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Neuroprotective Effect of Salvianolic Acid B on Intracerebral Hemorrhage in Mice MU Yan-
ling"”?, LIU Yang"’, LI Yuan"’, XUE Mengzhou'”. 1. Department of Cerebrovascular Diseases, The Second Affili-
ated Hospital of Zhengzhou University, Zhengzhou 450001, China; 2. Henan Medical Key Laboratory of Trans-
lational Cerebrovascular Diseases, Zhengzhou 450001, China

Abstract Objective: This aim of this study was to investigate the neuroprotective effect of salvianolic acid B
(SalB) on intracerebral hemorrhage (ICH) in mice, and to elucidate the underlying mechanism. Methods: A to-
tal of 108 C57BL/6J male mice were randomly divided into the Sham, ICH+ Vehicle, and ICH+SalB groups,
with 36 mice per group. The ICH model was prepared with type VI collagenase. Mice in the ICH+SalB group
were injected with 30 mg/kg SalB via the tail vein at 2 hours after operation, and mice in the Sham and ICH+Ve-
hicle groups were similarly injected with the same amount of normal saline via the tail vein for 3 consecutive
days. On the 3" day after operation, the modified neurological severity score (mNSS) and corner turn test were
conducted to assess behavioral indexes. Further, hematoxylin and eosin (HE) staining was used to observe injury
to the brain tissues, brain water content was measured to evaluate cerebral edema, and Evens blue (EB) extrava-
sation test was used to evaluate the permeability of the blood-brain barrier (BBB). In addition, western blot was
performed to detect the expression levels of ZO-1 and Occludin to evaluate the integrity of the BBB and to de-
tect the expression levels of MMP-9 and IL-1f as exemplar inflammatory factors. Finally, TUNEL staining was
performed to evaluate the number of apoptotic cells, and immunofluorescence staining using Ibal and MPO was
adopted to evaluate microglia activation and neutrophil exudation. Results: The results of mNSS testing
showed that the neurologic deficit degree in the ICH+SalB group was lower than that in the ICH+Vehicle group
(P<0.05), while in the corner turn test, the number of right turns in the ICH+SalB group was less than that in
ICH+ Vehicle group (P<0.05). HE staining showed that the degree of brain tissue injury and hematoma area in
the ICH+SalB group were reduced compared to the ICH+ Vehicle group (P<0.05). Brain water content analysis
showed that the degree of cerebral edema in the ICH+SalB group was less than that in the ICH+Vehicle group
(P<0.05), and the EB extravasation level in the ICH+SalB group was lower than that in ICH+Vehicle group (P<
0.05). Further, the western blot results showed that the expression levels of MMP-9 and IL-1f in ICH+SalB
group were lower than those in the ICH+Vehicle group (P<0.05), while the expression levels of ZO-1 and Occlu-
din in ICH+SalB group were higher than those in the ICH+ Vehicle group (P<0.05). TUNEL staining showed
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that the number of apoptotic cells in the ICH+SalB group was lower than that in ICH+Vehicle group (P<0.05). Finally, the immunofluores-
cence staining results showed that the Ibal and MPO levels were lower in the ICH+SalB group than in the ICH+Vehicle group (P<0.05).

Conclusion: Overall, our results indicate that SalB may improve neurological function and play a neuroprotective role by reducing cere-

bral edema, the level of inflammatory factors, and stabilizing the blood-brain barrier in mice with ICH.

Keywords intracerebral hemorrhage ; Salvianolic acid B;inflammatory ; neuroprotection ; blood-brain barrier

Jigi i 1L (intracerebral hemorrhage, ICH) J& (L% f¢
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S B/ INBRBCE FE 37 CE AR 2 i ICH+SalB 41 7E
AJG 2 h BE KA 4 SalB 30 mg/kg(4 mg SalB/mL A= #f
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3 d, Sham 41 /)N R TC i 28 e 5 R, mNSS 37530 435
ICH 21 H BBt #h 28 D BB St , ICH+SalB 21 45 ICH+
Vehicle ZH #1 2 BT AR (P<<0.05) 3 5% £ 525645 51 i R
ICH+SalB 21 47 % 8% T ICH+Vehicle £ (P<0.05) ,
U3

1 AU/DNEIERYS 3 d mNSS P FE Ml gl 1

[M(Q:s, Q)]
2059 H¥e mNSSTESM4 B0 S %
Sham 2 12 010, 1] 45.0 [30.0, 57.5]
ICH+VehicleZd 12 11.0[11.0, 11.8]°  80.0 [72.5,90.0]"
ICH+SalB 41 12 8.0[6.3,9.0]? 55.0 [40.0, 60.0]?
Fi8 331.10 22.85
PiH <0.0001 <0.0001

