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Abstract

AIM: To investigate whether carvacrol induces
apoptosis in human hepatocellular carcinoma
cell line HepG2 and to explore possible molecu-
lar mechanism involved.

METHODS: After cultured HepG2 cells were
incubated with different concentrations of car-
vacrol (0.00, 0.05, 0.10, 0.20, 0.40 mmol/L) for
24 or 48 h, cell viability was analyzed by MTT
assay; cellular morphological alterations were
observed after Hoechst33258 staining; apopto-
sis was detected by flow cytometry (FCM); and
protein expression of mitogen-activated protein
kinase (MAPK) was detected by Western blot.

RESULTS: Carvacrol suppressed the prolifera-
tion of HepG2 cells in a dose- and time-depen-
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dent manner. After treatment with carvacrol
for 24 h, the number of apoptotic HepG2 cells
increased with elevation of the concentration
of carvacrol. Apoptotic cells showed typical ul-
trastructural features. FCM analysis indicated
that the apoptosis rate of HepG2 cells increased
with the increase in the concentration of carva-
crol (0.00 mmol/L: 3.70% + 0.22%; 0.05 mmol/L:
13.50% * 1.59%; 0.10 mmol/L: 25.80% * 2.18 %;
0.20 mmol/L: 30.50% * 0.25%, 0.40 mmol/L:
50.60% * 3.81%). Carvacrol selectively altered
the phosphorylation levels of MAPK members:
significantly inhibiting phosphorylation of
ERK1/2 in a dose-dependent manner, increasing
phosphorylation of p38, but not affecting that of
JNK.

CONCLUSION: Carvacrol induces apoptosis of
HepG2 cells via the MAPK signal transduction
pathway.

Key Words: Carvacrol; HepG2 cells; Apoptosis;
Mitogen-activated protein kinase

Yin QH, Zhuang YZ. Molecular mechanisms involved
in carvacrol-induced apoptosis in human hepatocellular
carcinoma cell line HepG2. Shijie Huaren Xiaohua Zazhi
2011; 19(15): 1555-1560

ik 4
B#Y: 483 & F B (carvacrol, CV)*F AAT J& 28
fe(HepG2)#9 i AF A & 3L 2T #u4).

Fik: TARERE & FE8(0.00. 0.05,
0.10. 0.20. 0.40 mmol/L)4k 22 I J 4@ fieL
HepG2Ja, R AW P ABE L EMTT) &%
#o-i 4m g7 77, Hoechst33258 4 &, 05 RUR X 4m
FEAL(FCM)FE A A 28 ieL 4 1=; Western blot#s
MMAPK % & 7K -F# T AL,

BERR: A By XA % 4m Bk Hep G2 %9 49 ) VF
2R EAR B BT A AR HibE; EAE R 24 hE,
MR i 3E, e s B Ry, BT g
¥ 5, AR m RS ¢ R T R E Y
&, WE A B R E A3 m(0.00. 0.05.

m¥E %4

B & AT B
xt % FAF G A
HEVER . LR
EAH R G S
(MAPK){E % %
518 7% 5% fm BAE
FHETHEE
258304, LA A
T, A
VA B AL by o
e, CR A I
%7 E — A e
SR E R
5 BT 95 tm A T
5 5 v B AL
MAPK# B & &
REWHERAY
THRTEFHY
WRAH], AR
& B R s IR
W& 7 T R R k2
AR,

| JERRe R )
ALK, B, o
HEXFRFE
F IR E R FE
K 94 4 i A



1556

ISSN 1009-3079 (print) ISSN 2219-2859 (online)

HFRENBHE

20118658288 £19% 51557

WAT A 0

A B I 9B A
A T A 3k AR GE
%, it — 7794
5% 3 B AR A
iR i
m 3 AT A
AR, A2 34 A AL
)3+ RBA A, B
A 7 B 3T RE 9 4m
A
2R AER T
PR A BRI A
TR B — A
TR,

