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28.(1.25,2.50.5.00 pmol/L) , %24 24 h /5 5 J/l Western blotting ##] MMP—9,ZO—1,Occludin & & & ik, &R
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ZO—1.Occludin & G A8 38 £ 32 B & (P <0.05). L8 GWO742 55k o By 04 o i R B0 B 1R AP VE R,
FARIAE A T AR5 k) MMP—9 #93d BER ik B AR R B i 2 E 8 ZO—1, Occludin ¥ % & H %,

KR . Mdf ; 2EFERE ; GW0742 ; MMP—9 ; ZO—1 ; Occludin

RESES . R743.34 XEkFRIZED . A

Protective effect of GW0742 on thrombine-induced destruction of
the blood-brain barrier in vitro*

Wang Zhao-yun', Chen Qin', Wang Xiao-ya', Xiong Ying’, Zhang Jin-juan’,
Zhang Qing’, Feng Zhan-hui’, Ye Lan’
(1. Department of Pharmacology, 2.Laboratory of Multimedia Functionality, School of Basic Medicine,
Guizhou Medical University, Guiyang, Guizhou 550025, China; 3. Department of Neurology,
Affiliated Hospital of Guizhou Medical University, Guiyang, Guizhou 550025, China)

Wk B . 2023-08-19
* AT - R AREEIES (No: 81960224 )
[FEAEVEE ] W22, E-mail: frogyl266@163.com

