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Buddleoside Prevents TNF-o-induced Human Aortic Endothelial Cells Inflammatory Injury Through
Inhibiting TLR4/IxBa/NF-kB Signaling Pathway

WU Yajun', SU Jie!, HUANG Pujun?, CHEN Guoyang®, CHEN Suhong'?®, LYU Guiyuan'"(/.Zhejiang Chinese
Medical University, Hangzhou 310053, China; 2. Wenzhou Medical University, Wenzhou 325035, China; 3.Zhejiang University of
Technology, Hangzhou 310014, China)

ABSTRACT: OBJECTIVE To study the protective effect and mechanism of buddleoside on human aortic endothelial cells.
METHODS MTT assay was used to detect the viability of EA.hy926 in TNF-a and buddleoside. EA.hy926 cells were treated
with TNF-0.(50 ng-mL™") for inflammatory injury model. After being pretreated with different concentrations(5, 15, 25 umol-L™")
of buddleoside for 24 h, DAPI staining was used to evaluate the effect of buddleoside on adhesion of EA.hy926 and THP-1. The
protein expression of TLR4, IkBa, NF-kB, ICAM-1 and VCAM-1 were tested by Western blot method respectively. The mRNA
expression of ICAM-1 and VCAM-1 were tested by RT-PCR method respectively. ELISA method was used to measure the levels
of IL-1, IL-6 and IL-8. RESULTS Buddleoside could inhibit the adhesion of TNF-a stimulated EA.hy926 cell and THP-1 cell.
ELISA results showed that buddleoside reduced IL-1, IL-6 and IL-8 production in TNF-o-stimulated EA.hy926. Buddleoside
significantly decreased TLR4, NF-kB, ICAM-1 and VCAM-1 protein expression in TNF-a-stimulated EA.hy926 cell. In addition,
buddleoside increased IkBa protein expression. RT-PCR result showed buddleoside decreased ICAM-1 and VCAM-1 mRNA
expression in TNF-a-stimulated EA.hy926 cell. CONCLUSION Buddleoside can alleviate the inflammatory injury of vascular
endothelial cells, and its mechanism may be mainly through the inhibition of TLR4/IxBa/NF-kB signaling pathway.

KEY WORDS: buddleoside; TNF-o; EA.hy926; inflammation; IkBo/NF-«B
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B R I A U2, SIAESRIE kB P I 4 i 4
15 3 B0 Th e B AG 5 2 B0 L& B 1) K A2 K R
FYIG, BFEEMLE. BEIRM . 30K AL
S50V g R IR G B B R Ay, — T ALY
BRI, RSN P NO. PGI2
WK JTs 55— J7 T AT LA B A 2 b AR T
Iy AR 5 Sk — 0 B 40 3 2 B 1 R
Mo WEREFM ST 5O4RMEER, @i
Ja B IE R 2 2 NF-xB 4% 36 IR 3 A0 45 25 Fh 41 i
=4, 253 REAER R, MM 51 E i &
P9 B 2 S R R RS IR P B 4 P T R RS S
IR0 10 A B VA DDA O, I/ P Rz 44 45
15 B A v LR ) B B FE AR IR, [ R S8
MR AW EUREZE, v« W B — & & —C il
B AR B S N RRARDY, DR TR AN A i
BN B D REBR A OO LR VR T R EE A B
A6 (Chrysanthemum indicum L)VETIFE, BRI F,
BRI, AP R ONE B SR T,
5 {¢ 1t (buddleoside, BUD) & B 25 4 3 B3 14 18 47
2 M RN RAL E W, L E K BUD
FLAT R 1 A Bk A s 56 ) P i R B
PR - (TNF-ou) 5l 0N 55 8 Fik 9 52 200 Jf (EALhy926) »
AN A A B 40 i A RE SR AR, BE9E BUD
I A R 240 L 28 RE 45 4% R R AP R FH BBt
1 MRS5S
1.1 4tk