0.10. 0.2, 0.40 mmol/L)%m it e 78 = ¥ 5 8
BHE, RKA: 3.70%+0.22%. 13.50% =+
1.59%. 25.80%+2.18%. 30.50%+0.25%.
50.60% =+ 3.81%. it — 4 49 Western blot 52 35 &
R, A B AR E T MAPK K% A%, i 89
AL, T AR ACERK A U 2 6 3R EAR At A
HIAE R, BB AL Ep38 ey BB AL, i INKZL B
B BRACEP T A R

2538 A F B T8I MAPKAE 5 i@ 545 50T 5
o i #Hep G278 .

REEE: FFE HepG2; AT, ZRTEME
H %
BB, FERIR. SR BITBIREHepG2BIR BT ETES ER

EEDFHH. HRENEHRE 2011; 19(15): 1555-1560
http://www.wjgnet.com/1009-3079/19/1555.asp

0 512

T (carvacrol, CV), th2242 4 5- 57 4 e-2- H
FORW, 2— Pl sy, NARAE IR SR A
TP ST ORI AR, W A AR T R R AR
MR, g B, el BHIER
WA AR 0t 20 Aot H A — R
BHFGaAE il A, =45 0E D &R T 0
A FE. RSk, FREHHEM. &
AT B, CVAE— Rl 1% 150w 771 S b
w7, HEAT PR B R S ), B T )
WA PR AR IRdA B
FIAESS ORI AAT H B A A, AT
B LR e kst
SRR RIN, CVATE G FET, M. S
WL At LR A L R R
i R R S e B b e o W (=3 T T =
XFC VIR I HLEN AN 28 17 C VX I
TP AR, B AR R W SCER iR GE. B it
WFFEC VXTI 40 i RHep G210 S T 1E H,
FEHIE B AT 3 R 40 LR TR, A e R
I FH R it ] S 1 B AR 4R

1 #RRITE

1.1 ## CV(CAS: 499-75-2)H1 DY I AR % 35
W HFEESigman 7 ; 164087550 H L H
Gibco A w5 A/ F ML I H H FE UM DY 25 A 6
Hoechst33258 44 (A7), 4l il FBC AL
B B E WG EE R S R A ] R R
LA ENIEE(PVDE i) [ Millipore 23 #); ERK

p-ERK. JNK. p-JNK. p38. p-p38Fifkiy
H 2 [E Cell Signaling Technology A #l; HPi A
B-actin IgGl H o [ G 4%, Western blot
RN A G (A, BIHEO)M A EAE st A2 A
Gil

1.2 7%

1.2.1 @ pe3s 7 N4 s 40 i fk Hep G2 & 1
HE R 2E IR S BT R84 . 546100 mL/LfR 4
ML 1) 16401 R HERE 7%, [FININAN100 U/LiE%:
FAN00 ULERZ, #437 C. 50 mL/L CO,if
R (I CO B FRAR 8597, HI2.5 g/LIRAR (I
BEAT T AARAR, HO K A0 B AT 5256
1.2.2 MTTkA ] 20 B 7 & BON B0 K 4
Ha Ak, T4, 6 0004 /FLELRN T-96 L1 TRk (BF
fL100 pL), & F37 'C. 50 mL/L CO,fH £ F7 44
HREFE, AR AN BN RE AR K A2 90% /i £ 5 25 b BT
245048 h, 7RI FRIL, FEALIIAMTT (5 ng/L)20
uLki %4 hjE, IR B, I AR
150 pL, #3510 min % &5 dh 58 2R a, 159641
BB BEFR X, £E570 nm K Ab I 5 W6 FEA)
B, FHARIEBOGLE, T AR 2, FEEES
PR IR, WA (M, (MAETE % = 452541
JGRE/ A ARG EE X 100%).

1.2.3 Hoechst332584% 4 & WLE 2m I8 =T 45
VAN B Rl T 6 7L N, 45 T AN R 2590k 5 4k 21
Jei, IMNHT BRI 1 4% 2 3 T4 CIE e an
M215 min, HIPBSTE21K, MAS g/L Hoechst33258
PAOIR G 15 min, FHPBSPELIR, BRI T2 %
T F AR, .

