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(Abstract] Objective To observe the effects of astragaloside IV (AST IV) combined with Panax notoginseng saponins (PNS)
on the barrier function of rat brain microvascular endothelial cells fBMECs) by oxygen—glucose deprivation/reperfusion (OGD/R).
Methods The primary tBEMCs were cultured and identified, and the third-generation rBMECs were selected. AST IV was combined
with PNS at high (100 pmol/L+60 pmol/L), medium (50 pwmol/L+30 pwmol/L), and low—(25 pwmol/L+15 pmol/L) doses to pretreat
rats for 24 hours, and an ischemia-reperfusion injury model was established using OGD/R. Meanwhile, control group and
model group were established. Cells” survival status was checked by CCK-8, the changes of cell barrier function were measured
by transendothelial electrical resistance (TEER), the content of blood—brain barrier junction protein Occludin and ZO-1 protein
was determined by immunofluorescence, the protein expressions of adhesion molecules ICAM-1 and VCAM-1, and NF-kB-p65
activation expression were examined by Western blot, and the expression levels of inflammatory cytokines TNF-a and IL-1B
in cell culture fluid were determined by ELISA. Results tBMECs, with the positive expression of vWF factor, were successfully
cultured and isolated. Compared with control group, the number of survived cells in model group significantly reduced (P<0.01).
Compared with model group, the combination of AST IV and PNS at different doses could improve the survival rate of rBMECs
(P<0.05, P<0.01). Compared with control group, the TEER value, as well as the fluorescence intensity of Occludin and ZO-1
significantly decreased in model group (P<0.01). Compared with model group, the combination of AST IV and PNS at different
doses significantly increased the TEER value (P<0.01), and also increased the fluorescence intensity of Occludin and ZO-1 (P<0.05,
P<0.01); compared with control group, the expressions of TNF-a, IL-1B, ICAM-1, VCAM-1, and p-NF-«kB-p65 in model
group significantly increased (P<0.01), while compared with model group, the expression levels of TNF—a, 1L-13, ICAM-1, VCAM-1,
and p-NF-«kB p65 in the medium— and high-dose combination groups of AST IV and PNS decreased (P<001). Conclusion AST IV
combined with PNS can significantly inhibit NF-«kB activation, suppress the expression of inflammatory cytokines, improve the
barrier function of rBMECs in OGD/R model, and protect the brain tissue after ischemia and hypoxia.

(Keywords] rat brain microvascular endothelial cells; cerebral ischemia—reperfusion; astragaloside IV; panax notoginseng

saponins; barrier function
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R T A AL ARG BEH P3 A8 BMECs , >R F e 92 26 ik
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pO5 HLTE REHT A (A B L 91 2412 1:3 000) , St KRl
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4 CWFHE A, TBST W ¥k 3 W, A Z 9T 37 CK
1 h,TBST Bk G , T2 K 6 A% 43 Bt & G 3 i
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2.8 ELISA # il 48 i £ 55 7 R € B F TNF-o B
IL-1p RikKkF

20 i 22 53 2H AL PR WO 2H B 3R, 300% g/
5 min B0 K BRATEEE R ,0.22 wm B L8 A5 ad
UEJE i ELISA 050 & Ui B F A U 35 52 W b TNF-a
K AL-1B 7K,
29 HZit=ELHH

G SPSS 25.0 Geitifbiftrgeit, it
GORHA “xas " RN SR F B 2 05 25 43 B, 4 1) 1
L D7 2255 & H LSD K 5%, )7 22 A 55 % H Dunnet
T3 k% P<0.05 W 2ES A2 X,
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3.1 BMECs ¥%&

JEAR B F5 9 rBMECs o W BE B 52 358 52 1) H BR AR
/N 3557 48 h J5 4 52 B PR O A
Z AWK RIS 7 d 224 Al A il ECE 1Y B
2R RS A B 0 TR R Y B R
g X HAR BB 1 vWF I F Y45 R 8K
90% LA b 40 ik S e ik vWF R F, 3 i BT 4R B
Y ffa R rBMECs, UL 1,

1 BMECs 7B (A #1 B) % vWF ®E R LEEE (C)
A BOGEEE (x100) ,A FR:FE 24 h,B FEiFE 7 d;CH0OEILER
#(x100),
3.2 AST V& {H PNS X OGD/R 1BMECs Fi& £
=AY

