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HEHEX AP« 1B FHVAIN M IX 5 PR AR B 547 RS2 i R AL ER 51

KR, X EMm, TR
MR EA R EM B AT R ERE, L% L 214400

% E: BN RAHKTEXLFLER AL F SIS LR (BBB) BAMBI KRN LAl BepLHl . A3k H14 Apia
7S B9/ RO P 57 A bEnd.3 FRAR K B IR R4 AY As FEBeM s IE 4% 3% BBB B2, 40 xR, BRI (AR«
30 pmol/L) R ERFK. mAE (50, 200 pmol/L) #H; FIFMEME (MTT) VAl i H X ABi42 5 51 bEnd.3 4l
I e s S8 A % FANIE T /A4 BBB ML = 45 5 BBB [¥iBiE M ; Western blotting JE A A0 A T2 $ AT & (A1 2L
R A B -3 (Caspase-3). WELITP R A E ABE-3 (cleaved Caspase-3) [FRIA/KFLLK BBB 540 A AH G B iR
FARBEMH E -1 (ZO-1). Claudin-5+ Occludin [IRIEKF. 4R MTT &R ER, SEAANLE, HEFETFK. &
FIEE A5 6E 2 F 4 1 bEnd.3 IS ME (P<<0.001), HARSERGIEEHHIRE RIEM G SOLRMIBEM IR ER,
SRR AR LR, TR AN AT R 2 A BBB [38iE 1 (P<<0.001). Western blotting 45 2R, SHIMMLE:, ¥
AL 5, cleaved Caspase-3/Caspase-3 3 [#1ik, ZO-1. Claudin-5. Occludin % A fIFRIE/K T EE I (P<<0.001).
50 TS TR IE T P AB1-a2 155 I AN BRI T P B2 40 U bEnd. 3 AR T B 38 I H i 32 B 1 A 1 K #% BBB A9
KR MR APia MUMGBERE; BI/RZZMGERMG: FHERARAR-3; 40H5E W E -1
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Effect of astragaloside IV on damaged blood-brain barrier in vitro model induced
by APi-42 and its mechanism

ZHANG Le-yu, LIU Chen-yang, YU Gu-ran
Jiangyin traditional Chinese medicine Hospital, Affiliated Hospital of Nanjing University of Traditional Chinese medicine, Jiangyin
214400, China

Abstract: Objective To explore the effect of astragaloside IV on the damaged blood-brain barrier (BBB) in vitro model induced by
amyloid-beta protein (APi-42) and the underlying mechanism. Methods Firstly, the non-contact co-culture blood-brain barrier (BBB)
model was established by ABi-42-induced mouse brain microvascular endothelial cell (bEnd.3) and primary rat astrocyte (As). Then the
mice were divided into four groups: control, model (ABi-42 30 umol/L), astragaloside IV low and high dose groups (ABi-42 30 umol/L
with Astragaloside IV 50 and 200 umol/L). The effect of astragaloside IV on the vitality of bEnd.3 induced by APi-42 was detected by
methyl thiazolyl tetrazolium (MTT) assay. The permeability of BBB in vifro was determined by detecting the quantity of fluorescein
sodium through BBB in various groups. In order to explore the mechanism of its protection, the apoptosis related proteins Caspase-3,
cleaved Caspase-3 and tight junction proteins ZO-1, Claudin-5 and Occludin were detected by Western blotting. Results Compared
with model group, the astragaloside IV groups improved the activity of bEnd.3 cells significantly (P <0.001). The protective effect was
positively correlated with the concentration of astragaloside IV. Astragaloside IV with low and high dose decreased the permeability of
BBB model in vitro (P < 0.001). According to the results of Western blotting, the ratio of cleaved Caspase-3/Caspase-3 was
significantly declined, and the expression levels of ZO-1, Claudin-5 and Occludin were significantly increased in astragaloside IV
groups (P < 0.05). Conclusion Astragaloside IV may play a BBB protective role by inhibiting the apoptosis of bEnd.3 cells induced
by fibrous ABi-42 and increasing the expression of tight junction proteins.
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HATN N B UEMFEEE (amyloid-beta, APB)
AN 5E % (blood-brain barrier, BBB) 5%
PE 1) Bk 3R 02 3 BB R 22 5 BR W ( Alzheimer’s
disease, AD) KSR RKEFE 2 —. BBB
DB AN R PEIA A FHY) PUE A RGE ) —TE
BB E DRI Z5K, LA ST B IR B W 5
FORFENE, BTN ST R, Rt
IRAT PR I R AE BOR R o UL S A B e —
TRE SR R PN R AL, AR B R L4 i ) ) i 2
(4010 532 W 5 2 -1 (ZO-1)+ Occludin. Claudin-5]
& BBB &ty SRR DIRE FE R . AHRE
B, 7£ AD 581, AB VT BBB M Il )
FeAnala), M-S BN B 45, A& FE
BBB 2514 ¥ e B M8 BRI, mT L, F A )
AD KA AE R S HE 2 ] AR /31 BBB 4t
FE AL A5 0 A E I 1 R G

