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Introduction

The average diet contains a great number
of compounds with antioxidant activity1,
among which polyphenols, plant metabo-
lites occurring widely in plant food, pos-
sess outstanding antioxidant and free radical
scavenging properties suggesting a possi-
ble protective role in man2. Green tea is an
excellent source of polyphenols, particular-
ly of a group of compounds known as green
tea catechins (GTCs)3. The content of the dif-
ferent GTC isomers could vary among dif-
ferent green teas, depending on the species,
the climate, the cultural practices and, in
the case of green tea extracts (GTEs), also on
the condition and the technology used for the
extraction and the conservation. Therefore,
the antioxidant ability of different GTEs
could vary according to their GTC quali-
quantitative composition. 

The purpose of this study was to evalu-
ate the ability of different GTEs in reducing
free radical-mediated damage in comparison
to a well known antioxidant agent, α-toco-
pherol4, using cultured cardiomyocytes as an
experimental model system. Cultured car-
diomyocytes are a suitable model to evalu-
ate the possibility of counteracting perox-
idative damage by the supplementation with
exogenous antioxidants since free radical-in-
duced damage is implicated in different car-
diovascular diseases (i.e. ischemia/reperfu-
sion, cardiomyopathy, etc.), and the heart
has low antioxidant defenses5. Primary cul-
tures of neonatal rat cardiomyocytes were ex-
posed to a free radical generating system
(FRGS) catalyzed by xanthine oxidase, in the
presence of different GTEs and α-toco-

pherol. The protective effect of the different
supplementations was evaluated by mea-
suring the conjugated diene production, as an
index of lipid peroxidation, and the lactate
dehydrogenase (LDH) release from cell cul-
tures. Furthermore, GTEs were analyzed by
reverse phase high performance liquid chro-
matography (HPLC), and their qualitative
and quantitative composition was correlat-
ed with their antioxidant ability in car-
diomyocytes.

Methods

Primary heart cell cultures were obtained
by the isolation of cardiomyocytes from the
ventricles of 2-4-day-old Wistar rats and
grown as previously reported6. At conflu-
ence, cardiomyocytes were supplemented
with 20 µM α-tocopherol or 10 or 50 µg/ml
of the different aqueous solutions of GTEs.
Twenty-four hours later, cultures were ex-
posed for 1 hour to the FRGS (2.3 mM
purine, 2.4 µM Fe3+ loaded transferrin and
0.01 U/ml xanthine oxidase). Appropriate
control groups were likewise processed in the
absence of α-tocopherol and GTEs and/or
FRGS. All the cells were scraped off in ice-
cold methanol, and the appearance of con-
jugated diene-containing lipids and LDH
release were evaluated as reported by Bor-
doni et al.7. Data are expressed as means –
SD of five different cultures and statistical
differences were evaluated using the Stu-
dent s t test.

The HPLC analyses of GTEs were per-
formed on a Jasco model LC 1600 (Tokyo,
Japan), equipped with a LunaTM 5 µm C18
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column (Phenomenex, Torrance, CA, USA) and a Jas-
co diode-array UV-VIS detector model MD1510 at 270
nm. The GTEs were dissolved in distilled water/formic
acid 99.7/0.3 v/v (1 mg/ml), and sonicated for 10 min
at 30 C at 50-60 Hz. A linear gradient elution was car-
ried out using double distilled water/methanol/formic
acid (74.7/25/0.3 v/v) and acetonitrile/formic acid
(99.7/0.3 v/v). Identification of GTCs was performed by
comparison of the retention times of the unknown peaks
to reference standards. Data are expressed as means –
SE of four analyses.

Results

Conjugated diene levels are reported in figure 1 as
the fold increase in conjugated diene production in non-
supplemented and antioxidant supplemented cell cultures
exposed to the FRGS, in comparison to their respective
counterparts not exposed to the FRGS. No differences
in diene content were found between different groups
when cardiomyocytes were not exposed to the oxidative
stress (A235nm 0.067 – 0.003). Exposure to the FRGS
caused a 4-fold increase in conjugated diene production
in cardiomyocytes not supplemented with antioxidants.
In the presence of α-tocopherol, a significant attenua-
tion of conjugated diene formation was detected; sup-
plementation with the different GTEs revealed the abil-
ity of these natural antioxidants to protect cardiomy-
ocytes against peroxidative damage, although to a dif-
ferent extent. The protective effect of GTEs was de-
pendent on the concentration used, and it was higher us-
ing GTE 3, than GTE 2 and 1. The supplementation with
50 µg/ml GTE 3 had a similar protective effect to α-to-
copherol.

The release of LDH from non-supplemented and an-
tioxidant supplemented cardiomyocytes exposed to the
FRGS is reported in figure 2 as the fold increase in
comparison to their counterparts not exposed to the ox-
idative stress. No differences in LDH release were de-
tected in cultures not exposed to the FRGS (37.5 – 2.5
U/ml). A significant LDH release was demonstrated af-
ter exposure to the oxidative stress in the absence of the
antioxidants, while, in cardiomyocytes supplemented
with α-tocopherol, LDH release was similar to that of
cells not exposed to the oxidative stress. A protection was
also achieved by the addition of GTEs; in agreement with
data on conjugated diene production, GTE 3 demon-
strated the highest protective effect; when it was sup-
plemented at 50 µg/ml, LDH release was similar to that
obtained in the presence of α-tocopherol. 

