B IR B X K BR 5kt T A R I B 72 S I A /5 P& 437 1 B 22 i)
FHFE FTRY, YA e, G 230088; 25RO LR E R, G 230038)

HE: BRY AR H KR (extract of astragalus, EA)XT K R By bt i B s (MCAO) B i i 69 oo I Bt FE B4 09 Hmd . T
S ORA &AM EH S MCAO B R4, WK EA x5 h F# iz K R Z 557 AR 4 K-S, I8
HEER N & 20 JL(CEC) A8 . o 5 21 28 W 2 0L 1) 366 B 5 F (ICAM- 1) 84 A | 4 o 0] fids 28 4% 2T ofm i - T A2 2k 45 A9 84 S 32
FEMGHh, R EASO mgkg ', EAMO, 80 mgkg ). EAQ0, 40, 80 mgkg )T 5l s &4k b iz 2, 8, 24 h
K BGAP 2 e TE5F; AL RGN R o 69 CEC 4%, 92 I8 52 S oo Jis 20 22 04 Fii /K Bt A i AR SE AR AR | S i e o - 32 7
J& oo i B T AR A 45 MY 69 SR IR B R — R A IR EAE A AR Y ICAM-1 205 B FRME fo % 4, 4518 EA st B kb b i bk o 5
HIEBG K RAA — WRIPAER, FRANE TS R i N L mie, BRS040 f i B RS A %
KR WERRY,; ANk d; BRI ; ofmbfFR; ICAM-1; ©fE2RA K @0
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Effect of Extract of Astragalus on Alterations of Blood Brain Barrier Induced by Local Cerebral
Ischemia-reperfusion Injury

HUANG Rongrongl, LI Weipingz*, LI Weizuz(].College of Pharmacy, Anhui Xinhua University, Hefei 230088, China;
2.Parmacology Teaching and Research, College of Basic Medical, Anhui Medical University, Hefei 230038, China)

ABSTRACT: OBJECTIVE To study the effect of extract of astragalus (EA) on alterations of blood brain barrier after local
cerebral ischemia-reperfusion injury in rats. METHODS Middle cerebral artery occlusion (MCAO) was used to make local
cerebral ischemia-reperfusion model with intravascular nylon filament occlusion. The neurological function score, brain edema
and infarct volume, the counts of peripheral blood circulating cells, the expression of intercellular adhesion molecule-1,
pathological changes in blood-brain barrier ultrastructure in rats after focal cerebral ischemia-reperfusion were observed.
RESULTS EA 80 mg'kg™' decreased the neurological function score; EA(40 and 80 mg-kg™") reduced brain edema and infarct
volume, the counts of peripheral blood circulating cells, pathological changes in blood-brain barrier ultrastructure; EA(20, 40 and
80 mg-kg ") decreased the expression of intercellular adhesion molecule-1 in brain tissue. CONCLUSION EA has protective
effects against cerebral ischemia reperfusion injuries, the mechanism may be related with reducing BBB injury induced by local
cerebral ischemia-reperfusion.

KEY WORDS: extract of astragalus; local cerebral ischemia; reperfusion injury; blood-brain barrier; intercellular adhesion
molecule-1; peripheral blood circulating cells
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RTS8 T 2 o 453 0 L ol PRI 5 — L 1R P A
PRI I R . TR BT R W], ALK E B
(blood-brain barrier, BBB) VR A& Bt il 73 3 14 Fii
51005 (1 T B A Pk T e o R R L0 AR
e e /AP R 9 2 A o ik 7 1| K K
] PR AT . AR WA, AR E
PR KRNGS0 B AN 4y 7, B A
ok =6 40 AL 77 P 2 40 i R BRI R T, 15 R UL
Y5 AR R 2 o o B g R R 1 5
A S ol T 4547 ) B B i

R RAGPUN P 22—, KR
(extract of astragalus, EA) & M B HHHEE A 2L
Bsy, A ELALHE B B 1T (astragalosides, AST)A
T [ % i (astragalus polysaccharides, APS). ANUf
LTI CAERE IR BT, EANRE R b i e if 7598
FEAG T AT B AR A R, LS L e vk
P K o AT IR ] B vk i 2% K Bl A 2 fiki
BRI (MCAO) FHHEVEREAY, T2 BB EA XS J) i ik
AL P HEVE K SRR A ) LA 30 N B2 4 e (CEC) &5 4t
5k I o 2 25 e 4 1 TR RS B 2 1 (ICAM-1) I 3R 05 J
it LA i 21 2L o A Tl 2 ) 11 2 A A A5
J7 TR 5w, AT HE — A R R i B )
MCAO I 1 L1 3% Bt 453 4% (1) 5 Wi o
1 #RERE
11 MR
1.1.1 Z)4y Sprague-Dawley K, AT 250~
300g, &, ZRUBERIRESLR Y OfR Gl
YRS . BEBESEFHUES 01 5).

