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Ferulic Acid Suppresses Oxidative Stress and Cell Adhesive Molecule Expression by
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[ ABSTRACT ] Aim  To investigate the effect and mechanism of ferulic acid (FA) on the expression of adhesion
molecules and oxidative stress in tumor necrosis factor-o ( TNF-a ) -treated human umbilical vein endothelial cells ( HU-
VEC). Methods An endothelial cell model of adhesion function damage was established by administration of TNF-cx.
The level of intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 ( VCAM-1) was deter-
mined by Western blot .  HUVEC viability and apoptosis were detected by MTT and Hoechst 33342 staining.  Reactive
oxygen species (ROS) production was measured by DHE staining. ~ Adhesion assay of monocyte and HUVEC was used to
detect endothelial cell adhesive function.  Nuclear factor-kB (NF-kB) activation was detected by Western blot and immu-
nofluorescence staining. Results The TNF-o treatment caused a significant increase of ROS generation and the ex-
pression of ICAM-1 and VCAM-1 in HUVEC, which was associated with a dramatic augmentation in phosphorylation of I-
kB and relocation of NF-kB into the nuclei. However, TNF-a-induced ROS generation, ICAM-1 and VCAM-1 upregula-
tion and NF-kB relocation could be attenuated by pretreat ment of ferulic acid. Conclusion Ferulic acid could sup-
press TNF-a-induced adhesion molecule expression by blocking NF-kB signal and inhibiting ROS generation in HUVECs,

suggesting that ferulic acid could be a novel drug candidate for the prevention and treatment of atherosclerosis.
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B, 28 A 18] Z5 Ft 4 F 1 (intercellular adhesion mole-
cule-1,ICAM-1) | i1 % 41 j 5 ff 2 F 1 (vascular cell
adhesion molecule-1,VCAM-1) Becl-2 Bax 2 GAPDH
TR (3 ILA —H0) W # % [E Santa Cruz /A ]
p-1-kB I-kB  p-NF-kB f NF-«kB i1 (3 h % 41 A
—31) 1 B % & Cell Signal Technology /A~ & , & 41
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il g % B CST A4,
1.2 ABFERBRkM B AR R R s 5

B B fie LB PR W T R PBS o i JBE R ik
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A # Bk A E %8 B8 (human umbilical vein endo-
thelial cells, HUVEC) | 4 & 2 mmol/L % & Bt &
10° U/L HE £ .10° U/L 4 8 &7 20% fis 4 % &y
DMEM ¥ 3 2 72 37°C 5% CO, ¥ 5 48 & 3 5%,
T LI AT 48 h, B 40 it BE, B A F 6 FLAK R 24
FLAR 3SR, hn 2w A A 2% 6 4 ML iE By DMEM 35

16 ~24 h A F M, ¥ T rA4E, (1)
TNF-a % 7 % 48 5 ICAM-1 %1 VCAM-1 % 3 th %
. OER LR, N EEE S/ E, F 0,10,20,
40 80 mg/L # TNF-a 403 24 h, W& & & A T4
M Qm A L5, K 40 ML F B AL JE, B 40 mg/L #y
TNF-o 251407 0 12 24 36 .48 172 h, Wk & 40 g
REBEARATRMN, (2) MARS WL 4R
ICAM-1 F VCAM-1 3k % 0 0 &2 5L 3o 0 K 40
B 1 e, 45 0.10.50 #1100 o/L [ % B T 4
FE i 4 h 5, A 40 mg/L # TNF-a 45| 4L 7 24 h,
WEmRBRIE AR, (3) 3B TNF-a 4 B
PR 4 B R AP SR L 520 2 3T B 4 TNF-ou A0 32 41
(40 mg/L TNF-o 4b 2 24 h) Ft [ 3 B 71 40 72 41 (50
o/L 3B AL 4 h 5 40 mg/L TNF-a 4 32 24
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1.4 GEETERNFH S FRESESER

AL FE Y 40 M, B RIPA 40 M 24 A i 28 A 2 AL,
#B O BEE JE F 15000 g B 20 min, 4K £ EE M 2
EARE WEAHEGESX Ba LBZHR0R4,
100°C K 5 min, B %] F i 12% B2 & KA1 5%
WY, L EHEE B 50 ~60 pg, HkEE KT E,
F 8% AW £ B A 2 h, Im N — 0 4°C# R 1T
%, TBST # 3% 10 min 5 X, #n X HRP #718 — 41 %
B H 1.5 h, TBXT %% 10 min 5 %X ,ECL £ % &
%, oA 2 M F VCAM-1 F2 ICAM-1 % 3%,
LK fE B 3 % NF-kB .I-kB Bax 1 Bel-2 &3k, & &
Jt LA WS GAPDH, % R | Image] #4347 54
By K JE A R Gt
1.5 MTT iEwN4paiE

