+ 464 - 455 F3H 2022F3 8 "éﬁ-i‘&'[ﬁti. Drug Evaluation Research  Vol. 45 No.3 March 2022

Bl a5 TG KB RAGE/LRP1 B R A ME B T ELEHN

A0

R, T sk BRC, EMKAY, £ OBF, wEEL EOERY TREERES, &
Ly AL &R g, i M 061000

23 ML R R O AR, R I 061000

3.AEERKESE —ER MAnAE, Wk AKE S 050000

4 M ALBERIRE, WAL AEKE 050017

O BAY PR FURR 3 R IR I PR 43 R B £ i R G R SR R T RO e R B R 2 ik (RAGE) MR TE
JEE 2R A 1 (LRPD) W, F53% 108 HHEE Wistar KB, B 18 RAE AR T RSN, HA K BSR4
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AR 2% R 77« P K57 5 4104020 10 mg-kg™) » FRETE 2 h )5 ip 44 24 A8 T AR 4LRIAS 20 21 v S 5 AR B AR K, R 1R S
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14d, 2, 3, S-S =REEDUAME (TTC) Beykk R BB FE AR U8 (EBD kil i fixi 57 B a4 s Sy R
G, A8 G 0 0L 8 B R FH S 2 2R AR A DU T SR 4T 4E R 1 R 11 (GFAP) . A TR (NeuN) RiE; SR 50Ok & &
PCR (qRT-PCR) il & N f2 A K KT (VEGF) . fRIMEERZE 1 (Ang-1). RIMEAKE2 (Ang-2) I mRNA Kk
Western blotting £ Wl 5 i & JE 22 1 9 (MMP9) . BB EHAA X HEH S (claudins). RAGE. LRP1EHEIL, &R HRTF
AR, BRI K mNSS Py it 1 70 tb. EB . GFAPBHVEAIIIEL. MiZH4 Ang-2 mRNAKF-. MMP9FIRAGE R
H#iEEFET®E (P<0.05), CBF. NeuN A4 4. VEGF Al Ang-1 mRNA /KF . claudin5 Al LRP1 & (4 % ik & & [%
ik (P<<0.05); SHEBAILLE:, BivEEm. PHEA KR mNSSITES. MELE 2. EB& & . GFAPFITE4Iu%. il
21 Ang-2 mRNA. MMP9 fl RAGE & 4 #£i5 8 Z L (P<<0.05), CBF. [KifiL 4 % FF . NeuN T4, VEGF AT Ang-1
mRNA. claudin5 fl LRP1 & [ &KX B E Fhm (P<0.05). Z51 iR v P& BBB RIliE M, Rk M8 B, X #hss s
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Abstract: Objective To investigate the effects of lipoic acid on neurovascular unit remodeling and microvascular regeneration in
rats with cerebral infarction and the effect of receptor for advanced glycation end products (RAGE)/low-density lipoprotein receptor