1.2.4 7 X 2w i KA ) am i 8 = % AS[RIVKRE )
CV(0.00. 0.05. 0.10. 0.20. 0.40 mmol/L)4b3#
HepG241i fu24 )i, 25 CoISCEE40 i, PBSTE24K,
AT [170% L4 CIEE R, 1000 r/minf
0375 O, PBSTELIR, IIAT 100 mg/LAL P
e (PI)A12 X 10* U/L RNaseA Y& (o, = il 6 4L
1,30 min, 1400 H Jé 2™, FH 204 i A3 & 41
lADNA 7 &, DL FSEIRFE 3R,

1.2.5 Western blot&n & & % tb: L2 Ab P15
A, T PBSYEE 2K, W4 A
ZUR R4 CHAR 1S min, WCHE NIRRT,
B, W LS. BCARGFIE & A& E. 1X
SD SHEI IAE L2 i B I A 21— 38, -
FETSDS-PAGEZE NI IEIZ LR, 4120 L
AT 2. B R A 2 PVDFE(Millipore A
). AT 5%l AR Wk 3 TR A, —$TL(ERK.
p-ERK. JNK. p-JNK. p38. p-p38 1 : 1000,

www.wjgnet.com



IS & BEEWITAREHepG2AR BT WA EBRED S5 1557
Wi £ E

B 1 REREHICVHepG24Bia24 hiGHYSZ0H(Hoechst33258#%32E x 400). A: 0.00 mmol/L; B: 0.05 mmol/L; C: 0.10
mmol/L; D: 0.20 mmol/L; E: 0.40 mmol/L.

B-actin 1 : 500)4 ‘Cid &, TBSTUEMI3IK, BEIK20
min, —Hi(1 : 1000)= M E4 h, TBSTULSH,
FIAR 2 R G B I 1 )R IE. B 45 R
FE G i F(Alphaimager ™ 2200)73#, LA
Ab FR AL P TRIAR IR e By L B (ERK.. p-ERK.
INKO) A JEE THIFR 1 A S BRAFDG) 8 1 0k 3 5 1
WA RR A KT, DAL SE56 A 3R,

Gt F A A K45 K Dimean £ SDK
N, LR A R e v o 25 v W ME I SPSS13.048 v
BAFAE S 2R T Z2 0 HT(ANOVA), X 2 24
b5 S0 20 30 ¥ LB LS DV, #4438 50 im] 11)
P LLEC I SNK I, P<0.05F R~ b =R
B

2 BR
2.1 CVHepG24m it 75 7& F 4% 7% Hep G241 fitl
SANFIREICV(0.00, 0.05, 0.10. 0.20.

www.wjgnet.com

0.40 mmol/L){F 24 248 hJi, MTTiR 4 4 R i
TN(F ), BE WU R IR IR (K88 0, 40
(PTG RBWEAG, SR EE:, =R gt
B (n =5, P<0.05). 25 HFRIHCVXS I 4i Mo bk
Hep G240 J 1490 i) £ FH 52 AR 88 AR 1 % b T 4k
2.2 CVifFHepG24a it/ = Hoechst332584% %
g R B oR, 1EH M HepG240 B Y (5 43 A 24
A7, JARSR B B0, AR ICV AL HE )5
(11 Hep G241 Jifd 52 I SR (R TR AIE, Bl A TR B2 (1)
K, 20 B BH sk, A i AR A R AR
B, S EILA 4 350 T ] A7 T 7S BORORE IR 25 1 1
T4 A (& 1). S Hoechst33258k% 4L (hfH)
45 FAHIA], PTG i XAt i A3 (F C M)A 48 a9
TR R TR, ARREFICV(0.00. 0.05.

0.10. 0.20. 0.40 mmol/L)fFH THepG241 iy
24 h, JLW A5 RDNA S 5= 40 M 7 43 % 0 5o

B R BRI
BEARALE
% mAB16.
1% M G R
mILK562, AE
| B AT KR AS549
B 5 A5 M LI S
MDA-MB231%
4n i 3G 7A R i 3
ATAER.



