H I & -
Blocking buffer % il & 41 5 min J5 U8 B, # B8 — 4T
GAPDH (1:5 000) , Claudin-5(1: 4 000) , Occludin
(1:1000) &% ZO-1(1:1000), itk = 0 M T
45 min, Y 10 min, 2K ] ECL A6 %% KOG B 5% .
K Image JERPFTH5E4% 4540 I BEAH, DL H 928 F1 K
FEAE/N 28 K BE (B THERE S B B A X 3R Gk
i, AT G 2E T .
2.5 GiilEAbE SR SPSS 26.0 B4 X R AT
Gt , LU KO L x5 R, 4 A) H AR B R R
243 H1 (One-way ANOVA) , 77 2% 35 I Fl fic /s i 35 1
25 5 1 (LSD) ki %5 , J7 2 /K 5% B ] Tambane's T° £
5, P<0.05 KRR A G2 L,
3 &R
3.1 XF CIRIK BG4 2R SE AL e . 5 0
2] b, 1SRN A KRR G 2 44 B T AR I S T o (P<
0.01); SRR, Je 55 bV | =k 7 41 K B 41 248
- 14 -

S i BUH f [ IR (P<0.05, P<0.01) ; =4k ¥ & J2 15
6 T 41 OK U 4 SURE B8 Tl AR R A 3, 22 S R4t
RS WAL L

K2 ZUFGREFAMNCIRIARBAREXERAZMN (X,
n=6)
Table 2 Effect of Sanhuatang and its disassembled prescriptions

on infarct area of brain tissue in CIRI rats (x+s,n=6)

4150 ik /g kg TESE 1T FR /%
EH 0.00£0.00
BT A 0.000.00
R 71.19+2.16"
J 5L - 0.010 8 31.21£10.9"%
XAV PR 5.40 63.68+7.83"
JET 1.80 58.83+9.65"
XtV 7.20 37.30+16.16"%

S IER A A VP<0.01; SHEM A Y P<0.05,% P<0.01,

A TERA B, BF AR C.BAH D, JE S T4 E. S kim Rk
WAL BTG = A (B 2~4 1))

B 1 =4imREFH I CIRIX RN E LR 7L E R 80 #

Fig. 1 Effect of Sanhuatang and its disassembled formula on

cerebral infarction area of CIRI rats

3.2 XF CIRIK UM U BUE S 052 my 1B # K&
BT AR AR LI 4 ST 25 B AR TE 4, 20 MO 45 4 58
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AR IV N e 7 RS AN T 7287 i
B T DX I A g AL O O AR 2 A I A A R
i £ 280 240 i Kt T ek b e 22 O PR R IR

B2 =#&izakEFHI CIRIKRKALFIELEHHF N (HE, x40)

HUE 25 315 8] 7 A 5] B2 B B Bcag | IR 38k ] I O
A HESE TR ST o R s 4L =4k
2L A e 1L 0 G 2 R A A R e o T o LI 2.

Fig. 2 Effect of Sanhuatang and its disassembled formula on pathological structure of brain tissue of CIRI rats (HE, x40)

3.3 X CIRIK U 2L U s B 2 i IE % M
BT AR 2 SRR i B J2 il 22 o A TR S E L
v R, GO R IE R T MK, 4 ] R
FAAE o TR0 2 R B R i B2 J2 o 22 70 40 L 45 A i A
BRI AT, 2R AR i K 8 s A o s T 2

prE

THK A 5K R TIT . 25 20 25 AL I 2 245 4
AR R ks o SRR A LA, JE B4
TelE A AL A B N Bz e B A I IE R, BRI
5% 1 5, 2R AR K H R I R A R I O
JFic. WL 3.

B3 ={imREFR I CIRIK R M LB 51 89 &% 00 (F 3 fL 52, <20 000)
Fig. 3 Effect of Sanhuatang and its disassembled prescriptions on ultrastructure of brain tissue of CIRI rats (SEM, x20 000)

3.4 XF CIRI K B i 40 21 Claudin-5, Occludin %
ZO-1 mRNA F£EK MM 5 I1E 5 4 Hg %
26 K B 2 209% 4t X Claudin-5, Occludin & ZO-1
mRNA Rk KV B R (P<0.01); SR 32,

Je B V-4 98 21 K = Ak R B 4 200 kE X
Claudin-5, Occludin & ZO-1 mRNA 3 ik /K B i 7+
1 (P<0.05,P<0.01) ; =1k {7 2% 36 16 41 K Ui 4 20
kI X Claudin-5, Occludin & ZO-1 mRNA 3 ik 7K F
<15 -
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ANtmBad BERESRITYE ;5 = hnEEL
T 21 PE L, 98 1 4 R BRI 2 200 4L X Claudin-5 M

ZO-1 mRNA #% ik K F & # J+ & (P<0.01) .
L2 3.