related protein 1 (LRP1). Methods A total of 108 male Wistar rats were used to establish tMCAO model by suture method except 18
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rats as sham operation group. The successful rats were divided into model group, high, medium and low dose lipoic acid groups (40,
20, 10 mg-kg™"), RAGE inhibitor group (FPS-ZM1, 1.0 mg-kg™"), with 18 rats in each group. After two hours of reperfusion, the drug
was administered, once a day for 14 consecutive days. On the 1st, 7th and 14th day after operation, neurological deficit score
(mNSS) was performed, the cerebral blood flow (CBF), cerebral infarction area (CI) and blood-brain barrier permeability (BBB)
were measured by laser speckle imaging, 2, 3, 5-triphenyltetrazolium chloride (TTC) staining and Evans blue (EB) respectively; the
number of cerebral microvessels was measured by immunofluorescence staining, and the expression of glial fibrillary acidic protein
(GFAP) and neuron nuclear antigen (NeuN) were detected by immunohistochemistry; real-time fluorescent quantitative PCR (RT-
PCR) was used to detect the mRNA expression of vascular endothelial growth factor (VEGF), angiopoietin-1 (Ang-1) and
angiopoietin-2 (Ang-2); Western blot was used to detect the expression of MMP9, claudin5, RAGE and LRP1. Results Compared
with those in sham operation group, mNSS score, cerebral infarction ratio, EB content, GFAP positive cells number, Ang-2 mRNA,
MMP9 and RAGE protein expression in brain tissue of rats in model group were significantly increased (P < 0.05), CBF, NeuN
positive cells number, VEGF and Ang-1 mRNA, claudin5 and LRP1 protein expression were significantly decreased (P < 0.05);
compared with those in the model group, mNSS score, cerebral infarction ratio, EB content, GFAP positive cells number, Ang-2
mRNA, MMP9 and RAGE protein expression in brain tissue of rats in the high and middle dose lipoic acid groups were significantly
decreased (P < 0.05), CBF, microvessel density, NeuN positive cells number, VEGF and Ang-1 mRNA, claudin5 and LRP1 protein
expression were significantly increased (P < 0.05). Conclusion Lipoic acid can reduce BBB permeability, promote angiogenesis,
repair and protect neurovascular units; its mechanism may be related to down-regulating RAGE expression and up-regulating LRP1
expression.
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o A58 A0 K B 22 I/ PR G B O R BT A T AR A

1.1 K4

SPF 2% /it P Wistar K R 108 A, 4 Jii & (300 +
200 g, g B A6 5 4Ed@ R L) ol LI Y A
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2 K #H 9% & H 1 (low density lipoprotein receptor
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related protein 1, LRP1) (%5 ab92544) | B-actin( 57
5 ab8227) . Il 3 Bt i IgG H&L (HRP) ( 1§ 5
ab205718)HL4A , B H 9 [ abcam 24 7] s HE 44 41
7 \RIPA 2 i Wi A1 BCA R @ 4 B L35 = K
AR F] s R R B R Sk I R O e B
PCR (qRT-PCR) il 1) & W 3K T H 4% TaKaRa A ] ;
PCR 5|t L Gene Pharma & i
1.3 EEMUHF

B % 2 E W H 3% [E Bio-Rad /4 A ; PeriCam
PSI L AR A B Fif 00 3 22 2% Ch D A W) 5 K
B 0 SZ A 7 A A 294 3 B Cfi A8 B g 15 VR I
AR A e BHECAT IR 2 w1« 31 B 98 % BB (IX73) 18
H H A Olympus 2 &
2 FHE
2.1 RBISIE

K ERIE MR 77 7 d 5 TT a6 5256, B ALk Y 18
HONBRFARA . 3% L E L2850 mg-kg™ip Jbk
B, B R A Ah, R K BRI 2 A8 v )
tMCAO 5 1Y o K SRS H8 t 6 , WA 75, T 306 1E
i 2 U0 — /N BV 2 B LAY, 3 R 22 (U 350 )
ik (common carotid artery, CCA) . # 4 3z
ik Cexternal carotid artery, ECA) Fl i P 3l
Jik (internal carotid artery, ICA) , 45 3L CCA 1T L Jifg A1
ECA, Jf T CCA T Uiy 27 R T — 5 45 , h ik Je e Al
ICA, FI IfiL % BY £ CCA W4 45 4L 2 IA) & B — /N [
¥ 261 B CCA # N B ICA, #E N 3 ik, 2 h )5 , 3R
Mk, 5 F ARV . BFEARHABRAHRIL, H
REAER b R RXRIEBR S, & K BREE R 22 U Fr
JEEAS e SE A L TRAT I ) xof ) 4% P, AN Re Ak EL 2k
Ut AR R T . A T ORUESEIS AR AR 78 2, S it
T FE TR B AT BE AL AN 78, ORUE R 20K B2 &
18 1.
22 DERRH

