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[ Abstract] Objective: To investigate the effect of salvianolate lyophilized injection and Xueshuantong
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injection (lyophilized) on the permeability of blood-brain barrier (BBB) via inhibition of metallomatrix protease
(MMPs) in cerebral ischemia/reperfusion injury rats. Method: The focal cerebral ischemia/reperfusion model in
rats was built by middle cerebral artery occlusion/reperfusion (MCAO/R) technique. Male Wistar rats were
randomly divided into sham operation group, ischemia/reperfusion (I/R) group, edaravone (Eda, 6 mg-kg")
group, salvianolate lyophilized injection (SLI, 21 mg-kg"') group, Xueshuantong (XST, 100 mg-kg"') group
and SLI combined with XST (SLI+XST, 21 mg-kg'+100 mg-kg") group. Drugs were injected via tail vein for
2 d, while sham group and I/R group were injected with the same amount of normal saline. Neurological deficit
score, hematoxylin-eosin (HE) staining and Nissl staining were assessed 2 d after MCAO/R. The permeability
of BBB was observed by the leakage of IgG/CD31. The expressions of Claudin-5, Occludin, collagen- IV (Col-
IV ) , Laminin, Fibronectin were observed by immunofluorescence staining, and MMP-2 and MMP-9 were
observed by Western blot. Result: Compared with the I/R group, SLI group, XST group and SLI+XST group
showed improvements in neurological deficit score, HE staining and Nissl staining. The leakage of IgG was
alleviated; The positive expressions of Claudin-5, Occludin, Col-1IV , Laminin, Fibronectin in ischemic penumbra
were significantly up-regulated, while the expressions of MMP-2 and MMP-9 were down-regulated. The effect
in improving SLI combined with XST was much better than a single factor. Conclusion: Salvianolate
lyophilized injection and Xueshuantong injection (lyophilized) can alleviate cerebral ischemia/reperfusion injury
and exert the synergistic effect when they are used in combination. The mechanisms might be associated with the
improvement in the permeability of blood-brain barrier by inhibiting MMPs in cerebral ischemia/reperfusion
injury rats.
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Table 1

Xueshuantong injection on neurological deficit score in rats with

cerebral ischemia/reperfusion injury(x+s)

Effect of salvianolate Ilyophilized injection and

215 n il /mg-kg! mNSS/%>
RFA 10 - 0
F5 7 8 - 13.5+0.9"
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Fig. 1 Effect of salvianolate lyophilized injection and
Xueshuantong injection on pathological change of penumbra in

rats with cerebral ischemia/reperfusion injury(HE, x 400)
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Fig. 2 Effect of salvianolate lyophilized injection and
Xueshuantong injection on Nissl staining change of penumbra in

rats with cerebral ischemia/reperfusion injury (Nissl, x 400)
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Fig. 3 Effect of salvianolate lyophilized injection and Xueshuantong injection on NeuN change of penumbra in rats with cerebral ischemia/

reperfusion injury(IF, x 400)
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Table 2 Effect of salvianolate lyophilized injection and
Xueshuantong injection on injury of neurons in rats with cerebral

ischemia/reperfusion injury(x+s,n=5)
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/mg kg I M~
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R B 4>+ o Claudin, Occludin & L3l & 11 /& %5
W A AR A L A, R RS B R
SE TETE A0 B 2R 0 9 e A i - Sk 2 5
BBB il i5 1 , H 3% 15 B AIK AT 1 S BBB 45 44 464 473 (1)
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Fig. 4 Effect of salvianolate lyophilized injection and Xueshuantong injection on leakage of IgG in penumbra with cerebral ischemia/

reperfusion injury rats(IF, x 200)
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Table 3 Effect of salvianolate lyophilized injection and
Xueshuantong injection on leakage of IgG in penumbra with

cerebral ischemia/reperfusion injury rats(x+s,n=5)

2 ) FH/mg kg D¢ B
R FA - 2 182+508
f - 11 04141 4921
P& 2 Wik 21 7 230+454%
1ff A4 38 100 7 172+5109
FiC i 2 21+100 5972444539

FEBH 1k A 18] T i 4 XA B3R éﬁ%éﬂ]ﬂm&ﬁﬁ
B 0] 9 A PR X 125 BB ) T LA A X R B L R T 4
Jio 1] ) 5 3z v . Claudin-5 2 IfiL Jik 5% B TTs E’»Jfl%‘«#ﬁ
B, TIsTE UMY 31 245 1, B2 U 1l i 5t s 1)
g .
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Fig. 5 Effect of salvianolate lyophilized injection and Xueshuantong injection on Claudin-5 in penumbra with cerebral ischemia/

reperfusion injury rats(IF, x 200)
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Fig. 6 Effect of salvianolate lyophilized injection and Xueshuantong injection on Occludin in penumbra with cerebral ischemia/reperfusion

injury rats (IF, x 200)
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FTEEEAREMIZM(I+s,n=5)

Table 4 Effect of salvianolate lyophilized injection and
Xueshuantong injection (lyophilized) on fluorescence intensity of

TJs in penumbra with cerebral ischemia/reperfusion injury rats

(x£s,n=5)

21 5 ) /mg- kg Claudin-5 Occludin
R FAR - 2825+125 20824254
B - 545481 617+135Y
P& Z Wi 21 1049+105% 15354226
1ff A4 38 100 1048+98% 1517219
e 25 21+100 155449639 186127034