W FUR B, 7K AR A IR 0N BRI TRl I 38 P B 4 i
bEnd.3 R4 57 J5 i P55 P e 4 Fe BEL T A
DA 4SS 28 88 375 W 5 7 V20 B 2 2 B R LA P i
BN R i R ERL. S ACIESE, bEnd.3 4H
M5 R RUEA R TE IR T 40 As AR Ml UL 85 9%
BBB A SME AL LE 5 N K2 i BHAE M D7 R A% T
fEfk BBB MIZEAREE, CHH THE RS AR
A% 77 TR AIE FE 1) ARSI R AR 4R ABrae 5
SHZR IR AD B 1A N A2 51 BBB,
A OB E N, R E XL RN AR
P2 BBB IS . H4h, NIRRT
friF* BBB EAANLE], ABFFCRHIA4ER ABra
14457 () bEnd.3 4HHAE Sy AD S35 1o Y Ak L P 52 4
it AR, 1@id Western blotting yA M T2 AH
KEAMEREEARRIEHATHRER.

R R MK Astragalus membranaceus
(Fisch.) Bunge H 428U ¢ 3 2/ B A A V03 1 1
BH Ry, HE BRI KM RISV
M BIRRHE o BT T3 B 38 FE BT S s LA o /3100,
PrRU Pra el sr TPl pumletl Ry EE
RO TR RIS Z MBI . BAER
PR, mERHRA RERMERER, Flans
P T A ) R AR T A 4 AL ) T TR
MRS (ROS) F2AESRBHIE AR 75 S 10 A #h 28 BE4
JyRd SKNSH 4H i 1204, — 5 77 & 0 35 B FE T
LU Notch £t U BUR ISR 2k ph 22T
SN BGFE 34k, T AR X HH & T ph 42 5

PEUST, G B AR B, B R I A R
B it 7 5 8000 BBB 5 A A Ry ERUY. H
KT HEEHE X AR /21 BBB #5455 0 Je B
PRBLHE E A A B HRIE o HOAS S0 B 70 3 16 FE
X AD HAB /31 BBB 745 1520 K T REFIHL
i, AR B T 57697 AD $eft3ie
WA o
1 M8
1.1 zhid

MEPERIHAE 1 d (0 Wistar FLEL, HIRS SRR
YIRS A R A R, e RV =
BSK-046-00, sh#I&#ES SCXK (1) 2013-006,
1.2 5

Type A2 RUAEW)Z 446 f C150 B CO, 5577248
(£[E Thermo AF); M3 HIZINRERFFRY (EH
MD A &]); MERS00002 B! HAY (3£ Millipore
A F]); 04313R49512 B 4% ERIZRYE R H FLUK R G A
CHEMZDOCX RS+ RUEE A R4 (3£ [H Bio-rad
AF]); DMEM =B RS 7R A N g 4 13 (32
Gibco A H]); WA AEKEF (ECGS, EH
Sciencell A®]); BEMEWE (MTT) MK M 2e RN
MARCEE Sigma 2 7)) 2R 4 4E M 5 H (GFAP)
WA (R EEARD; R RAEAN-3
(Caspase-3) LA K B-actin Hifk (CST AF]D; &L
R 4B -3 (cleaved Caspase-3). ZO-1.
Claudin-5. Occludin FUARIY /N RIE, —HI NR
P (EREEN AT, ECL b2 K6 (EH
Millipore A%]). AR MR ( LigHE AR, &
734595.08%), =20 CLRAF (ZRSCHRH A 4ER AB
[ & AN, BRI 7R K JE AR 2 4t
FIINTCE PBS 100 pL JEREWRITES), BT
37 CHE 7dHBCALYER, B G T-20 CHR
RHD: EERPE (A2 RRAR, REsH=
98%), Ll PBS FifE % 0.8 mmol/L (KA, &
B, =20 CIRAFHRH.