WS £ DI 1) 90 R BRARFE P2 43 73 i
RIZH FPS-ZM1 ZH (RAGE #1il 7], 1 mg-kg D' Hi+
PR 2 (40,20, 10 mg-kg D™, A4 18 H .
FEE2 h 5 ip 45 25, T R A FIASE Y 20 v B 45 &
AR K RER IR ESEAE 2 14 d.
2.3 HEARRERIBIREN
231 MAWS TARJE 1714 RS R A2
Uy fig B 47 #2 FE PF 4> 3% (modified neurological
severity score, mNSS) Al K B iz 2l B S I
SPHTEERE T, S0 18 41, 49y MR RN P & T Re b
ik =

2.3.2 WOGHUBE AL AR A W v If 3 & (CBF)
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o T oy B R, AR 3 R KO R P 3R TH Y,
2535 ok Pl B R THT (R Al /N A o B S R K BB T
BOCEOE B R 40 TR E % 3K 1 CBF.
0 3% 27 A BE X R 2 i X 38 (RODD [ °F 1)
EE
233 NMEAEARFRE otk 2 14 K CBF I 58 1%
J& » R BEALIEHL 6 KR, Wi Sk UM , AR I 46
ARV S AN RN A (2 mm B, BT 1% 1 TTC
PSR 37 CCRELIFE 15 min G H &2 06 F 1
0,4 °CoHR AT BT 4% 2 58 I W 8] € 24 he
A 18 J5 K H Image Pro Plus 6.0 3£ 47 43 ¥ , 11 AL IE
K i 5 I R ZE AR AR 1 43 L

A B AR 1 43 L = Ul It %00 24 B AR — e ot g 2 Bk
JEREFEAAD /B i) 2 TR A A
2.3.4  EB Gl i fix bf @ & PE - 55 14 K CBF
W 52 e, B BEHLE L 6 KoK R, RIS , & iv
TEN 2% EB & (4 mL-kg™), 6 h J& 47 0 JIif PBS ¥
FEBUI o RSB AR ECER X ZH 23, i\ 2 mL =& &
W% VA A1, 548 30 min, 10 000 rmin™ 250> 20 min, B
S L E T, F AR UAE 620 nm P K AL 5E IO
& CADE , R FE i A H b o4 T 42, R4 b 4 il 42k
R EB & &E. EB & &S E, £~ BBB A, 8%
PEIE N
235 GEERJGYL N E MM REE  F 14K
CBF 58 i » BF2H T 42 6 HUOK B0 JIE PBS #EV: 5 5 BX
i J& 56 AR 143 9 2 38 43, — I8 o R E R S IR
A—-80 °CUKFEIRAE . T3 — 57 4% 2 R 2 )
BT 30% FERHA UK, UK P A (=20 °C, TN B
VR P ARAE) ,0.01 mol-L™' PBS ## & 7K 4k 20 min, &
VeJa FH 10% 1 2E S E 1 h, B E — P Rdt KR
CD31 R (1:20),4 °CIE R, Pe s —Hu, Wb —Pi ¢
L 1gG-FITC(1:200), Z\IFH 1 h, Yo 22 =hi, H
TR, AE SO WA T LS A R X Rl I A
W, H Image VR € &0 . &5k U0 v Mgk i
2452 X R 5 5 AN X 38, B 241E .
2.3.6 G AL IE A #4811 #L T GFAP . NeuN
MRIE  HU2.3.57 T F UK & U1 R, b6 B 2B Bt
7K50.01 mol-L™"' PBS & ¥t 3 X, X 3 min, =y B &
4 min, PBS{H¥E3 K. I 3% H,0,07 & 10 min,
U Pe 3 Kk, 3 I3 B M, i GFAP (12500 .
NeuN(1:300) Pufh, 4 °Cik %, P 2s— P, =i, =
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W E 1 h, P2 90, DAB &0, 75 AR 2 4L, it
K, ZRIRIE B E s AU S A i R i (X
GFAP.NeuN 4% [H 1444 e , Image Pro Plus 6.0 347
BGRB8 R Bk Bl af 0] 52 X
Jii S AN R R ALET , B (E v PE PR gr i B .