EA.hy926 4ilfid . PAZ% 40 i (THP-1)3 T
LB 40 B
1.2 Z AT

BUD( i [Fl HAEYH AR AR G R A A, 5
15060528, 41iJF =98%); TNF-a(BiH BERFHEYH;
REWRAF, #it5: 9630001A50); MTT(3 H
SIGMA A7, #it5: MKEI2415V, 4i%: 98%);
DMEM = #E R 72 (B S MBI AR G IR A ],
fit5: 8114157); RPMI1640 15 7= (BiM 5 4
MEZHEHARFRAF, #t5: 15070607); a4
JH(FBS, #LKFFE GEMINI, #t5: A96D22E);
T HE T OMSO, EEAETAEY, t5:
0929SJ50); HAE-1(IL-1). AN ZE-6(IL-6)H FH A
7 -8(IL-8)ELISA f Ml X 77 & (#k =5 4 7 A
CK-10081H, CK-E10140H, CK-E10139H)#04T
IR AR A IR A E s 20 R B R4 -1
(ICAM-1). IfL & 40 L 6 B 53 F-1(VCAM-1) donkey
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anti-mouse IgG-B.donkey anti-rabbit [gG-B. donkey
anti-goat 1gG-B ¥ 1§ T 3% Santa Cruz
Biotechnology /A #; GAPDH. Toll #52/A&(TLR4).
W 1--«B ##) & A (IkBa) . #% P §-kB(NF-kB)#J
- 2&[® Cell Signaling Technology A & ; M-MuLV
% —45E cDNA G AZEH S : C1317KA4223),
Taq DNA Polymerase(#it 5 : 13600001) 33 iy T
Sangon Biotech 2 A

1.3 {4 &

IX71 B0 B BB (H A Olympus);
MiniChemi [T 45 &6 AR A (AL 5 28 GNP RHL
AR F]); Tanon 1600 45 Mgt A5 R Gi( iR
REAT]); BJ-2CD ## LAE & (iR sl A R
/~#l); Thermo Scientific Series 8000 fHIE 157744
(Thermo scientific); Power Wave 340 B G 2 16 I
X (3£ B Bio-TeR).

2 FHE
2.1 ARE IR A AL

Jeit EA.hy926 0155 7% T DMEM 5578 (%
10% FBS . &% 1X10° U-L " 5% 100 mg'L™);
HRZAMI(THP-1), #5375 T RPMI 1640 BE3R(&
10% FBS. 200 mg-L™" D-#i%j%%. 300 mg-L™' L-%&8
R 2 000 mg- L BREREAN. 100 ng-mL ™" 5%
. 100 pgmL " EEER); ¥WE 37 C. 5% CO,
B FRFAR R TR, B2 d i, BOR B K I e %
. BUD % T DMSO, it i 100 mmol-L™" & F 4 °C
f&fF. TNF-o¥ T LW PBS Wik, WEN
10 wg-mL~" o FITFH 244 S2 56 s 1 BTG L 37 335 37 A
B 21 BT 75 MR B
2.2 MTT ¥l TNF-offl BUD % EA.hy926 4 Jfil 35
ERiNEAL

B H 4 K EALhy926 4000, R4l 1X
10 NF 100 pL B FRWH AT 96 FLIR, 1
37 C. 5% CO, ¥iF=fhiis, Frafulise)s,
TEANARTFR E TNF-a(10, 20, 40, 50, 100, 200 F1
400 ng-mL ™AW ELA R E BUD(, 2, 5, 10,
15, 20, 25, 30, 40 A1 50 pmol-L™ ") % 200 uL,
25 2 O R ZH I N SRR AR TG I B IR,
Mk 8 ANEF. WE 24 h)a, 37 EiE, BLIMA
100 uL MTT(0.5 mg-mL™"), fE& R4 4k 80 5 .
4h 53 EiE, N 150 uL DMSO, #E#K EEW
10 min 45 & 78 /-8R f5 . 1E 570 nm AW &L
OD fH. AT R%)=(A 2541 oD H-=AU

HHE AR 22 2017 46 5 55 34 555 5 ]




OD {H)/C 821 OD {H—=% F14H OD 1H) X 100%.
2.3 DAPI Gt iE A EA.hy926 40 i 55 B k% 40 i
(THP-1)1I % i g