1.3 Zmpd
AAEALH) bEnd.3 4 AEYE H 3£ [E ATCC A,
2 &k

2.1 bEnd.3 {ApRIEFE

bEnd.3 4 FHECHILF i 58 3557 5T 37 C.
5% CO, ¥iFefih . Hp g iEsR R m il b ok
DMEM-Ja4-11iE-3 $t (FHER. HHERLAWIEE
) 89:10: 1. 4z s 2 R 1 O,
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T AL TS5 5 AR K P 4 AT S5
2.2 MTT A4 bEnd.3 4HB&E

HX A& FE N 90%() bEnd.3 400, FH RS W AL 5
BISIHMT 96 FLIRIN, HeFha B 5X10° N/AL.
SRR BRI (A2 30 pmol/L) M Ea e H
K. w4 (50 200 pmol/L). BL& WK FEHTE
R PUAC ER AT M 2 b J5 N1 4% 47 1) 30 pmol/L [ £F
AR APrap QREEMS 24 h, BERIEEIRML BEALIN
NECHILFF) MTT % 100 pL, 1§ AP &SR EiK
FEA 5 mg/L, 37 CHHIER:FRF h 4k 48575 4 h J5 8
BB 9590, BLII DMSO 150 pL, T iR F#
B 15 min, BEAROCRIOEE (4) fH.

TS T =A we/d nm
23 BER AsIRRINEE

Wistar FL T 75%054 IR H # 1~2 min,
T 2 R ECH RIS, o 88 K i 5 s BT 9
A PBS 1, M A4 K B R MU DT
T B PR B AR R AR SR TR R, 0.125% B 25 1 il
F 37 CE:ZFF WAL 10 min (BEFE 3 min 524288
%o DMREA TR W) . 200 HIFRIBER, B
PA 1 000 r/min 250 3 min. 3 i, FH5e&REiit
HE EP HIRUUE, HEMNT 2R R e
TR, BT 37 'C. 5% CO, MAEIrh R 9%, ik
B4 1 9 80% M R AR As, I HM TR B4 %
R ) 24 FLARH . 18 As Kif, BRI S5 3 A,
4% % B S =0 [ 52 30 min, PBS &% 3 min X
30 3% HoOo- BN IN 2 Wi/ v, T=INE A
10 min, PBS &%t 3 K. W0 1MiE 50 pl/ v, =
T P4 30 min; #I0—$T GFAP (1 : 100) 50 uL/f7,
FIRBERE 2 h, PBS IR 3 K. M FITC Frid
=Pt (12000 50 uL/fy, =HEEEHFE 1 h, PBS
B¥E 3 K. 0 DAPI %4 50 uL/fv, =BG
H 5 min. BRI SGE WS b T B [ E
B . ZINREIEE WG EET NS0 i A 4 ek
RGO E AR E.
2.4 {K5 BBB {&ERIpE T

#1145 bEnd.3 ZNAAN As AR XL B SR AL Y
SCERPIE R Corning A W] 1) 24 fL Transwell 3413 4H
Mk (MFLEARR 0.4 pm). FE4RMOE; IR b
FEHAN bEnd.3 A, FE IR T R BRI
JRAR As, AT 4d B2 Kk 1R, ZERRE1IX
W K537 5 d J5, W5 H s 5 B BHAE (transendothelial
electric resistance, TEER), #&illl{&4} BBB A&