2.3.7 qRT-PCR % & #ll VEGF. Ang-1. Ang-2 [
mRNA £ & HU-80 °C UK FH £ A7 158 4 i 41 41,
Trizol ¥ & HU AL RNA, 2 i SYBR” Premix Ex Taq™
7 U B R RNA B AT S 5%, 34T PCR Y3 .
S N Z& (25 pul) : SYBR® Premix Ex Tagq™ (2X)
12.5 uL,cDNA (200 ng-uL™)1 pL, ERiFESI ¥ (514
AW 1) 0.5 uL,ddH,0 11 puLo N 26195 °CTi
A5 10 min, 2R 5 95 °C.10's,60 °C.20 5,72 °C-30 s;
HEAT 40 IRMG 3R . DL B-actin AN S, 5 F R4
EE, #5330 H I BE R 1) CAB R 20077, %o 45 L gk
17534

#1 RT-PCR3I¥IE5I
Table 1 RT-PCR primer sequence

SEA] S5

VEGF F:5-GGAGTACCCCGATGAGATAGA-3’
R:5-GCTGGCTTTGGTGAGGTTTGA-3’

Ang-1 F:5-AGAGGCAGTACATGCTAAGAATT-3'
R:5-TCCATGGTTTTGTCCCGCAG-3’

Ang-2 F:5-GCCVATGAAGTGGTGAAGTTC-3'
R:5-AGATGTCCAGGGTCTCAA-3'

B-actin F:5-GCTGTGCTATGTTGCTCTAG-3’

R:5-CGCTCGTTGCCAATAGTG-3’

2.3.8  Western blotting £ ¥l MMP9. claudin5.
RAGE.LRP1 £ KL HU-80 °CUKFH PR A7 (1) 42
i 20 23, B ] RIPA AR B 2H 2P it s i
BCA %l & 8 IR E 5 , B30 pg 85 F B BFE,
SDS-PAGE #E it LUK » I8 % 15 % i, 5% it g Wk
A, N — T (MMP9 . claudin5 - RAGE . LRP1
% 121 000 7 % ; B-actin 4% 1:2 000 #4i &) , 4 °C T i
B, EE P IMAFED R P15 0000 =I5
%5 1 h,ECL & (%, LA B-actin NN 2, iBid 5 N Z 1)
IKEELE 15 H B 2% A R B K.
24 FHiHFESH

Fir 15 %4 48 FH SPSS Statistics 22.0 F1 Image-Pro
Plus 6.0 B A AT 7347, B4l Lhx £ s Ron o PI4LIE
FLCR H ek 08, 2 21 (A EL B8R 3R & o £ &
#T (One-way ANOVA) .

3 %R

3.1 FFEERX tMCAO X R mNSS 43 B £ MR
SR F AR e, A5 A 4K R mNSS P4 2 3

T+ 5 (P<0.05) , b & B (8] B HE RS , mNSS PF 73 3% 8

A SBER A LU, R S5 714 d B R = - 7 =

4K B mNSS P74 i 2 IR (P<<0.05) ; 5 FPS-ZM1

2H PO AE, B IR e R B 4L K R mNSS 1 2 R L 4
R, k2,

K2 FiEEX tMCAO X R mNSSiE5 BB (x+5,n=18)
Table 2 Effect of lipoic acid on mNSS score of t MCAO

rats (x+s, n=18)

il bl mNSS P-4
(mgkg D AKRJE1d RJg7d KRG 14d
BFAR — 0.45+0.04 0.5040.06  0.41+0.05
it —  11.63£1.07° 9.82+1.28"  8.75+1.16"
FPS-ZM1 1 11.34+1.22° 7.28+1.16" 6.39+1.05™
W -F IR 40 11.25+1.04" 7.49+1.04" 6.54+1.07"

20 11.48+1.19" 8.85+1.31"" 7.23+1.11""
10 11.29+£1.23" 9.34+1.26"" 8.44+1.24™"
EBRFARMALE :"P<0.05: 5 B8 H LL 5 - "P<0.05: 15 FPS-
ZM1 A 32 P<0.05

