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Effect of Hyperoside on Damaged Blood-brain Barrier
Induced by AB,,, in Vitro Model

LIU Chen-yang, BAI Kuan, YU Gu-ran”
( The Affiliated Hospital of Nanjing University of Chinese Medicine, Nanjing 210029, China)

[ Abstract | Objective; To explore the effect of hyperoside ( Hyp) on the damaged blood-brain barrier
(BBB) induced by amyliod-beta protein ( AB,,,) in vitro model. Method: In this experiment, Hyp intervention
was used for the injury of fibrous A, ,,-mediated bEnd. 3 cells and primary astrocytes (astrocytes, As) BBB co-
culture models. By detecting the permeability of sodium fluorescein in various culture groups, BBB permeability
changes were compared between various groups to evaluate the effect of Hyp on permeability of AB,,,-mediated
BBB; methyl thiazolyl tetrazolium ( MTT) was used to detect cells vitality and uncover the effect of Hyp on it; then
in order to explore its protection mechanism, the apoptosis related proteins were detected by Western blot. Result .
As compared with the model group, BBB permeability was reduced in Hyp low, middle and high dose groups ( P <
0.05, P<0.01); bEnd. 3 cells activity was improved in Hyp middle and high dose groups (P <0.05) ; Western
blot results showed that the ratio of Bax/Bcl-2, cleaved cysteine aspartic acid protease-3 ( Caspase-3) /Caspase-3
and the expression levels of cytochrome-C (Cyt-C) were declined obviously in the Hyp groups, and the differences

were slatistically significant (P <0.05). Conclusion: Hyp could inhibit the fibrous AB,,-induced permeability
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increase of BBB via protecting cerebral microvascular endothelial cells. .

[ Key words |

[0 SR 2% 1 2R ( Alzheimer’s disease , AD ) J& — Fifr
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AEE 65 % K UL b AT BB AD BB % Bk
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TE 5 P Bz e BH A3 7 M D i 2 & T #E 1R BBB (1) 5
AR, AT T RE AT 25 W R 0% e O T R T
AR SE56 R AB, L, % B bEnd. 3 41 Jilg 5 AT As
A 42 firh 5 A b5 FRAR R 1 ok L4 AD JR 3 1R P 22 i
i) BBB,

TLIRAE B B T ISR B0 A I IR iz AR E £5
K JTIRYT AD © U R4 IR PR IT 280, 28 4 T 01 0 B
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A E T B A e EE (MTT) [, 1 5%
X% 5 H g B rh 24 K R 2 AT 0 3, & AR AR
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Gt AT AR SR, B
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il bEnd. 3 20 F1 As SR IL B FRAE Y B AD i
# BBB B4 f, DL Hyp X 3% 8BS Y 52 e K
BL -

1 ##
L1 ¥ 1 d i Wistar 2L, 5 5t @l A D)