BRI .
2.5 FERRERPHERNE
K F Millicell ERS HEBHACI & (1) {44+ BBB 4
AU TEER [TEER= N {41 fg i fHAE (TEERec) +
JEILJZ HFHAE (TEERD) 1. DATC4HBE AR =15
(1) FELFEAEL TEERT XS /8, A a2 (1 s fEAE, T
H bEnd.3 40 ) HBHAE v TEERec=[TEER —
TEERX JEL E MR (S) 1, AN Qem?,
2.6 BBBEEMAINERITE
2.6.1 SISO SRRy ENTHRAE (oduiid .
STEZ . BEAUZH (AP 30 umol/L) K 3% 1% H /K
EFIEYL (500 200 umol/L). it il & 7% )t & 4H
(sodium-fluorescein, Na-F) & BBB #ET s} M 521k
FA A ) PR, THEAS RS BBB AL
WIENE.
2.6.2 Na-F frfefiZeextl 2 ThREEEbr A0 2
Na-F &K% 574 0.004. 0.02, 0.1, 0.5, 1. 5 mg/L
[ GoREE, JFARYESS R4 H Na-F AruEih k.
2.6.3 Na-F i#Filfk4 BBB MAIEMIME 418
“2.6.17 TR 320, o3 mlfE B IINZIREE S 50,
200 pmol/L B EEHHIFE 4 h, FIMAZLIKERN
30 pumol/L FIZF4EAR ABiax #1497 2 h, [FIEF ¢4 B =
R EMREIRW, £ L= Hanks SR HI 4
(1) Na-F % (10 mg/L), L 200 L, F=EAAL
BN 1 mL ) Hanks ¥, % & 1 h J5 T 2L H L
100 pL 3800 5 2 G B
2.6.4 14 BBB ALEZEMEIIAE  #id Na-F bRk
Mgk, HEET IS BBB RAY K LA A 0t
fE2H Na-F & .
TEBRRF=(CaX Va)/Cs
THFRR =P X S=TH R
Ca NTNZEIRE, Va NTFEMAKM,
60 min, P NIEEM, S HKRMEMA
W Na-F A& 41 3& ok 502 P 52 40 B 1) 38 32 1
(Pe) XS AIHAXITHAR:
1/PSe=1/PSt-1/PSt
PSe N PeX S, PStForia ) BBB (RAMER @B (PO X
S, PSf Fon oAl A A IEZENE (PHD XS, S N4l
s R b TR (0.33 cm?) [18-19)
2.7 Western blotting ;N ERRIEE
I8 “2.27 TJTVERMT SL86 7 20 b B, B
BrFRIL, FHTAM PBS ¥t 3 Ik, BAEEFRILINA
60 L FC il (1 85 243, T-0K B REIRAT 5 min,

Cs N LZEWIRIRE, + N
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WEE SR AR, SRR 15 s, T 12 000 t/min.
4 CHAFFEC 15 min, B ETER, #08 BiEm-5 X
SDS 4 : 1 A EAEZEMR, JF/KA& 20 min, HLUKIFE
e, BCHILTY 5% BSA ZIPRKREMA 1 h, n—
P4 CHELR, TBST ¥ 3 %, =& TR L
B =Pt 1 h, TBST ¥t 3 UK ECL ¥ K6,
T Image Lab #I U RA H IR R .
2.8 GitFEAE

SEEGEE RIS X +5 Fow, 18 SPSS 22.0 X144
ERHAT T, ZAREARR B BRI R £
J3HT (One-Way ANOVA), 2 AMMSTREA 2 [A] 1514k
FEECRH Tukey fer. R sEiond #23EE 3 UL E.
3 #R
31 EKHEEX ABi4: FFH bEnd.3 4HREIE S1iR
waliopAl

MTT 74500 bEnd.3 4HAEE /), 458k 1 fr
N, SRR LR, MEAZH bEnd.3 RIS 1 EE T
B (P<<0.001); SRR LLES, 2%, miEFHE
FAEF AL S /9 bEnd.3 4TS 13 B &R (P<
0.001). VLA HHREREXTPT ABra IIHHA TN
YER, #&% bEnd.3 4HM0YE /1, HIEAE R TR
LR IR T R IEA G
F1 HEREX Apre M S bEnd.3 MHIENIRGHE
Mg (X xs,n=5)
Table 1 Effect of astragaloside IV on injury of bEnd.3 cells
induced by ABi142 (X X5, n=5)