*P < 0.05 vs sham operation group; “P < 0.05 vs model group;

£P<0.05 vs FPS-ZM1 group

3.2 BFEERX tMCAO KR ER MM CBF A9520
WK 1R 3R T AR ALK BRARHT A B Z)
714 d Iy CBF Jc B 2 A2 4k s 45588 2H KRR Ji5 B %]
SR ML N CBF B | 5 2 PEAIG, 2 5K T3 RZH (P<
0.05) , B #& i 8] (1 #EF2 CBF 12X ¥k &2 s R J5 7 d i,
SR A R, i IR & 71 B 4 CBF A T g n , 5

i 3 1% 40 mg-kg !
El1 BRI tMCAO KR CBF B0 (R /514 d)
Fig.1 Effect of lipoic acid on CBF in tMCAO rats (14 d

after operation)

fifi 2R 20 mg-kg ! MR 10 mg-kg !
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£3 FiEBEX tMCAO X RER MM CBF B9 E0E ( x+s,n=18)
Table 3 Effect of lipoic acid on CBF in ischemic side of tMCAO rats (x+s, n=18)
i3 A (mgkg D _ : *EEIZ ROI E@YEYE%/PU ‘
AR ARG RIZ RJg7d RiF14d
BFAR — 302.14+32.55 299.85+26.23 300.10+31.37 304.02+30.12
et — 304.36+33.38 118.63+20.47" 139.72+24.58" 173.51+22.06"
FPS-ZMI 1 302.77+28.57 120.34+23.52" 145.28+26.96" 219.45+20.41"
i SR 40 299.52429.66 117.25+21.84" 143.49+£27.64" 216.17+£23.04"
20 300.81430.54 121.88+20.19" 141.85+30.91" 193.28+21.187
10 301.48+32.45 122.14+21.73" 140.14+24.56" 179.92+£25.22°%

SEFARAE " P<0.05: SHIAAL L E " P<0.05: 5 FPS-ZM1 41 L%~ P<0.05
P < 0.05 vs sham operation group;“P < 0.05 vs model group; ~P<0.05 vs FPS-ZM1 group

TGt HER ARG 14 d, SETVH L, B2 1R 5
R 20 OK R CBF 2 3 7t /= (P<<0.05) 5 5 FPS-
ZM1 20 B, it o R v 7 2 2H K R R af ) CBF 22 57
TGt FE X
3.3 ;.L#E"aXTtMCAokLLLHM?zﬁHM BaokER
E;ur]

ST AR ZH b A, A5 Y 20 K BRI A SR AR AR 1 Ay
P2 2 T (P<<0.05) s SR AH LU, B - R =«

7 2H K BRI A A8 AR B A L B B BRI (P <
0.05) ; 5 FPS-ZM1 41 bt %, % 2 B2 5 77 & 40 K

IR RNl
K2.% 4.

T
i F R/ (mg-kg ™)

2 BHEKRTTCHREBLER
Fig. 2 TTC staining results of rats in each group

THERLGE R GRI

BFR FPS-ZM1 40

3.4  WRFEEEXT tMCAO X 5 I A% 5 FE B 220
5BFARALR, BRI H KR4 EB & &

23 T (P<0. 05)-54‘%“@%%@ RS g ING N

R4 B4 2 E B EH R (P<0.05);

5 FPS-ZM1 41t 3%, thi‘@ﬁlﬁu”iéﬂﬁ B, i 2HL 21

BEHEZERLSIFE L. WEKS.

