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Chemiluminescence analysis of the prooxidant and
antioxidant effects of epigallocatechin-3-gallate

Bing Tian PhD, Zongtao Sun BS, Zhenjian Xu MS and Yuejin Hua PhD

Institute of Nuclear-Agricultural Sciences, Zhejiang University, Hangzhou, China

The aim of this study was to investigate the mechanism of antioxidant and prooxidant effects of epigallocate-
chin-3-gallate (EGCG) using chemiluminescence analysis. Results showed that EGCG scavenged superoxide
radical and H,0, in a dose dependent manner. EGCG scavenged 50% of superoxide radical at 0.31 mM and
scavenged 50% of H,O, at 0.09 mM, demonstrating that EGCG has a stronger reactive oxygen species (ROS)
scavenging activity than ascorbic acid. Effects of EGCG on free radical-induced DNA oxidative damage were
investigated. EGCG had protective effect on DNA at low concentrations (2-30 mM), but it enhanced the DNA
oxidative damage at higher concentrations (>60 mM), exhibiting a prooxidant effect on DNA. EGCG showed a
greater reducing power on iron ions, reducing Fe** to Fe?*, which accelerates the generation of hydroxyl radical
from the Fenton reaction. At low concentrations, ROS scavenging activity of EGCG might predominate over its
reducing power and lead to its protective effect on DNA. However, relatively higher reducing power of EGCG at
higher concentrations may gradually predominate over its ROS scavenging activity and result in the prooxidant

effect of EGCG on DNA.
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Introduction
Tea is a popular beverage in Asia—Pacific region. It has
been reported to have multiple healthy effects,’ including
anticancer and antimicrobial effects. It can lower blood
lipid and glucose. Epidemiology shows that it can decrease
the risk of tuberculosis and cardiovascular diseases.” These
healthy effects were mostly attributed to its antioxidant
components - polyphenols including epicatechin (EC),
epicatechin gallate (ECG), epigallocatechin (EGC), and
epigallocatechin-3-gallate (EGCG). EGCG accounts for
more than 40% of the total polyphenols and has been iden-
tified as the most potent antioxidant component in tea.’
EGCG had remarkable protective effects against lipid
peroxidation in synaptosomes.” It was found to inhibit the
paraquat-induced microsomal malondialdehyde (MDA)
productions in rat liver.’” However, there are conflicting
reports on the effects of EGCG. Recently, negative results
of EGCG on resistance of lipid peroxidation in humans
have been reported.® EGCG at high doses showed a cellular
toxicity on experimental animals. ’ This active component
seems to have different effects at different treatment doses
and conditions. It was reported that EGCG had different
effects in different cellular compartments of PC12 cells,
and high concentrations of EGCG treatment resulted in an
increased DNA breakdown and activation of apoptotic
markers in the cells.® However, the mechanism of the
concentration-dependent effects of EGCG on biological
macromolecules such as DNA has not been clearly eluci-
dated.

In the present paper, the antioxidant and prooxidant
effects of EGCG were investigated by using chemilumi-
nescence analysis. EGCG has dual activities: reactive

oxygen species (ROS) scavenging activity and reducing
power on metal ions. These activities were measured and
the possible mechanism of its prooxidant effect on DNA
was discussed.

Materials and methods

Materials

EGCG and ascorbic acid were purchased from Sigma
Chemical Company (St. Louis, MO, USA). The structures
of these two compounds are shown in Figure 1. The sam-
ples were dissolved in deionized water or dimethyl sulfox-
ide (DMSO) according to different assays. Calf thymus
DNA (sodium salt) and luminol were purchased from
Sigma Chemical Company. All other chemicals were of
analytical grade.

Measurement of scavenging activity of EGCG on Super-
oxide radical (0y)

0, was generated from a pyrogallol autoxidation system.’
The reaction mixture contained 50 pL of pyrogallol
(0.3125 mM), 10 pL of tested sample or DMSO (in control
experiment).
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Figure 1 Structures of EGCG (a) and ascorbic acid (b).
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Figure 2. Scavenging effects of EGCG and ascorbic acid on O, .
The O, was generated in a pyrogallol autoxidation system, to
which 10 pl tested sample at various concentrations and 400 pl
luminol (ImM) were added. Dotted line shows the value of ECs
(50% effective concentration). Average values of triplicate ex-
periments are shown.

Luminescence was counted every 6 s (expressed as
‘Counts/6s’) on a BPCL Model Ultra Weak Chemilumi-
nescence Analyzer (Institute of Biophysics, Academia
Sinica, Beijing, China) at 30 °C. The amount of luminos-
ity (total counts) was integrated.

