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[BE] BB WFREANE (ligustilide, LIG ) W % F ALK % £ B5 2 H ( oxidative low density lipoprotein , ox-

LDL) 55 A E DK N B2 48 19 (human umbilical vein endothelial cells, HUVEC) {5 4E FALE . ik B BENL
K5 X R (IEH B3R 40 A 9 B2 (100 wmol/L ox-LDL %l 24 h) | LIG {1 B4 | LIG Ik BEA |
LIG R EEdR . Hor  LIG A% s v B4 40 i 43 B LA 10 .20 40 pwmol/L Fi5EH% 7 2 h, FH 100 pmol/L ox-LDL
il 24 h, CCKS8 LA N4 ANMIIE J7, ELISA A 41 355 5598 - IR SR FE B F ( TNF-o ), FHANARLAY K 6 (1L-6) (411l
M) 5B 37 1 (TCAM-1 ) 1 IfiL 5 41 Jf RS B 43 1--1 ( VCAM-1) i & &, qRT-PCR #9040 ig N TNF-o  IL-6  ICAM-1 .
VCAM-1 NF-kB & miR-181b ) mRNA /K F-; Western blotting Il 5E 40 NF-kB [k, SR SXFHAM L, B
RUZH AR AF TG R N e, R T, A B TNF-ac IL-6 ICAM-1 J2 VCAM-1 ¥R EETHE . LIG BB & 32
MAEAFIE SR I AU T, FLREREICAT AR N R B FoKOF i HE Bk B, SR A 22 B B k(P
< 0.01), HAL,LIG BERA B AR AN NF-kB 5t X EIIFKF, B miR-181b W3R L, SHRIAIM L 2 34 B35
PE(P < 0.01), W& SCMGI DAL miR-181b ik | BEAT AT AUMI P9 R M H F oK, i BEAR MR B
ox-LDL 5 HUVEC #1455 , HALHI 7T A 2@ 1 98 miR-181b #5H] NF-xB 2535 , ATBAR ox-LDL 75 5 4 40 i 58 i 5%
Hio
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[ Abstract]  Objective To study the molecular mechanism of ligustilide (LIG) in HUVEC injury induced by ox-
LDL. Methods HUVECs were randomly divided into five groups: control group (untreated cells), model group (cells
treated with 100 pwmol/L ox-LDL for 24 h) , and LIG groups ( cells pre-treated with 10, 20, or 40 pwmol/L LIG for 2 h and
then exposed to 100 pmol/L ox-LDL for 24 h). Cell viability was measured by CCK8 assays. Levels of inflammatory
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cytokines TNF-a and IL-6, and ICAM-1 and VCAM-1 were assayed by ELISAs. mRNA levels of TNF-a, 1L-6, ICAM-1,
VCAM-1, and miR-181b were determined by qRT-PCR and the protein level of NF-kB by Western blotting. Results

Compared with the control group, ox-LDL induced apoptosis and inflammatory cytokine secretion in HUVECs (P <0.01).

LIG protected cells and reduced apoptosis. Moreover, LIG reduced the secretion of inflammatory cytokines compared with

the model group (P <0.01).

LIG also upregulated miR-181b expression and downregulated its target gene, NF-«kB.

Inhibition of miR-181b mostly reduced the effect of LIG on inflammation in HUVECs. Conclusions LIG reduces damage

by ox-LDL in HUVECs, partly through inhibiting expression of NF-kB via miR-181b to reduce the inflammatory reaction

induced by ox-LDL.
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Nk RETE AL (atherosclerosis , AS) J&—Fh 5 P |7
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B BAR AS I A IRAILI A A%, (E P R A0 a4t
Ip o /NSNS DR s B N I = W A R (A B Rl &
(oxidative low density lipoprotein, ox-LDL) A& R4
A7 (tumor necrosis factor, TNF-a) \HA K 6 (1L-6) .
FI 3 8 (1L-8) 45 34y Al 43 A0 B 1A Bz A, = 802
JHL P38 35 P 15 % T 266 R T 248 L R B 1 1
(intercellular cell adhesion molecule-1,ICAM-1) &
20 M3 25 BFE 53 F 1 (vascular cell adhesion molecule-1,
VCAM-1) Fll E- 4% 22 45 SRR HG 0, FAAZ 240 3 ik oy
BB 31 R R 4005 A B 2R T, 3 A Sy LR A
AT BE S BN P G R R, R e Y TR 4 A AR
TG PBE AT AS I RER