« 34 -



&

TERIZE, S5 GWO742 XHBE LG 5 O VRS M LR B B A 1 PR 1 P

Abstract: Objective To investigate the protective effects of GW0742 against thrombin-induced in vitro
blood-brain barrier (BBB) disruption. Methods Neonatal SD rats aged 3 to 7 days were utilized to extract primary
brain microvascular endothelial cells (BMEC) and astrocytes (AC). In vitro, BMEC monolayer culture and BMEC +
AC co-culture models were established, including the BMEC monolayer culture model group, BMEC + AC co-
culture group, and Blank group (culture medium only). For the in vitro BBB co-culture model, rats were assigned to
the Control group and intracerebral hemorrhage (ICH) group. The Control group received complete culture medium,
while the ICH group was treated with 40 u/mL thrombin for 12 hours to simulate the in vitro ICH model. BBB and
ICH model permeability were evaluated through a 4-hour leakage test and sodium fluorescein permeability test. Rats
in the BBB co-culture model were divided into five groups: Control group, ICH group, and GW0742 low, medium,
and high dose groups (1.25, 2.50 and 5.00 pmol/L). After 24 hours of administration, Western blotting was used to
detect MMP-9, ZO-1, and Occludin protein expressions. Results The 4-hour leakage test results showed that
compared to the Blank group, the BMEC monolayer culture group maintained a certain fluid level difference, and the
BMEC+AC co-culture group maintained a better fluid level difference than the BMEC monolayer culture group. The
sodium fluorescein permeability test results demonstrated the following permeability order: Blank group > BMEC
monolayer culture group > BMEC + AC co-culture group. In the sodium fluorescein permeability test, the BMEC
monolayer culture group showed reduced permeability at 0.5, 1.0, and 2.0 hours compared to the Blank group (P <
0.05), and the BMEC + AC co-culture group exhibited decreased permeability at 0.5, 1.0, and 2.0 hours compared to
the BMEC monolayer culture group (P < 0.05). The 4-hour leakage test results revealed that the ICH group had a
decreased fluid level difference and increased permeability compared to the Control group. In the sodium fluorescein
permeability test, the ICH group demonstrated increased permeability at 0.5, 1.0, and 2.0 hours compared to the
Control group (P < 0.05). Morphological observations indicated that compared to the Control group, endothelial cells
in the ICH group exhibited evident shrinkage and elongation. In comparison to the ICH group, the treatment groups
showed no significant shrinkage or elongation of endothelial cells, exhibiting a dose-dependent response. Western
blotting results demonstrated that compared to the Control group, the ICH group exhibited increased MMP-9 protein
expression (P < 0.05) and decreased ZO-1 and Occludin protein expressions (P < 0.05). In comparison to the ICH
group, the GW0742 high-dose group showed decreased MMP-9 protein expression (P < 0.05) and increased ZO-1
and Occludin protein expressions (P < 0.05). Conclusion GWO0742 exerts protective effects against thrombin-
induced blood-brain barrier disruption, likely mediated by inhibiting excessive MMP-9 expression and promoting the
expression of tight junction proteins ZO-1 and Occludin.
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Ji% 14 IfiL (intracerebral hemorrhage, ICH ) 42 45 i1 &
A ] 475 4 M S S5 A I 2, SR I AR A R R DL ) ik
A P, e 3 B RPN G fE I RO M
RVBER R B R " SR A, S ak i
10 5 A EEA 10 ~20 A& &4 1ICH, [ ICH B &
o7 BT A B I A H 1Y) 18.8% ~ 47.6% . 7E ICH
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f& 4= 1L (fetal bovine serum, FBS) ( 3% [E Thermo
Fisher 28 H] , 2335473CP) , DMEM/F12 K% 37 4 ( 3¢
Thermo Fisher 23 & , 8121756 ) , 2 IfiL 1 11 2 14 (bovine
serum albumin, BSA) (b 5 RE R B A R A A,
1218Q0511) , Jik & 1 1 ( 38 [ Thermo Fisher 23 7] ,
8122140) , M R +h 2% vh i (PBS) (AL sl R EE R A
FR 2> ], 20210821) , D-Hank's 2% #h & ( 2 [E Thermo
Fisher 2\ 7] ,20210416) , 5 % &= -5 75 &2 (L 5t R 3K
FRHEA R E L, 20211120) , 1 8 J5E G (b 5T &K 3k
FRHABRA ], 5252023 ) , B (Jb i R 3E 5 PHE
ARAF), ESHEE (AU REERHEARAA,
122150435 ) , Gt A BUVIT IR 7 A1 56 4 58 7 e o A4
(22 [ Thermo Fisher /A ], 337E3A24 ) , Ji 9 6 i
( L % M5 A W R R 7], A23D26) |, 5 Il il
( | ¥ Sigma 23 7] , SLBW2056) , GW0742 ( 26 [ MCE
7y ), 20371) , GFAP ( 2 [E Thermo Fisher 24 # ,
WI3380251) , MMP-9 $ii & , ZO-1 Hif& . Occludin Hii {4
(DR R e AR B A R A R #5200
A0289 ,A11417 \DF7504) , {5 %% RIPA Z4fiff W (4 21 /4H
JfL) (bt & 3 5 B A BR 22 W), 20210908 ) , Pierce
BCA & (1 A& I X 577 & ( 32 [E Thermo Fisher 23 ] ,
VK316403) , PageRuler 7l 4% & FH Marker ( 3€ [& Thermo
Fisher /A 7] , 00864849) , PVDF fi fL %% #% il ( 22
Millipore 23 7] , ROBB23468 )
1.3 &8

{5 5 H 22 0 fUE ( H AR JE J3E, TS100) , 1F B 5
I (I3 38 8 5 15 B 25 A BR A ) L RX50) , &
KA B0 AL CH M BB A3 3% i 3 A PR 2 &
TDL-40B) , 18 i 42 IR (11 7R BRI AL 25 A FR A A
THZ-82A) , 4 g 3% 37 46 ( 3% [ Thermo Fisher 23w ,
2001HY-6003) .
1.4 FHik
1.4.1 B f% o F M K 4w A2 (brain microvascular
endothelium cell, BMEC) #9 R &K 3& 4~  HL 5 H B 4
7 H &1 SD KB, Wr 3k 238 J5 12 1L T 75% Jo K LI
AHEIEES min, B TS TS, 557 S, BUL K
i 2Bk, B T34 4 °C il /2 1Y D-Hank's 28 W8 4 855
FRILA, FBR/ING | a) i (LG S 20) |, f3 B8 K
B s, R T O s AR Bk MR B, DLBR 2%