3.5 WREEERXT tMCAO X5 AX R I B 225 B O 22

B R T A2 bt , B 7R 2 KRR i 0 2 5 X

R4 FEEXT MCAO K FRIHEIERAR B 53 EL AT (aets5,n=6)

Table 4 Effect of lipoic acid on volume percentage of

cerebral infarction in tMCAO rats (x*s, n=6)

A 78/ (mg-kg ) I SE AR EL /%
BFR — 0.00+0.00
Rt — 34.5842.21
FPS-ZM1 1 15.92+1.46"
T 3 iR 40 16.37+1.79"
20 27.8542.27%"
10 32.37+2.56""

5T ARALE :"P<0.05; 5H R A LLEL - "P<0.05; 55 FPS-
ZM1 AL~ P<0.05
P < 0.05 vs sham operation group; “P < 0.05 vs model group;

£P<0.05 vs FPS-ZM1 group
x5 FEBRMMCAO K RINAL EB S MM (vts ,
n=6)
Fig.5 Effect of lipoic acid on EB content in brain tissue of

tMCAO rats (x*s, n=6)

A 7l&E/(mgkg ) EB&®E/(ugmg D
BFAR — 1.60+0.12
it — 11.13+1.24"
FPS-ZM1 1 5.37+1.01%
i ¢ 12 40 5.69+1.15™
20 7.43+1.27"
10 9.87+1.62""

5T AR - "P<0.05;: 5B AL 4L LE# - *P<0.05: 15 FPS-
ZM1 AL 32 P<0.05
*P < 0.05 vs sham operation group; “P < 0.05 vs model group;

2P <0.05 vs FPS-ZM1 group

Jof i L A P G G v 2 S s SR B A L B
F R P AR = AR R i R B
(P<<0.05); 5 FPS-ZM1 41 EL %% , B 2 R vy 7l e 2
K BRI 5 2 P 2 SR G v R . R L
3.4 6,
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GFAP NeuN
‘ B

i 40 mgkg ' BIEFR20 mgkg ' BiER 10 mgkg !
B3 BHAXRRMMMERBERLRLEER
Fig.3 Immunofluorescence staining results of brain

microvessels of rats in each group

F6  FFEEI MCAO KA BRI (a:ts,n=6)
Table 6 Effect of lipoic acid on cerebral microvessel
density in tMCAO rats (x+s, n=6)

e R/ (mg-kg D) MU 5 /%
RFAR — 8.65+1.27
B — 9.23+1.43
FPS-ZM1 1 14.31+1.38
B < R 40 13.92+1.45™
20 12.43£1.36™
10 10.87+1.24™4

18R FARA L :"P<0.05; 58 B4 L *P<0.055 55 FPS-
ZMI1 4L 2 P<0.05
“P < 0.05 vs sham operation group; "P < 0.05 vs model group;

2P <0.05 vs FPS-ZM1 group

3.6 T FEEE X tMCAO X R &R i Ml fiw K R X
GFAP.NeuN R iA IS0

RFARLA D> &= GFAP FHME4 i, H o840/,
Je i 7%, NeuN P gH MU i 2 s S BRFAR AL
B, RS ZH W] WL GFAP FH 4 48 i 2 35 19 i (p<
0.05), HAAAAR K, SE I, 70 3 2, Yt iiiR
1M NeuN BH 4 41 g £ 5 2 92> (P<<0.05) s 5 A4
Eb A, B 2 1R P R 2 4K B GFAP BH 1 4 i 5
298 /0, NeuN FH V41 f 202 2 34 0 (P<0.05) : &5
FPS-ZM1 4 L %, i 3 IR /=1 77 & 2H K B GFAP #l
NeuN AP0 % = 7 LG it m L. W4 % 7.
3.7 FRFERXT tMCAO KX R X 2H 47 VEGF, Ang-1,
Ang-2 mRNA FiX B 20

5B F AR i, AR 4 K BRI 41 28 VEGF .
Ang-1 mRNA £ iA i 2% [1K , Ang-2 mRNA K iA
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Fig. 4 Immunohistochemical staining results of GFAP

and NeuN in rats of each group

R7T TREHI MCAO X FRER MM X GFAP NeuN
FIEHI B (x+s,n=6)
Table7 Effectoflipoic acid on GFAP and NeuN expression
inischemic cerebral cortex of tMCAO rats (x+s, n=6)