45 C/(umol- L) HHOIE 11/%
payiist — 100.0040.00
it 30 57.98 +2 45%
R 50 73.53+4.00**

200 90.50+3.88***

SRIRAE: ##P<0.001; SEALE: *P<0.001, %2 [
##P < (0.001 vs control group; “**P < 0.001 vs model group, same as
Table 2

32 BERAsHILETE

TR OGRS AR As 4EFE . A
YRR T GFAP ARiC i As 26T, 45 Ranf 1
Fli7R, GFAP N As M H A 1B, GFAP %
SRR As RIS B, B DAPI FRicH As
MR REE G, FoRagEE. SREY, FER
PEELI) As 4iJEE 95%LA b, Al T 5 852 ik 7t .
3.3 {F%h BBB t&EEHTMN

A S T 4% () bEnd.3 405 As AEREfl 3L
£:3% BBB £ LK 2. bEnd.3 4Hfgdh T B2 (fit

GFAP DAPI Merge

El1 R ASKE (REHK, X200
Fig. 1 Immunohistochemical identification of astrocytes
(IAC, % 200)

& (HEnd.3 i

ot [T A

EntEtEmtetEs]
B2 {5 BBB &%
Fig. 2 BBB co-culture in vitro model
W, AsHERTRE (%),

NT RSN BBB AR A E# RS, @ik
M5E TEER $EM K4 BBB R EIE . AW
FKH], BiksIEEIE BBB ARG S 4 2 2
FEAELFE 300 Q-em2 VLRI, A Bef 5 it ABE 404
BBB [ B 18190 2846 A 51256 h 5 bEnd.3
0P L BEHAE A (306.57+14.19) Q-em?, & RSN
BBB A (1)K
34 EHEXHEX AP 5S84 BBB RE A

NTHRFTEEFEXS ABra S H1A4 BBB
BRI 2 5 BARIER, A0S B CRT7
VRIS e MAEIBIE I R4 BBB 52 303k 52 it 1)
Na-F 2650 . G5 R M, HxiIRd i, BB
BBB f{iEi%E B BN (P<<0.001), SHEIRIALL
B, 2% miEREREWLEE BBB MiEiE
PRI B L (P<<0.001), HHWREREIFMX. 4
RR, WA ABe MIMEEEIEH
FrEkr) BBB HIEE S I (R 2).

3.5 BEFREX A ifSH BBB HifatExAT
BERMREEERFRIENEN

BBB 3= % i L A B 4 L R TR R 5 4
JETE FE TR R AR AL s, G A UL P
g J 2 A #E#E R E (ZO-1. Claudin-5.
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Occludin) #& BBB Jif FR4F L) 32 2K & . fr A
TR A B2 4 i f i e R 2 RIE BBB 5 B e 1t
kB A Tk — PR AT T H R BBB (5
RHLH], 18 Western blotting 72461l Caspase-3+
cleaved Caspase-3. ZO-1. Claudin-5. Occludin £
HIRIEKF. g RINE 3 &3k 3 Prox, 5
b, BRI cleaved Caspase-3 £ /K
SEBEN, 1 ZO-1. Claudin-5. Occludin FiA7K
R FE L (P<0.001). SHAALE, KK

* 2 AXPREX Apre FSHES BBB HEGHHIFNN
(X xs,n=3)

Table 2 Effect of astragaloside IV on damaged BBB model
induced by A4z in vitro (X L5, n=3)

2H 5 C/(pmol-L™) Pe
xR — 1.20+0.04
it 30 5.01£0.23%
R 50 2.16+0.05"
200 2.02+0.02"*

B 3RS F O T Ab BE S, cleaved Caspase-3/
Caspase-3 1 FI/KFH & FEML (P<0.001), H
Z0-1. Claudin-5. Occludin £ 43R 1A /K & 3 7+
fm (P<0.001). 15 BH 3 B8 H AT DL JE i 0 i 9 T
AHOC R I 3RO K 3 N 0 A 2R A 0
AP1-42 1753 11) BBB & M1 0.