HUH#02E K BA Y EALhy926 4HA0, %4540
1.5X10* F 100 uL 35353 800 T 96 FLIR, 20 A
X HE 4, TNF-a(50 ng'mL )4, TNF-a+BUD
(50 ng'mL™'+5, 15 #1125 pmol-L )4, BX 350 /i
THP-1 41 DAPI(5 pg-mL ) #EAT e ts, B TH;
TR E I . EAhy926 40K & 80%4 47,
IMNSIRFE VI EEME 24 he Bl)E, KRG
G THP-1 41 LAAEAL 5X10* fnA 96 FLAR
BT R E 30 min J5, PBS B3RS E 3 K.
FEOEAR B W 200 X 4585 FREALIAEL 10 ML
7, F| ] Image-Pro Plus 5.1 software #4347 4t 11
T4
2.4 ELISA A1 EA hy926 i i i 4 PR 1

BUW $4E K WK EA.hy926 400, 4L
1.5X 10* F 100 pL B2 F 80T 96 FLI, 400
X M8 241, TNF-a(50 ng'-mL™")4l, TNF-0+BUD
(50 ng'mL™'+5, 15 1 25 umol-L™H4H, 44X 8
ANEFL, 1E37 C. 5% CO, B i FE. 1
PR EEJS, TN S IRFEEZMM ST E . 24 h JGUX
LR IE RS 0 J5 HE4T ELISA SE5G, E IL-14
IL-6 F1 IL-8 & & . #7755 2 Ol &l
BT
2.5 Western blot frill 52 £ % TLR4. NF-kB.
ICAM-1. VCAM-1 1 IxBo#g [ FI 54

U524 K3 1) EA hy 926 41 i FC i) ol 40 i 2
W, PEEMT 60 mmX 15 mm IZIFRMMA, 4
K 2 80%75 47, 4 AR L, TNF-a(50 ng-mL™")
41, TNF-a+BUD(50 ng'mL™'+5, 15 #1 25 pmol-L™")
M. FEANPRIGEE, MASIREZYIFE. 24 h J5
2 Lil, H PBS /NLRIE—IR, BRERHIL, &
O AN, B0 5 AT AR B R TR AL AR
T4 CTF 12000 r'min”' B0 15 min 5, B EiE,
BCA L E &5 I 5X Loading buffer b £4%
M, 95 C BB indA 30 min, —20 CR4F. 10%
SDS-PAGE HLJk 73 B85 H, W@i%LFE % PVDF Ji |
SR N B WE 2 h 5, I R —
Pi,4 CHE LW, F TBST # i 3 ¥, 454K 10 min,
BE a1 0000 M. HE 30 min J5
TBST ¥ 3 ¥k, H:K 10 min. 5 R R
FRAGA BRI G Ei A%, Tmage T B AT 33047 2K B 20 Hr
W E BRI 2G5 2017 4F 5 H 55 34 655 5 W

2.6 RT-PCR il Z2{E % ICAM-1. VCAM-1
mRNA F ik [0

B804 K1) EA hy926 21 i B s i 200 i o
W, PEEMT 60 mmX 15 mm EFRMmMA, 4
M 2 80% 78 £, 43 AN A, TNF-ou(50 ng-mL™")
H, TNF-a+BUD(50 ng'mL™'+5, 15 1 25 pmol-L ™)
Mo FFUIflGEE, IMASREZAYHE. 24 h )5
7k biE, H PBS /NOBEE— IR, BRESEHAL, =
O CELNE, N Trizol $2HLE RNA, HHFH
cDNA J5, #HITREGEFE RN . B 1 uL ¢cDNA N
MR BEAT P8, i\ 1.5 pL dNTP, 1.5 pL
buffer(Mg”), 1.5 uL 3451491, 1.5 uL T34,
0.15 uL TagDNA, 0.9 pL DMSO, Jil K B M 7% /K &
SSARFL 15 uLo PCR P=H28 2%E R BEE 90 V HL
UK 45 min, SRAMEER AR o AT OU 52 45 4
M, Image] AT KE M. BIPINER 1.

