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Abstract. Tea, the most popular beverage worldwide, is con-
sumed in three basic forms; green tea, black tea and oolong 
tea. Tea contains over 4,000 chemicals some of which are 
bioactive. In recent years there has been a mounting interest 
in understanding the cardiovascular and metabolic benefits of 
polyphenolic flavonoids in tea, which can be used as a sup-
plement among patients. Diverse cardioprotective effects of 
consuming tea or tea polyphenols have been described on 
pathological conditions, e. g. hypertension, atherosclerosis, 
diabetics, hypercholesterolemia, obesity, and are attributed to 
antioxidative, anti-thrombogenic, anti-inflammatory, hypoten-
sive and hypocholesterolemic properties of tea polyphenols. 
This review focuses on cardiovascular benefits of tea polyphe-
nols based on in vitro and in vivo studies on experimental ani-
mal models and on studies of human subjects in four areas: (1) 
vasorelaxant effect; (2) protective effect against endothelial 
dysfunction; (3) antioxidant effect and (4) hypolipidemic ef-
fect. We will briefly discuss the effects of tea on atherosclero-
sis and hypertension.

Key words: Antioxidant effect – Atherosclerosis – Endo-
thelial dysfunction – Hypertension – Hypolipidemic effect –  
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1. Introduction

Tea is consumed popularly worldwide, just next to water, and 
far more commonly than wine, coffee and carbonated soft 
drinks. The most important bioactive ingredients present in 
tea are the polyphenolic flavonoids, which are believed to ex-
ert a diversity of beneficial effects, including the prevention of 
hypertension (Yang et al., 2004), atherosclerosis (Tijburg et 
al., 1997; Sasazuki et al., 2000; Suzuki et al., 2005), diabetes 
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(Waltner-Law et al., 2002; Bryans et al., 2007), and obesity 
(Raederstorff et al., 2003).

Tea is commonly divided into three main classes based 
on the degree of fermentation during manufacturing, namely 
unfermented green tea, totally fermented black tea, and par-
tially fermented oolong tea. Catechins are present in higher 
quantities in green tea than in black or oolong tea, resulting 
from different processing procedures of tea leaves after har-
vest. For green tea, fresh tea leaves from the plant Camellia 
sinensis are steamed and dried to inactivate the polyphenol-
oxidase enzyme, thereby maintaining polyphenols in mono-
meric forms. On the other hand, black tea is produced with 
extended fermentation of tea leaves, resulting in the poly-
meric compounds thearubigins and theaflavins. Oolong tea 
is a partially fermented product and contains a mixture of 
monomeric polyphenols and higher molecular weight thea-
flavins (Graham, 1992).

Regular tea consumption decreases the risk for cardio-
vascular complications (Khan and Mukhtar, 2007). Howev-
er, the underlying molecular targets and cellular mechanisms 
remain largely unclear. This short communication describes 
beneficial effects of tea on the cardiovascular system, and 
discusses some of cellular mechanisms which contribute to 
such benefits.

2. Cardioprotective effects of tea polyphenols

2.1 Vasorelaxant effect

The vasorelaxative effect of green tea epicatechins was first 
investigated in isolated rat mesenteric arteries (Huang et al., 
1998). Four purified epicatechin derivatives relax rat arteries 
pre-contracted by different ligand constrictors, such as phe-
nylephrine and endothelin 1. Four epicatechins at high con-
centrations reduce the sustained tension developed by mem-
brane depolarization in the presence of elevated extracellular * Corresponding author
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KCl, but they do not alter the caffeine-induced transient con-
tractile response (Huang et al., 1998), indicating that these 
polyphenols may inhibit Ca2+ influx without interfering with 
internal Ca2+ mobilization.

Further studies elucidated a significant contributory role 
of endothelium-derived nitric oxide in relaxations induced 
by purified green tea (-)epicatechin in rat mesenteric arter-
ies based on the following observations: (i) a considerable 
portion of (-)epicatechin-induced relaxation is dependent on 
the presence of a functional endothelium; (ii) this endothe-
lium-dependent relaxation is largely inhibited by NG-nitro-
L-arginine methyl ester (L-NAME), a competitive inhibitor 
of nitric oxide synthase (NOS) and this inhibition is reversed 
by pre-treatment with L-arginine, the NOS substrate; (iii) 
the endothelium-dependent relaxation is also attenuated 
by methylene blue, a tentative inhibitor of nitric oxide-de-
pendent guanylate cyclase (Huang et al., 1999; Huang et al., 
2000). The endothelium-dependent effect of epicatechin ap-
pears to be causally associated with its stimulatory action 
on the intracellular Ca2+ levels in the endothelium, which 
is required for the activation of endothelial NOS. Besides, 
(-)epicatechin-induced endothelium-dependent relaxation 
is partially mediated through nitric oxide-dependent activa-
tion of iberiotoxin-sensitive K+ channels (Huang et al., 1999; 
Huang et al., 2000).