112 F E AU E 17 ol O (- S
NEUBAUER 2 7]): BH-2 Jo2% Wi gt (H A&
OLYMPUS 7 7); Eclipse E800 {345 ( 1 4< Nikon
7y @) ); Spot Advanced i Tl $% 15 &R 4t (3£
Diagnostic Instruments Inc); 4.01 ik MetaMorph 4]
BT 245 (F2[H Universal Imaging Inc); JEOL-
1230 ZL3% 5 0 i 7 WA (H A 7R U A

113 ZyiHalif EA HE RS K2R
2 103 EEBI AR (E B T R 2 25 M o e 43, it
5 20071106), HHFLL 0.5%CMC-Na fc . B ]
UL #K (Aspirin, ASAYW ¥ Fr (5 NEABKHI 2547 B 2
A, it 20070826). £ EBWE IR (sigma A F).
HA2 0.235 mm fa2k(H A PATU A l). 0P % M
(triphenyltetrazolium chloride, TTC)(H [ = 2545 4]
B AR A, 5 F200606010). R

P E AR T 255 2010 4F 12 H 55 27 %55 12 )

iR (adenosine diphosphate, ADP)(Sigma /A ).
MMk R 5 22 MOBOR 77 (pH=6.0,  %ii 5 : AR0024),
PBS ZZ B 7 (45 AR0030), Sie 2 A6 RITHI &Y
SABCGE AWl ) il f B (Y ' SA1022, fit's:
200802), ICAM-1-$i (P12 w FEPLIA, 'S
BA0541, #it'5: 200801), 0 [ w1 48 2E )
THARAA.,
1.2 Jiik
121 Z#l k%7 BSD KR, &, BENL N 6
4. BHTPAR4. BAL. EAQ0, 40, 80 mgkg ™)
Z1. ASA PHTEZG 0 HE (40 mgkg )4l, WEHLY,
BER 1K, 1EZE 6d, AT 12h ZEEARK, 256
WERZIJE 1 h AT B R FE, PRI 25 2 1 K
BT ARG R 21 3 1§ 45 75 5 0.5%CMC-Na ¥
1.2.2  KRURKEVE RGBS
Nagasawaizk " Fll Longaik " - m inek K, il 4 A7 il
K Ty koA 22 b VR 24 Wi AR fl Db
& KRS IO I Horer ik (HR 5 T
R BRIVIFRA)s @3 A 1 B P e il s BIEAT IS
I 20 (A6 0 42 398 L 1) e P o R AR IR AR
MCAO FA I« AR J550 min P )54 i S A2k
B BT S IO M0 5 A T ek 4 LT Js i g 38 9 2 R
o BT ARAAKG S A SIS k2 H
K, AT AL,
1.2.3 M&EURe¥Esr %4 K M MCAO J5 2 h,
T-FEAE 2, 8, 24 h K H Bederson J7 1% AR
AR EAR VRS, W8 11 4y, Ele, e
Ty e b ik v o
1.2.4  Jw B E A BLURA i 2 K &= R e K R
MCAO 2 h F#EE 24 h 5, RGEWRSLEUN . Kk
BT UKAR B AR K e BRIER L /N i AR A T
FH 8 AR K 43 i P B B o R g i A 2
A—20 C¥ % 5~10 min, HUH 5 3% SCHR[ 716 s 41
VSRR VI 5 F, SERIEEAT TTC 4efh, 3
I A 2R R, RS RS .
e B /N 0 4 5 i 2 28 1 A3 E [X R A A B0 X R
#,  DLUE SRR RUE T EOREDE AL o 4 i A R )
EROl A/ I

FEIE T 43 Ll /%=15 1 X /(15 X 5+ F
T H X EE)*100%

B E MR E T 110 CHM ML T 2
PEHE, SRk KRR

i 28 2R 5 7K B %o=( i 41 23308 T — i 40 21
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)/ 42 T X 100%

125 CEC &&EME % “1.2.17 Wi iknd
K252y, FRREVE 24 h S RRINE, T 2 K,
1 3.8% IR BN HLEE A I o 4325 CEC ()5 1R
Hadovec @7 1N & & ML /MRS o432 CEC 1
T,