#z1 5UF5
Tab.1 Primer Sequence
A gl
IE[f: CAGCGACACCCACTCCTC
GAPDH
S If: TGAGGTCCACCACCCTGT
s 0 IE: TGTGACCAGCCCAAGTTGTT
J2Ii: AGTCCAGTACACGGTGAG
IE: GGCGCCTATACCATCCGAAA
VCAM-1

J2Ii: TGCTTCTACAAGACTATATGACCCC

2.7 GitFabEE

Frill g WA X £ 5 &8, KA SPSS 17.0 4t
WA AT IR R T7 Z 4 HT(ANOVA), P<0.05 N
EMES, ARIFE N
3 %R
3.1 TNF-afll BUD %t EA.hy926 4 i i 1 i 5 1

NTHBRZAMM T, EhaH TNF-ofl
BUD X 40 fflid Sy B dssm, R WK 1. B 1A
SERER, HXTMAME, & 400 ng'mL'TNF-a
A0 AR B0 40 PR S ) T B R . FE A
M1 50 ng-mL™" {8 TNF-off T EA.hy926 48 fifd
SEERAR A AN I Y R A0 B A RE AR AR . & 1B
OMTT 25K, BE&HWRERIE M, BUD X}
EA hy926 403858 i) $0 i /F B g o, 49K
#2830, 40 150 umol-L™' i, BUD %} EA.hy926
YHHE O Bk A F R P, TR R 0] EALhy926
SH I A (P<0.01) 0 A 1 HERR 254 1) 248 o 25 P X6T
RAPLRABM T, A5G 82525 BTk
BUD W& A 5, 15 A1 25 umol-L™'s
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3.2 BUD X TNF-o#ll¥#/5 EA.hy926 5 THP-1 4
e 285 B %) 5

# 50 ng-mL'TNF-o. 5 EAhy926 i & 24 h )5 »
EA.hy926 5 THP-1 4H i ¥ 25 B i b oxof i 25 B il v

150+
1004

50

FHXTANLTE 71/%

10 20 40 50 100 0 400

04
TNF-ong-mL™") -

B(P<0.01); 4N 5, 15 A1 25 pmol-L™' BUD
{EF 24 h J&5 , THP-1 40 fd i 5 B 20 2. 35K T TNF-a
H(P<0.01). %55 L1 2~3,

150+

1001

501

FERSANARIE S1/%

0- -
BUD(umol L) - 1 510 15 20 25 30 40 50

1 TNF-ofn % 34 #f EA.hy926 40 7% /1 9 % (n=8, X +s)

S IR A EL L, VP<0.01,

Fig. 1 The cytotoxicity effect of TNF-a and buddleoside on EA.hy926 (n=8, X *s)

Compared with control group, "P<0.01.

paichi:l TNF-o(50 ng-mL™")

2 BUD x EA.hy926 F1 THP-1 %kt # % 7 (200 X))

BUD(5 pmol-L-")y+
TNF-0/(50 ng'mL")

BUD(25 pmol L")+
TNF-0(50 ng-mL"")

BUD(15 pmol-L-")+
TNF-0/(50 ng'mL")

Fig. 2 The effect of buddleoside on adhesion of EA.hy926 and THP-1 (200 X)

= 600
W&
2
= 200
0
TNF-o(50 ngmL™") - + + + +
BUD(umolL) - - 5 15 25

3 BUD #f EA.hy926 f1 THP-1 ZE Mt 89 %78 (n=10, X £ 5)
5t AL, "P<0.01,7P<0.05; 5 TNF-o A, YP<0.01.
Fig. 3 The effect of buddleoside on adhesion of EA.hy926
and THP-1 (n=10, X *5s)

Compared with control group, YP<0.01,2P<0.05; compared with TNF-o
group, p<0.01.