Our earlier work is supported by other more recent stud-
ies. Acute intra-arterial administration of epigallocatechin 
(EGCG) causes vasodilatation in rat mesenteric vascular bed 
and this dilating action is inhibited by L-NAME, wortman-
nin (phosphatidylinositol 3-kinase inhibitor), or PP2 (Src 
family kinase inhibitor) (Kim et al., 2007). Furthermore, 
EGCG-induced relaxation of rat aorta is also abolished by 
L-NAME (Lorenz et al., 2004). In 2002, Hodgson et al. 
report that regular ingestion of black tea in human subject 
results in a significant and consistent increase in endothe-
lium-dependent dilatation and in a rapid increase in endothe-
lium-independent dilatation, suggesting that black tea may 
reduce cardiovascular risk by improving vasodilator function 
(Hodgson et al., 2002).

2.2 Protective effect against endothelial dysfunction 

A 2-week consumption of green tea leads to the significant 
improvement of flow-mediated endothelium-dependent 
vaodilatation and to increases in endothelial progenitor cells 
isolated from peripheral blood of chronic smokers, indicat-
ing that green tea consumption can be effective in reducing 
future cardiovascular events among chronic smokers (Kim et 
al., 2006). Endothelial dysfunction is common in renal trans-
plant recipients. A recent study demonstrates that short-term 
consumption of black tea improves endothelium-dependent 
vasodilatation in renal transplant recipients (Ardalan et al., 
2007).

2.3 Antioxidant effect

Oxidative modification of low-density lipoproteins (LDL) 
plays a crucial role in the development of atherosclerosis. 
a-Tocopherol functions as a major antioxidant in human 

LDL. Zhu et al. (1999) demonstrated that green tea cat-
echins (GTC) extract protects or regenerates a-tocopherol. 
Four pure epicatechin derivatives showed varying protec-
tive activity against depletion of a-tocopherol in LDL with 
(-)-epicatechin (EC) and (-)-epicatechin gallate (ECG) being 
more effective than (-)-epigallocatechin (EGC) and (-)-epi-
gallocatechin gallate (EGCG) (Zhu et al., 1999). Green tea 
EC, ECG, EGC and EGCG are oxidized and dimerized dur-
ing the production of black and oolong tea. Subsequently, 
orange-red pigments are generated, corresponding to thea-
flavins, a mixture of theaflavin (TF1), theaflavin-3-gallate 
(TF2A), theaflavin-3’-gallate (TF2B) and theaflavin-3,3’-
digallate (TF3) (Graham et al., 1992). Leung et al. (2001) 
compared the relative antioxidant activities between black 
tea theaflavins and green tea catechins and revealed that the 
antioxidant activity is in the following order: TF3 > ECG 
> EGCG, TF2B, TF2A > TF1, EC > EG. This study has 
suggested that theaflavins present in black tea have similar 
antioxidant potency as green tea catechins, and that the con-
version of catechins into theaflavins during fermentation is 
unlikely to reduce their free radical-scavenging activity (Le-
ung et al., 2001).

It is known that canned and bottled green tea drinks 
 contain not only epicatechins, namely EGCG, ECG, EGC 
and EC, but also four GTE epimers, namely (-)-gallocatechin 
gallate (GCG), (-)-catechin gallate (CG), (-)-gallocatechin 
(GC) and (-)-catechin (C). Xu et al. (2004) show that CG and 
its precursor EGC share similar antioxidant activity, while 
GC is less potent than its precursor EGC as an antioxidant. 
While EGCG and GCG exhibit comparable antioxidant 
potency as reflected by LDL oxidation and 1,1-Diphenyl-
2-picrylhydrazyl (DPPH) free radical assays. But GCG is 
less effective than EGCG in the fluorescence recovery after 
photobleaching (FRAP) assay. For EC and C, the latter has 
less free radical-scavenging activity in DPPH assay, but in 
LDL oxidation and FRAP assay their antioxidant activity is 
comparable. Oral and intravenous administration of GTE-
epimer mixture in rats increases the total plasma antioxidant 
capacity. In general, both epicatechins and epimers show low 
bioavailability and most of the observed difference between 
epicatechins and their corresponding epimers is relatively 
small. It is thus concluded that epimerisation reaction occur-
ring in manufacturing canned and bottled tea drinks would 
have minimal impact on the antioxidant activity and bio-
availability of total tea polyphenols (Xu et al., 2004).