A0 M 6% K il A I A7 6 4 BT, R R R B BT, AR IR
F L 1Y D-Hank's ¥ . 2 XL 09 55 F5 5E L D-Hank's
S PP R 1 UK, B T) B G A B RS VRS R R IR
FI LA R 25350 40 1 240 B | ot 25 B B 40 G A, 14 K ki
WA EEESnLELOE P EZA I mmx 1 mm
x 1 mm [ (1 € R Pk, 3 100 B 40 5 i , i 4 ™)
TUEW , 1 000 r/min &5 0> 10 min , Y25 3T V€ IF 1
8 ml 0.1 % IT %Y J5 i+ 37 C 42K T 11k 25 min,
1 000 r/min 2.0 5 min, KR F3E WG AR UTVE M
A 8 mL 20 % BSA, 1 000 r/min &.0> 10 min, YT 4E L35
WP EG O, B0 3K IRA 3 IR ES O 5 S DLTE
JF 98 A 3 IR B 5 J5 3 b TR AL B 0y 35 SR i vh
Higt 1 h, 54 1 %W AL 8% 1 50 mL 35 5 T
37 °C .5 % AR FRAR TP 3R 4 A, R 2 B ]
T2 mg/LIES R IR KG I 24 h, A&
RIS 2 R I SR AR 2L 55 57, PR 2 d R 1 U,
JHAB] A 22 W G5 W0 25 4 LR 25, NG BE 41 it Dy
BMEC.,

1.4.2 E T BT 4a Jiel (Astrocyte, AC) 8 B AR ¥ 5
WORT A 3 Hily SD KRB S H RS I 8, fE i &
B R RN 40 20T D-Hank's 2% v i v, i Fi AR
H 5 A A 2 B O 2 TT R , o R ki e 2 43 e i
A DMEM/F12 5 5 B v, i ] 5 74 20 21 59 1%
I mmx 1 mm x 1 mm /N ZUEL 5 2H 2V BE 7S 2 5
LA 0.125% JE TG 37 °CIH AL 15 min, 5 &
5 min B AR 4R SRAR AL WAL S RS (R A
BN KM e SR 2 A CHE, 7R 5 30 s, Y 100 H
20 Mg 0 1 € , 1 500 /min B0 5 min; f# ] DMEM+
10% FBS i 2k 21 H 5 40 Jd Fl 7 0.1% I Jise 60 4% 11 1%
FR T, BERE 3 d A WG R T AR FERR R
200 r/min $% 58 4 h, R BE LW, R E A 22 8 B
WL AN IR A, WG BE 2 LA AC.

143 RAACH ST R EE I A8 R L AC
5 min 7, H A T o8 SR A, A AT il
R B MR, . IR AW
2 i 5 B P T R AR PN T A AR B R AR
€ Fr RN, Je e R LB e &5 O iy 4 L
LR IR AR R T WO L R
€ R 5 B 5% A 1 5K 1 &GS AR — 8, B 1k A i
T E 5 S, v N2 AR R o AR SR AR
B IR b A0 B s, W s BE R T TV %) PBS Y 4
i3 UK, 5 min/¥K,SRIG IMA TR 1 4 %2 R, &
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Tk [ 72 10 min; B 2 2RI , HTA 1 PBS YE4H i
3W, 5 min/IK ; A 3 i Triton X=100 [ 3} 741
Hf 1] 30 min, B PS50 A, B4 L —P0 0K
GFAP LM FE 1:200 L9 B AE— BUAR BRIV P, 25BR
BTG, INA—H0, 4 CWFR IR ; EZB—50, A
FiVS (49 PBS, & 3 7K, 5 min/UR 5 4458 56 —Hi 43 5 ¥ IR
1:400 H R BEAE —PUM BEWC D, BBR PBS J5 , TA
T, FIREOLEE 1 h, A TS M PBS, YB3 IR,
5 min/¥; T DAPLIE W, % il E 9 F 10 min; 25
B DAPT, il AT B PBS, T8 3 UK, 5 min/U; LA B 2%
VI, T 1E B 250 06U T HI IR, e 40
144 4R4FBBB a9 M E  J3 i E# BMEC 52 85
FEALAY A BMEC+AC 35 FR AL, 73 2 BMEC £ 2 8%
FEREIUA  BMEC+AC 3% 75 240 ) Blank 2H ( Hin 3% %=
), BUSACRE IR L 25 2R BMEC R 1L )
F Transwell /NZE | % 3% Fh BMEC, $ Fh % B R 5 x
10°/~/mL, T2 FUINSRE 3 56, 4 4 o 22 5 IR A A 5 iR
JE AR RE 3244 245 2 AL BMEC 1 AC B RGIS 1L )5, T
Transwell /N & | = # # BMEC , # # % & 5x
10°//mL, F =R AC, M2 1 R 5 x 10°4~/mL,
F e R B ;T Transwell /N2 |35 R & MARE
FRIE K Blank 21 ; /845 2 d BRI 1 IR, 5555~ 8 d
e R A A1 i i R 114388 37 1