FE/  GFAPFATEANAE  NeuN FHYEZN

3|

- (mg'kg T4 THE
BFEA — 7.13+1.24 38.76+3.01
7Y — 32.55+3.06" 20.83+2.14"
FPS-ZM1 1 22.76+2.18" 29.35+2.36"
i o 12 40 24.19+2.25™ 28.06+2.52"
20 27.14+2.337 25.81£2.19"
10 30.46+2.42" 22.34+2.15™"

5T ARALLE:"P<0.05; 5B A LLE . "P<0.05; 55 FPS-
ZM1 4L P<0.05
"P < 0.05 vs sham operation group; “P < 0.05 vs model group;

2P <0.05 vs FPS-ZM1 group
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F N (P<0.05) ; SR LA, i R e PR oK
B, 10 2H. 21 VEGF. Ang-1 mRNA 3 ik & 3 B (p<
0.05),Ang-2 mRNA FJiA B E £ K (P<0.05); 5 FPS-
ZM AL A B R i A UZHZH VEGF Ang- 1.
Ang-2 mRNAFIAZ RIS FE L. WK,

Rx8 WiFEEXTtMCAO KR VEGF.Ang-1,Ang-2 mRNA
RIZHIBIE (x£s5,n=6)
Table 8 Effect of lipoic acid on VEGF, Ang-1 and Ang-2
mRNA expression in tMCAO rats (x+s, n=6)

i) i/ VEGF/B-  Ang-1/B-  Ang-2/p-
(mg-kg " actin actin actin

BFAR — 1.00£0.00  1.00£0.00 1.00+0.00
it —  0.64+0.10°  0.82+0.12" 1.43%0.11"

FPS-ZM1 1 0.87+0.13"% 1.26+0.14™ 1.24+0.12"

T IR 40 0.88+0.14" 1.22+0.15™ 1.27+0.16™
20 0.79+0.10"* 1.13+0.13™41.33+0.13"*~
10 0.70+0.13"* 1.08+0.12"* 1.38+0.14™"
H5EFARMLE - "P<0.05; 5HAH L E - *P<0.05; 5 FPS-
ZMI1 42 P<0.05

"P < 0.05 vs sham operation group; “P < 0.05 vs model group;

2P <0.05 vs FPS-ZM1 group

3.8 W E B X tMCAO X B BX 4B 22 MMP9,
claudin5.RAGE.LRP1 E AR IZH NN

B8 F AR 2 L, A AR 21K B 2H 2 MMIP9
RAGE % ik i 2 1 1, claudin5 . LRP1 % iA & % [%
R (P<<0.05) ; SAR A LU A, Bt 2 TR e~ R 7R 2K
B i 2H 21 MMP9 . RAGE 1A & % F£ 1K, claudin5 .
LRP1 £k & Z T+ 5 (P<0.05) ; 5 FPS-ZM1 4 Lt
B, B 2 R e 77 & 41K B MMIP9 . claudinS \RAGE
LRPI RIEE R LG 7R L. WE5.%9,

MMP9 o D S G G S

Claudins “—— s — S W —
RAGE — — D s e o G
IS I S —

B-actin . G G G Gl G
BRFAR A FPS-ZMI 40 20 10
i F R/ (mg-kg ™)
E5 HAXRNALABBBIEXEARIELER
Fig. 5 Expression results of BBB related proteins in brain

tissue of rats in each group

#9 WEEBEITMCAO K BN Z MMP9. claudin5.RAGE .LRP1 & 3 % 1% B9 241 ( x5, n=6)

Table9 Effectoflipoic acid on expression of MMP9Y, claudinS, RAGE and LRP1 protein in tMCAO rat brain tissue (rts, n=6)

2H ) 7l E/(mgkg MMPY/B-actin claudin5/B-actin RAGE/B-actin LRP1/B-actin
BFR — 0.32+0.04 0.39+0.08 0.53+0.07 0.95+0.07
i — 0.64+0.07" 0.14+0.06" 0.860.06" 0.60+0.08"
FPS-ZM1 1 0.42+0.08" 0.28+0.07" 0.66+0.07" 0.84+0.09"
i 1R 40 0.45+0.07" 0.25+0.08" 0.68+0.05" 0.82+0.09°
20 0.514+0.06™" 0.2240.06"" 0.76+0.07"%* 0.77+0.08™*
10 0.56+0.05*" 0.18+£0.07" 0.81+0.08"" 0.65+0.07""