EH % 4 ~6 £ HUVEC # F 24 L4k, B # 1t
A 32 5 50 /L BT 3L EL T AL 72 4 h,40 mg/L TNF-a
I 24 h, BHFIEREL, WA MITO0.5 g/L 4 h,
£ IR DL PBS % 3 %, in A\ 400 wL DMSO, 7
B4 2 e, B AR L 490 nm I E OD {8, 4k 5
T3, M PHE, UMBANEREEHN],
Hfh & 4 2 MM X FEFE = 0D490,,,/
OD490 ., , LI EH 4 5,
1.6 Hoechst 33342 &2 46 i 20 R =

FI W 4 i 70% F OB An 30% W B E €, A
10 mmol/L # Hoechst 33342 40 i 4% % 6, W L%
10 /M4 B 500 ~700 20 L B8 AH 38 3F 1 5 o AL 3T 3k
il R N N AN SN A B e )
RHAW AR, ZREL 4K,
1.7 DHE £eHRNEMREHE

10 wmol/L DHE (Sigma) 5 4 # & #) HUVEC
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HUVEC A 6 FL# 3% 7= 2| 90% ~95% gk &, JH
P B EL AL FE 4 h, B n N TNF-a 403 24 h, A
K 40 M % U937 4 10% FBS ty RPMI1640 35 7 3
B m N4 50 mg/L t MTT 37°C 8 & 2 h #4748
MATIE, 4 FEE 8 HUVEC A\ 1 x 10°/3L MTT 4%
BB U937 44 i, 4£ 3 3% 30 min , A 37°C RPMI1640
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37°C0.5 h, f DAPI & 4 fa#%, KK &M%
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K4 A3 ML P<0.05 W ERHELZTFE L,

2 # R
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(%) TNF-o 1EJH 24 h AE R WF5E 56000, AT — 204
DTS AL 77 BT 3 15 2 75 RE A1 ) TNF-o 175 5 14 25 B
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Figure 1. Ferulic acid inhibits ICAM-1 and VCAM-1 ex-
pression induced by TNF-«
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Table 1. Effect of different concentration of ferulic acid on ex-
pression of ICAM-1 and VCAM-1 induced by TNF-« (n =3)

FTZRMRVRIE (g/L) ICAM-1 VCAM-1

0 1 1

10 1.10 £0.33 0.98 0. 15
50 0.54 0. 16 0.51 0.11°
100 0. 43 0. 09° 0.58 +0. 18"

ajP<0.05,50 g/L PR HL &

2.2 FIERESRILUME] TNF-o FSHME N KA
Rt AVE

DHE 4%, 7% ,40 mg/L TNF-a W] L 32 5
LA PN B A 0 %) 4 1 P /KT T o] 200 R 9 4k 3 A
KA 4 b J5, mT LB S 4R B S A A
2) o VAL SEERUESE P AR AR AT LA o 1 ] 4 H He 2
B AR, PR A5 P B 20 A
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Figure 2. Ferulic acid attenuates TNF-a-induced HUVEC oxidative stress(n =4)
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2.4 PFIEERBE TNF-o BSHDENREMRSE
1% 2 B 5% B 44
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FHE A AL A% ARG R I R 3 N (P <0.05) 5 A 50
g/ L. PRI T A 3 PN 1z 200 M s, B A4 L 2 B P 8
b ERAGIE (P <0.01; 8 5)
2.5 MIEESIET IS NF-«B 1212 T8 4 B0 5 Bt 5>
FHIFRIX

FE AR EC 5256 @R, 40 mg/L TNF-a 1 L)
{EiE ICAM-1 F1 VCAM-1 F&AFFA1Rf NF-xB 1 1-«B
fiafbstim, LSO g/L FIARRR AN RS , I mT LLRA R