1.45 4R4FBBBiE#E M agtem D4 hBIRIRE .
AL S 4 () (R S BMEC BL)22 K5 F2 1558 BMEC+AC
35 FE R A N A% 32 3L 69 Blank 2H , 5 Transwell /N
FE R E I IRERI, 9FFH PBS ik 3 S L 4
HF EZEM T E A 0.5 F1 1.5 mL 58 55 3= 4, il
T E RN EAFAE—E (WE 25, TR LA B R A
Ak SRR3R, T4 h 5 L AR B L. @2 6
RS Ml BlE N R B (0.0.2.2.0 A1
20.0 pg/mL) FECEM, T2 UREE R 536 nm I
K AR 5 OD A, 2 il B v il 28 5 UMY 2 4 A 44 4
BMEC H1J2 15 32458 BMEC+AC 315 F# #5080 Kz Hon
R 5 5L 14 Blank 41 , 4 Transwell /N2 (1) |25} F % 1Y
Re g 3L 1 PBS #h ik 3 Wk , T BBB HL2 B
7% LR 5% I Blank 4109 E = A 20 wg/mL % )6
FANILRE B SR AL 0.5 mL, FEMA R FHLE Y
FEAEE SR 15 mL, IF 400 T RE 9% 0.5.1.0.2.0 h 1)
BUR 9 245 100 pL#s H, B 3 A E AL, 58
W E 3, T2 YRR R 536 nm i 1 AL I &

OD 1 , il br il ith £k , T AR 96 BT 45 o it 4359
JeZE #hiE S BBB 1,
1.4.6  ARSPICHALA 6y My HUARS) BBB L85 37
T 43K Control ZH 5 ICH 4., Control ZH I A 58 235
FEFEALFE, ICH 20 /i1 A 40 w/mlL BE 1fiL Bl 4 38, 43 51 kb
P12 hm , kil v fe, i ikE 145,
147 %% ik sh BBB Hh B SRR o H ok
Control 20 . ICH 4 , VA B2 GWO742 1% . vf . = 7 & 41
(1.25.2.50,5.00 wmol/L) 5 4~ 40, Control 41 I A 5¢ 4=
FiFR i  ICH 4 .GWO742 ik .o &Rl s 4 b A
40 u/mL 9 BE I B , 45 4 43 0 K5 3% 12 h )5, Control
4 ICHA A SR 55 AR o Rl 25 T4
o ) ) GWO0742 , 43 5135 5% 24 h 5 48] AH 22 11
B WA S 2 A8k
1.4.8  Western blotting # | & & ZO—1, MMP—9,
Occludin #9 F ik FEEUAS A0 B & 1, BCA L2
e s o I O = N G N T A VST
P41 W% B 1] 20 min J5 , il A B —actin —#HT (1:1 000) |
Z0-1 —HT (1: 1 000) . MMP-9 — 4t (1: 1 000) .
Occludin —4¢ (1:1 000) ,4 CIF 7 1 %7, TBST i %
3,5 min/IR, ERIEE P2 h, TBSTIEPE3 K,
5 min/IR, 1 ECL G .52 , 40 W45 AL 471 KA
1.5 Sit=FiE

