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Objective: Several different epidemiological studies have examined the association between the consump-
tion of tea and coronary heart disease. Some, though not all, support the view that tea or flavonoids reduce the
risk of cardiovascular heart disease. The aim of this study was to determine the short-to medium-term effect of
a green tea extract on vascular function and lipid peroxidation as compared with placebo.

Methods: The study was undertaken with 14 healthy women, none of whom were receiving any medical
treatment. Measurements were made of antibodies and immune complexes by ELISA, endothelial dependent
vascular function by Doppler ultrasound, and the concentration of oxidized LDL by TBARS.

Results: The mean diameter of the brachial artery following the post-compression hyperaemia phase rose
significantly (p � 0.0001) after treatment with green tea extract. Flow-mediated brachial artery vasodilation
ranged from 5.68% for the placebo phase to 11.98% after the green tea extract (p � 0.02). The consumption of
green tea extract was associated with a significant 37.4% reduction in the concentration of oxidized LDL
(TBARS) (p � 0.017). The levels of anti-oxidized LDL IgM antibodies fell significantly after treatment (p �

0.002).
Conclusion: This study found that consumption of green tea extract by women for five weeks produced

modifications in vascular function and an important decrease in serum oxidizability.

INTRODUCTION

Tea, prepared from the leaves of Camellia sinensis, is the
most popular beverage in the world, except for water. Tea
contains a high amount of flavonoids. Epidemiological studies
have been undertaken to determine the association between the
consumption of tea and coronary heart disease. Some [1,2],
though not all [3], support the view that tea or flavonoids
reduce the risk of cardiovascular heart disease (CHD). If the
association between consumption of tea and a reduction in
CHD is confirmed, one reason could be that flavonoids may be
antioxidants by virtue of the number and arrangement of their
phenolic hydroxyl groups [4].

Oxidized LDL play a key role in the development of ath-
erosclerosis [5,6]. Oxidative modification of LDL may be the

prior step for their binding and accumulation by macrophages
and later transformation into foam cells. In vitro studies have
shown that oxidized LDL can be found in extracts from ath-
erosclerotic lesions [7]. Indirect evidence for the in vivo oxi-
dization of LDL is the rise in anti-oxidized LDL antibodies [8].
However, debate exists as to whether these anti-oxidized LDL
antibodies are protective [9] or promote [10] atherosclerosis.

In vitro addition of purified tea catechins reduces the sus-
ceptibility of LDL to undergo oxidative modification [11]. In
vivo studies, however, have produced differing results; whereas
one study found that a cup of tea increased the plasma antiox-
idant potential by 40–50% [12], other studies found little or no
increase in the plasma antioxidant potential [13,14]. These
diverging experimental and epidemiological results emphasize
the need for specially designed, well-controlled studies of tea or
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tea flavonoids using early markers of CHD, such as endothelial
dysfunction [15].

In view of this situation, we studied the effect of an extract
of green tea in order to standardize the dose and determine the
effect of this extract on vascular function and lipid peroxidation
in a group of healthy women.

SUBJECTS AND METHODS

The study was undertaken in 14 healthy women with a mean
age of 34.9 years. They were not taking any medication at the
time of the study. Table 1 shows their clinical characteristics.
All participated voluntarily in the study after giving their in-
formed consent. The study was approved by the Ethics Com-
mittee of San Carlos Clinical Hospital. The participants were
evaluated at baseline after taking a placebo for seven days. For
five weeks they then took AR25 Catechol, after which they
were again evaluated. During the whole study (i.e., from the
start of the placebo period until the end of the five-week period)
the patients followed a controlled diet of 1800 Kcal daily.
Neither the participants nor the person measuring vascular
function were aware of what the participant was taking. All the
capsules, whether they contained AR25 Catechol or placebo,
were provided by the same laboratory (Laboratories Farmacéu-
ticos Arkochim, Madrid, Spain), and were the same size, co-
lour, and shape. The treatment consisted of the daily intake of
four capsules (two before breakfast and two before lunch),
taken with water a few minutes before the meal. The intake of
the capsules was the equivalent of a daily dose of 150 mg of
caffeine and 375 mg of catechols (270 mg as epigallocatechin
gallate). The daily intake of 350 mg catechols is the equivalent
of 8.43 gr of green tea.