B K JRA TR w44, S 4% 1IE5 SCXK (977)2013-
006, ZhYISLLs 15 G F ot Bs 25 K s W16 1L 2
Sl FRifES BSK-046-00
1.2 25950  DMEM &8s 5% 752 W 2 6 20 1 i
(% H Gibeo 2 A, 4L 2 4 B R 11995-065, 10099-
141) ; ECGS 40 g A= K A 5 ( 36 [ Sciencell 24 7], it
5 1052) 50. 25 % J il 48 A 0 AL (3 = R A PRk
ABRA A LS €201 ) s MTT, 58 K 44 (361 Sigma
o)A a3 O M2128 86377 ) 3 GFAP (i 1+
T3] L 4iE45 PB0046 ) 5 B 41 g ik 98 -2 ( Bel-2) AH G
X M (Bax) ,Bel-2, 40 il 4,3 -C (Cyt-C) , 2 B &R
K45 TR B 1 -3 ( Caspase-3) LA & B-WLEh & (1 (8-
actin) HL{& [ CST ( Cell Signaling Technology ) 2\ 7] , it
S4Bk 27728, 2876S, 42728, 9665S, 497087 ; —
R RP(RE W EY R ARS A, H S
2635054 ) ; ECL fk.2 & G (3% [ Millipore 23 w] , it
5 WBKLS0500) . AB, ., ( [ ss i A M) Heo R A BRA
F) LM 4 TR R 4 418.05, 4l iE K 95.08% , it
1932215) , 20 CRAF, HIBFJETE K 5 i 4 )%
AR A TC B R 5 22 vh i (PBS) 100 plL, ¥ T
37 CWER 5 d AU L 4R O 5 T - 20 C R
R 2t (N ER 2 B YR A R
a9 F3C, Hyy O, AHXT 43 BT i 464, 38 4 fiF =
98% = A0215) , L4 PBS # FE % 0. 8 mmol-L ™' 1Y
VW, SRR %, 20 CIRFFRE o
1.3 fU#%  AC24S1 ®I AW 4 4 HE CGHindk Esco
25 ), C150 & CO, 85 F46 (12 [ Binder A #] ),
3K44410 % = H & 8 4% ( H A Lympus A H] ),
M3 # Z Py R g A5 X (52 [ MD 2% F] ) , MERS00002
L BHAY ( 32 [E Millipore 28 ] ) ,04313R49512 # 4
FE B 6 3 ( Western blot ) L Yk AL e JBE AL K&
CHEMZDOCX RS + # Image Lab ¥ 1% % % ( I
¥ Bio-Rad 23] )
1.4 40H0 Mogm i 35 5% /0N BROR AR aln 45 P 2 4 B
bEnd. 3 i kIR 14 H 3% [E ATCC /A 7], bEnd. 3 4
ML B 10% Jif 4= 13 . = bt (5 % R 100 U -
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mL™' HEEE 100 U-mL ™' K #2100 UsmL ™',
K H Gibco A H]) W58 23 FHEE T 37 C 5% CO,
B3R ,2 d 4 1 RO, R AL 2 90% B AT
A AR, I 328 B B30 A 300 4 B R A 7 S
2 FiE
2.1 MTT AR 40 MOS0 28 O B0 K
() bEnd. 3 40 fifg , BREEIH AL 5 B 5 B Fh T 96 FLARIN,
B0 200 WL/ fL R 1 x 10° A~/ 4L, R 4i i
KB LI 80% iy AT 525 . ASLH LS 5 4 .
% BRI (AB 30 wmol - L7") , Hyp fIk H i e
JE 41 (50,200,500 pmol-L™") . SELRI# ¥ Hyp kb
HRANAE 2 h 5 S LF GE IR Kk E N 30 pumol - L7 (Y
AB AL 24 h J5 FHBEAR AR T e bR A U .
IS TT = Ay /A gy X 100%
2.2 As o EsiEsE WA T HUE Wistar 2L
M, 53 85 Il e o I 26 4 R i 45 2 2. S e
BUACE: 59 %, #5700 125% 4k F i T 37 C 553248
FiH AL 10 min( AEFE 3 min BREE, IFETHAL) o
B Ak 5 B L BE W 200 B G ook gL 8 W LA
1 000 r-min "', B0 3 min, IR TTHE M52 RIHRI
BEE IS EMT 2 R AR R
F 37 C 5% CO, FREEhE I,
2.3 As WS D24 fLARH B KO As 1Y 55 B
R, I 4% W 2 5 W [ 2 30 min, PBS 32 ik
3 min x3; KB AN 3% H,0,-H B W 2 0,
F AN ] 10 min, Z 5 PBS 1298 3 UL
F M 50 wL, = i & A 30 min; % N — 4T GFAP