HAS P 15 (ligustilide, LIG) , X 44 7R 24 U7 1k Py
B, 2 ) E R S 5 b =2 N ER 2R &, 2
FEMAIETERLSY . LIG TR ORAF Hb R O il 1
B IR GE N P D RE A5 D TH YA 00 1Y) 24 BRAE
. AR LIC BA —E Mt AS fEH A
FAEFPURIIE A8, AR ox-LDL 5% A
Jif & ik P B2 28 ifd ( human umbilical vein endothelial
cells, HUVEC) 45 /i #5 %4 3 i3 BF 5% LIG %t HUVEC
AR PRI R Rk R T 2R3 LIG PRE N B
AN BBt AS (2 ERHL

1 #RFn7E

1.1 SEIg#rat

55 AR HUVEC 4 (#t5 Q00446 , I ifg
HIHT AR A H]) o
1.2 FERFSMUHE

25 EEAR N R (ZEE > 98% , it 111737-
201608, ) M T 25K Jor , b2~ 454 DLIE 1) I iE &= —
FRJLE AR ( DMSO ) % i J& , 15 ] PBS #ii ¢ ; ox-LDL
(#t5 YB-002, M ZEIERA YA A .
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Figure 1 Structure of ligustilide

Hifth i 7). DMEM/F12 8% 35 3% G 4 1 3 (4t
2 03/17 .F7676 , % [# Gibeo 2> 1)) ; CCK8 i H &
(#it= CKO4, IR RH AT ) ; Annexin V-FITC
YA PR TR I R & (HE5 40302ES20, B 5t Pl
W) 4y Fl ) TNF-a, IL-6 . ICAM-1 & VCAM-1
ELISA i5 & (#t 5 CSB-E04740h . CSB-E04638h .
CSB-E04574h ., CSB-E04753h, ik I & £ 4= ¥
Al ) ; RNAiso Plus, Prime ScriptTM RT Reagent Kit,
SYBR Premix Ex Taq (4t 5 9109, RRO37A .
RR420A , Takara 8 ®) ) ; o Pt NF-xB p65 Hi ik | &
Pt GAPDH /) B Pt fe — bt (Hit 5 8242 51748,
14708s, 3¢ [E CST 72 A ) ; miR-181b mimics , miR-
181b inhibitor (1t 5 5632 5634, |- ¥ 37 ¥ ] 25 20
Al) o SR N R IR F A .

I S (FW R ERITER) ; 41
FRFRAE OMK3 B bR 0 A, R AN Kok
Ex PCR 2245 ( 32 [E Thermo 2\ ] ) ; Echo-Plus 74>
H SR (R R A 2 B 28 | ) 5 i 40 A (56
Beckman Coulter /A ] ) ; TSIO0-F % Eclipse Ti 7% Y6
Bl e B W B ( H A Nikon 72y A ) ; Image Station
2000MM Z HIBERAR R 48 (3L Kodak A F]) .
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YRR B8 A= A A0 A 7 S 0, K A B BE AL 32K 5
20 XFHRZH UL (100 wmol/L ox-LDL 1724 h) |



20 [ LA R 220 2018 4E 7 45 28 4545 7] Chin J Comp Med, July 2018, Vol. 28. No. 7

LIG RV B4 | LIG Hk B4 | LIG vk FEZH . Hrpr,
LIG {1 Hr vk B2 2H 40 9 53 501 LA 10,20 .40 wmol/L
WJEHFE 2 h, B 100 wmol/L ox-LDL + 7 24 h,
3 SRS 00 £48 e 34 B e R TR OO
1.3.2  4NfEsssE e

W56 3 AU I A MI4% 1 x 10°/mL %
AT 96 Ltk b, B4 6 AL, LRGSR 24 h R
RIS VA BT IR BRI LIG X
o vk B AL, Hodr LIG A4 43 i A 10,20, 40
pmol/L LIG 4 E 2 h, LM A 5 o/L 1
CCK-8 ¥ 10 pL, & THFMEFT 1 ~ 2 h, R T
FiEFRI 460 nm ALK OD {f . HEARWTF 4G
F (%) =(As-Ab)/(Ac - Ab) x 100% ,HHr As,
Ab 1 Ac 430 52 52 50 2H (5 A 40 MO 0% B 3R A 2
Y1) a3 L (S 20 M0 A B 3 58 ) R B o TR 4L
WEOERE (S A 3R 3L
1.3.3  ZHAEdE A