TR, RGBS RA S, WA/
IO LAE M TE R b, EOREE M E A 9 AR
Jikg ) CEC #. Wl —ha AT 4 2 I, HBEL-F
fEAE N CEC #, A4 (0.9 uL)™' &/8(0.9 pL
h 9 A KT AT o
1.2.6  WME Bk ML 25 it ICAM-1 ERik H
T 21k SABC VA 5E , DAB 1A 446 7R ICAM-1
G 58 SN BH P o o BT PR B 0.1 mmol - L7
MPBS A0 —9t, HARPEE L. S48 4 5K
YIF, BERU) AR A 6 h Bk (MCA )k i X
B R R BEALEC 4 NRREF(X 200 %), S8 Rk
AT R I IX ICAM-1 i SN BH P I T4
1.2.7  WEER K FRU e i 0] s 2 288 5 i i fig D s 168 1
SERIER B AR ESSHETVE . O [E E S
1mm® R, 1% MR BERE i i 4
Yo WK BIE SR IR @ (50 nm)
VIR G, KUl 8r M b, T 5 AT 4 el (5 R
BIFFT R FR A ) LGS s BT 37 T WL B T W& M L
S0 M AL TS B i i o Al 5 A 11 A2 A S
B
1.3 Gt

AL X £5 RN, H SPSS 10.0 R
PEEATSE1E, 1) One-Way ANOVA 43 #7, 4167
PI EE B H] LSD .

2 H#R
2.1 EA S Jay kP i fole ot R v K B 4 T i
{E3tap=Al|

BRAET-ARYIAN, 435 21 K BRU7E P v 4% 1
) S5 AT AN R FEE (AR 2 Th RE B o . R4 L
i, EA80 mgkg ' 41H ASA ZH W] 3% 2 h (AL
TfekEfs, EA 40, 80 mgkg ' 211 ASA 4H 1] A%
8 h IFI D) REVESy, A4 T B 0455 24 h
it ThiERrg . 45 1,
2.2 EA X MCAO F#Ed KU 57K i s Bige
PR 5

BB T AL, AR AL 4235 /K A i
FEARFL ] 19 0(P<0.01). EA(20, 40, 80 mgkg™)
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# 1 EA 7 MCAO FEE KK & o b 1% 5% i %
n=8, xX=xs)

Tab 1 Effect of EA on neurological function evaluation of
rats after MCAO reperfusion injury (=8, X *s§)

s e ] i
mg-kg 2h 8h 24 h
FARH - 0 0 0

AL - 8.63+1.06" 7.00£0.93"  5.38+0.92"
EA 20 8.25+1.04 6.88+0.83 4.38+1.06%
40 7.88+1.25 6.13£0.64”  4.13+0.83%
80 7.38+0.927 6.00£0.76”  4.25+0.89%
ASA 40 7.50+1.20% 5.50+0.93"  3.75+1.04%

FE: GETARAILE, U P<0.01; SBAIXALLLE, PP<0.05, VP<0.01
Note: Compared with sham group, YP<0.01; compared with model group,
2p<0.05,YP<0.01

Z1 M1 ASA 40 mg-kg ™" 2044 % 2 el K S e o
PR o I AL 23 Bk = )34 s EA(20, 40, 80
mg-kg )41IF ASA 40 mgkg ' ZHANAE W] kN K
S it PR S K B M SR AR, SR LR
P<0.01, R BA I i tife 1L 53 33 5 2 119 fig 7K fieh 0
o K AEAT s IR PR o 45 SR LR 2.

% 2 EA Xt MCAO FiE it A B W4 4 & K & H0 AR LK
PR B (n=8, Xts)

Tab 2 Effect of EA on brain water content and infarct
volume of rats after MCAO reperfusion injury (n=8, X t.s)

415 Al /mg-kg™! £ 7K /% I REZEAR TR/ %
BRTAZH - 77.52+0.83 0+0

T4 - 81.34+1.06" 15.64+1.07"

ASA 40 79.26+0.87> 11.48+1.35%

EA 20 80.57+0.92% 12.73+1.44%

40 79.82+0.75> 12.28+2.01%

80 78.61+1.06” 11.29+1.21%

T HBTARALE, © P<0.01; HEALT AL, PP<0.05, VP<0.01
Note: Compared with sham group, "P<0.01; compared with model group,
?P<0.05,%P<0.01

2.3 EA GF ek e f T K B CEC 35 m

A58 K FH Hladovee 55 4 V7 1) 43 25 CEC 77
%, RTEAEUEUEMER T EA X CEC [H520,
LG, BFFENILEH M, CEC B
BLFE, KEZAWMAMMMLAE, 5 TFHik.
KEBAMMICAE, L%40. P2 ek, Gm
WH “RE7. HETFARAE, il 2 h fHE
¥ 24 h J5 KR CEC 208 3% T =1(P<0.01). EA(40,
80 mg-kg™") I ASA 40 mg-kg ™" 2115 HE W] bk B AG if
% CEC ¥, 48R W#% 3.