Measurements were also made of total cholesterol, triglyc-
erides and HDL cholesterol by enzymatic methods, and LDL
cholesterol was calculated from the Friedewald equation.

Characteristics of the Study Product

AR25 Catechol (a standardized, dry ethanol extract of Ca-
mellia sinensis) was produced from dried, crushed leaves of the
plant. The extract was later concentrated by distillation under

pressure and dried by atomization. Maltodextrin was added, the
amount depending on the dosification of the extract obtained,
and which enables the concentration of polyphenols to be
standardized. HPLC analysis of the product confirmed that it
contained 25% catechols, mainly epigallocatechin gallate
(EGCG) and about 5–10% caffeine. In this study EGCG, the
main component responsible for the pharmacological activity
of green tea, represented 72% of the total amount of catechols.
Smaller amounts of epigallocatechol, epicatechol and epicat-
echol gallate were also present. The product was packaged in
capsules to facilitate administration and ensure the correct
bioavailability in each participant.

Vascular Function

Endothelial-dependent vascular function was measured by
Doppler ultrasound. Measurement was made of the post-isch-
aemic vasodilation produced by occlusion of the arm for 5
minutes with a blood pressure cuff. The vasodilator response
was measured twice, once at baseline and once five weeks later
after finishing the AR25 Catechol treatment, using a variable
frequency (7–11 MHz) HP Sonos 4500 device. Four consecu-
tive readings were made of the diameter of the brachial artery,
measured at rest and after compression of the artery with a
blood pressure cuff on the forearm, keeping the pressure above
200 mm Hg for four minutes. The ultrasound images were
obtained by the same observer blinded to the characteristics of
the participants and whether they had received placebo or
AR25 Catechol.

LDL Isolation

LDL was isolated from a pool of human fasting plasma
from blood donors by density gradient ultracentrifugation at
65000 rpm (BECKMAN Optima XL-100K ultracentrifuge.
USA, vertical rotor VTI65.2) for 35 minutes at 4°C. This was
then further purified with a second ultracentrifugation at 49000
rpm (fixed angle rotor TY65) for 18 hours at 4°C. The LDL
was then dialyzed against PBS (4°C for 30 hours) (0.14 M
NaCl/0.01 M phosphate buffer).

Thiobarbituric Acid-Reactive Substances (TBARS)

The LDL samples isolated from the serum of each partici-
pant (100�l) were incubated with 0.5 ml acetic acid at 20% and
pH of 3.5, and with 0.5 ml of thiobarbituric acid in an aqueous
solution at 0.78%. After heating the mixture to 95°C for 45
minutes, the samples were centrifuged at 4000 rpm for 4
minutes. The red supernatant was measured at 532 nm with a
Versamax plate spectrophotometer. A standard curve with mal-
onyldialdehyde (MDA) was prepared. The results were ex-
pressed as nmol of MDA per mg of LDL protein.

LDL Oxidation

Oxidized LDL was prepared by incubating the LDL for 3
hours at 37°C with 0.5 M MDA at a constant ratio of 100 �l/mg

Table 1. Baseline Anthropometric Characteristics of the
Study Subjects (n � 14 women)

Mean (SD) 95% CI

Age (years) 34.9 (9.7) 30.0–39.7
Weight (Kg) 74.7 (7.7) 70.8–78.5
Height (cm) 159.6 (7.1) 156.0–163.1
BMI (Kg/m2) 29.3 (1.9) 28.3–30.2
Waist circumference (cm) 88.7 (7.1) 85.2–92.3
Hip circumference (cm) 108.9 (5.2) 106.4–111.5
Fat-free mass (Kg) 42.0 (5.3) 39.4–44.6
Fat mass (Kg) 32.5 (4.7) 30.2–34.8
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of LDL. MDA was prepared fresh by acid hydrolysis of MDA-
bis-dimethyl acetal; 88�l of MDA-bis-dimethyl acetal was
incubated with 12�l of HCl 4M and 400�l of distilled water at
37°C for 10 minutes. The reaction was stopped by adjusting the
pH to 7.4 with 1M NaOH. After conjugation, MDA-LDL was
extensively dialyzed against PBS.