A A 53 2H U BSOS A 100 pL binding
buffer &%), FHIA 5 pL Annexin V-FITC 15 pL PI
P, BRERIRA), IR EDSE O 10 min, FRATA
400 L binding buffer 827, 37 B b 3 2 40 A SRS
(PR EA 488 nm, KT 530 nm) |, T840 He 7
T-HR 2L,
1.3.4 5Pk 4 R 7R

SR HI ELISA 325 R 448 T 10 em ZHARINL, 20
Moo AR, 3EFRAAE S W 3SR, H PBS
FOT VRIS R L B B B0 48, PBS M BEE] 10
x 10°/mL, —20°C i ( P 4E I B2 VR i i R i i )
4°C 5 x 10*r/min B5.00 5 min, BT BRI 5 o
TAERAE, 20 T B 40 i o TNF-o 1L-6  ICAM-1 J%
VCAM-1 P
1.3.5 SERFSEOLE & PCR

PR AL RNA, & A cDNA; B R W AR &R 20
ML,Zﬂ}ﬁjﬂ 14 pL AR RNA,2 pL enzyme mix,5 X
RT ZZ MR 4 wl,42°C )2 60 min,95°C K2V 5 min,
FE AR cDNA fRAFF -20°C, KL & PCR:
M NAKRZ 20 pL B 2 x PCR RMWIREY 10 pL.
cDNA 1 pL  HEYEERF G4 0.5 pL.20 x SYBR 1
pL 5 H,0 7.5 pLZAL, 95°C ) 10 min, {55 0]
95°C 10 s,60°C 1 min 3£ 40 MEH, HEEERE 5K
% GAPDH WB149)7 5 W3 1, X ik s ] 2 22
TR, L ER 3 IR,

®1 HERNSAZH5YF)
Table 1 Primer sequences for target genes and the

internal control gene

Elk 702l

Primer sequences

R

Gene name

- F. 5’ -TGTGGACCTCTCTGTGATGG-3’
“ R: 5’ -AGCTCTTGTGAACGGGATGT-3’
L6 F. 5’ -GGTCTTGAGAGATGGCTTGC-3’
R: 5’ -AATTGGCAAAGCCGTAGTTG-3’
NF-B F: 5’ -CTGGAAGCACGAATGACAGA-3’
R: 5 -TTTCAAGTTGGATGCATTGG-3’
RSID F. 5’ -GGTCACAATCAACATTCATTG-3’
i R. 5’ -AACATGTACAGTCCATGGATG-3’
CAPDH F: 5’ -ACCCACTCCTCCACCTTTGAC-3"
R: 5’ -TGTTGCTGTAGCCAAATTCGTT-3’

1.3.6  GPEEN L

FEICZN i A5 HE 1, SR FH BCA ¥k db T e &, #5 IR
AL LA 50 pg HHPEAT SDS-PAGE Lk, BUZR K
FAT B e BE 430 A 5% Rl 12% | R FH 2 1 i
KRS 70 min , 488 IR A% 2] PVDF B L P
5% MR S IR B 1 h, — P 4C I F
(1:2000) , —HL37°CHFE 1 h(1:5000) , ECL % i {7,
W%, B 1% K F Image Tool 3.0 43 #7 % % & {H
(10D) , 527 GAPDH NS #HE 3 WU I,
1.4 SitEFE

K H SPSS 20. 0 Ge i+ 44 i 47 554 o #r, TH
DERPEE I8 < bR e (x £ 5 ) T, BT R
IEA 2R H one-way ANOVA 7041, &5 ANFF A IES
I3 A R FHREFIRG K . P < 0.05 N2ESh gk,

2 #R

2.1 EARANESXT HUVEC RE385E & AT B S0

5 X B L, ox-LDL A8 2 3 75 5 HUVEC 41
i 11 O o e L = W S LN =137 (353
LIG THikbHE 2 h AEVAE HUVEC 5405, S5HE R4 A He
ERAREME(P < 0.01,£2) 3 LIC AWK
ox-LDL #7559 HUVEC 20 #4371 .
2.2 EBANEEX HUVEC AR MEAMEFSEH
A