OGD/R #5473 )5 , 40 A7 >R B (2 B IR (P<0.01) ;
SRR g, AST V5 PNS AS[a] 57 4 e {10 324 g ek
/b9 07, HE R AN I AE T % (P<0.05,P<0.01), 5

AST IV+PNS &7 a4 b, AST IV +PNS 1G5 & 41
I AT 15 R B S PR AR (P<0.01) , TEILER 1,

%1 AST IVE{&R PNS 3t OGD/R rBMECs
1518 B (=5 ,n=5)

4151 2R HLAT R %
IEH 100.00+0.00
i) 44.83+9.39*
AST IV+PNS IG5 4 41 58.50+7.97%44
AST IV+PNS Hiil i 41 71.33+8.19%*
AST IV+PNS =il i 41 74.83+9.154

5 IEH 4L, #P<0.01; SRR 4 L 45, #P<0.05,¥%P<0.01 ; Y5
AST IV+PNS #8441 g, 24P<0.01,

3.3 AST IVE{A PNS X OGD/R rBMECs ¥ A & 48
B B8 FE H A9 52 M

20 M s RE R K E 0% Ml A I, 23 i B AR B 11
TEER,, 4& 715 200 Jf0 %8 %% 3% 432 R 4, B AT BE ik 1) ot s )
fig, AST IVEC{R PNS i &b ¥ I /N B3 5% 11 5 40 1)
TEER {H, 5 IEH 24 i B 2H 4 g TEER {5 W] 12
FEAIR (P<0.01) , 4 i it B D e 32 401 ; SRR 2 L%
AST V5 PNS A [m] 5 i B 44 7T i 2 3 5% OGD/R
P AR TEER 7K (P<0.01), 5 AST IV+PNS
7 4L A AST IV +PNS 57 41 TEER {8 [
R (P<0.05), TFIF* 2,
3.4 AST IVE{E PNS 3 OGD/R rBMECs Occludin
70-1 EAFRIKER

S5IEWH LE BRI Oceludin #1 Z0-1 £ H
F kKO 2 B AIK (P<0.01) 5 5 1 R 4 kb %%, AST
IV5 PNS /K [A] 5 & AR 4] S8 00 Z0-1 B
F3K K- (P<0.05,P<0.01) ,AST IV PNS H &l
w8 e A3 ] B B R Occludin 85 H B 2635 K F (P<
001).5 AST IV+PNS &4l b4 , AST IV+PNSAIX
FiE2H Occludin F ZO-1 B AFRIKIKFFEAR (P<0.05) .
TEWE 2 3% 3,

%2 AST IVE{E PNS 3¢ OGD/R rBMECs TEER f& i W (t+s ,n=5)

251 25 2T TEER {4 AT TEER {d 1 55 TEER {H
iF 4 349.00+16.72 347.80+15.16 349.80+13.95
B 2H 345.00+23.28 343.40+25.16 110.00£15.01%
AST IV+PNS 1% 7 4 21 349.0013.42 360.60+8.73 150.00+16.41 %"
AST IV+PNS w4 21 356.20£9.47 364.80+7.68 202.20+13.83%
AST IV+PNS & 54t 41 348.20+16.94 364.0013.34 197.40+15.93%%

T 5 0 4B, ¥P<0.01; SRR L L3, *+#P<0.01: 5 AST IV+PNS

fRn AR A R, 2P<0.05
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Merge F-actin Z0-1 DAPI Mere 7 F-actin
B 2 &4 Occludin #1 ZO-1 EEH KR RIX

Occludin DAPI

e AIEH 4 BARIZH C.AST IV4+PNS (K744 ; D.AST IV4+PNS )42 ; E.AST [V+PNS &4

F 3 AST IVEL{E PNS 3t OGD/R rBMECs ZO-1,0ccludin & A Fi& & R (v+5,1n=5)

215 70-1 W335 e i Occludin 43 ¥4 5¢ 6 58
IEH 4 6 468.00+1 497.17 9 248.40+975.42

BRI 2
AST IV +PNS {IG 51 4 41
AST IV+PNS A4
AST IV+PNS &7 it £

2 731.20+547.40%
3 497.00+848.31**
4 405.20+800.30%**
4 976.00+£122.79%%*

4 943.60+843.98"
5 698.40+989.13%
6 851.40+1 669.22%+%*
7 756.80+491.81%*

S IE W 4 H A, "P<0.01 ; SRR A HE A #P<0.05, %% P<0.01: 5 AST IV+PNS & 7 5 2 He 4%, #P<0.05 .,

3.5 AST IVE{& PNS Xf OGD/R rBMECs ICAM-1,
VCAM-1 WEBRIZIRR

proctn | S S A — —

5IE 4 A, BRI ZH ICAM-1 VCAM-1 5
13235 i E 108 (P<0.01) ; SRR e ,AST IV S

ICAM-1

PNS #5012 ] 2 R ICAM—-1 . VCAM-
1 8 235 7K F (P<0.01) ; 5 AST IV+PNS & 7

VCAM-1

D .