Anti-oxidized LDL Antibodies

Microtitre plates for determination of anti-oxidized LDL
antibodies were coated with either native- or MDA-LDL ac-
cording to the technique of Tinahones et al. [16,17].

Detection of Immune Complexes with Oxidized LDL

Measurement of the LDL immune complexes in serum was
done with a sandwich type ELISA using a human anti-apoB100
antibody described by Wu et al. [18].

Statistical Study

The biological variables were analysed by Student t test,
with means � standard deviation in the tables. In all cases the
rejection level for a null hypothesis was a p � 0.05 for two
tails. Statistical analyses were performed with SPSS 6.0 for
Windows.

RESULTS

No significant change was detected over the study period in
any anthropometric variable, nor were any adverse events noted.

Effect of AR 25 Catechol® on Vascular Function

The mean diameter of the brachial artery at rest was no
different between the phases with and without AR25 Catechol.
Following post-compression hyperaemia, the brachial artery
diameter was significantly increased after treatment (p �

0.0001). The percent increase in the brachial artery diameter,
also known as flow-mediated brachial artery vasodilation,
ranged from 5.68% for the placebo phase to 11.98% after
taking the green tea extract (p � 0.02) (Table 2).

Influence on Lipid Profile

There was a significant reduction in the concentrations of
triglycerides (p � 0.04), whereas no significant changes were
noted in the concentrations of total cholesterol, high density
lipoprotein cholesterol (HDL cholesterol) or LDL cholesterol
(Table 3).

Influence on Lipoprotein Oxidation

Prolonged administration of AR25 Catechol led to a signif-
icant 37.4% reduction in the concentrations of oxidized LDL
(TBARS) (p � 0.017). No significant differences were found
for the concentrations of anti-oxidized LDL IgG antibodies or
anti-LDL IgG or IgM immune complexes between the periods
with and without treatment, though the anti-oxidized LDL IgM
antibodies decreased significantly after treatment (p � 0.002)
(Table 3).

DISCUSSION

This study found that administration of an extract of green
tea produced a marked change in the response of the brachial
artery to compression. Others have detected the effect of green
tea on vascular function [19,20]. The ability of green tea to
inhibit human vascular smooth muscle cell proliferation stim-
ulated by native LDL had already been demonstrated [15]. This
is further supported by the observation that treatment with
antioxidants interferes with vascular smooth muscle cell pro-
liferation, at least in certain species [21,22]. In rat aortic vas-
cular smooth muscle cells, DNA synthesis stimulated by plate-
let-derived growth factor or serum is inhibited by green tea
constituents [23].

Table 2. Variation in the Brachial Artery Diameter after
5 Weeks Treatment with AR25 Catechol

Placebo Treatment3

Brachial artery diameter
at rest (nm) 3.52 (0.38) 3.59 (0.32)

Brachial artery diameter
after hyperaemia (nm) 3.72 (0.33) 4.02 (0.42)1

FMV (%) 5.68 (3.8) 11.98 (6.0)2

FMV � flow-mediated brachial artery vasodilation.
1 P � 0.0001, 2 P � 0.02.
3 Treatment: chronic treatment with AR25 Catechol for 5 weeks.