Bl 43 MoK 1 SPSS 24.0 811414, ] Graphpad
Prism 8.0 FX A H#EAT4: ] o T BERM T IE A5 M A6 50 Al
i EFFHERL , fF A IEA S B 255 0 & 5
BE, LABIEC + FRifE2E (£ s) Foom , Rl ERI A HE
BB ST FEAS 0K 55, 22 AT i R LA
RIr 2500, #E— L PP LB LSD-t K2 5 . P <

0.05 N ZEFAH G X

2 HZ#R

2.1 FERHAMmAEES

211  BMEC# /R&3EF  BEACKEFEA BMEC 28

WEMZ ML ALK, MK E2H 5 KI5 K H A
“HEAR . DLELL

212 ACH#HRRIZRALZLER  JFIAUK S AC
7d, 57 REBR/N AN, AR AC B S 2 EIE
RHUER WK & H7F 2 988 f 4y 525 AR 3% 5%
) AC 28 ¢ it 2F 4k 12 1 5 11 (glial fibrillary acidic
protein, GFAP) s o Yo S E 45 3 W~ , BT 5 At 4
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E1 RNRIEFBMECHEKIER
(f8) A 22 BT x 100)

e AC, HILAE Ik B S 20K (ILIE 2.3) .

B2 FRERIFEFACHEKIER
(8] ¥ AH 22 W 330UE % 100)

DAPI GFAP Merge

3 ERACHGFAP BN LEE
QEEFOLRMEE x 200)

2.2 {k5)BBBiEEMRKINLER

221  4h#HiX%E 5 Blank 41 %, BMEC # 2
Fr R e Ak — o M WROE 22 5 5 BMEC )2 K 97 4
LLAS , BMEC+AC 2L 4% 57 41 RE 4E 435 B 4 0 VR T 22 . 38
i VE R : Blank 41> BMEC 52 8% 57 40 > BMEC+AC 3
Rigdl. WK 4.

222  RERFEAEFEMRKIE  Blank 4 \BMEC HZE
K241} BMECH+AC 3L 15 32 41 96 6 058 38 W JE 1E
0.5.1.0 f12.0 h i bLAE , SRR 2001, 2 5733
A2 L (P<0.05) . #F— WM L4 R
75, 5 Blank 41 L% , BUEC 812 55 32 9% 6 K 4lg
R FEREAR, B PERE MR (P <0.05) ; 5 BMEC #1285
TR S, BMEC+ AC HERFFR21 58 6 2 408 15 Wk i [
i, B PE AR (P <0.05) . WL 1 FIES,

2.3 {F5MICHE B Hi@ FE TN

231 4h#HREiXE 5 Control 4H %5, ICH 4H Wik
T 22 PR AIG , B M (WL IR 6) .

BMEC 41 BMEC+ AC4H

Blank £H

4 4 higiFEAE

£1 ¥EF05.1.0502.0 hIFRAR N EWHSEIRE
Eb# (ug/mL, x +s)

285 0.5h 1.0h 2.0h
Blank £ 10.0£0.178  11.0+£0.611  11.9+0.149
BMEC 2153520 6.88+0.368% 8.67+0.254" 9.93 +0.855"

BMEC+ACHLRE 4] 2.33+0.933% 458 +1.04% 7.51 +0.892%
F1H 129.000 63.300 29.100
P1H 0.000 0.000 0.000

1 : @5 Blank 41 1142, P <0.05; @5 BMEC HUZ 353740 L #4
P<0.05,

25
5 v, I
\fp 15
2
= 10
=2
W5
RE)
8O0 : : : : -
500 1000 1500 2000 2500
oD
157 -~ Blank 41
3::5 . " BMEC 41
el / -4~ BMEC+AC 41
Lz
SO &
g2 32 571
S
B8
ﬁ% 0 1 1 1
0.5h 1.0h 20h