Z0-1 Po— 221000
Claudin-5 -m W 17000
Occludin W e S SRS 50 000

Caspase-3 e comnmy ammess  wssmsme 15 000

— 17 000
cleaved Caspase-3 19 000
-actin S SRS GRS SRS 5 000

pagiss il 50 200
S HH/(umol- L)
El 3 HERHEN ApeifSH bEnd.3 MMBRHHEXET
ERREREBRIENFN
Fig. 3 Effect of astragaloside IV on expression levels of
apoptosis proteins and junction proteins induced by Api-42 in
bEnd.3 cells

#*3 HEBREX AP iFSH bEnd.3 HERGHCATERREREERRIEMNEM (X £5,n=3)

Table 3 Effect of astragaloside IV on relative expression levels of apoptosis proteins and junction proteins induced by AB142 in

bEnd.3 cells (X x5, n=3)

5 cl BEOMREE
(umol-'L ") cleaved Caspase-3/Caspase-3 70-1 claudin-5 occludin
Hof 1R — 100.00% 0.00 100.00+ 0.00 100.0040.00 100.00+0.00
it 30 177.07 £ 16.84*# 56.85+ 2.74*# 41.41 226" 51.11£4.90%
EliRES 50 152.294+ 9.29 78.78+20.18 50.58+3.85" 80.31+8.99
200 71.58+12.81" 96.43+ 1.91" 57.7240.68"* 93.831+9.67"

SRR #P<0.001; SERALE: "P<005 ""P<0.001
##p <0.001 vs control group; "P<0.05 "*P<0.001 vs model group

4 e

IR AD CAEAT PRI AZ SN0 S BE 118 1
RN FEERI . EFRCEER, AD EETAL
O E R B3 S 65%~T0%, & & iR
HP ORI R g e () — PP SRR, i AR R FEGURR
18V PEVE /A S BBB 545 K 4 ot 2 fidi 1)
FE AD B ICAZ 5N ) RE sk 2R 1 3 L
R P2, fRpE s R E 2Bt 23k, AD 1)
TR 577 WAS Rk 2

oG Al 0L A PN R R L 2 1Ak B R R R R
BBB 4514 56 # 1t: I B B R v 0 B B R oy, T
BBB 158 8 M2 AR 40 22 S0 4l i 5 52 AN R IR A
FEW BT B . AR, 75 AD R,

AR DURRAEMR LA BEE], /3 7 IR fUi e ) R 45
5, 33 BBB HIe¥MEE BN, #H—0 FESb
JATEIR T AR L HAbA T4 515 BBB A N,
IR AD KR KGR enr W, iR
AB F&EREAE RS BBB #4552 HHi#F 7L AD
TR AE ST I S — R B R A

WHIE R, AR 18 VAR A R WO
Caspase (K #i& 12175 S A0 2 o sk A B2 40 f i 122425,
cleaved Caspase ZXJ% e AT 7 M 4H i U T 1) O B
I )it HeH Caspase-3 AT K cleaved Caspase-3
D4 MR T RIS N B R BE R T B, A3
54 e i A R 125260,

R FRERE 2 NN RN, 4R BBB 4
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Jf0 55 BRI P EE D) REE R, A4S Occludin.
20 i 3% Bl 7 &5 1 (cytoplasmic zona occludens
proteins, ZO) F claudinst®™. TEVF 250 K A2 J K
JEitfEH, ZO-1. Claudin-5. Occludin /2 /< B BBB
SER AR BB I AR AR . DUERE R KRB, Ap FlET
i ZO-1. Claudin-5. Occludin [J7%iki& % BBB 44
R, AT A A K AR5 BBB (157 20,
NI R A E4ERF BBB s PE b thife 5 2
TEH.

AW FRAERE R, HRPHREHE AP /M3
RSN E A (L 7% BBB B @A . it
B TR, B R I8 A 4 R T Bk
SN BRI AT B [ Caspase-3 RIS LTI A AB
N GFHIN AT AR, SRR, B
HHF I W] DUR F e EE R B ZO-1. Claudin-5.
Occludin BT, Hait, HEMI T H AT RE il
UM T2 R ORI IERE B R AB /3R 1K41 BBB
B ) e B 1

Zi bk, BT EXN YR ABla /K
BBB #{5 HA fRIE A - AN 3R BRI R
TR AT AD $E AR AkHE, R T & H T
BiFiaTr AD BTG 2% .
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