Table 3. Evolution of the Lipid Profile and of the Oxidation
of Lipoproteins during Treatment with AR 25 Catechol

Placebo Treatment4

Total cholesterol (mg/dl) 176.7 (26.2) 168.3 (27.1)
HDL cholesterol (mg/dl) 57.9 (18.6) 54.9 (14.3)
LDL cholesterol (mg/dl) 104.5 (23.1) 101.7 (24.0)
Triglycerides (mg/dl) 71.9 (21.9) 58.1 (20.6)1

Oxidized LDL (TBARS)
(nmol MDA/mg LDL
protein) 14.8 (5.6) 9.2 (6.5)2

Anti-oxidized LDL IgG
antibodies (O.D.) 0.41 (0.2) 0.39 (0.2)

Anti-oxidized LDL IgG
immune complexes
(O.D.) 0.33 (0.1) 0.34 (0.1)

Anti-oxidized LDL IgM
antibodies (O.D.) 0.16 (0.05) 0.12 (0.05)3

Anti-oxidized LDL IgM
immune complexes 0.20 (0.03) 0.21 (0.02)

O.D. � optic density
1 P � 0.04, 2 P � 0.017, 3 P � 0.002.
4 Treatment: chronic treatment with AR25 Catechol for 5 weeks.
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Our results also show that green tea extract can reduce LDL
oxidizability. Other controlled, intervention studies, however,
found that the intake of tea did not effect LDL oxidation in vivo
[11,13,14,24]. The absence of effects on LDL oxidizability in
vivo may be related to the method used to assess LDL oxidiz-
ability. The standard method requires prior isolation of the LDL
particles by ultracentrifugation of the aqueous phase of the
serum. Following LDL isolation, its resistance to oxidation is
verified with different pro-oxidants. In one study, most of the
catechins were associated with the water-soluble fraction and it
was concluded that there was insufficient accumulation of
catechins in LDL to improve resistance to LDL oxidation in
vivo after its isolation [25]. It was suggested that flavonoids act
in the aqueous phase [26], perhaps at the surface of lipoprotein
particles. Therefore, the isolation of LDL from antioxidant
flavonoids in the water-soluble fraction of serum may be inap-
propriate. The assay used in the present study to assess in vivo
lipoprotein oxidation does not involve isolation of lipoproteins.
Employing the same methodology as us, other authors recently
found a decrease in TBARS after 12 weeks treatment with an
extract of green tea that contained 690 mg of catechins [27].
We detected this effect with just 375 mg of catechins and in as
few as five weeks. Caffeine may also contribute to this effect,
as it has been suggested to be an antioxidant at millimolar
concentrations [28].

The role of anti-oxidized LDL antibodies is controversial.
Small changes in the LDL particle make it highly immuno-
genic, inducing immunogenic epitopes that lead to the forma-
tion of antibodies against these [29]. However, the clinical
relevance of these antibodies is currently under debate [30].
Early studies detected these antibodies in most patients with
advanced atherosclerotic lesions [31]. Recent studies, however,
failed to find a connection between the levels of antibodies
against free oxidized LDL and coronary heart disease [32].
Other authors even found an inverse association between anti-
oxidized LDL IgM antibodies and carotid artery atherosclerosis
[9]. Additionally, an inverse association exists between the
levels of cholesterol and the levels of anti-oxidized LDL IgG
antibodies in the general population, as well as a decrease in the
levels of anti-oxidized LDL IgG antibodies with age [16,17].
No association has been found between these antibodies and
the degree of oxidizability of the serum [33]. In our study, the
green tea extract failed to modify either the levels of anti-
oxidized LDL IgG antibodies or the LDL immune complexes,
although it significantly reduced the levels of anti-oxidized
LDL IgM antibodies. This great diversity of results concerning
the clinical importance of the anti-modified LDL antibodies
may be related with the differences in the methodological
determination of these antibodies.

A Japanese study found green tea consumption was associ-
ated with decreased concentrations of cholesterol and triglyc-
erides and an increased proportion of HDL [34]. Experimental
animal models have determined that the plasma lipid profile is
significantly improved by the two types of tea included in the

study as compared with controls [35]. In our study there was a
significant decrease in the concentration of triglycerides.

In summary, this study found that intake by women of a
green tea extract for five weeks resulted in changes in vascular
function and a marked decrease in the oxidizability of the
serum.
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