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Abstract
Catechins, components of green tea, reduce the  
incidence of cardiovascular diseases such as  
atherosclerosis. Angiotensin II (Ang II) is highly  
implicated in the proliferation of vascular smooth  
muscle cells (VSMC), resulting in atherosclerosis. 
The acting mechanisms of the catechins remain to  
be defined in the proliferation of VSMC induced by  
Ang II. Here we report that catechin, epicatechin (EC), 
epicatechingallate (ECG) or epigallocatechingallate  
(EGCG) significantly inhibits the Ang II-induced  
[3H]thymidine incorporation into the primary  
cultured rat aortic VSMC. Ang II increases the  
phosphorylation of the extracellular signal-regulat-
ed protein kinase 1/2 (ERK 1/2), c-jun-N-terminal 
kinase 1/2 (JNK 1/2), or p38 mitogen-activated protein  
kinases (MAPKs) and mRNA expression of c-jun and  
c-fos. The EGCG pretreatment inhibits the Ang  
II-induced phosphorylation of ERK 1/2, JNK 1/2, or 
p38 MAPK, and the expression of c-jun or c-fos mRNA. 
U0126, a MEK inhibitor, SP600125, a JNK inhibitor, or 
SB203580, a p38 inhibitor, attenuates the Ang  
II-induced [3H]thymidine incorporation into the  
VSMC. In conclusion, catechins inhibit the Ang  
II-stimulated VSMC proliferation via the inhibition of 
the Ang II-stimulated activation of MAPK and  

activator protein-1 signaling pathways. The antip -
roliferative effect of catechins may be associated  
with the reduced risk of cardiovascular diseases by  
the intake of green tea. Catechins may be useful in  
the development of prevention and therapeutics of 
vascular diseases.

Keywords: angiotensin II; catechin; mitogen-acti-
vated protein kinase; muscle, smooth, vascular; pro-
to-oncogene proteins c-fos; proto-oncogene proteins 
c-jun

Introduction
Hyperplasia and/or hypertrophy of the vascular 
smooth muscle cells (VSMC) are pivotal factors in 
cardiovascular diseases such as atherosclerosis 
(Ross, 1993; Lake and Castellot Jr, 2003). Green tea 
consumption has been associated with a reduction 
in the risk of cardiovascular diseases (Weisburger 
and Chung, 2002). Among the green tea com-
ponents, the family of catechins such as cathechin, 
epicatechin (EC), epicatechin-3-gallate (ECG), epi-
gallocatechin (EGC), and epigallocatechin-3-gallate 
(EGCG) have been known to be involved in the 
reduction of atherosclerosis (Ikigai et al., 1993), 
stroke (Uchida et al., 1995), and hypocholestero-
lemia (Yamaguchi et al., 1991). Recently, it has been 
reported that EGCG inhibited the proliferation of 
VSMC (Yokozawa et al., 1995; Cao and Cao, 1999; 
Zheng et al., 2004), whereas the molecular me-
chanisms of catechins in the inhibition of the 
proliferation of VSMC remain to be defined.
    Angiotensin II (Ang II) has been strongly implica-
ted in the pathogenesis of hypertension, heart failure 
and arteriosclerosis characterized by abnormal pro-
liferation and hypertrophy of the VSMC (Berk et al., 
1989; Jackson and Schwartz, 1992; Horiuchi et al., 
1999). Ang II regulates the activation of mitogen- 
activated protein kinases (MAPK) which are involved 
in the regulation of cell growth and division (Davis, 
1993; Schmidt-Ott et al., 2000), through AT1 or AT2 
receptors (Berk et al., 1989; Duff and Berk, 1995). In 
the present studies, we determined whether cate-
chins play a role in the Ang II-induced VSMC 
proliferation and whether the effect of catechins is 
involved in the MAPK signaling pathways. In the 
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present studies we found that catechins suppressed 
Ang II-induced increases of [3H]thymidine incor-
poration into the VSMC and that EGCG suppressed 
the Ang II-induced phosphorylation of ERK 1/2, JNK 
1/2, and p38 MAP kinases, and the expression of 
c-jun/c-fos mRNA. We further found that MAPKs 
inhibitors such as MEK, JNK or p38 inhibitor, in-
hibited the Ang II-induced increase of [3H]thymidine 
incorporation into the VSMCs. 