ST ARAE " P<0.05; SHRA L *P<0.05; 5 FPS-ZM1 4t 45 : ©P<<0.05

P < 0.05 vs sham operation group; P < 0.05 vs model group; 2P <0.05 vs FPS-ZM1 group

4 g

06 1L A5 BC S i o ML A 1 3= L A B 4y 5 A2
¥4 R BBB (1) 32 B0 %, 4 F5 4 B 1 i BC 78 4k FF
BBB [ 56 B 4 71 i £ 2 5 Th0 kS 32 AR Y. fE MW
it 34 18] 0 EC 1 45 #4 1 Th R A2 46 2 5 5 BBB i
NI R 9 KA . IX e (1 B O R B
T UK RE BE | #h 22 T) fie BRBR AR o S e 28 i
FAU S HOE TR AS S8 I I U R 4 B R AR
— i, GFAP #& AS TiE A 45 57 1 A5 B4, NeuN & il
A IO bR BT . AW 7T R L CIRI G
GFAP P MR IA 1 AS £ & 2 & 1 £, 1 H Mot 2%
K, LK B 52 , NeuN BH M 3k #5635 kb, i
B fi 50 0L 5 e 20 L5 B AR
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I R R 22 SO PRI K R CIRL. A HF 58 & I
tMCAO K i mNSS V¥ 53 o 4 58 44 FHLI 35 T vy, ik
LA CBF A B 2 2 BRAR , BAABE A B 18] R AR
Bk 52, AR AT b T AR 1, ELIZH 23 EB 5 2 2 3%
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ZME R ICEE,

VEGF & fiKi Ifil & A= ji 1) 5 8 A i, /& VEGF
A TR AN 5 i (A a3 388 375 e AN i 7K D, 1E
& VEGF 72 2 B fE VR 97 #0517, Kong &5
KB iv N R AH 41 B R ad i e 3 VEGF I I 45 26 B
O KRR R A M i R I S 1 A 22 1) e VK R Il i2
#H . VEGF 3247 57 5 {2 3k 1 55 W 4% 1R T B
HAE AR 47 ik EC 432 CIRI 5 5 1t 45 405 v S 8 4%
FAMY. Ang-1 2 R BG AT HS 2B J5 A= i v A R 2R
I A AR ) EE I 5, Ang-1 R LR A B I
G 52 I AR 5 O T B . Ang-2 A& Ang-1 ()
PR, AT A5 08 B 4R B AE T, AR L A, 38
MAEBEME, H B EGRRIERP fEPRHE R
g, =K 1 Ang-1 AR K P 1 Ang-2 ¥ A& 1 30
AP, 6 4ERF BBB e B M e DY, R
& A (] 40 occludin, ZO-1 A claudin-5) 7% $2 K i EC
JE 1 BBB, 5 ' claudin-5 # A N 2 B K& S
F A, MMP9 £ 5 il 6k 1fl. J5 BBB [ # ¥ , Zhu
SR AR 5 KRR AR L P R 4 B, LA
i 2588 R 25 A0 2 U5 MMPY B 34 4, T claudin-5.
occludin F1 ZO-1 B & B#AK . S 1 3k — 20 B Ay 1 =
PR S6F I T A2 B 8% e, AR B 5K A qRT-PCR Al
Western blotting & Il fixi 2 23 1fiL % i £ F1 BBB AH 5%
FNAE A RIE, SR BN, 28R E T 5K
B 0 4H. 21 VEGF « Ang-1 Al claudin5 & [ [ £ 15 , %
fik Ang-2 mRNAMMP9 & 1R IA . $87R, B F fe 1T
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FRAGE # H R I1A , 3 1% & RAGE 140 il 771 (FPS-
ZM D, 45 B IR tMCAO K U 24 2 RAGE & 1A
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