1558 ISSN 1009-3079 (print) ISSN 2219-2859 (online) tHFUL BT 2011958288 195 85155
ZEE ¥ A, B €
AR K ILERK < 3.7% 5 13.5% g 25.8%
Hp38 MAPKAZ % |
i 7T 5830 4 A
57 &FmiET
A 9 2m B A 1= 84
A2, M m A A
i 4 L B — S )
o © 4 1
0 1023 0 1023 0 1023
PMT4 Lin PMT4 Lin PMT4 Lin
D__
- 30.5%
o
0 1023 0 1023

PMT4 Lin PMT4 Lin

2 FCMEIARERERICVISHepG24HiE24 hiGHiE _ fZ{ADNAS EMR B DZMIFE. A: 0 mmol/L; B: 0.05 mmol/L; C:
0.1 mmol/L; D: 0.2 mmol/L; E: 0.4 mmol/L.

& 1 CVXIHepG24BIRAEA<AIRAIA (7 = 5, mean + SD)

i, KIKCR: 3.70%+0.22%. 13.50% 1 1.59%
25.80%*2.18%- 30.50%*0.25%. 50.60% *

3.81%(&12). e BT SR

2.3 CVAMAPKIZ 55265755 CVIRILHH 0.00 100 0242 11 100 ogshs 19

PEFHI TERKEGH%M4JC, IR WEGp3SIOREIRAL, ) os 6 34 9 50" 5 440"

IMTINK I BERR A KR W] A8 4k, FRBIERK A o140 69.94+2.31° 64.82+2.79°

P38 S5 T CVX 4l M 58 59912 020 58.70 +2.29° 51.29+ 3.49°
0.40 46.10£3.31° 40.53 + 2.47°

WE(E3).

3 11e

JI e FR) s PR IR S 2%, AU S 3 R G
5 g 1 A R DA N, 2 BT A I R
1 (mitogen-activated protein kinase, MAPK)
& 2 FIE 5 BOE I 22 95 R . 4
MU BRI 5 ) 2 5 41 2 R AR 1,
W R e sk, B A M T RS 4 e
HISE. TITMAPKR 4 Mo 08 T (115 S AEH, i
SR 1 A, I 6T e A B R T 5 R
VERL, SER MG AR R R, DU E 5
AR AR AL, W] R TR R RERE, A5 A iR e 9T
(¥ sk 2 —1),

22 R JF AL M B B (mitogen-activated
protein kinase, MAPK){5 & #% 510 i 2 4l 5 5
B v () A G L FL AT U 40 B
PT LA A i shfgt®, 3vp b 2 (34508
B WERK. JNKLLKP3SE "', MAPKZL K
BAT i BEAR ST, SR = B AR 1815 5
211 0 A7 S PG e 2 S A Y A M A P K

°P<0.05 vs CV 0 mmol/L.

(mitogen-activated protein kinases kinase kinase,
MAPKKK)BE, #imEiEMAPK I (mitogen-
activated protein kinases kinase, MAPKK), %R 5
PR BRI MAPK. MAPKI LA,
g A 1] - £ P IR N s S b (N 5N
SEROMES ALAEAFIEAE, Ak MR A0 T
ERKIi ¥ H3H0E B AP T, ERKIEVERFE
AT (b e 4 R R T AR I, AEVE 22 iRg 41
SUPERKGE B A A T3 PRS0 INK &
p38fi 5 P S 5 2R H T )N, ik
(Fp38H i se-Myc Rk, B tbps3™. %
jFas/FasL™ W ST, it 4 kR b o
K LAM A PKH % 4 48 £ A 1155 B 50 R
2y,

CV, XA BH N, &f 2k m i s
WA E R . AR R — R AR
SIS, R, YORHR D E R O

www.wjgnet.com



BUELE, & BRMWATMBIREHepG2BIR BT BWASERLRE D S 1559
A 1 2 3 4 5 BB R A BL6! . 1B PEREME Al mAREE
Wt & b iFF

DERK . S— — —
EN R i D —

1.2

a
1.0 a
a a 2
0.8
b
& 0 el
%05
junng
* 0.4
0.21

0 T T T T 1
0.00 0.05 0.10 0.20 0.40

CV(mmol/L)
B 1 2 3 4 5
p-p38
p38
0.87
0.7
T € T
0.6 l
i 0.57
¥ 041
™
E 0.3
0.2
0.1+
0 T T T T 1
0.00 0.05 0.10 0.20 0.40
CV(mmol/L)
C 1 2 3 4 5
p-INK
INK ———— —— _.-—-
0.57
044 = = . . 1
0.3
i?}j
Z 021
0.1
0.0 ‘ ‘ ‘ ‘ 1
0.00 0.05 0.10 0.20 0.40
CV(mmol/L)
1 2 3 4 5