2.4 Hypolipidemic effect 

High plasma cholesterol is one of the greatest risk factors that 
contribute to the prevalence and severity of coronary heart 
disease (Grundy, 1986; Sasazuki et al., 2000). Epidemiologic 
studies show an inverse association between tea consump-
tion and the risk for coronary heart disease (Stensvold et al., 
1992; Hertog et al., 1993). Indeed, increased consumption 
of green tea is associated with decreased serum levels of 
triacylglycerols and cholesterol (Kono et al., 1992). The hy-
polipidemic activity of epicatechins in hamster is most likely 
related to the inhibitory action on absorption of dietary fat 
and cholesterol rather involves the inhibition of synthesis of 
cholesterol or fatty acid (Chan et al., 1999).
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3. Tea and cardiovascular disease

3.1 Hypertension

High blood pressure, defined as systolic pressure of great-
er than 140 mmHg and diastolic pressure of greater than 
90 mmHg, affects millions of people globally (Moline et al., 
2000). Even though one of the most important health benefits 
of regular tea consumption is probably its anti-hypertensive 
action, some controversies exist. Patients who are habitual 
drinkers consuming moderate amount of green or oolong tea 
have a lowered risk for developing hypertension (Yang et al., 
2004). By contrast, Hodgson et al. fail to show the blood 
pressure-lowering effect following short-term (7-day) tea 

consumption. Among many possible explanations including 
the amount and duration of tea consumed, it is also probable 
that blood pressure-lowering effects may not be evident in 
subjects with blood pressure of high-normal range or mild 
systolic hypertension (systolic pressure in the range of 130–
150 mmHg) (Hodgson et al., 1994).

In animal studies, consumption of tea reduces both systo-
lic and diastolic pressure in stroke-prone spontaneously hy-
pertensive rats (SHRSP) (Negishi et al., 2004) and spontane-
ously hypertensive rats (Potenza et al., 2007). The catalase 
expression is up-regulated in aortas from SHRSP treated 
with green tea (Negishi et al., 2004), indicating that the anti-
hypertensive effect of tea polyphenols is associated with 
their antioxidant activities in the vascular wall (Fig. 1).

Hypertension
Systolic BP: >140 mmHg; 
Diastolic BP: >90 mmHg

Elevate catalase expression and 
reduce oxidative stress in vasculature

Reduce blood pressure

vascular wall 
of SHR & SPSHR

Animal models
Results show discrepancy and 

remain controversial 

Human studies

Criteria:
1) Duration of consumption
2) Dose of tea taken
3) Background of subjects 
(BP variations)

Tea consumption
Fig. 1. Chronic tea consumption 
lowers blood pressure mainly 
due to the favourable modifica-
tion of expression and function 
of oxidant and antioxidant en-
zymes.

Smooth muscle cell 
(SMC) migration

Tea consumption

Matrix 
metalloproteinase (MMP)

MAPK and activator 
protein-1 cascade 

Monocyte chemotactic
protein 1 (MCP1)

SMC 
proliferation

Monocyte infiltration 
& migration

C-reactive 
protein (CRP)

Adhesion molecule 
expression

prevent 
atherosclerosis

Intimal hyperplasia Inflammation Plaque rupture

Fig. 2. Chronic tea consumption 
helps fighting against athero-
sclerosis through inhibiting ex-
pression and function of several 
pro-inflammatory mediators, 
including matrix metalloprotei-
nase (MMP), mitogen-activated 
protein kinase (MAPK), mono-
cyte chemotactic protein-1 
(MCP-1) and C-reactive protein 
(CRP).
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3.2 Atherosclerosis 

Tea consumption appears to be inversely associated with  
the occurrence of coronary atherosclerosis in men (Sasazuki 
et al., 2000). Similar observations were also made in animal 
studies (Tijburg et al., 1997; Suzuki et al., 2005). In rab-
bits fed high cholesterol diet, the increased levels of LDL 
 oxidation and aortic lesion formation were ameliorated by 
daily consumption of green tea (Tijburg et al., 1997). Chron-
ic supplement of catechins in mice reduced appearance of  
fatty liver and renal injury (Suzuki et al., 2005). The action  
of tea polyphenols in preventing hyperlipidemia-inde- 
pendent arterial remodeling was investigated in carotid  
artery balloon injury models. Chronic consumption of tea 
polyphenols up-regulated the mRNA and protein expression 
of the tissue inhibitor of matrix metalloproteinase (MMP)-
2 (TIMP-2) in injured arteries, which in turn, controlled 
the activity of MMP-2 (Cheng et al., 2004). Inhibition of  
MMP resulted in impaired smooth muscle cells migration 
(Kanda et al., 2000). In rats receiving green tea extract sup-
plement, there was a reduction in the area of intima and the 
ratio of the intimal to medial area, suggesting a potential 
protective action of tea polyphenols against intimal hyper-
plasia (Fig. 2).