Materials and Methods 
Materials
The following reagents were used: trypsin-EDTA and 
Trizol reagent (Gibco BRL, Gland Island, NY); 
SP600125 and U0126 (Calbiochem, San Diego, 
CA); angiotensin II, EGCG, ECG, EC, catechin, and 
SB203580 (Sigma, St. Louis, MO); [3H]thymidine 
and enhanced chemiluminescence (ECL kit, Amer-
sharm Pharmacia Biotech, Arlington Heights, IL); 
Micro BCA protein assay kit (Pierce, Rockford, IL); 
Reverse transcriptase and dNTPs (Promega, Ma-
disons, WI); Taq polymerase (Roche Molecular 
System, CA); Phospho-SAPK/JNK, Phospho-p38 
MAPK (Thr 180/Thr 182) and p38 MAPK antibodies 
(Cell signaling Technology, Beverly, MA); Phospho- 
ERK1/2 and total ERK1/2 (Santa Cruz Bio Tech-
nology, Inc., Santa Cruz, CA); anti-mouse IgG 
antibody (Amersham Life Science, Arlington Heights, 
IL). Plastic ware for the cell culture was purchased 
from Nunc (Roskilde, Denmark). 

Cell culture
Rat aortic smooth muscle cells were isolated from 
the thoracic aorta of female Sparque-Dawley rats 
(10 weeks old) and cultured in Dulbecco’s modified 
Eagles medium (DMEM, Gibco BRL) supplemented 
with 10% fetal bovine serum (FBS, Hyclone Labora-
tory, Logan, UT), penicillin (10 U/ml, Gibco BRL), 
streptomycin (10 U/ml, Gibco BRL). The cells of 
passage 3 to 12 were used. Before treatment with 
reagents such as Ang II, cells were incubated in 

phenol red-free DMEM for 48 h without serum, in 
order to allow the cells to reach a quiescent state.

DNA synthesis
The DNA synthesis in VSMC was determined by 
[3H]thymidine incorporation into the cells. Briefly, 
sub-confluent cells were incubated in 1 µCi of [3H] 
thymidine/well for 4 h before harvesting the cells. 
Then, DNA synthesis was measured by the ra-
dioactivity incorporated into the tricholoacetic acid- 
insoluble fraction of the cells, and counted by a 
β-counter (Wallac 1409, Finland). 

Western blot analysis
After various treatments, VSMCs were harvested 
and lysed in a 100 µl lysis buffer (20 mM Tris-HCl pH 
8, 137 mM NaCl, 1 mM MgCl2, 1 mM sodium ortho-
vanadate, 1% Nonidet P-40, 1 mM phenylmethy-
lsulfonylfluoride, 10 µg/ml leupeptin, 10 µg/ml apro-
tinin). The lysate was centrifuged at 14,000 g for 20 
min and supernatant was used for Western blot 
analysis. Protein was resolved by SDS-polyacry-
lamide gel electrophoresis, and blotted on to a 
nitrocellulose membrane. The membranes were 
blocked in 5% nonfat milk in tris-buffered saline/ 
0.1% Tween-20 for 1 h at room temperature. Then, 
the membrane was incubated in anti-phopho 
ERK1/2, anti-total ERK1/2, anti-phospho p38 MAPK, 
anti-total p38 MAPK antibody, anti-phospho JNK 1/2 
antibody or anti-total JNK 1/2 antibody, followed by 
incubation for 1 h with a secondary antibody. Immu-
noreactive bands were visualized using ECL kit.

Immunoprecipitation and immunoblotting
For immunoprecipitation, cell lysates were incubated 
with anti-p38 antibody overnight at 4oC and then 
incubated with 40 µl of protein A/G plus agarose 
(Santa Cruz Biotechnology) for 3 h in a roller system 
at 4oC. The beads were washed three times with a 
1ml lysis buffer (20 mM Tris-HCl pH 8, 137 mM 
NaCl, 1 mM MgCl2, 1 mM sodium orthovanadate, 
1% Nonidet P-40, 1 mM phenylmethylsulfonylfluo-

Table 1. Primer sequences for c-fos, c-jun and GAPDH.