Measurement of scavenging activity of EGCG on H,0,
H,0, scavenging activity was assayed according to the
method as described by Olinescu.'’ The reaction mixture
was made of 50 pL of luminol (1 mM), 700 uL of 50 mM
carbonic acid buffered saline solution (pH 10.2, contain-
ing 0.1 mM EDTA), and 10 pL of tested sample or
DMSO (in control experiment). 10 pL of 50 mM H,0,
was added to trigger the chemiluminescence reaction.
Luminescence was counted every second (expressed as
‘Counts/s”) on BPCL Model Ultra Weak Chemilumines-
cence Analyzer at 37 °C. The amount of luminosity (total
counts) was integrated. Scavenging activities (%) were
calculated by the equation as described.’

Effect of EGCG on hydroxyl radical induced DNA dam-
age

The effects of EGCG on DNA damage induced by hy-
droxyl radical were assayed using the method as de-
scribed in our previous paper with some modifications.’
Reactants were added in turn and mixed as following: 50
pL of 12 mM FeSO,, 50 pL of 1 mM luminol, 840 pL of
50 mM phosphate buffer (pH 7.4), 20 pL of 50 pg/mL
DNA and 10 uL of tested sample at various concentra-
tions. After recording the luminosity of background (CLy),

the reaction was started by the addition of 50 pL of 0.8 M
H,0,. Luminescence was counted once every 5 s at 37 °C.
The amount of luminosity was integrated, and the anti-
oxidant or prooxidant effect of EGCG was represented by
its luminosity percentage of the control. Chemilumin-
sence peak lag time was expressed as the difference value
between the peak time of tested sample and the control.

Measurements of reducing power of EGCG on iron ions
Reducing power on iron ion was measured according to
the method as described by Yen et al.'' 0.5 mL of sample
was added into 0.5 mL of 1% potassium ferricyanide
[K3Fe(CN)g] and the mixture was incubated at 50 °C for
20 min. 0.5 mL of 10% trichloroacetic acid was added,
and then the mixture was centrifuged at 3000 x g for 10
min. The upper layer of the solution (1.0 mL) was mixed
with 1 mL of distilled water and 0.2 mL of 0.1 % ferric
chloride (FeCl;), and the absorbance was measured at 700
nm. Higher absorbance indicated greater reducing power.

Statistical analysis

Data analyses were processed using Microcal Origin 6.0
software (Microcal Software, Inc., Northampton, MA,
USA). All the experiments were performed three times
and the values were represented as mean = SD. Results
were assessed by Student’s t test, and p<0.05 was consid-
ered as significant.

Results

Figure 2 shows the scavenging activities of EGCG on O, -
0O, generated in a pyrogallol autoxidation system induced
the chemiluminescence reaction. The chemiluminescence
intensity (luminosity) is dependent on the quantity of O,
generated from the reaction system. Therefore, the
chemiluminescence reaction system can be used to evalu-
ate the scavenging activity of tested samples on O, . The
scavenging activities of EGCG on O, dose-dependently
increased from 0 to 5 mM and kept at higher than 90%
with the increase of concentration. Ascorbic acid showed
little scavenging ability on O, at low concentrations (0-5
mM), but it exhibited increasing scavenging activity with
the increasing concentration. EGCG had higher scaveng-
ing activities on O, with a 50% effective concentration
(ECs, the concentration of tested sample scavenging 50%
of free radicals) of 0.31 mM, compared to that of ascorbic
acid (ECs5y=16.53 mM). The stronger scavenging effect of
EGCG on O, than ascorbic acid may be due to the differ-
ent structure between these two compounds as shown in
Figure 1. EGCG is a polyphenol compound with multiple
phenolic hydroxyl group substitutions that were consid-
ered to be a characteristic of strong free radical scaven-
gers.*

As presented in Figure 3, both EGCG and ascorbic acid
acted as strong scavengers of H,O, in a concentration-
dependent manner. EGCG showed higher scavenging
activity on H,O, than ascorbic acid. At concentrations of
0.24 mM, 0.96 mM and 1.4 mM, EGCG scavenged H,0,
by about 83%, 97% and 99% respectively (EC5,=0.09
mM). However, at concentrations of 0.35 mM, 0.96 mM
and 1.4 mM, ascorbic acid scavenged H,O, by about
57%,77% and 85% respectively (ECs5¢=0.23 mM). Com-
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Figure 3. Scavenging effects of EGCG and ascorbic acid on H,O,.
Chemiluminescence was induced by H,O, reacting with luminol
and scavenging activity of tested samples at various concentrations
was measured. Dotted line shows the value of ECsy (50% effective
concentration). Average values of triplicate experiments are
shown.
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Figure 4. Effects of EGCG on hydroxyl radical induced DNA
damage chemiluminescence. Hydroxyl radical was generated from
a Fenton reaction system, to which tested samples at various con-
centrations were added.

paring with their scavenging effects on O, , EGCG and
ascorbic acid showed higher H,0, scavenging abilities
even at low concentrations.