E5 WARMITEHERRAERMSERELLR

232 ¥k E4hiEiE X Control 41 PG E
MBS BIRE S ICHAL L, & 8%, 2R A 50
227 L (P <0.05) ;5 Control 4 H %5, ICH 41 7£ 0.5 .
1.0 F12.0 h I5F, 5 56 3R 4H 12 375 Wk 58 15 A0, i 3 P 4
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Control 24 ICHZ

E6 {5 BBBWERER SN ICHRE S RIEIAE

e W2 MK T,
®2 WARKRNWSERELE (ug/ml, v+s)

233 HAEFWE BIF12h)5,5 Control 4 b
B TCH 21 1 5% % e 45 0 B B W O A Jf e 25 ek
A (Aamikrn) . WS,

Control £ ICHZH

&8 ControlZ85 ICH BT ASFEINER
(f) B A0 22 AT % 100)

2.4 HYMRER

215 0.5h 1h 2h
Control 4 2332093 458 +1.04 7.51+0.89
ICH#H 474 +057 9.29 +0.49' 103 +0.617
1l 14.500 50.600 20.100
P8 0.018 0.002 0.011

241 BEFUE MPREFWELRER, 5
Control 21 L%, ICH 41 PNz 41 i 1 25 B & 4% 4 . i
3 5 ICH 20 HL A, 45 245 20 W9 B2 20 TE 285 K L W 4 4
a5 B, BN R, WLIE9.

7+ 75 Control 4 4%, P<0.05.

’.JE\ 15 [ —e— Control 4]

E; —=— [CH4

= 10 F

B

%

&

S sf

=

he

#’K 0 1 1 1
0.5h 1.0h 2.0h

E7 ControlZ85 ICH B4R EFE 4 LL &

242 & 70-1 .MMP-9,Occludin % & 483 & i&
T Control 41 \ICH 4 . GWO742 {% . | 5 7] &
ZH 1 Z0—-1 . MMP=9 . Occludin &5 [ R %) ¢ 35 i L 8%,
SRR ZMT, ZRARITFE X (P<0.05).
I s gE R N, 5 Control 41 HLH, ICH 4
MMP-9 £ Al Xf 2% ik & F+ & (P <0.05) , Z0-1.
Occludin £ [ #H X} 2 3k 57 AL (P <0.05) ; 5 ICH 41
FE# , GWO0742 75 7] 4 4 MMP-9 45 14 AH X 3¢ 35 1 %
ik (P <0.05) , ZO-1 . Occludin #& 1 #H % 2 3k & 7 &5
(P<0.05). UW33HE 10,

Control 2H ICH#H 1.25 pmol/L 2 2.5 pmol/L 2 5.0 wmol/L 2

B9 HRHFHERESE

WE (1 EAH 22 5 < 100)

*®3 &HZO0-1.MMP-9.O0ccludin EEMEMTFRIZELE (vzs)

205 Z0-1%EH MMP-9 %[ Occludin & [
Control 2 0.833+0.142 0.515 +0.079 1.02 £ 0.054
ICH#L 0.429 +0.1407 0.779 = 0.069" 0.579 0.082"
GWO742{IK5 =21 0.541 +0.086 0.754 + 0.076 0.610 = 0.073
GWO742 il 0.697 +0.025% 0.738 + 0.025 0.718 +0.041
GWO0742 Fl e 0.734 +0.103% 0.533 +0.023% 0.801 +0.070%
FAE 6.610 13.200 22.400
PlA 0.007 0.001 0.000

1 : D5 Control 2 H#E , P<0.05; @5 ICH A L4, P<0.05,,
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1 2 3 4 5

70-1 — B e e— G 250 kD

—-— - - —
MMP-9 " S W . 34KD

T o— — —— N

W e wea e e 60kD

1:Control 2H; 2: ICH#H ; 3:GWO742 K FI4H ; 4: GW0742 5]
2 5:GW0742 B4
E10 %&HZ0-1.MMP-9.0ccludin & & %%

Occludin

3 iip

ICH J2& — i Age Shy 7™ o 8 i I A7, Bk R
AL AR R MR ICH By LR B 5 18 6E
I 1 BBB BB IR & E M2 —, TEIZW Y
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