         Gene            Primer  sequence (5'→ 3')                 Size              References

c-fos
 

 CCACGACCATGATGTTCTCGGGTT
 CTTCTCTGACTGCTGCTCACAGGGCTA

1,164 bp
 

Zheng et al., 2004
 

c-jun
 

 GAAGTGACCGACTGTTCTATGACT
 TCCCTCTTTGCGTTTGGACTA

1,098 bp
 

Zheng et al., 2004
 

GAPDH 
 

 ATCAAATGGGGTGATGCTGGTGCTG 
 CAGGTCTCCAGGCGGCATGTCAGTT

  504 bp 
 

Tso et al., 1985
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ride, 10 µg/ml leupeptin, 10 µg/ml aprotinin) and 
then equivalent amount of the immune complexes 
were subjected to electrophoresis on an 10% SDS 
polyacrylamide gel and electrotransferred to nitro-
cellulose membrane. The membrane was treated 

with a blocking buffer at room temperature for 1 h. 
The membrane was proved with anti-phospho-p38 
antibody at 4oC overnight and then with a horse- 
radish peroxidase-conjugated goat anti-mouse Ig G 
for 1 h. Proteins were visualized on the X-ray film 

Figure 1. Effect of catechins on angiotensin II (Ang II)-induced [3H]thymi-
dine incorporation into the primary cultured aortic vascular smooth mus-
cle cells (VSMC). The VSMC were grown in a 10% FBS in DMEM. 
Forty-eight h before using the experiments, the cells were incubated in a 
0.5% FBS in DMEM. In order to determine DNA synthesis cells were 
treated with 1 µCi of [3H]thymidine for 4 h and then harvested to meas-
ure radioactivity using a β-counter. (A) Some cells were treated with ei-
ther vehicle (control), or 1 or 100 nM of Ang II for 20 h before the treat-
ment of [3H]thymidine. (B-E) Some cells were treated with epi-
gallocatechin-3-gallate (EGCG), epicatechin-3-gallate (ECG), epi-
catechin (EC), or catechin 30 min before the treatment with 100 nM of 
Ang II. In the absence of Ang II, some cells were treated with either ve-
hicle, or 20 or 50 µM of EGCG, ECG, EC, or catechin for 20 h. DNA syn-
thesis was assayed by measuring [3H]thymidine incorporation. 
Experiments were performed in triplicate or quadruplicate with the 
VSMC. Values are means ± SEM. *#, P ＜ 0.01 compared with their 
respective control with either the absence or the presence of Ang II, 
respectively. 
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using an ECL Western blotting detection system.

Reverse transcription-polymerase chain reaction
The expression of c-jun or c-fos mRNA was analy-
zed by a reverse transcription-polymerase chain 

reaction (RT-PCR). Total RNA from the cells was 
isolated using Trizol RNA isolate kit according to the 
manufacturer's instructions. Ten µg of RNA were 
reverse transcribed by oligo (dT) 15 primer and 
M-MLV reverse transcriptase for 90 min at 37oC. The 
resulting (5-8 µl) cDNA fragments were amplified by 
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Figure 2. Effect of angiotensin II (Ang II) on ERK1/2, JNK1/2 and p38 
phosphorylation in the primary cultured vascular smooth muscle cells 
(VSMC). The VSMC were grown in a 10% FBS in DMEM. Forty-eight h be-
fore using the experiments, the cells was incubated in a 0.5% FBS in 
DMEM. Some cells were treated with 100 nM of Ang II for indicated times. 
The phosphorylation of ERK 1/2 (A) and JNK1/2 (B) was measured by 
Western blot analysis using anti-phospho- ERK 1/2 and JNK1/2 antibodies. 
To determine the phosphorylation of p38 (C), cell lysates were im-
munoprecipitated with anti-p38 antibody and then applied for Western blot 
analysis as described in Materials and Methods. The density of bands was 
quantified by the NIH Image program. Values presented are expressed as 
mean ± SEM (n = 4). *, P ＜ 0.01 compared with their respective 
controls. 
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PCR. The amplification reaction mixture was 50 µl of 
total volume, consist of 5-8 µl of cDNA, 5 µl of 10 ×
PCR buffer (100 mM Tris-HCl pH 8.8, 15-20 mM 
MgCl2, 500 mM KCl, 1% Triton X-100), 1 µl of 10 nM 
dNTPs, 0.5 µl of 50 pM oligonucleotide primer set 
(Table 1), 0.5 µl (1 U) of Taq polymerase. The 
reactions for c-jun and c-fos were performed 32 
cycles (denaturation at 95oC for 60 s, annealing at 
50oC for 60 s, and polymerization at 74oC for 90 s). 
The mRNA expression of glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) was used as in-
ternal control for RNA equal loading. The reactions 
for GAPDH were performed 20 cycles (denaturation 
at 95oC for 1 min, annealing at 56oC for 1 min, 
polymerization at 74oC for 90 s). The PCR products 
(40 µl) were separated by electrophoresis on 1% 
agarose gels and the bands were visualized by 
ethidium bromide staining under UV illumination. 