3.3 BUD X} TNF-oflli# EA.hy926 4 g 5334 %8 %iE
PRI 1 5

% TNF-0i%5 EA.hy926 404 i 4 E R 1
IL-1. IL-6 F IL-8 (7K1~ %k G4 AH bt il 35 18
(P<0.01). 5 TNF-oZHAHLL, & AR ER BUD
24 hJG, IL-1. IL-6 1 IL-8 529 BE AR M 41K .
SR 4,
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3.4 BUD Xf TNF-afill 55 EA.hy926 ZHiJfl TLR4.
NF-kB. ICAM-1. VCAM-1 #1 IxkBoutK A ZIA [ 5201

TNF-o ] i EA.hy926 40 )5 e & % 7+ &
TLR4. NF-xB. ICAM-1 fil VCAM-1 & HEIE
H(P<0.01), [FFHAEEE K kBa (18 AKX
H(P<0.01); DAAFKE BUD 4G,
B A#] ICAM-1. VCAM-1. TLR4 A1 NF-xB 1%
iE(P<0.01), FIFERE IkBa MEARIEE R ZH M
TRt 2RI, S5 R I 5. R BUD #¢
B [EK TLR4. NF-xB. ICAM-1 il VCAM-1 A
Fikg, [FINFE kBa FEHRIAE.
3.5 BUD XJ TNF-o $Il# 5 EA.hy926 40/l ICAM-1.
VCAM-1 mRNA i [ 50

TNF-o ] 3 EA.hy926 40 )5 B8 & & T+ &
ICAM-1 1 VCAM-1 ] mRNA ik & (P<0.05,
P<0.01). LIAFEIHE BUD 434005, REA 20
#l ICAM-1 1 VCAM-1 mRNA fJ#ik. £#] BUD
REWE [k ICAM-1 1 VCAM-1 mRNA fEILE
R 6.

p E AR 2525 2017 4E 5 H 58 34 555 5



IL-6/pg'mL-!
P D = 5
(=] (=1 (=] (=]

553
=

0 )
TNF-o(50 ng'mL™') - + + + +
BUD(umol-L™") - - 5 15 25

TNF-o(50 ng'mL™") - + + + +

TNF-o(50 ng'mL™') - + + + +
BUD(umol L) - - 5 15 25

BUD(umol' L") - - 5 15 25
El 4 BUD x TNF-oi| 5 EA.hy926 & % FH F (=8, xts)
x4, YP<0.01: 5 TNF-o AHE, ?P<0.01.
Fig. 4 The effect of buddleoside on inflammatory factors of TNF-a stimulation EA.hy926 (=8, X )
Compared with control group, "P<0.01; compared with TNF-a group, 2P<0.01.
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M
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2.0 2.01 2.0
=
2 154 Z 154 > T 15
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©) < S
< &) <
3 1.0 =10 = 10
m = =
¥ < <
& 0.5 S 05 J 05
z = >
0.0 0.0 0.0
TNF-0(50 ng'mL") - + + + +  TNF-a(50 ng'mL-) - + + + + TNF-o(50 ngmL™) - + + + +
BUD(umol L") - - 5 15 25 BUD(umol L) - - 5 15 25 BUD(umol L) — - 5 15 25

E5 BUD #t EA.hy926 HIffl + & E KA BN T H(n=4, Xt5)
x4, VP<0.01,7P<0.05: 5 TNF-a A4 LE, PP<0.01, ¥P<0.05.

Fig. 5 The protein expression in EA.hy926 cell (n=4, X *=s)

Compared with control group, "P<0.01,?P<0.05; compared with TNF-a. group, P<0.01, ¥P<0.05.
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veam-1 B ' v 1 I < 183bp
ICAM-1 | 1 “<252bp

TNF-o(50 ng'mL™") - + + + +
BUD(pmol L") - - 5 15 25

o
wn

o
W
VCAM-1 mRNA expression
(=}

CAM-1 mRNA expression
=

0.0
TNF-0o(50 ng'mL™") — + + + +
BUD(umol L) — - s 15 25

= 0.0
TNF-0(50 ng'mL™") — + + + +
BUD(umol L) — - s 15 25

& 6 BUD xf EA.hy926 %uJfi o ICAM-1. VCAM-1 mRNA k& B9 (=4, X L)

5t RAMELE, "P<0.01; 5 TNF-aZlHI e, ?P<0.01, PP<0.05.

Fig. 6 The effect of BUD on the mRNA expression (ICAM-1, VCAM-1) in EA.hy926 cell(n=4, x £s)
Compared with control group, "P<0.01; compared with TNF-a. group, 2P<0.01, ¥P<0.05.