MMPs J&: — 4K fift Ca® 1 Zn™ %) b P 2 (52
%, MMPs X 4k £ ECM I I 5 i a2 & O i 22
ECM Fl BM J& 4 4F 1 5 5 i 50 5 M i) 50 22 245 4 3k
fill o IEHEE LT MMPs LA I 2 b 40 i 43 2
WO 5 5 AT TR O R G Y R — A PO N B
MMP-2, MMP-9 J& W] Ji¢ iy , 3= 2 4 ] R I fige o Jie
J W R ) B AR Y R R R AR,
S UE I A0 A M kA B e K R
78 RV B S DDA G B e il P R T A8 4 )
MM Ps £ ik 3 /&5 AL AT 5. 5 M ke i 5 | & R 35 []
c-Fos/Jun [ 335 5 A o1 3L B DL & ERK/INK {55
A 6 T S G i BB 1t MIMIP-9 35 PR BBl 5 7R /N B

Merge

Collagen IV

o, MMP #1350 36 97 I L o] 80/ i A A8 AR 1% 7B
AR o A B I A 0 R A R I R R
B U MK WS B . Bk i g5 45 B, MMP-2,
MMP-9 #& i i 145 JE 5T 1) ¢ B8 i 43, 4N Collagen
IV, LN 45 i 555 RN TIs 25 ¥4 % IR , BBB 3 325 7 1%
T, S O A5 VR i K B o R A 8 4

s BRSO Oh B A v ) T A B R R O XL
KBV TSR R BRI — . P2y
BA ZWH 5y 280 5 A6 B i i il 3 9 b A
Fe bk Z B MM EM . PS5 W F O R A 5
28, LA IS AR 2 T, (AR B 352 ) i 4 o
PRI A 2 2575 = -6 nl I AR, b i sk (A
SR EL) C R RE T i o Ak H s . BF SR P
Z o AT 8 4 ml Y R AR B AL L R R
Tl R0 2% IO U S 4R A O e R Y e o PR
W5 A oA T RE R AR R DY = B R
0 54 I dFe 1P T 4405 JS R RE SN, HE BT A H S A
£, 400 46 44 B T, JF W] 3 98 75 BDNF, VEGF &
P R M 2 A A

AR 573 3k S R 35 T O B M AR B O
B, B AR R 3PS 2 B iR R S i A 8
(T 098 & BT 2 £ W e M i #3130, ol
8 O i e o P A R R BB 2R AT Sy A B i
B 2 e s, D8 e O K I 4HF 1gG B i, IR ALE

B7 ASSEBES SIS XN EEERGXRRMFEESF Col-IVREMZM(IF, x 200)

Fig. 7 Effect of salvianolate lyophilized injection and Xueshuantong injection on Col-IV in penumbra with cerebral ischemia/reperfusion

injury rats (IF, x 200)
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B8 A&SEEES MmNk & TR KRR R LN REHZIm(IF, x 200)
Fig. 8 Effect of salvianolate lyophilized injection and Xueshuantong injection on LN in penumbra with cerebral ischemia/reperfusion

injury rats(IF, x 200)

Merge

Fibronection

B9 ASEES SIS KGR M EEERGXRRMFEES FNRZHZmAF, x 200)
Fig. 9 Effect of salvianolate lyophilized injection and Xueshuantong injection on FN in penumbra with cerebral ischemia/reperfusion

injury rats (IF, x 200)

k%% 1% H2 R 11 Claudin-5, Occludin %3k, I 1 3L iK 5, H GBS R T BOR U0 T S i o 253
JiE Collagen IV, LN, FN 35 , Be 35 IfiL % N B2 40 g K% i, 5 T P2 22 W e e T A Al (R T ) IE
ST 5, 10 6 I B I MMP-2, MMP-9 ¢ T 0 T AT 0 R B i e I 98 T A, AL
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£S5 ASSHREMNEENKROBEFTRGHARRODLEFTEREBEAXZEAREA

Y80 (x+s,n=5)

Table 5 Effect of salvianolate lyophilized injection and Xueshuantong injection on fluorescence intensity of proteins of BM in penumbra

with cerebral ischemia/reperfusion injury rats(x+s,n=5)

21 51 il i /mg - kg Col-IV LN FN
BFA - 35824251 2071352 2 558+490
[ - 831+217" 750+235" 771£273D
P+ 2 Z W 21 2 7573859 1 429+349% 145143512
1l 2 38 100 2 68343129 1455 £285% 151543902
Hit 1 11 24 21+100 3280+53034 1 86529834 2 437454939

MMP-9 . . . -J 92 kDa
MMP-2 ‘.-- e 74 ikDa
practin (. W S S g 42 <D

A B C D E
B 10 &8 XRERM 3 EEH MMPs ik ik
Fig. 10  Electrophoresis of MMPs in penumbra with cerebral

ischemia /reperfusion injury in each group

®6 F5 % WG MRS X AR B R 4 K R BRI A RE
MMPs & B R &K # 00 (F+s,n=3)

Table 6 Effect of salvianolate lyophilized injection and
Xueshuantong injection on expressions of MMPs in rats with

cerebral ischemia/reperfusion injury(x+s,n=3)

4150 FlH/mg-kg' MMP-2/B-actin  MMP-9/B-actin
TR - 0.47+0.07 0.56+0.07
T5i A - 1.16+0.10" 1.05+0.08"
P& L2 W 21 0.87+0.06% 0.88:£0.04%
I A 100 0.830.13% 0.83:0.09%
[ AR E] 21+100 0.64+0.07%% 0.660.11%9

AJBE 5 38 A 40 ) MM Ps B 3 3 s 5 I £ L A8 PN B
B T R SRR R R 5G4 Al T A o e I
Ji BBB i A 5%, itk — B 3R 2 M =LA A
SRR IR BRGNS T S0 A
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