Statistical analysis
All growth experiments were performed in triplicate 
or quadruplicate with aortic VSMCs. Values are 
expressed as mean ± SEM. Statistical significance 
was determined by Students’ t-tests. A value of P ＜

0.01 was considered statistically significant. 

Results
Effect of catechins on Ang II-induced DNA synthesis  
in the primary cultured VSMCs
Ang II increased [3H]thymidine incorporation into the 
VSMCs in a concentration-dependent manner 
(Figure 1A). Twenty and 50 µM of EGCG, ECG or 
EC, or 50 µM of catechin significantly inhibited the 
Ang II-stimulated [3H]thymidine incorporation (Figure 
1B-E). The inhibitory effect of catechins on the Ang 
II-stimulated proliferation of the VSMC was ECG ＞

EGCG ＞ EC ＞ C at 50 µM of catechins and EC ＞
EGCG ＞ ECG or at 20 µM. In the absence of Ang II, 
with an exception of catechin, 20 µM of EGCG or 50 
µM of ECG and EC significantly decreased the 
[3H]thymidine incorporation. 

Effect of Ang II on the phosphorylation of MAPKs 
or expression of c-fos and c-jun mRNA in the VSMCs
Since MAPKs signaling pathways have been highly 
implicated in cell proliferation (Davis, 1993; Schmidt- 

Figure 3. Effect of angiotensin II (Ang II) on both the expression of mRNA of c-fos (A) and c-jun (B) in the primary cultured vascular smooth muscle 
cells (VSMC). The VSMCs were grown in a 10% FBS in DMEM. Forty-eight h before using the experiments, the cells were incubated in a 0.5% FBS 
in DMEM. Some cells were treated with 100 nM of Ang II for the indicated times and the total RNA was extracted. The expression of c-fos (A) and 
c-jun (B) mRNA were analyzed by RT-PCR as described in the Methods. Densitometric analysis represented the ratio of the c-fos or c-jun gene to the 
constitutive gene. GAPDH was used for a marker of equal loading. The density of the bands was quantified by the NIH Image program. Values pre-
sented are expressed as mean ± SEM (n = 4). *, P ＜ 0.01 compared with their respective controls.
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Ott et al., 2000), we evaluated the role of MAPK 
signal pathways on the [3H]thymidine incorporation, 
which was increased by Ang II in the VSMC. Ang II 
dramatically increased the phosphorylation of ERK 
1/2, JNK1/2 and p38 (Figure 2 A-C). The phos-
phorylation of ERK 1/2, JNK1/2, and p38 peaked at 
5-10 min after Ang II treatment and gradually 
decreaseed over time. Since c-jun and c-fos are 
AP-1 transcription factors which play an important 
role in the MAPK signaling pathway (Graham and 
Gilman, 1991; Chen et al., 1996), we determined the 
expression of c-jun and c-fos mRNA. The c-jun and 
c-fos mRNA expressions increased within 15 
minutes after Ang II treatment (Figure 3). The 
increased mRNA levels in c-jun and c-fos gradually 
declined over time. It indicates that Ang II may 
regulate [3H]thymidine incorporation by transcrip-
tional levels.
    In order to confirm that MAPK signal pathway is 
responsible for the VSMC proliferation, we examined 
the effect of U0126 for an inhibition of MEK, 
SP600125 for an inhibition of JNK, or SB203580 for 

an inhibition of a p38 kinase, on the Ang II- 
stimulated incorporation of [3H]thymidine into the 
VSMC. U0126 (Figure 4A), SP600125 (Figure 4B) or 
SB203580 (Figure 4C) prevented the Ang II-stimulat-
ed incorporation of [3H]thymidine into the VSMC. 
The inhibitory effect of SB203580 was stronger than 
U0126 or SP600125.