HPLC analysis revealed a total catechin content
(mg/g GTE) of 93.0 – 3.73, 697.5 – 16.56 and 757.6 –
12.34 for GTE 1, 2 and 3 respectively. Figure 3 repre-
sents the composition in single catechins of the three
GTEs. GTE 1, revealing the lowest total and single cat-
echin content, is clearly a non-concentrated extract. (-)-
epigallocatechin-3-gallate and (-)-epicatechingallate
were the most representative catechins in GTE 2 and 3.
Furthermore, GTE 3 was the only extract with high lev-
els of (-)-gallocatechingallate, while GTE 2 revealed
higher levels of (-)-epigallocatechin than GTE 1 and 3. 

Discussion

Although the assimilation, metabolic fate and toxi-
city of antioxidants supplied by the human diet are not
well defined yet, their constant consumption warrants the
consideration of their physiological role, especially when

Figure 1. Fold increase in conjugated diene content of neonatal rat
cardiomyocytes exposed to the free radical generating system (FRGS) for
1 hour. Conjugated diene production was measured as 235 nm ab-
sorbance as reported in the Methods section. Data are expressed as
means – SD of five different cell cultures. Statistical analysis was per-
formed by the Stud ent s t test comparing cardiomyocytes treated and
non-treated with different antioxidants and exposed to FRGS (  p <
0.01, * p < 0.001). In comparison to the corresponding non FRGS-exposed
cells, statistical analysis revealed a significant increase in conjugated
diene production: p < 0.05 in α-tocopherol (αTC) and 50 µg/ml green tea
extract (GTE) 3 treated cells; p < 0.01 in 10 µg/ml GTE 3 and 50 µg/ml
GTE 1 and 2 treated cells; p < 0.001 in non-treated and in 10 µg/ml GTE

Figure 2. Fold increase in lactate d ehydrogenase (LDH) re-
lease in the culture medium of neonatal rat cardiomyocytes exposed to the
FRGS for 1 hour. LDH release was measured on aliquots of culture me-
dia as reported in the Methods section. Data are expressed as means –
SD of five different cell cultures. Statistical analysis was performed
by the Stud ent s t test comparing cardiomyocytes treated and non-treat-
ed with the different antioxidants and exposed to FRGS (  p < 0.01,
* p < 0.001). In comparison to the corresponding non-FRGS-exposed cells,
statistical analysis revealed a significant increase in LDH release apart
from cells treated with αTC: p < 0.05 in 50 µg/ml GTE 3; p < 0.01 in 10
µg/ml GTE 3 and 50 µg/ml GTE 2 treated cells; p < 0.001 in non-treat-
ed, 10 µg/ml GTE 1 and 2 and 50 µg/ml GTE 1. Abbreviations as in fig-
ure 1.
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they are as effective as well-known antioxidants like α-
tocopherol.

The exposure of cardiomyocytes not supplemented
with antioxidants to FRGS, able to yield superoxide
generation at levels comparable to in vivo production by
stimulated neutrophils8, and hydroxyl radical generation9,
caused a significant increase in conjugated diene pro-
duction and in LDH release in the medium. The addition
of α-tocopherol almost completely protected cardio-
myocytes, and also all the GTEs tested exerted a pro-
tection against peroxidative damage, but to a different ex-
tent and in a dose-dependent manner: GTE 3 at a 50
µg/ml concentration had the maximum effect, comparable
to α-tocopherol.

As evidenced by HPLC analysis, the GTEs showed
not only a different total catechin content, but also sig-
nificant differences in their qualitative-quantitative com-
position. The weak antioxidant activity of GTE 1 appears
to be related to its low total catechin content; other-
wise, since GTE 2 and 3 have similar total catechin
content, their different antioxidant effectiveness may be
related to differences in single catechin content. Many
studies have related the antioxidant activity of the dif-
ferent catechins to their chemical structure10,11. Ac-
cording to these studies, the antioxidant activity of GTE
2 and 3 could be related to their high content of epicat-
echingallate and epigallocatechin-3-gallate; the higher an-
tioxidant effectiveness of GTE 3 than GTE 2 could be
tentatively related to its higher content in catechin, epi-
catechin and gallocatechingallate. Alternatively, since the
antioxidant activity of GTEs is probably due to the syn-
ergistic effect of all the components, the higher activity

of GTE 3 could not be related to the highest content of
a single catechin but to a most advantageous overall
distribution of all components. 

Among primary concerns to be addressed before an-
tioxidant nutritional supplementation or food fortifica-
tion is recommended as a chronic disease prevention strat-
egy for the general population, is the real protective ef-
fect of these antioxidants compared to well defined an-
tioxidants such as α-tocopherol, and antioxidant organ
specificity. Based on our results, GTE 3 presents a pro-
tective effect similar to α-tocopherol and can be con-
sidered a highly protective antioxidant at cardiac level.
Therefore GTEs with quali-quantitative composition
similar to GTE 3 could be of great importance in human
nutrition and preventive medicine, particularly in the
cardiovascular system, in the light of the very low an-
tioxidant defenses of the heart.
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Figure 3. Catechin composition of the different green tea extracts
(GTEs). Catechin composition analysis was performed by reverse phase
high performance liquid chromatography as reported in the Methods
section. Values are reported as mg/g dry GTE and are means – SE
of four analyses. C = catechin; CAF = caffeine; EC = epicatechin; ECG
= epicatechingallate; EGC = epigallocatechin; EGCG = epigallocate-
chin-3-gallate; GA = gallic acid; GCG = gallocatechingallate.
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