5%} M8 ZH AH [, ox-LDL fig & 25 34 /i 28 Jfd
TNF-o \IL-6 ICAM-1 & VCAM-1 254 R 4 g X 1 Bz
YUMIFE R 5 7 o3 Wb, i — 2L S Al i 1. LIG 4%
e 2H T A S 00 o) X S 40 B DR 1) 0, S AR AR 4
M 2ESH BEME(P < 0.01,%3) ,3#R LIG Al fE
T2 A ) A M R a3 DR A L 9
JATIEEE ox-LDL i S A4l i #1405, 1IG HAT —5E
BT R AE R, 3t 5 SR ARaE — 37
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2.3 EAXRAET HUVEC A EF K miR-181b
mRNA 7K F B 20

it — AT LIG X} TNF-a TL-6 5 R PR 1
() FE IR AR AR ZE ARG T 3k 6 40 A PR 1) e Sk
S, B TR LIG AL F4 fit B AR TNF-o
IL-6 ICAM-1 J VCAM-1 %% 5K, 54570 2 A

TNF-a IL-6 % 5 % 7 19 F% 5 K -, AT 410 il
HUVEC 4l 537K (R  ASAHR SR A 1 4
FEZPH T NF-xB 19 _L i 545 miRNA—miR-
181b [ mRNA 7KF, &8 LIG w5 ik B 41 m] LA A
AR NF-kB 17K - F138 A miR-181b f4 7K F,
BEHEN LIG W] i 4538 5 9815 NF-xB Rk 21 H R

WZESAREE(P< 0.01,%4),UiH] LIG REFEME  1EHI,

K2 BAMMAAFAR LT R
Table 2 Viability and apoptosis rate of HUVEC in each group

Gl W BE (pmol/ L) AT (%) EIATH(% )
Groups Concentration Cell viability Cell apoptosis rate
pugit:
THRA — 100. 00 +3.22 5.16 £0.79
Control group
Lt 100 61.53 +8.43" 18.26 +2.66™
Model group
LIG fikife 4
f mEH 10 74.31 +4.82 *# 13.61 +1.54 *#
LIG low concentration group
LIG "k EE4
. ik . 20 81.60 +£9.01 ™ 9.15£1.22™
LIG medium concentration group
LIG kA
ATRE 40 86.27 +8.27 ™ 8.03 £2.37™

LIG high concentration group
TE SR, " P < 0.05, " P< 0.01; 5%RLIAALL, *P < 0.05,"P < 0.01,
Note. Compared with the model group, * P < 0.05, ** P < 0.01. Compared with the control group,*P < 0.05,*P < 0.01.

R3 SAMMEHNRIEN TR S &
Table 3 Levels of inflammatory cytokines in HUVEC of each group

Bl B ((pmol/L) TNF-a IL-6 ICAM-1 VCAM-1
Groups Concentration (pg/mL) (pg/mL) (pg/mL) (pg/mL)
X HE2H
— 65.18 +17.03 105.23 £15.02 42.55+6.93 73.15 +£7.38
Control group
kil # # # ##
100 421.65 +£38.15 529.42 +31.76 215.38 £13.03 327.55 £19.61
Model group
LIG fIfeJ 20 v v
f {;{E)E_ 10 281.32 £24.33 %% 317.02 £23.19 *#  123.35 £8.22 *# 202.47 £15.02 " #
LIG low concentration group
LIG Hhfk 4
kA 20 162.76 £31.56 “** 204.44 +£29.01 ™ 87.92 +£9.34™ 133.82 £10.36 ™