JERA TNF- o &b ¥R

B 4. Hoechst 33342 R4 15 A K AEAT (n=4)
TNF-c RbFRL HAL

FIERER T AL FE 20

I ICAM-1 1 VCAM-1 ik, I B . AKX 1-«B A1 NF-
kB BIBRRILIK T, BEAh, BIERERIA v] LI I Bax ¥R
I (E 6 1 2) , 20 G S SE B A I NF-kB
HIRZEE R, TEH HUVEC NF-kB KM T2 5
M ;40 mg/L TNF-o JIJ5  NF-kB %A A i AOA% LA
YAM T NF-B B sk D RS 2 AHREAZ P ; iR
FRTIANFES ,NF-kB AZEFA IS B s (K 7). LA
L SEISHIESE , BTER R AT LA A 6 NF-xB F1 1-kB #5R
AT SAZ AL IR 255

p)akiEbo g e
o
Y
1
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E3. MTT #&MMMEETFE(n=4)
A b 2 P <0. 05,5 TNF-a bR HLR
Figure 3. Cell survival rate by MTT (n =4)
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Figure 4. Ferulic acid attenuates TNF-a-induced HUVEC apoptosis(n =4)
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Figure 5. Ferulic acid attenuates TNF-o-induced monocyte
adhesion to HUVEC (n =4)
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Figure 6. Ferulic acid down-regulates the expression of adhe-
sion molecule by inhibition of NF-kB pathway by Western blot
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2. MEEIET NF-«B ERHME TNF-o SR 2 F
Rix(n=4)
Table 2. Ferulic acid down-regulates the expression of ad-

hesion molecule by inhibition of NF-kB pathway(n =4)

R XFHEA] TNF-o ARBHEL Bl BRR FAk HH4H
ICAM-1 1 1.91£0.31"  1.17 £0.20°
VCAM-1 I 2.15£0.16"  1.35+£0.27°
p-1-kB/1-kB 1 2.71£0.66°  1.46 £0.34°
p-NF-kB/NF-kB 1 1.75£0.27°  0.76 +0. 25"
Bel-2 I 0.50£0.16"  1.10£0.30°
Bax 1 1.61£0.24*  0.85+0.24°

ah P<0.05,b8 P<0.01, 5% B ;¢ P<0.05,d 8 P<
0.01,5 TNF-o ZbHLH H A

3 3 g

BT BRIR Ak 27 4% B N 4-F2 -3 - P A R IR
JEHE R ( PR IARERR | 3- 2R L 2- TN R ) AT AE W)
Z—o HAPUM/ RS A MR 5-5% 6%
FE I MR AR 2 A2 (TXA2) B4 % 355 B
B R 2T T | RIS i I A 9 2R S A T
BT 25 iR ELAT B A AL NPT R AR, AE 2 A O P 2R R 7E
I35 A B2 200 JEL 1) ER 3P ML B 5 A /b AR S 8 e R
BT 258 % Tk B 1045 PN R AR, T LASE S ) NF-
KB IBAE R TNF-o 35 5 (0 1055 P9 B2 A AL 4 A P 3
AR A I R T L G B 4> 7 ICAM-1 Fil VCAM-1 19
Fik,

Figure 7. Cell immunofluorescence detection of NF- k B nuclear translocatiol(n =3)
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PR RO IE 45 5 s  TNF-o ] 52 50 R i 3 5
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MR, KRS0 /R, TNF-o 38 13 fi E 40 i
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NF-kB {55, B E A% TNF-o 53009 8 A0 18 Bh F
Gy YRR TR N A

Y & B, TNF-a 1] LUE 3#F NF-xB 45 & F
VCAM-1 % i i X 3, fie kL S A ik | AT
G PN R A0 S R AN A BB VE T e e
O 0 R 2 G 2 ¢ G S 0 B s, BT B T LAl o
Tl NF-xB {55 36 AL FAZ % 47, BEAIK VCAM-1 Al
ICAM-1 7E N Bz A b i ek | AT R4 I 45 N Bz 240
Jil, F AR S0 R ST TR A K Y, X
I SRR KA BRI RERF 8 I8 e Bt — 58 3%

M ARSI KB TNF-o 1 2L S 30 5 4 B2 20
JA A R A S £ AN AR R Ay P A
R 20 I 45 0 R0 A M R T T e &R R T A e e
il NF-kB &4, /0 S8 A b 38 A4 i, RSB B o 7
FEIRANAN A A S P T, A B ST 45 2R Oy 3k — 20 b
ST BRI 1) 24 BEAE FH K 3h ok oF A+ B Ak 19 T B R
JTHE TR R .
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