P E BRI 25%7% 2010 4F 12 H 55 27 55 12 1)




# 3 EA Xt MCAO H i Kf CEC 2 EH ¥ W (n=8,
X=xs)

Tab 3 Effect of EA on the circulating endothelial cells in
plasma of rats after MCAO reperfusion injury (n=8, X t.s)

4151 F 4 /mg-kg™! CEC i %t/n-(0.9 uL)™
BFARA - 2.31+0.75
BRI - 7.28+0.43"
ASA 40 3.42+0.58%
EA 20 6.940.72
40 4.81+0.83%
80 3.34+0.67%

HE: GEFARALE, U P<0.01; SEAIXMALLLE, PP<0.05, VP<0.01
Note: Compared with sham group, "P<0.01; compared with model group,
2p<0.05,YP<0.01

24 EA X MCAO ¥ v K Bk i i 5z J5t o
ICAM-1 [J5¥m

e 4 M1 Pros, A2 ICAM-1
B 2 BH P Gt ] WL TRl i ) N B 4 i b, SRR
g I RE R o BT AR LK S 2H R PR )
2Bk ny WD B AR IE ) ICAM-1 e B I
o ST ARA R, 6 f g a4
ICAM-1 %35 I 8 BH R 09 4B 20 22, JFF 220
FRT MCA it Ifi DX 380 ) B2 ot « IR B0 J 1L DX R E ]
WP E TG, BA 3 DA S BIR A i,
ICAM-1 3% Ji Jo BH P 0L $50F — s FEBE (1 k2>,
G S G A I o
% 4 EA x MCAO E¥# /& K R B &8 ICAM-1 %.0%
RN R L T B R (=4, X £ 5)
Tab 4 Effect of EA on ICAM-1 immunoreaction positive

vein count in parietal lobe of cortex of rats after MCAO
reperfusion injury (n=4, X *s§)

an ekt
BFR4 - 9.2+4.6 _
R - 25.3+5.2" -
ASA 40 13.2+10.4” 47.83
EA 20 18.3+7.6% 27.67
40 15.4+6.5% 39.13
80 14.7+8.3% 41.90

T HRFRALLE, "P<0.01; HHEA AL, 2P<0.05, VP<0.01
Note: Compared with sham group, "P<0.01; compared with model group,
?P<0.05,”P<0.01

2.5 EA X MCAO F#E: K U 52 it BBB i ik 45
14 5% )

Wl 2 Prox, ESHRENE L BTFARA
o 28 2 6 A0 I P B AN B S R S, R LAl K
Ji, A IS SERE, P R Al B )RR R R, D

AR 252 2010 4F 12 HES 27 2558 12 31

D E F

1 EA X MCAO F i AR v B Z 8 ICAM-1 K&
th % 1 (DAB*400)

A-BTFARYL; B-HR4; C-EA20 mgkg™ #IH4l; D-EA 40 mgkg™
M4l E-EA 80 mgkg™ fM4l; F-ASA40 mgkg ' FEZ4l
Figl Effect of EA on expression of ICAM-1 in parietal
lobe of cortex after MCAO reperfusion injury(DABx*400)
A-sham group; B-model group; C—EA 20 mg-kg™" treated group; D-EA
40 mgkg™ treated group; E-EA 80 mg-kg™" treated group; F-ASA 40
mg-kg 'treated group

B2 EA X MCAO % £ A B4 4 K f BBB A # 45 4
i %

A TARA(X10 000); B4 (X8 000); C-EA 20 mg-kg™" FlH4H
(X5 000); D-EA 40 mgkg™ #IH41(X8 000); E-EA 80 mg-kg™ 7
41(%8000); F-ASA 40 mg-kg ™' FITEZ541 (X8 000)

Fig2 Effect of EA on ultrastructural alterations of blood
brain barrier in cerebral cortex and hippocampus after MCAO
reperfusion injury