1. 5 sham 41 H %%, " P<0.05; 55 ICH+ Vehicle 41 %%, 2 P<
0.05.
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RIS 3 d, sham 2H . ICH+Vehicle £H F1 ICH+SalB
20 (%) HE Z €8 i £ 47 18 F2 5331 8 (0.10+0.01) mm?’
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1 >sham 21 ( P<<0.05) , ICH+SalB 2 <<ICH+Vehicle
ZH(P<0.05), WE 1.

7T : (A)sham £ ; (B)ICH+Vehicle 4 ; (C)ICH+SalB 21
F 1 &4/ EERS 3 d N4 HE YL @ 5558
O %R , 40%)

23 WA KBLER

ICH J& figi 20 B #6349 , i 2 20K b L & K s 38
SalB ¥ % ICH J& il /K i . #&HEf5 1 d F13 d, ICH+
Vehicle 21 (1) figi & 7K £ 44 & T* sham 2 (P<<0.05) , ICH+
SalB 41 9 i 2 7K 7 #4 K F ICH+Vehicle 41 (P<0.05) ,
W32,
2.4 EBNARILER

A J5 3 d, sham 2 . ICH+Vehicle 0 F1 ICH+SalB H
1 EB 7% 1 7 L (47 Bi/Z2 ) 5331 4 1.42+0.07 .4.31+
0.25 F13.44+0.31, 3 4[] 22 A7 W E ST X (n=4,
F=163.80, P<<0.0001) ; ICH+Vehicle 21 EB/M& & & T
sham 41 , ICH+SalB #H EB 4} Ak T ICH+ Vehicle £
(P<0.05), LK 2,
2.5 Western blot £ 3%
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P2 BTSN R TE] 5 K A (%, wts)

ZH 5] A WS 1 d WG 3 d
Sham 41 4 78.86+0.42 76.88+0.71
ICH+Vehicle £ 4 81.40+0.30°  80.52+0.17"
ICH+SalB 4 4 79.74+0.88%  79.18+0.29”
F{H 7.00 65.74
P <0.01 <0.0001

1F: 5 sham 2H 1L %8, VP<0.05; 5 ICH+ Vehicle 2H 1L %5,  P<
0.05,

Sham

ICH+Vehicle ICH+SalB

E:EBANB IR 7 (B =5 mm) .
K2 85 3 d45 4 EBSME IR R

WS 3 d, 3 4 /0 R MMP-9, IL-18 . ZO-1 Al
Occludin Rk K22 5734 e it27 38 L (P<0.05) ; Hip
ICH+ Vehicle 2 MMP-9 . IL-1B % T ICH+SalB 4 (P<
0.05) , ZO-1,Occludin i 7 ICH+SalB 21 (P<0.05) , il
3,33,

2.6 TUNEL %92 K &4 R

TUNEL ZLta i T4 2 Ak (0, w853 d,341
/N B T A R 25 A Ge i L (P<<0.05) , ICH+
Vehicle ZHJAT- 4% = T Sham 21 , ICH+SalB 4144 1=
A% T ICH+Vehicle 2H (P<<0.05) , WK 4 . % 4.,
2.7 Ibal ##MPO %2 K A & 4R

AR S 3 d, 3 4/ B/ o 240 L/ 5 s 4 0

A ICH C ICH
Sham Vehi salB Sham Vehi salB
E ¥ | s6k0
GAPDH a GAPDH 36kDa
| — - o
B IcH D IcH
Sham Vehi salB Shii — —
v v 3
- = —
GAPDH J 36kDa  GAPDH [ N : 36 kDa
- rs s

F: (A)MMP-9; (B)IL-1p; (C)ZO-1; (D )Occludin..
{3 R 3 a5 20/ MMP-9 \IL-1p . ZO-1,Occludin
AR
(Ibal) DL R i i (MPO ) BitE 25 A it
X (P<0.05) , H:H1 ICH+Vehicle 20 & T Sham 41, ICH+
SalB 21 fik T ICH+Vehicle 41 (P<0.05) , WL 5 . % 4.