*R3 =ZWHFREIFAI CIRIARKAZR Claudin-5, Occludin & ZO-1 mRNA Rik 7k EHF0E (x+5,n=6)

Table 3 Effect of Sanhuatang and its disassembled prescriptions on expression levels of Claudin-5, Occludin and ZO-1 mRNA in brain

tissue of CIRI rats (x+s,n=6)

215 /g ke Claudin-5 Occludin Z0-1
EH 1.00+0.05 1.00+0.09 1.01+0.12
BFAR 1.01£0.08 1.01+0.09 1.05+0.05
AL 0.65+0.04" 0.65+0.13" 0.70+0.09"
JE 5 i - 0.010 8 1.10£0.10” 0.83+0.25% 0.96+0.03%
=AU RN 5.40 0.92+0.14 0.70+0.08 0.87+0.04
N 1.80 1.32+0.06>% 0.81+0.10% 1.09+0.12°%9
=4 7.20 1.15+0.04” 0.90+0.07" 1.01£0.14%

T 5 IE R AV P<0.01; SR AL R 2 P<0.05, P<0.01; 5 =01 £ I8 1E 41 AR Y P<0.05,5 P<0.01(F 4 ),

3.5 X CIRI K B 40 21 Claudin-5, Occludin %
ZO-1FEHRIXKFE N 5 1EH 4 e A
K BRI 4 40 41 IX. Claudin-5, Occludin K ZO-1 5 [
FIRIKV- L FEAR (P<0.01) s SR 2H L, JE Bl
- 20 K BRI £ 205 & X Claudin-5 &2 ZO-1 8 [ %3k
K-8 2 TR, = A1 25 96 1 2H R BN 2H 20 kL IX

ZO-1 7 1 35 K- B @ Th & (P<0.05) , B TR 4l . =
1k 7 4 K B 4 21 9% 4b X Claudin-5, Occludin %
Z0-1 # 1 2 ik KB & T+ 5 (P<0.05, P<0.01) ; 5
= Ak K I8 TR A L ER, 80 A K R A U0 A X
Claudin-5 2 ZO-1 & [1 3 ik /K °F B & 7+ 55 (P<0.05,
P<0.01). WLF&4,K 4.

F4 ZHFHREIFRFI CIRIKREALR Claudin-5, Occludin & Z0-1F A RiE K FH B (+5,n=6)
Table 4 Effects of Sanhuatang and its disassembled formulas on expression levels of Claudin-5, Occludin and ZO-1 protein in brain tissue

of CIRI rats (Xx+s5,n=6)

21 51 il /g kg Claudin-5/GAPDH Occludin/GAPDH 70-1/GAPDH
EH 0.63+0.07 0.70+0.06 0.44+0.05
BFAR 0.59+0.05 0.70+0.07 0.41+0.02
[zl 0.34+0.03" 0.51+0.04" 0.31+0.02"
Je B HLF- 0.010 8 0.43+0.06 0.59+0.07 0.36+0.04%
=47 £ IE T 5.40 0.36+0.04 0.59+0.06 0.37+0.04%
FIE 1.80 0.52+0.11°"> 0.60+0.10” 0.46+0.05>
=4 7.20 0.43+0.08% 0.73+0.09" 0.36+0.04%

\‘ \A
T LT T T TR

BBB 1] By 1k Il ¥ i A 4 ek A K X
AR P4 RGO B B E Y, CIRI
Al B Sk BBB &5 44 A1 ) g, AT 51 AR 4k & 1 i 6
i, TJsJ&: BBB (1 5 241 B 40, FLAT fn i oy iz
B[] 9 % 42, B PR AR B R T R . S
IS5 B S ThAE . B% E I s Nk i
REL i 9% Bl Lk 470 J5% 3 3 240 b 5% B A8 0 A M S Y A
Rl R ) 1 A S i N TR AR A R G

Claudin-5 fl Occludin J2& #4 A ik 2 I 455 P4 B2 41
flh B E R E A TP R SR, B2 5 BBB

Claudin—S. -— - ‘ d 23 kDa

- —— 4
zo-1 W . e - :" 245 kDa

A B C D E F G
4 BHARMALK/MXBORIZBK
Fig. 4 Electrophoretic expression of related proteins in brain
tissues of rats in each group
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B B4t R BBB D) RE A2 &' "' . Claudins /& % % i%
B2 ) S Bl 4 B EE 11, Horh Claudin-5 32 247 76 il
T P R A0 R, AT DL B T
Bz, 5% ) % 0 TR, R R T M I A P Rz 40
WA R B 2", Claudin-5 2 [ i
5 VA 1 M I P B 40 R ) B i 4 =2 R B R L
0 N Rz FL B & L 6 4 FF BBB I S MR H AT 20
HERIEH

Occludin J& 55 — AN 4 43 B H R 41l 55 %5 3% #2 1)
SEAKY B AR 1, (6 AR 2 R G P R A P Rk AR
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