(1:100 #iF¢)50 pL, EREEWHEF 2 h, 2 )5 PBS 2
BE 3 WK% =40 FITC (1:200 i &) 50 wlL, % iff
JEMEE 1 h, ZJ5 PBS 2% 3 W 1 5k 3 R i fin DAPI
QLW 50 pL, ZE R GHCE 5 min, HIBE 28 K 3 7 i
HEATE R 20 WOEE T UL 8% 4 i b 2R By Rk
T o
2.4 {&45) BBB HL AR H . R A Corning A F] /Y
transwell 3413 40 g 55 55 4 (FL42 0. 4 wm) 7E Ry L 4%
FEWSZ B a7 bEnd. 3 4 S AT As JF 322 ik 0 3L 8%
FEELAL, Sk bEnd. 3 20 i 2 Bl T 40 i SR
E IR HE TR A As 19 24 fLARN B SR 1
S J& , FF b i e R
2.5 BN AN L BE A G e D A A rp
bEnd. 3 4 fi ¥ B3 BELAE IF 44 4 BBB A5 AU v 241 fifd 5%
BEIBARRE . Millicell ERS I 2 6t 1% 52 485 70 1 15
PN Bz 4 B B, BH (B ( transendothelial electric resistance,
TEER) 3 4 J 40 i ( TEERec) 5 % it )2 (filter) 22
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2.6 BBB KSMEAISLE S ALY S H %
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B2 I 90t 3R A bs o il 2k T 2 O35 Na-F
PR A0 375 2ok B A0 Y, S AE B A R e i A
e f 50,200,500 umol-L_IE’\J Hyp B & 4 h, F0
AU J3 30 wmol - L™y A HEATIEME 2 h, R 5
W 32 1t 55 HE vt v A8 3 3R, 78 b b A& Na-F
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Je I 32 R IR 100 L 35 3, W0 7 520l 98 T 5 3l i
Na-F FruEI £, 7155 Na-F 7 o 3 35 557 6 A1 1 e 40
JLZS 10 B T BR AR AL W BR AR (L) =
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TR, Co R Al 25 3 ) ik B 5 745 DA IR R BB LA I ) >R
FORWBRA (L min "), Jf LU R 205 A B ) 1
BYE(P) x KWA(S) sNa-F R SpFE 1 bEnd. 3 R
A0 M 03 G M (PeS) x RIEAL(S) Al fy LT 2 A3t
BAEF . 1/PeS = 1/PSt - 1/PSf, H.rp PSt FR B
BBB {38 % 1 > 2 1 FR, PSf 3% JC 40 0 15 57 1t %)
HRIEE M x R, S Sy 46 i 3% 5% Y B T AR
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ke BEEAL TR A KO ) bEnd. 3 4, LA T x
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it & 80% I, 4ic AR 2.1 300 J7 ik i A7 43 41 e b 3
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5 xSDS EFERZE MO, TP /K& 10 min, B Ik IF 5% I
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B RN IE A3 A, H Eid st f Y A 3 L
o 2 AT ARRAR Z B S B BCR o K, 24
A (8] 1) 35 280 L 8 SR FH L R 5 25 43 BT ( One-Way
ANOVA) ,JFLL P<0.05 FREFAALEITFE L,
3 £#R
301 i B R AR S A AR 2 SRR IR Y As i
PO KT 4R ARUFGCR A bEnd. 3 41l 5 As
Ik 42 foh 20 3L 15 57 BBB AR SMEL AU SR LUK 9 BBB 1
AP o B AR, LA S UL 1A 1, bEnd. 3 4 g B2
FrEaEEH) , As M T TRE(ZM) ., BT %EE
JEACHR B As 1R, 28 35 ) FH S 93 5 6 1 WL 4 4t
PR S ME GFAP fric B9 28 o B, Hgh LK 2,
GFAP J2& As i J5T v Re A 14 Jie Jo i 4F 2 e M 2 1, DA
GFAP FRic As [ 40 M T 2 B2 1 2¢ G (A) , L DAPI
Fric As M4 A% 2 B4 (B), (C) N GFAP 5
DAPI AUE AR ic & i & o 4558 on , JR AR HE Y 41 i
o As 4l BE K 90% U I,