IEH 4R #FLE  AST IV+PNS AST IV4+PNS AST IV4+PNS

ZH H %8, AST IV +PNS K 7] 41 ICAM—-1 VCAM-1
(8 1 235 K P-4 5 (P<0.05) . TEILIE 3 364,

EAEE SREA  ENEL
B3 & VCAM-1 1 ICAM-1 ER&HE

F 4 AST IVE{E PNS 3 OGD/R rBMECs ICAM-1,VCAM-1 & B RiX K& (x+s ,n=5)

41531 ICAM-1 FAH X 2 3k VCAM-1 FAH ) K 35 i
E#4l 0.68+0.12 0.28+0.07
BRI 1.56+0.18* 0.66+0.13*
AST IV+PNS %5 41 1.19+0.29%* 0.35+0.12%
AST IV+PNS 15 4 20 0.5620.14%% 0.24+0.087%*
AST IV+PNS #5741 0.55+0.27%% 0.24+0.14%%

S IE R4 A, ¥P<0.01 ; SR 4 FL#5 |, #P<0.05, #%P<0.01 ;5 AST IV+PNS &7 f 4H Fe %%, 2P<0.05

42 kDa

85 kDa

110 kDa
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3.6 AST IVE:{HE PNS Xf OGD/R rBMECs #H ffi 1% 5%
&R IEEF TNF-a & [L-18 FikKFHF0E

SIEH 4L A TNF-o Iz TL-1B BRI
5B (P<0.01) ; SR 4 L %5, AST IV 5 PNS
N [ 770 2 AT 2 AT g /b TNF—a B TL-18 BB, i
B AN RAE I3 (P<0.01) . 5 AST IV+PNS & i it
I # ,AST IV +PNS AR £ 2 TNF-a S IL-1B 1Y
FEIR K-8 (P<0.05,P<0.01), TEWLFE S,

# 5 AST IVE{H PNS ¥t OGD/R BMECs 4 1t 35 %
TNF-a B IL-1B RiEK TR EIE (x+s,n=5)

215 TNF-a/(pg-mL™) IL-1B/(pg-mL™)
IEH A 146.63+15.86 20.11+0.95
A 4] 244.46+11.10" 33.81+1.56*

27.43+1.73%xx04
25.65+1.07**
14.04+0.85%%*

162.14£5.90%*4
126.96+5.27%*
134.66+9.21%*

AST IV +PNS i 71 & 20
AST IV+PNS w5 41
AST IV+PNS = #1841

WS IR R 41, #P<0.01; 5B 4 4%, #%P<0.01; 5 AST IV+
PNS &7 4 4 He A, 2P<0.05, 24P<0.01 ,

3.7 AST IVE{A PNS X OGDR rBMECs ZHRINF-«B
EWH I

HIEH 4, AR Y] NF-«B-p65 Il p—NF-
kB-p65 1Y 25 1 I 35 4 5 (P<0.01) 5 S BRI 4
LA AST IV 5 PNS A [A] 57 4 Bic {h ¥ A7 9 2> NF-
kB-p65 Hl p-NF-kB-p65 & [ 17 1% (P<0.01), 5
AST IV+PNS &l i 2H 45, AST IV +PNS IR 5] 5 20
NF-kB-p65 I p—NF-kB-p65 (1] 3 ik /K 4 55 (P<
0.05,P<0.01), LK 4 %6,

B-actin | WS SR R — 42 kDa

T - " d
pNF-xB-pss | * . i ” 65 kDa
NE-KB-p6s - — 65 kDa
THE  HEMA ASTIVAPNS ASTIVAPNS ASTIV+PNS
EFEHE HHER BSHEAR

B 4 &4 NF-kB—p65 F1 p-NF-kB-p65 & H & &

4 TFig

B 5 4 RN 11 2 10 3R 1) 2 — 25 o] 2
RE G A Oy A | kAR v R R R B AR
FHa#, R 2 BR A K 8O0 R R Rk [ A — K
FACIE | Hor 809% LA 1 IH PR il i 4 i A< o101,
T AL | ST PR T A R R B R IR YT T
SRIMPAEE 52 520 BBB il B XS & B B D) fE
FE AR, U S R 2 A0 K b SRS d A AT
WP G, PRI BBB 45 K4 A1) RE ) 16 4 A I ek i,
PR TR AR