LIG medium concentration group

LIG =y 4

N . 40 112.48 +19.38 ™ 165.32 +16.82 ™ 72.88 +8.53* 109. 14 £5.87 *
LIG high concentration group
T GBOMAMILL, " P < 0.05, ™ P < 0.01; 5XRAMIEL, P < 0.05,%P < 0.01,
Note. Compared with the model group, * P < 0.05, " P < 0.01. Compared with the control group,*P < 0.05,P < 0.01.
R4 BN RIER T K miR-181h mRNA AHXF ik it
Table 4 mRNA levels of inflammatory cytokines and miR-181b in each group
4 o [
oy WREE ol L) TNF-a 1.6 NF-«B miR-181h
Groups Concentration
X I ZH
— 1.00 +0.13 1.00 +0.18 1.00 +0.25 1.00 +0.21
Control group
BRI
100 4.65 +0.39% 5.78 £0.47% 3,98 £0.56" 0.34 0. 12%
Model group
LIG I #e fE2 . .
f W&_ 10 2.32+0.31%%  3.15+0.23*% 2.25+0.32*% 0.62 +0.18"
LIG low concentration group
LIG Hk &4 o -
. EF{;{U;H 20 1.76 £0.26 ™ 1.87£0.36™  1.76 +0.29 ™ 0.74 £0.23 ™
LIG medium concentration group
LIG =¥k Y ) ) )
R 40 1.48 £0.18 ™ 1.65£0.25™ 1.42 £0.35™ 0.82+0.16™

LIG high concentration group

T SBRMAMIL, " P< 0.05, ™ P< 0.01; 5%HBRAMI,*P < 0.05,%P < 0.01,
Note. Compared with the model group, * P < 0.05, * P < 0.01. Compared with the control group,*P < 0.05,*P < 0.01.
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x5 SUHMIBARIER TR
Table 5 Concentration of inflammatory cytokines in HUVEC of each group
il VR (mol/L) HMAFTE (% ) TNF-a IL6 NF-kB
Groups Concentration Cell viability (pg/mL) (pg/mL) (pg/mL)
ox-LDL 21
100 60.54 £5.28 451.22 +25.63 549.36 +£27.82 319.28 £24.71
ox-LDL group
LIG 4 o o o .
20 82.58 +9.03 173.45 +£13.42 196. 52 +24.57 123.86 +18.68 *
LIG group
miR-181b mimics 4
K L 0.1 81.21 £7.32™ 145.61 £15.93 ** 178.98 +18.33 ™ 96.03 +12.33 ™
miR-181b mimics group
iR-181b inhibitor 4
. » inhibitor 41 0.1 56.33 £9.25 482.36 +28.56 563.18 £35.14  337.42+28.19
miR-181b inhibitor group
LI iR-181b inhibitor 4
G + miR-181h inhibitor 41 20/0. 1 72.64 +4.19 372.18 £19.34 405.42£31.79  235.19£19.32

LIG + miR-181b inhibitor group

.5 ox-LDL ML, * P < 0.01,
Note. Compared with the ox-LDL group, ™ P < 0.01.
2.4 EBARNEEX HUVEC A NF-«B EB RiZH
ke

AHF 5T K H Western blotting K il T 2 it P
NF-«kB HYEE K, 45 3 7R, ox-LDL HE 2 2 35 i
NF-kB & 263k, 11 LIG W RE A & RRARH ek | AR
RG2S A B EE(P< 0.01,K2), hit—
ARG LIG XF HUVEC N NF-B i85 HLH] , A F 58
% miR-181b mimics B miR-181b inhibitor 43 5|1
TE S ) 40 MY N miR-181b 223k, 45 5 & P, miR-
181b mimics A LAY H1) 4 5E H -+ TNF-o [ IL-6 J¢
NF-kB 7KF-, i miR-181b inhibitor 455 NIEAH 5, I
H miR-181b inhibitor H55 T LIG X} HUVEC i} %
SR F AR (P < 0.01,% 5) , 347K LIG BT
Al st [ miR-181b ik, T T 8 NF-kB ik,
] 240 B P A S

C M LH LM LL

NExB e S R s

TE o X IR s M BRI ZE s LH . BEAS AR o T L 4 5 LM B AR P T
YL LU B A N BRARMR BE 4

B2 UMM NF-«B FH A5
Note. C: Control group; M: Model group; LH: High concentration
of ligustilide group; LM: Medium concentration of ligustilide group;
LL: Low concentration of ligustilide group.