Effect of EGCG on the Ang II-induced  
phosphorylation of MAPK, and mRNA
expression of c-fos and c-jun in the VSMC
To determine whether the inhibitory effect of ca-
techins on the Ang II-induced [3H]thymidine incor-
poration is associated with the MAPK signaling 
pathways, we examined the effect of EGCG on the 
Ang II-activated MAPK/c-jun or c-fos signal path-
ways. We used EGCG because it is a major 
catechin derived from green tea and it exerts a 
strong inhibitory effect on the Ang II-mediated 
increased [3H]thymidine incorporation. EGCG inhi-
bited the phosphorylation of ERK 1/2, JNK 1/2 and 

Figure 4. Effect of the inhibition of MEK (A), JNK 1/2 (B) and p38 (C) on 
angiotensin II (Ang II)-induced [3H]thymidine incorporation into primary 
cultured aortic vascular smooth muscle cells (VSMC). The VSMCs were 
cultured in a 10% FBS in DMEM. Forty-eight h before using the experi-
ments the cells were incubated in a 0.5% FBS in DMEM. In order to de-
termine DNA synthesis, cells were treated with 1 µCi of [3H]thymidine for 
4 h and then harvested to measure radioactivity using a β-counter. 
Some cells were treated with either a vehicle or 100 nM of Ang II 20 h 
before the treatment of 1 µCi of [3H]thymidine. Some cells were treated 
with (A) U0126, an inhibitor of MEK, (B) SP600125, an inhibitor of JNK 
1/2, or (C) SB203580, an inhibitor of p38 MAPK, at indicated concen-
trations of EGCG 30 min before treatment with 100 nM of Ang II. Data 
represent the percentage of [3H]thymidine incorporation in the absence 
of Ang II and MAPK inhibitors. Experiments were performed in triplicate 
or quadruplicate with the VSMC. Values are means ± SEM. *, P ＜
0.01 compared with the absence of EGCG and Ang II. #, P ＜ 0.01 com-
pared with the absence of EGCG and the presence of Ang II.
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p38 stimulated by Ang II (Figure 5A-C). EGCG also 
inhibited the Ang II-stimulated expression of c-jun or 
c-fos mRNA (Figure 6).

Discussion

The present study demonstrates that the catechins 
in green tea inhibit growth-promoting effects of Ang 
II and that the inhibitory effect of catechins is 
associated with the MAPK signal pathways in the 
primary cultured VSMC. In addition, it demonstrates 
that catechins at a high concentration inhibit the 
DNA synthesis in the absence of Ang II.
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Figure 5. Effect of the epigallocatechin-3-gallate (EGCG) on the angio-
tensin II (Ang II)-stimulated phosphorylation of ERK1/2 (A), JNK1/2 (B) 
and p38 (C) in the primary cultured vascular smooth muscle cells 
(VSMC). The VSMCs were cultured in a 10% FBS in DMEM. Forty-eight 
h before using the experiments the cells were incubated in a 0.5% FBS 
in DMEM. Some cells were pretreated with either vehicle or EGCG in 
the indicated concentrations 30 min before treatment of either vehicle or 
100 nM of Ang II for 10 min. The phosphorylation of ERK1/2 (A), JNK1/2 
(B), and p38 (C) was determined as described in the Material and 
Methods. The density of the bands was quantified by the NIH Image 
program. Values presented are expressed as mean ±SEM (n = 4). *, P
＜ 0.01 compared with the absence of EGCG and Ang II. #, P ＜ 0.01 
compared with the absence of EGCG and the presence of Ang II. 



532　 Exp. Mol. Med. Vol. 38(5), 525-534, 2006

    An intake of green tea reduced the incidence of 
cardiovascular disease in human (Vinson et al., 
2004). Ang II is produced locally in the vascular wall 
and cultured VSMC (Dzau et al., 1983), and 
stimulates VSMC proliferation, which is a charac-
teristic feature of vascular-related diseases such as 
atherosclerosis (Campbell-Boswell and Robertson, 
1981; Geisterfer and Owens, 1989; Newby and 
George, 1993). Overproduction of Ang II accelerates 
the development of abnormal vascular wall thicken-
ing and atherosclerotic lesions in the vessels 
(Campbell-Boswell and Robertson, 1981; Geisterfer 
and Owens, 1989; Newby and George, 1993). In the 
present studies the green tea catechins inhibit the 
Ang II-induced increase of DNA synthesis in 
VSMCs. The inhibitory effect of catechins on the 
growth promoting effects of Ang II was ECG ＞