G RS L6 A 2 L PR T I A R T 3
PR J - 2R A8 I YA R 2L 2R (] ) 2 3 R
D B, 25 0 RE A O 1 RN P PR B AR, S AR AR I B
PP AR L0 % AL R R B BBB (1 E A A
U e A M b N R A R R s R R
20 i IO P ) R 3 e R T A L, T R B
FDfe b kG CSEVE ] e % BBB s P ™
M Occludin 2 PR B 80 85 ok 19 B85 i 4%
P RAE 1, R R A5 M SRR AL Ay TR R
R4 H ) BBB sE#E M Ll B B E B E
ZO—-1 W] LI i 3 7 58 %% 3% 45 0 2 B 42 2R 1 A AR
B AR FH Ok 0 P R 1 3 3 I e i T A A
Occludin F1 ZO-1 25 [ ik 4t I FHREAL, 2B R % %
F L AR A 200 L V) B8 A Rl ot 30 o T T e

IEFEEOLT , M4 P9 R 4 i b ICAM=1 . VCAM-
111 2 3A B AR, 7 B i Sl SE0RIT il AE P g 3 i
PERG S R ERAE 78 H ICAM-1 . VCAM-1
Feak T Y B ICAM -1 VCAM -1 () ik K
ST AN I P R B B DI RE . NF-kB A % 55
TR, T I A7 A T 0 20 20 i el 1t 5 P9 B 4 i
H R R I 453 403 P R TR R R E PR I R
T, A5 i 5 1 45347 19 4 9 B, PRIt NF—k B (438

% 6 AST IVE{E PNS 3t OGD/R rBMECs i Al p—-NF-kB-p65% B & B % M (v£5 ,n=5)

2 53] NF-kB-p65/B-actin p—NF-kB—p65/NF-kB-p65
EH A 0.34+0.02 0.24+0.02
A2 0.53+0.06* 0.48+0.02*
AST IV+PNS I 4 21 0.36+0.01%#% 0.31+0.01 %44
AST IV+PNS H 5| 4l 0.22+0.01%* 0.21+0.01**
AST IV +PNS & 71 4 41 0.22+0.02%* 0.16+0.01**

S IE R A R ¥P<0.01; SR ZH FL# , ##P<0.01: 5 AST IV+PNS %l 5 41 H 4, 2P<0.05, 22P<0.01
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2023 55 43 &

WA N J2 K SR 1S BMECs #3405 9 iR 3h 2 2 —
AW 58 H OGD/R 14 515 5 vBMECs fit 473 5 1
ASCAL) G R TP A A0, DA N R R BB KT
B H Oceludin F1 ZO-1 B £ KK B2 7
ICAM-1 H1 VCAM-1 #y3RikIKF NF-«B 1 f K -
K g i T TNF-o M TL-1B 89 23k K 35 S
T 020 43 v 25 AST IV fc fh PNS X e ifn 15 3 1 )5
rBMECs Jit B D) i (19 4& 52 1 F X AL .
W4 R BoR ,OCGDR #ifif5 , Zhilft 43+ ICAM-
1 . VCAM-1 1Y% FI 2RIk 14 38 | p-NF-kB—p65 ik K
K R AE B F TNF—a  IL- 18 B %3k 158 |, 5 5
rBMECs 71 5 W 5 R AR, 25 9 1 240 i vl BH 40 )
Ak % % 124K 11 Occludin 1 ZO-1 2K 11 76 3k [
fiX, #2785 OGD/R J& t1 F 4 i B 1 I 38005 , 9 P R
I, 550 BBB 4544 AT RE 35 52 BIAS R FE B AR
AST IV 5 PNS A [a] 5] & B {1 68 i i 0> ICAM-1
F VCAM-1 195000 J0] NF—kB 306 | B AR 98 0E
T TNF-a & 1L-18 #3235, Wi #& S O0GD/R it )5
rBMECs 1771 3 3 /&5 25 74 B2 40 M ws BEL 4T L B oA
Occludin Fl ZO—1 2K 426 3K 7K -, [ M1 fisi doke i )5 fii
Tl 00 A5 P B 00 R S o 1 , 39 o EL R B T B, AR 9 1T
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