3 Wit

ICH J5 3 d, SalB JA YT 2H mNSS 143 B AR A7 55 1k
B INPE R T RE BN 23 s HE 25 5 b/ i £ 5 18
FRURARR 5 i 7 7K 465 1 /s SalB U2 T ikiZK it s EB i3
LI A5 R BB /D ; Western Blot 5 R /R SalB
20 BB EE 11 ZO-1 Fl Occludin R340, 48 5E K 1
MMP-9 HIIL-1B 1Y AR ; TUNEL 45 2R 75 i Jif
L 40 T 200 i 80 A AT 5 Thal SR8 8 6 s 1 AL b /N i
oA/ T 4 P 5 AP , PO B B8 9 G b s P
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Bl Kok RIS Z AT ™ s AT AAEAN 3t bt 40 5
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SalB 5 FH T it 1 P 403 493 B 2% b it i e s v
ARG T UK FH 2l S 30 48 15) SalB 78 ICH H il 28 7
FAER . EQIPENGE 5, 25 mg/kg 1 SalB [#Aikiz
P BTN A 1 i I R o vt o SR TN Al o R
DR = RV 12317 A 297} 71 o = 2 A e Y S L A
25 mg/kg 1 SalB {7~ 3 U 4T R At 3l ik ofs A A Ak
SR A BB R U, 1.10.50 mg/kg (7
BB S5 SR R 50 mg/kg 7E AR 2 i 0 A Ak

%3 ERUE 3 d&41/NE MMP-9 IL-1BF1 ZO-1 . Occludin 2 13535 7K - (ats )

205 5 MMP-9 IL-1B 70-1 Occludin
Sham 21 4 0.68+0.20 0.5140.12 0.88+0.15 1.16+0.10
ICH+Vehicle 41 4 1.20+0.29" 1.55+0.24" 0.48+0.14" 0.77+0.06"
ICH+SalB 41 4 0.85+0.30% 1.09£0.19% 0.70+0.20% 0.94+0.09%
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1 : 5 sham 41 L4, “P<0.05 ; 5 ICH+Vehicle £H L4, ?P<0.05
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Fl4 #EE 3 d45 4/ RIE T4 i &0z (TUNEL, 400 )

A Sham ICH+Vehicle

ICH+SalB

Iba1

DAPI

Merge

ICH+Vehicle

MPO

DAPI

Merge

2 (A)Ibal B DYt (PG R BT, 400%) ; (B)MPO
GaPEDE YL (G 3 , 400% ) .
KIS A3 d g /NS AT AL A FR R AT i R B

PO TRORAE T 1,10 mg/kg!'™, TEAHIFSYE Ay T 52 56
b FRATTERE 5.10.30 mg/kg 1Y SalB WIAEERS 1 d ik
KA, 45 R B R 30 mg/kg 6 & 7K I T 1,10 mg/kg.
PRI, AR S5 4 30 mg/kg f9 SalB £ 5¢ 78 ICH 4R H]
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ZO-1 il occludin J2 14) Bl & %% 1% # 1 B A 45 1 2R
F U I R 2 245 A PR B 58 A A S i 1Y) T
fitlh o AR 24H BEAS 2RI B A P 240 B A1 -2 75 A o A e
B8 475, o1 ER A RE S, 4 T 153 4% P B 00 e 45 A 2
I, S S50k 7 38 375 1 34 fin '), Western blot 43 #r
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YRR, HE SalB A9 # 28 CRAF A I AT 82 38 2 41 ] 58 i
SR I B R SEERAY . SalB 1 /)N i 20 B B4 3
AT R MR 4E B 3] ICH 5 484E K MMP-9
FIL-1BRY A, o LA I H A 22 O 4P D BE VT fig 2 id 1k
PURAE I .

g Lrad e /N ICH J& i it Ak i AR i, i 7K
JFOINER , S i PR 143 Wh K ST N, 45 9 e A 3% 22
I A B B IR, 5 8k & PR A G N . ASBIF
/INEUICH Y, % B SalB el i i 1L 5 ) #h 22 T RE
ALK A o AL, i ik 7K e, 9k 2 28 240 B 0 1 K o

R4 SU/NREERBIG 3 dAGTT AN NE BT | PR R AR (ks

5 HE T4/ A /NBE A A Hh PR 24 A
Sham 1 4 1.17£0.99 11.56+6.06 4.39+0.38
ICH+Vehicle 41 4 65.78+8.24" 53.49+4.93" 69.83+8.98"
ICH+SalB 41 4 53.311.82% 31.7443.54% 47.36£11.79%
F{H 195.20 73.62 80.60

P{H <0.0001 <0.0001 <0.0001

1 5 sham 41 [E#%, VP<0.05; 5 ICH+Vehicle 41 L3, #P<0.05
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