[ractin — ——— — — —

@& 3 Western blottREREHICVIIMAPKIES:EBE
BREBVEAN. A: ERK; B: p38; C: JNK. 1: 0.00 mmol/L CV;
2: 0.05 mmol/L CV; 3: 0.10 mmol/L CV; 4: 0.20 mmol/L CV;
5: 0.40 mmol/L CV. 'P<0.05 vs CV 0 mmol/L.

WCVEAT My, myr k™, fu
iR B R e A A YL SE CESECV A AT T

www. wjgnet.com

K562U AR/ o fii i AS 49" K e % v L o
MDA-MB23 1" 885 1 5 S T AR X T
JEHLA A AN — R Sk AR C VRl ad ik 1
Bel-2 J FiiBax 1321k 75 5 4 # 1 3L Mo 40 o
MDA-MB321 40 fa i =", thFCV AT £ %,
RE R, I 2 AE TR, hfEE2
R 2 (R 7T 52 BT 5. H a A Ak
A WL SCRRFRE C VX FFE IR 5T, A6 3l 1,
BATKIHEFEB 1211 L5 5 # Sl BMAPK
55 5 S N B A, DUTPE 41 Ak HepG2 Ay
UG, KB FEC VIR 5 I 16 75 2 0 T4 .

AWFFERI, CV Al LA AFHEHep G241 i
(P IEHE, St i 18 A 2550 AR B i) - 2550 A At
KR, BGe o Ko a Mo A o A 8 7R C V] LAY
B T Hep G240 H T, A W5 38 n, 4n
50 R T ik L, 7 A ) R e € 5 U SR R A%
AR T R T A IR 3, 4 R A T T
. (ERE— PRI C VIS S Hep G241 B8 T2 I HL
I, FRATIE R T MAPKAS 5 4 530 M HEAT 0T
5%, il Western blot7 HT M ECVAEFH T -HepG2
A0 M J5 AT T TR AR AR ), SRATE
fiby 2 A5 R fEE L IX — &2 5 S He p G241 i 1 17
T2, FEANFERRIEZAE 15 min)a, 3RS
FEIE KT HR AT W A, T O T AT
WAL [ FEEE . P ERK AR R 10 52 21 B 5 11
i, HLE I AR OB 75 A SO0 IR B
il A p38 MAPK I ZMHEE, MmHAEHEGHA
IR SE A 0l BT ) R A D 75 R — B R
INKMAPKEA S A AT AR A A2t
I ATHEMIC VI - T ERK WM, JEaid
WG p38iE ST Hep G2AI MU 1, MINKAE 5
WA 25, s A LS5 2k
sl A A G 5 e i 0 T A LA
BT 5 WA S i gt — b 4R

B2, ARSZIGUFSEC VA ST 4l M T,
ERK % p38 MAPKfE Sl il g 25 TCV
75 R A M A T R, B R Tl

PRS0 T e i ficdfe, SEaRIpLEIF et
(SRR ST

4 ZEXM

1 Martins R, Neves M, Silvestre A, Silva A, Cavaleiro
J. Oxidation of aromatic monoterpenes with hydro-
gen peroxide catalysed by Mn (IIl) porphyrin com-
plexes. ] Mol Catal A Chem 1999; 137: 41-47

2 Lampronti I, Saab AM, Gambari R. Antiprolifera-
tive activity of essential oils derived from plants be-
longing to the Magnoliophyta division. Int | Oncol

FF 95 om B A = &
H* 5MAPKAE 5
WO R G R
KGR AR YT
B R E B IR SE
LR, Aik—F
R T 0E R 2R
PAET FIIRIE.