o ETGIRTAN

s bEnd341)f

B 1 fd b oo o 5 PR B 5

Fig.1 Schema diagram of BBB co-culture model in vitro

GFAP(A)

DAP(B)
B2 BMEMKRREEERE(LEHML, x200)

Fig. 2 Immunohistochemical identification of astrocytes (IAC, x

200)

3.2 {RAN i v B BEASE A i T ST AN B o - Y
R AR B 5 40 e 52 B BELAE AE 300 Q- em” L)
B, BE A A R ALA N BBB YRR . A
SCO 5 bEnd. 3 4 M Ay M FH O (306.57 =+
14.19) Q-cm’, f5 & R5h BBB 1A EoK

3.3 Hyp % 30 pwmol-L ™" AB,,, i3k 14k 4 BBB fii
BB 5P e, 4 AB 30 pmol- L™
4405 I A TR 20 1 3 37 MR B R in (P < 0.01) 5 fij 28
Hyp T4k BRI v e vk 3 2 55 1S AU 20 L A3 o
I B, A5 RERIEME, 2R EASRIT¥E

Merge(C)

Y (P<0.05,P<0.01), 455 %W, Hyp B84 X Hi
AB o WA 28 B PEAE FH T 309 BBB 138 33 M 1 .
W1,

F1 Hyp Xt AB,,, /v 51 BBB #i{5 % bEnd. 3 4 HiE 1455 0 &%
M (x+s,n=3)

Table 1 Effect of Hyp on BBB damages and bEnd. 3 cells activity

damages induced by AB, ,, (x £s,n=3)

20 5 W/ pmol - L™" il B (Pe) N L 1% 3/ %
2 - 1.2 +£0.04 100 £0. 015
RS (AB L) 30 5.01 £0.23"  57.1+0.003"
Hyp 50 3.4£0.78"  62.6 +0.007

200 2.58 £0.07%  69.1 0. 022>
500 1.77 £0% 88.7 0. 018>

G4 Y P <0.01; SHERM A HED P<0.05,V P <
0.01(F2M),
3.4 Hyp Xf A, /31 bEnd. 3 4 ifg 3% J7 41 43 1y
B 5% AL 4 ABLL,30 wmol - LT 5 Y
BEASZH [ bEnd. 3 4175 7 B R R (P <0.01) 5101
28 Hyp TAL AR b Lo Wk P 4 5 BB A L H5 4
MG S ¥ R, B 5 Hyp W EESCEARSG . Horp
bR RANZESRBASGIFE L (P <0.05,
P <0.001) LI B4 RUCH Hyp RESEXTIT AB, L, HU 12
PEREPEAE T, 35 4R 75 bEnd. 3 40 8 59 35 77 T R E
BBB 45t se e, Wk 1,
3.5  Hyp i 98 95 AH 5C I T 8 [ A9 2 3k RUIm A
ABiudtF bEnd. 3 AN A #I T bEnd. 3 4 g 4 £F
AR AB AL PE 24 h J5 , 528 LA P A, R R 2 i U
T4 H Bax, Cyt-C f Caspase-3 ) 1K & 1% fh 15 BH
WH, RN T E A Bel2 R B RS, 5
RARY 20 L85, 2 Hyp i b 23 %) 41 5] b, Bax/Bel-2,
cleaved Caspase-3/Caspase-3 M Cyt-C fyRiAHE I T
TR, B Hyp VR ARG . SRR A L 4K
Hyp i b ik EH 2 R Y B A G B L (P <
0.05)., WK 3,%2,

oo [ - >

BCl-2  *——— — —— )8 kDa

cyt-c . - 14 kDa
Caspase-3 RN E_——_———— 35 kDa
s Semm mmy s ae. 17 kDa

cleaved Caspase-3 : v d i fe 19 kD
v ” i a

B-actin GHND GIND GND GED WS 45 (Da
A B C D E

AL ZS 4B B (AB, L, ) 415 C - E. Hyp50,200,500 wmol - L ™'k
il

E3 Hyp X AB,,, TS bEnd.3 AATEAREHNZM

Fig.3 Effect of Hyp on expression of apoptosis proteins induced by
AB,4, in bEnd. 3 cells
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®2 Hyp 3 AB,,, 7S bEnd.3 WA TEBHRKFHFM(x£5,n=3)
Table 2 Effect of Hyp on relative levels of apoptosis proteins induced by AB,,, in bEnd. 3 cells(x +s,n=3)

205 We B/ wmol - L Bax/Bel-2 Cyt-C/B-actin cleaved Caspase-3/Caspase-3
EegE| - 100 0.0 100 0.0 100 +0.0
AL (AB) ) 30 304.8 £22. 1V 459.5 +25.2Y 155.0 =3.8"
Hyp 50 180. 8 +16. 0% 392.6 £26.6 135.0 +1. 7%
200 118.1 £1.7% 240.1 £9.7% 100.5 4. 6%
500 89.8 +1.2% 169.5 £3.3% 67.21.7Y