Figure 2 NF-kB protein level in HUVEC of each group
3 ihig

SHRTSRERELL (AS) & 8 BB K 113 )
MBI P HEFTRE SR PR L S8 M A £
T AS H04 B AT RO IS TR FESIE

1o S A S 1 1 A A = % L PSR RN
(nuclear factor-kB, NF-«B ) J2 1 15 R iE i 8 5 1Y 5%
SERT, R, S NF-kB {55 1T RAZESE AS BE bk
3] A

ox-LDL BETT DA% S Ml 45 P9 B2 40 i 4R e S A1k
i, S EIL I REREAR [, ox-LDL i& 7] LA i
PRGN AR A3Ab R  EE AH , 5 E  A f E E 1
R S Z K Lox-1 2543 A0 PN, Bk 22 1Y ox-
LDL AWk iz 25 F g 40 i o4 J5 RIOE e iR 4 i,
R et Y A 4 L R 1t A PN B RV B AS 55 F 7T L
() foc R AR ——RR 800 AR SLER R, ox-LDL ]
{2 #t HUVEC 40 ffd 43 W TNF-a. IL-6 . ICAM-1 I
VCAM-1 4% S| A0 iass s i S AT, B
ox-LDL 7] B 3% 5 HUVEC H 3 A e RER] .

S LR Y TNF-a0 K IL-6 B 7K - 5 %
T IEH AHE, WAE AS /N BRI 5 o 3 KR
A T HR AL /N R, 1T LAFE A AS /N BRUR SE 19 1L
THEPRICY , I TNF-o K TL-6 ¥ B 384 = — 5 1 ]
HE— 25 18 5 100 A5 R BRE B R 58 1 AR RE SRR, 53— 7 T
AT A P B A0 M, S BOH AR BT AR AZ $
I A5 RE B N2 (R DR AP e IR A A A, DA T i 75 K o R
PEARMITE RS DU T, ICAM-1 5 VCAM-1 A/ &
PEFR RS0 20 MR 01 2 A% 20 M 55 0 A A Y
B MR IR RS RAE T T , i B B Ui e
BT 41 R, A B4 90 TR 400 i M B0 T i ok A
ﬁ]{ﬁ%[n—lﬂ .

R 2 (A 5T Fe W, AR 22 1 A 2 22T I Ak
WP ER AP AS T, i =& S5 H]
SEEN s N 1= KR N = P NG TR T E N
JE PRI B R S MR oy, B S SR B L
AP AS BOI1E R, SR i AL o AN B A, AR S
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K, EEA R EA A HUVEC P25 EER ., 10,
20 .40 wmol/L LIG AL AN 2 h, AT i 842 ox-
LDL i 5 19 4 Ml & 5 41 £, LIG A U GE 2 i
HUVEC 3458 , ] HJ8 T B REFAR 40 I N TNF-a
IL-6 . ICAM-1 5 VCAM-1 %5 40 ig 5 7 19 20 Wb, A 5L
I ox-LDL 55 B9 240 M 985 . SRR LIG $t
RIEARBLE], AR T HUVEC 42 N NF-
kB K i miR-181b [ RIAKF-, 455HR BN, ox-
LDL fig &} 3 I 8 8 iE 8] 45 JC 5 2475 NF-xB mRNA
FE A 26k, TR IS R 8 miR-181b ) mRNA 7K,
miR-181b #iE 5242 NF-kB i s E 5L A | 1
Z R s 2 U B BE IR T NF-«B 9 RiE, AR
E LIG & 753 i miR-181b ¥ 95 NF-xB # ik, M
A HUVEC 403 A E S bz, AS B 5% 43 5310 2K miR-
181b mimics 8% miR-181b inhibitor _E &5 T & miR-
181b 7K -, PSR A4 i 344 58 % 40 B P 8 P PR 1) 4
WS . BE %, miR-181b mimics fiE 35 W4 40
JRO 45 , WA 8 12 B F TNF-au IL-6 . NF-kB 7K F-;
miR-181b inhibitor | NI 4f4H 5, LIG 1 miR-181b
inhibitor Ft[m] Zb B AL/, M 55 T LIG 1 20 A R 4
YER], RIBF 3 T TNF-o0 IL-6 5 NF-«B AOHEEE, i)
B LIG R ] g i I 1 miR-181b 7K M KA ox-
LDL 55 HUVEC 4 Jfd % fiE 7K *F-, NF-kB J& X — i
PR EEZE R AT,

F AR ) e 2 BR 1, IR AS B 53 K REAE sh )
JKERAIE LIG 41 AS A9 25 34E ] 2 7 5 9845 miR-
181b/NF-kB i f2H 5 , X K e A 4L 5 1 TAF
R ZLNEY

S 3k
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