1560 ISSN 1009-3079 (print) ISSN 2219-2859 (online) THFAELAMLZAG 2011458280 5£19% 51581
W@ 5 F UM 2006; 29: 989-995 noma. Curr Pharm Des 2007; 13: 3279-3287
KR AR HT AR, 3 Kiské G, Roller S. Carvacrol and p-cymene inacti- 21  Bogoyevitch MA, Kobe B. Uses for JNK: the many
LA, Ty iR vate Escherichia coli O157: H7 in apple juice. BMC and varied substrates of the c-Jun N-terminal ki-
it kY] Microbiol 2005; 5: 36 nases. Microbiol Mol Biol Rev 2006; 70: 1061-1095
o, REFHFA 4 Baser KH. Biological and pharmacological activities 22 ~ Dhanasekaran DN, Reddy EP. JNK signaling in
xS of carvacrol and carvacrol bearing essential oils. apoptosis. Oncogene 2008; 27: 6245-6251

Curr Pharm Des 2008; 14: 3106-3119 23 Kalra N, Kumar V. c-Fos is a mediator of the c-myc-
5 Aligiannis N, Kalpoutzakis E, Mitaku S, Chinou induced apoptotic signaling in serum-deprived
IB. Composition and antimicrobial activity of the hepatoma cells via the p38 mitogen-activated protein
essential oils of two Origanum species. | Agric Food kinase pathway. | Biol Chem 2004; 279: 25313-25319
Chem 2001; 49: 4168-4170 24  Han ], Jiang Y, Li Z, Kravchenko VV, Ulevitch R].
6 Sokmen M, Serkedjieva ], Daferera D, Gulluce M, Activation of the transcription factor MEF2C by the
Polissiou M, Tepe B, Akpulat HA, Sahin F, Sokmen MAP kinase p38 in inflammation. Nature 1997; 386:
A. In vitro antioxidant, antimicrobial, and antiviral 296-299
activities of the essential oil and various extracts 25 Ghatan S, Larner S, Kinoshita Y, Hetman M, Patel
from herbal parts and callus cultures of Origanum L, Xia Z, Youle R], Morrison RS. p38 MAP kinase
acutidens. | Agric Food Chem 2004; 52: 3309-3312 mediates bax translocation in nitric oxide-induced
7 He L, Mo H, Hadisusilo S, Qureshi AA, Elson CE. apoptosis in neurons. | Cell Biol 2000; 150: 335-347
Isoprenoids suppress the growth of murine B16 26  Jiang DJ, Jia SJ, Dai Z, Li YJ. Asymmetric dimethyl-
melanomas in vitro and in vivo. | Nutr 1997; 127: arginine induces apoptosis via p38 MAPK/ caspase-
668-674 3-dependent signaling pathway in endothelial cells.
8 Koparal AT, Zeytinoglu M. Effects of Carvacrol on J Mol Cell Cardiol 2006; 40: 529-539
a Human Non-Small Cell Lung Cancer (NSCLC) 27  Stoneley M, Chappell SA, Jopling CL, Dickens M,
Cell Line, A549. Cytotechnology 2003; 43: 149-154 MacFarlane M, Willis AE. c-Myc protein synthe-
9 Karkabounas S, Kostoula OK, Daskalou T, Veltsis- sis is initiated from the internal ribosome entry
tas P, Karamouzis M, Zelovitis I, Metsios A, Lekkas segment during apoptosis. Mol Cell Biol 2000; 20:
P, Evangelou AM, Kotsis N, Skoufos I. Anticarcino- 1162-1169
genic and antiplatelet effects of carvacrol. Exp Oncol ~ 28  Bulavin DV, Saito S, Hollander MC, Sakaguchi K,
2006; 28: 121-125 Anderson CW, Appella E, Fornace AJ. Phosphory-
10 Horvathova E, Turcaniova V, Slamenova D. Com- lation of human p53 by p38 kinase coordinates
parative study of DNA-damaging and DNA-pro- N-terminal phosphorylation and apoptosis in re-