4 itig

ki P AB B ik BE U AR K FL 8 M B M 3 8K
BBB i 75 Je # 2 U ) & K J& AD JBEIEIZ 5N
BE A et E BB R L Y AB Y M AR A
FHEUE BBB [ 38 375 14 34 fin B, A0 5 1) AB T 5 2F i
BBB 3 AR, #E— R E IR Y AB (53 UL,
I3 R AD g 7 R PR E R L LU 4 BBB
1) 25 ¥4 S D1 R 1) 56 B 1 2 T B AR YT AD 1Y G HE

EE T 9T & B, A0 B SRR 7 O 24 I T X
AB L, SR Z 5T N BBB M 5 A B & AR P 1
FPT S S T WA % T R B T 25 9 4k
AW RO E F Bl 3 DU R G b IR 45 Tl
PR, 23438 ) MTT 3400 4 %1% 05 v Br 2 (1) v 25 B fk
WEAT R G0 i 2 0F 95 & B, Hyp /E I 4B 3568 7
H ooz 10 EEA LS, X AB, L, 57 1) bEnd.
34 M Pt BA B MR E L O T ik —
WEGE Hyp 1945 v BE B B 1) #ih 28 O 0 VR FH R i 55
EFHWIERTC A A9 MTT i e 45 3% |, 5 2900 2 A&
W43 ) 50, 200,500 pwmol L'y Hyp 4 4 52 5
We B . fEBL LR b, AW R T Hyp X AB L, It
S BBB AR SN 5 9 5 0, 45 5 R Hyp %
R EE X AB, L, T A BBB i IR HAT SR 1R
H L ¥ hets 0] D BE AL BBB (4385 1

AB DU g PEBE AR, AT 5 Sk I 03 S %
i A5 405 5, 175 3 10 L A PR B 00 TR A 28 e A e 1 O
TR R, e & FHONMALCAZ 6 1 TR,
AB T 9 S Ak R SR P AT DA S ok A e 0 R
A 2 JEL B £ 300 5 P 4 , 42 1 Bax 2 A K18, P
LR R NS Cyt-C Y B L, M Caspase-3 [ {f
6", Wi Caspase-3 Ji 2 i 2 Fh i T 3% 15 9L 1B S I
A GBI T B 1B, IS Ak T LD P 3
Ay T BUA BTSN N, Bel-2 {3 T2k i
B4, T 308 2o /N A ) 0 3, 3 T 4 4 Coyt-
C B ; A, Bax il i3 45 Bel-2 4545, 3 i e b 4
S 4 30 A T A i Cyt-C RGBT o T i o a4
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N R A 2 BBB 4544 A1) B 1Y T SRS , N KA
JIEL 18 458 0 3 S L g e I 3 37 A 1 Y S B R R
A DL AR AP i i B A O B o R v A L A PN A
ML) TE . AWTFEA ] MTT 256 % 3, Hyp fR .
BN AB, L, 51 A bEnd. 3 40 i 55 45 B A
PRAPE T, b v B 4 R 6% 1)l A 2 v 4 i %
41, Western blot 82545 i 7R, Hyp RE % B 5y Ik
Bax/Bcl-2, cleaved Caspase-3/Caspase-3 } Cyt-C [
RikE . EH I EN, Hyp XF AB, L, 51 & #) BBB
WEIR BL AT B DR AP T RE 2 28 5 R 47 P B 40 ) 7
P S BLAY o

45 b, Hyp NMUBERE A R AB, L, 753 1) BBB

AL , 18 AT LLE & 90 bEnd. 3 4 98 T Ok 4

BBB 45 58 8 Ve . % WF 58 Hyp REG8 WL R — 1>

AR B FNETT AD BT 25 Y S it T R0

SEH AR , BT ORE F B gt — P IR R H AR BBB

A BRI 73 5 A W s AL, O SRR IA T AD I 5

R S%
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