Oxidized bases formed during DNA damage induced
by hydroxyl radical (-OH) have characteristic chemilumi-
nescence that reflects the extent of DNA damage as
shown in Figure 4. EGCG at different concentrations
showed different effects on ‘OH induced DNA damage.
At low concentrations from 2 — 30 mM, EGCG remarka-
bly reduced the DNA damage chemiluminescence. At the
concentrations of 2 mM and 10 mM, EGCG suppressed
the chemiluminescence of ‘OH induced DNA damage by
about 13% and 19% as listed in Table 1. However, EGCG
at concentration higher than 60 mM significantly en-
hanced the DNA damage, indicating a prooxidant effect
of EGCG on DNA. Moreover, the chemiluminescence
peak shifted backward in the presence of EGCG as shown
in Figure 4, suggesting that the ‘OH induced chemilumi-
nescence reaction was delayed by EGCG (Table 1). These
results indicated that the presence of EGCG had different
effects on DNA at different concentrations and changed
the progress of ‘OH induced DNA damage reaction.

In a Fenton reaction, Fe*" reacts with H,O, and results
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Figure 5. Reducing power of EGCG, ascorbic acid and manitol.
Values are means of three experiments + standard deviation (mean
+ SD). Higher absorbance at 700 nm indicated greater reducing
power.

Table 1. Chemiluminescence assay of antioxidant and
prooxidant effects of EGCG on DNA.

Concentration Luminosity (%) Peak lag time (s)
(mM)
2 87.4 £1.94 * 25+25
10 81.5+2.16%* 155+4.5
30 90.9 +£2.07 * 445 +5.0
60 1049 +£1.84 * 540 £ 6.5

Luminosity (%) is the luminosity percentage of tested sample
(EGCG) of the control (in the absence of EGCG). *Significantly
different from the control, as calculated by Student’s ¢ test
(»<0.05). Chemiluminsence peak lag time was expressed as
difference value between the peak time of tested sample and the
control. All data was obtained from triplicate experiments and
represented as means + SD.

in the production of hydroxyl radical, which was consid-
ered to be the most harmful radical to biomolecules.
Fe’" is oxidized to Fe’* in Fenton reaction. By many re-
ductants, the oxidized form of iron ions can be reduced to
its reduced form (Fe*"), which can enhance the generation
of hydroxyl radicals and resulted in the increased DNA
damage. To elucidate the role of reducing power in the
prooxidant effect of EGCG, the ability of EGCG on re-
duction of Fe'" to Fe*" was measured as shown in Figure
5. EGCG exhibited greater reducing power than that of
ascorbic acid and manitol. The absorbance at 700 nm of
EGCG was higher than 1.9 when its concentration was at
0.9 mM and above. The reducing power of EGCG in-
creased as its concentration increasing. Manitol exhibited
little reducing power at all tested concentrations, indicat-
ing that it has a weak reducing power on iron ions.

Discussion

ROS including superoxide anion radical (O,’), hydrogen
peroxide (H,0,) and hydroxyl radical (-OH) are generated
during normal aerobic metabolism and can be increased
under the oxidative stress.'”” ROS are considered to cause
oxidative damage to DNA, lipids, proteins and other bio-
logical macromolecules, which can lead to cancer and
other diseases.'*'® Drinking tea has been proved to be
beneficial to human health. Tea polyphenols including



B Tian, Z Sun, Z Xu and Y Hua 156

EGCG have been suggested as cancer chemopreventa-
tives, due to its proxyl radicals scavenging and lipid per-
oxidation inhibiting effects.'® Dietary EGCG decreased
total plasma cholesterol and non-HDL cholesterol con-
centrations in rat.'” It was also reported that EGCG allevi-
ated the oxidation stress and normalized renal function of
rats.'® These suggest that EGCG can work as an important
antioxidant in living systems.