The protective effects of tea against the development of 
atherosclerosis are attributable to the antioxidant and anti-
proliferative properties of polyphenols, which were also 
demonstrated in in vitro studies. In cultured rat aortic VSMC, 
angiotensin II-induced proliferation is related to increased 
phosphorylation of the extracellular signal-regulated protein 
kinase 1/2, c-jun-N-terminal kinase 1/2, or p38 mitogen-acti-
vated protein kinases (MAPKs). Green tea catechins reduced 
angiotensin II-stimulated VSMC proliferation by inhibiting 
the activation of MAPK and activator protein-1 signalling 
pathways (Won et al., 2006). While in cultured human en-
dothelial cells, EGCG, a major green tea catechin, inhib-
ited phorbol ester-induced monocyte chemotactic protein-1 
(MCP-1) expression (Hong et al., 2007); MCP-1 is a crucial 
cytokine regulator of migration and infiltration of monocytes 
or macrophages in the process of vascular inflammation and 
atherosclerosis.

Tea polyphenols are anti-inflammatory (Tipoe et al., 
2007). One crucial step along the progression of athero-
sclerosis is the release of inflammatory cytokines, such as 
interleukins, C-reactive proteins (CRP) and tumour necro-
sis factor (TNF)-a. In rats fed high fructose diet, which is 
known to induce insulin resistance, oxidative stress and  
TNF-a production, tea polyphenols up-regulated the expres-
sion of tristetraprolin family proteins in liver and muscle. 
These family proteins are reported to possess anti-inflam-
matory activities by binding to and destabilizing pro-inflam-
matory (for example, cyclooxygenase-2) mRNAs (Cao et al., 
2007). 

CRP is another marker for inflammation, involved in the 
development of plaque rupture in atherosclerosis. CRP in-
duces endothelial cell apoptosis and production of pro-in-
flammatory mediators, including TNF-a, interleukin 1b and 
MMP-9 (Nabata et al., 2008). Serum CRP levels were found 
to be lowered in healthy non-smoking men after a 4-week 
consumption of black tea (Steptoe et al., 2007). However, an-
other study failed to show a similar effect on CRP reduction, 

but the levels of oxLDL and soluble vascular cell adhesion 
molecule-1 were decreased by black tea consumption (Sung 
et al., 2005).

4. Conclusion

Many beneficial effects exerted by tea polyphenols sup-
port their potential value in the prevention and treatment 
of hypertension and atherosclerosis. Different clinical stud-
ies may have used a mixture of several polyphenols, and 
other vasoactive molecules, and their results are unclear. 
Therefore, further detailed investigation with standardized 
tea polyphenols is needed in order to demonstrate reliable 
vascular benefits under common pathological conditions of 
vascular and metabolic disease. In addition, a better knowl-
edge of the bioavailability of polyphenols is required. Nev-
ertheless, tea polyphenols may become a promising class of 
health products against the development of cardiovascular 
disease.
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CG (-)-catechin gallate
CRP C-reactive proteins
DPPH 1,1-diphenyl-2-picrylhydrazyl
EGC (-)-epigallocatechin
EGCG (-)-epigallocatechin-3-gallate
EC (-)-epicatechin
ECG epicatechin gallate
GC (-)-gallocatechin
GCG (-)-gallocatechin gallate
FRAP fluorescence recovery after photobleaching 
GTC green tea catechins
LDL low-density lipoprotein
L-NAME  NG-Nitro-L-arginine methyl ester
MAPKS mitogen-activated protein kinases
MCP-1 monocyte chemotactic protein-1
MMP-2 matrix metalloproteinase-2
SHRSP stroke-prone spontaneously hypertensive rats
TF1 theaflavin
TF2A theaflavin-3’-gallate
TF2B theaflavin-3’-gallate
TF3 theaflavin-3,3’-digallate
TIMP-2 the tissue inhibitor of matrix metalloproteinase-2
TNF-a tumour necrosis factor-alpha
oxLDL oxidized low-density lipoprotein
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