A-sham group(X 10 000); B-model group(X8 000); C-EA 20 mg-kg™'
treatedgroup( X5 000); D-EA 40 mg-kg™" treated group(X8 000); E-EA
80 mgkg™ treated group(X8000); F-ASA 40 mgkg' treated
group X 8 000)

IR . KR MCAO 2 h FEVE 24 h ), B
RUALA] DL e i B A0 S IR, A A AR G
IR, PR 40 A P B RN i
SR RIS R A SRR M A 5
K. EA(40, 80 mg-kg )4 fixi e i 11 9 v 5
1L 0 5 55 5 ok 5 0 P 3R 05 B K AR AT — S P 3
TEH .
3 1tig

MCAO AT by AR VP 2 A 7R B 2y () o
Ao ALK K ] Benderson 4512 5l T e b
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TGP0 3 AU BT FREE 2, 8, 24 h A [ 550
AT T o5y, SRR, HBIMAILE, EA
o] AR PRV 2, 8, 24 h R ThRERE IS4y, Ui
B EA S o it if 77 v 403 0 AT — 2 AR PEH

U AERE ORI, B L5908 B R S 3 AN
PR 2R, RSN S 2 I B A R E R a4 B
Roesedt . 1T 2 ANPRIE S DUE — BRI 3 O Bl &
PEAE R0 o D1 b ol 757 B (1%) 45 ) 8 DA i i 110 65 3
(R A, o 0L P R 40 B (VEC) 45347 2 o ot L 453 4%
e BRI . CEC 2170 3 8BRS T M4
S A VEC, 2 H A 44 P ME— BBHF 7 )
W I A B 0 B FR A, R AR — N R T
I R 25 380 Rn 25 B 22 F 9, A sz K FH Hladovec
SEFSLI Y B CEC ik, MIBA Ak msg
T EA XF CEC [f52M . & F2 I o tofe i A55 78 241 K
B CEC $mRMMTF AU BT %, EAM40, 80
mg-kg ) BER] B % MCAO K E4ME CEC %L
i, fEo EA O il 0 b fi 108 P R AT L0 11 £
P4 FH K AL A i A 52 4

FEATRIFFCAR B, I i e P il A s e of i
M A 477 P B LG B AR BRI A o (it R E LY
PERE AN LR - KB 237208 A2 A et 403 1 1
R A DA RREE. R K=&
FIKMREE . S E HIEREAL NS 1, SBUNEA
L5 P R 4 i e LS &, 815 BBB 45441
RE R AR AR, 10 BBB 45K DhRE ARk S
I e L S 7K R 9 R Jz 3 A5 AR Ak ) R B ER YT
1, A 263 i TTC Jett i B EA &I 2541 R ASA
2 359 AT BERA P R ML P 15 | A PR P 7 K T s S
G/ NIRALARESCART o T3 oh, R S A 5
Ky 2 h FEEAE 24 h L2 ICAM-1 Kk
BHRIR, RV ICAM-1 i B g (4 0] W T
TR A T P R4 i b, B0k I A B R e, R A
PER A LD () R RIA 1 ICAM-1 G358 FH P L
B S8 PR B 4% € R S L P v ) ek,
Jea BT ofn X3 5 it B IR A T D A L 7, ]I
EAEER], FEAEJE A X ML TG ICAM-1 KA 5
A . EA 3 715 ] W] g/ ik i 41 21 ICAM-1 41
e SN PP AT v, BB g tagiys, $e8 EA
A eI 0] ICAM-1 )23 1K K98 /D 11 40 g et e i
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F ZEL LR VT30 D 9 S I KT i e L. P8 P 3
i o ASHIEFCH SR = 15 1) 7 5 T35 5 e 1 g2
i Bt (B A 4 A AR Ak, ] LA T AR A 4 21

NG PN R AN R e A LA LK I, 4 g
SERE, PN AN IR, D LN
RS 2 K BRI i B 40 107 Rk, P B A B AR B
BRI, A R4 B P R RN 2, R
ST I A R AR M T A AL 5 HH K
Ji. 455 GoR BEA40, 80 mg-kg ™ )ZH ] B b 4 I
SR I P VA i 100 M o e R A A T B AR
FEIR BA O] o iR 1 78 v DK SR PR I o s A A8 A 11
PRy ER, I ELAEFIBLI T 8T JEysk e i i Py B
0, AN ICAM-1 (12 IA eyl /D> 11 40 et e i i
AR NS b TR N L e X (R
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