EGCG ＞ EC ＞ catechin at 50 µM of catechins and 
EC ＞ EGCG ＞ ECG or catechin at 20 µM. Our 
result is the first describing that the isoforms of 
catechins exert different anti-proliferative effects on 
VSMC. 
    Recent studies have demonstrated the anti-pro-
liferative effect of EGCG in VSMC stimulated with 

basic fibroblast growth factor (bFGF) (Hwang et al., 
2002) and platelet-derived growth factor (Sachinidis 
et al., 2002; Weber et al., 2004). In contrast, Zheng 
and colleagues (2004) reported that, in Ang II-sti-
mulated VSMC, EGCG inhibited hypertrophy as 
measured by [3H]leucine incorporation, but did not 
influence the cell number of rat aortic VSMC. In the 
present studies, however, we find that EGCG inhibits 
the Ang II-stimulated VSMC proliferation. The dis-
crepancy between the results of Zheng and collea-
gues (2004) and ours may be due, at least in part, to 
different cell culture conditions and the origin of the 
primary cultured rat aortic VSMC. Zheng and 
colleagues used male rats to generate the VSMC, 
whereas we used female rats. Gender differences in 
cardiovascular diseases are well-known (Patel et al., 
2004). Recently, we have demonstrated that gender 
differences in the susceptibility on kidney ischemia/ 
reperfusion injury and the post-ischemic phosphory-
lation of MAPKs (Park et al., 2004).
    At least three distinct members of the MAPK 
family are expressed in mammalian cells: ERKs, 
JNKs, and p38 proteins. ERKs are activated by 
growth factors and are involved in both cell proli-

Figure 6. Effect of the epigallocatechin-3-gallate (EGCG) on angiotensin II (Ang II)-induced expression of mRNA of c-fos (A) and c-jun (B) in the pri-
mary cultured vascular smooth muscle cells (VSMC). The VSMCs were cultured in a 10% FBS in DMEM. Forty-eight h before using the experiments 
the cells were incubated in a 0.5% FBS in DMEM. The VSMCs were pretreated with EGCG at the indicated concentrations for 30 min before treat-
ment with 100 nM of Ang II for 30 min. The expressions of c-fos (A) and c-jun (B) mRNA were analyzed by RT-PCR as described in the Materials and 
Methods. Densitometric analysis represented the ratio of the c-fos or c-jun gene to the constitutive gene. GAPDH was used for a marker of equal 
loading. The density of the bands was quantified by the NIH Image program. Values presented are expressed as mean ± SEM (n = 4). *, P ＜ 0.01 
compared with the absence of EGCG and Ang II. #, P ＜ 0.01 compared with the absence of EGCG and the presence of Ang II. 
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feration and differentiation, whereas JNKs and p38 
proteins are activated in response to proinflamma-
tory cytokines and environmental stress (Sohn et al., 
2001). Ang II activates the MAPK family (Eguchi et 
al., 1996), and stimulates cell proliferation via the 
activator protein-1 (AP-1) complex by the induction 
of proto-oncogene expression such as c-fos and 
c-jun, which constitute the AP-1 (Graham and 
Gilman, 1991; Chen et al., 1996). We therefore 
investigated whether the anti-proliferative effect of 
catechins is involved in the phosphorylation of the 
MAPK family and expression of the proto-onco-
genes. In the present study, we found that EGCG 
significantly inhibited the Ang II-induced phosphory-
lation of ERK 1/2, JNK 1/2 and p38 in VSMC. 
Specific inhibitors of MAPKs prevented the Ang 
II-induced DNA synthesis. In addition, EGCG in-
hibited the Ang II-induced gene expression of 
transcription factors of MAPKs such as c-jun and 
c-fos. The present results suggest that the inhibitory 
effect of catechins on VSMC proliferation is asso-
ciated with suppression of MAPK and AP-1 ac-
tivation. Recently, we also observed that mataire-
sinol, a kind of phenolic compounds, exerted the 
same inhibitory effects as catechins on proliferation 
and phosphorylation of ERK 1/2, JNK 1/2 and p38 in 
VSMC. Several other evidences have suggested 
that EGCG inhibited MAPKs activity to regulate 
diverse cellular responses in different cell types. 
EGCG suppressed phosphorylation of ERK 1/2 in 
the 3-L1 preadipocytes (Hung et al., 2005), and that 
of ERK and JNK in human gastric cancer AGS cells 
(Kim et al., 2004). EGCG inhibited JNK activity in 
bFGF-stimulated VSMC (Hwang et al., 2002). 
    In conclusion, the inhibitory effect of catechins on 
the Ang II-stimulated DNA synthesis in VSMC is 
associated at least partly with suppression of MAPK 
and AP-1 signaling pathways. The observation may 
explain the beneficial effects of green tea in 
cardiovascular diseases and it will be useful to 
develop prevention and therapeutics of cardio-
vascular diseases. 
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