4 g AL, SOATIE I 55 5y Wk (1 D5 SR LI (1

M SR TR W A B AR 4534 5 B T RE B
1515 2 il L8 0 5 1) R A AR e A 5 5 DD Ik
F, BFEEILS . S IRB OB . BE RIS
e ML A — A B S VER GO SO R, A
R T R S MR R G s TR RE R T
IR, I PN R 4 R RE 5 R 2 0 41 i 3

T E ARSI 2557 2017 4F 5 H 5 34 B35 5 40

ZERRITh ARk . o A o 7T ok 4T i
W55 T IR O R AN AR, IR IE X
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PR LA N R 20 ) V8 FE AL, 32k o 3 T
FVVETT I B A B AE B8 R} 2 A 3

AT S50 69F 75 % DL AR 22 B (LPS)th 23 5 e I 4
P AR R EF Y, ST M2 A R 2B Py R 4
P JRERR A%, AR TNF-afil i EA hy926 4
M. LPS - SMEEZEZ TLR4M™, [fj TNF-a
J2 FH W 40 L/ B A 20 R A 7 A 1 — i R
T, FERIERN . 0T IR 55 2 FhE
PRI B FE R ORI OCEEE A . R I UE A
FHH TNF-oo A2 I 98 0 20 16 I P 2 it 24 it B
-, TNF-o BeRAMLE N RZA0M, MM 5] k40 i
AN SR TR R I P B2 A 051 . Kanaji 251
R, TNF-a AJi#d NF-xB 15 5@ 8 iH T N
S A AR K B ke 2 SN ThE R RS2
W7 & TLR4-NF-«kB 1555 5 1 4 0E I B

AN G 8 Z8 LA o IR A LA 2 — o NF-xB
AR T E AR, & LI NF-xB R4k

J& p65 5 p50 A EU R k. NF-xB (¥4I 5
fii kB @idH C RunfFpeMaiE O ET RIS
NF-«B 454, 3% 5% NLS FH 1 NF-«xB [7) 48 4%
., B EMA, NF«B Al kB FERE S
A, DATGTE M RAEAE T MR o 2240 il 52 28
AME S RIS, kB S 2 & 7K (IkB kinase, 1KK)
ALK IcB BRIk, i NF-«B % 85 1% € AL 55 o
B NF-«B B B gz, SR «B
FEBISE £y, B SARDCRE R R, R TNF-o ik
%% NF-xB IS EHE ICAM-1 fl VCAM-1 friz=isl,
DR, A S o6 N A TINE-ou ) 3 A 35 Ak 1A 32 4
¥ TLR4/IxkBa/NF-xB {5 5 i %, Mif 5] &
ICAM-1. VCAM-1 %R MR TMRIE. [FEH
BUD #H47FFil, M52 H X TLR4/IkBo/NF-xB J# %
A ICAM-1. VCAM-1 ZEAH ¢ R VLR 7 1 5em
ARSI R A TNF-a F3# EAhy926 41, 47k
R0 IALE P R 40 9% SE AL A, $R 15 BUD 1l
PN B 4 R 28 S 4 1 DR A A FH LA o Sz 2
F W], TNF-a #l¥# EA.hy926 ZHffirh ICAM-1 Al
VCAM-1 d &KX, 55 THP-1 1 EA.hy926 1%
By, [FJ ¥ EALhy926 43 IL-1. IL-6. IL-8 %%
MR KR T, ML BUD 4B JE GEAT R0
ICAM-1 #l VCAM-1 [WZRi&, 55 THP-1
EA hy926 2 Jd [8] () &5 B AE T, R ES FRAIC TIL-1. IL-6
FIL-8 (150 W 7K, 3R T R 4 L4 1) 0 P iz &
JifL 98 RE 543 R FF] « TNF-o0 )3 EAhy926 28 1 )55 »
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fEZ e TLR4 & A& &N, 4k 5] K IkBa 1)
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Fig. 7 The mechanism image of buddleoside anti-vascular
endothelial cell inflammatory injury
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