However, there are conflicting reports on the effects of
EGCG. Excessive doses use of EGCG was found to have
harmful effect (prooxidant effect) on experimental ani-
mals.® It has been reported that tea polyphenols in cell
culture systems produce free radicals, which may be re-
sponsible for its cellular toxicity.” The active component
seems to have different effects at different treatment
doses and conditions. However, it has not been clearly
understood on the concentration-dependent effects of
EGCG on biomolecules. In this paper, the ROS scaveng-
ing effects of EGCG were investigated at a wide range of
concentration, and the prooxidant effect of EGCG on -OH

induced DNA damage was also evaluated using a
chemiluminescence method. Our results demonstrated
that EGCG is a strong scavenger on ROS including O,
and H,O,, compared with ascorbic acid. EGCG was also
reported to have strong scavenging effect on hydroxyl
radical.* TIts antioxidant activity may correlate with the
number of phenolic hydroxyl group on its structure,
which can donate electrons to react with radicals. More-
over, the stability of the formed semiquinone radicals
from the reaction of EGCG with ROS may also contribute
a lot to its scavenging effect on ROS.

Our results showed that EGCG at low concentrations
had protective effect on DNA in the -OH induced DNA
damage reaction system. At higher concentrations, EGCG
showed a prooxidant effect on DNA. In the Fenton reac-
tion system, Fe?* reacts with H,0,, resulting in the pro-
duction of hydroxyl radical, which leads to the DNA
damage. Fe’" is oxidized to Fe’* in the Fenton reaction.
The oxidized form of iron ions can be reduced by reduc-
tants to its reduced form (Fe*"), which can enhance the
generation of hydroxyl radicals. EGCG exhibited a great
reducing power on iron ions, especially at high concentra-
tions. The differential effects (prooxidant or antioxidant
effect) of EGCG on DNA might be due to the balance of
its dual activities: ROS scavenging activity, and reducing
power on iron ions which may drive the Fenton reaction
via reduction of iron ions as indicated in Figure 6. The
relatively stronger ROS scavenging ability of EGCG at

(scavenging activity)

EGCG

/emon reaction

2+

(reducing power)

g

> DNA damage

Figure 6. Scheme of effects of EGCG on hydroxyl radical-
induced DNA damage.

low concentrations protects DNA against oxidative dam-
age. With the increase of concentration, the reducing
power of EGCG on iron ion, which accelerates the gen-
eration of hydroxyl radical from the Fenton reaction, may
gradually predominate over its ROS scavenging ability
and result in its prooxidant effect on DNA. The toxicity of
EGCG on cells was decreased in the presence of deferox-
amine, a chelator of iron ion."” This also supported that
the prooxidant effect of EGCG is due to its reduction on
iron ions. It was reported that in vitro Cu*"-induced- hu-
man low density lipoprotein oxidation can be accelerated
in the presence of EGCG,* which converts Cu*" into Cu’.
The prooxidant effect of EGCG was similar to that ob-
tained by ascorbic acid which acts as a prooxidant in the
presence of free transition metal ions by accelerating the
Fenton reaction and lipid peroxidation.” Some phenolic
compounds including ascorbic acid at high concentrations
were reported having the ability of reducing iron ions and
generating the cytotoxic hydroxyl radical from the Fenton
reaction in culture media.”' It was found that the concen-
tration of EGCG in healthy human plasma was in the
range of 0.3 — 4 mM.? These facts indicate that catechins
can act as antioxidants at a lower concentration than ex-
pected. Moreover, we observed that the DNA damage
chemiluminscence peak was delayed in the presence of
EGCQG, and the peak lag time increased with the increas-
ing concentration of EGCG, indicating that the reaction
progress was retarded with the effect of EGCG. The de-
layed reaction may be due to the scavenging ability of
EGCG on H,0,, which is one of the reactants in Fenton
system, however, the detail mechanism need to be further
investigated.

In this paper, EGCG was investigated for its antioxi-
dant and prooxidant effects on DNA using a chemilumi-
nescence method. EGCG showed a concentration-
dependent antioxidant or prooxidant effect on DNA. The
effects of EGCG on DNA may be due to the balance of
two activities including ROS scavenging activity and
reducing power on iron ions. The predomination of re-
ducing power on iron ions over ROS scavenging activity
of EGCG at high concentrations might result in the
prooxidant effect of EGCG on DNA. Although further
research is necessary to investigate the antioxidant and
prooxidant mechanisms of EGCG at physiological levels,
the present results suggest that dose selection may be
very important in the application of EGCG.
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