tective effects of selected components of essential sponse to UV radiation. EMBO ] 1999; 18: 6845-6854
plant oils in human leukemic cells K562. Neoplasma 29  Kornmann M, Ishiwata T, Kleeff ], Beger HG, Korc
2007; 54: 478-483 M. Fas and Fas-ligand expression in human pancre-
11 Arunasree KM. Anti-proliferative effects of carva- atic cancer. Ann Surg 2000; 231: 368-379
crol on a human metastatic breast cancer cell line, 30 Johnston SR, Leary A. Lapatinib: a novel EGFR/
MDA-MB 231. Phytomedicine 2010; 17: 581-588 HER?2 tyrosine kinase inhibitor for cancer. Drugs
12 Hanahan D, Weinberg RA. The hallmarks of cancer. Today (Barc) 2006; 42: 441-453
Cell 2000; 100: 57-70 31 Wilhelm SM, Carter C, Tang L, Wilkie D, McNabola
13 Roberts PJ, Der CJ. Targeting the Raf-MEK-ERK A, Rong H, Chen C, Zhang X, Vincent P, McHugh M,
mitogen-activated protein kinase cascade for the Cao Y, Shujath J, Gawlak S, Eveleigh D, Rowley B,
treatment of cancer. Oncogene 2007; 26: 3291-3310 Liu L, Adnane L, Lynch M, Auclair D, Taylor I, Ge-
14 Wong KK. Recent developments in anti-cancer drich R, Voznesensky A, Riedl B, Post LE, Bollag G,
agents targeting the Ras/Raf/ MEK/ERK pathway. Trail PA. BAY 43-9006 exhibits broad spectrum oral
Recent Pat Anticancer Drug Discov 2009; 4: 28-35 antitumor activity and targets the RAF/MEK/ERK
15 fa3F, BT, i E B TR R S ME viGTT pathway and receptor tyrosine kinases involved
HIRFgT . e A\ JE 24t 2008; 16; 1781-1787 in tumor progression and angiogenesis. Cancer Res
16 Johnson GL, Lapadat R. Mitogen-activated protein 2004; 64: 7099-7109
kinase pathways mediated by ERK, JNK, and p38 32  Xl|=ghn, TR, $RBERE. A M0 FRENE T
protein kinases. Science 2002; 298: 1911-1912 bR, HFAE A JE k24 2009; 17: 993-997
17 Fecher LA, Amaravadi RK, Flaherty KT. The MAPK 33  Periago PM, Moezelaar R. Combined effect of ni-
pathway in melanoma. Curr Opin Oncol 2008; 20: sin and carvacrol at different pH and temperature
183-189 levels on the viability of different strains of Bacillus
18  Junttila MR, Li SP, Westermarck J. Phosphatase- cereus. Int | Food Microbiol 2001; 68: 141-148
mediated crosstalk between MAPK signaling 34  Stammati A, Bonsi P, Zucco F, Moezelaar R, Ala-
pathways in the regulation of cell survival. FASEB | komi HL, von Wright A. Toxicity of selected plant
2008; 22: 954-965 volatiles in microbial and mammalian short-term
19  Huynh H, Nguyen TT, Chow KH, Tan PH, Soo KC, assays. Food Chem Toxicol 1999; 37: 813-823
Tran E. Over-expression of the mitogen-activated 35  Masteli¢ ], Jerkovi¢ I, Blazevi¢ I, Poljak-Blazi M,
protein kinase (MAPK) kinase (MEK)-MAPK in Borovi¢ S, Ivanci¢-Bace I, Smrecki V, Zarkovi¢ N,
hepatocellular carcinoma: its role in tumor progres- Brcié-Kostic K, Viki¢-Topi¢ D, Miiller N. Compara-
sion and apoptosis. BMC Gastroenterol 2003; 3: 19 tive study on the antioxidant and biological activi-
20 TommasiS, Pinto R, Pilato B, Paradiso A. Molecular ties of carvacrol, thymol, and eugenol derivatives. |

pathways and related target therapies in liver carci-

Agric Food Chem 2008; 56: 3989-3996

%t B w4 TEAL

www.wjgnet.com



