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Abstract The antioxidant activity of the extract of Erigeron annuus was assessed by means of
two different /n vitro tests: bleaching of the stable 1,1-diphenyl-2-picrylhydrazyl radical (DPPH
test) and the scavenging of authentic peroxynitrite in company with peroxynitrite generation
from 3-morpholinosydnonimine (SIN-1). In both tests, the 85% agq. MeOH and nBuOH soluble
fractions of the crude extract showed a significant scavenging effect on peroxynitrite and DPPH
radical in comparison to L-ascorbic acid. And bioassay-guided fractionation of the 7-BuOH solu-
ble fraction led to the isolation of three compounds: Apigenin (1), quercetin-3-O-glucoside (2),
and caffeic acid (3). The structures of the isolated compounds were elucidated on the basis of
their spectroscopic data and their antioxidant activities were measured by determining their ca-
pacity to scavenge peroxynitrite and the DPPH radical.
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INTRODUCTION

Cells must maintain a proper balance between the lev-
els of free radicals and antioxidants to ensure the struc-
tural integrity of critical components. When the levels of
free radicals exceed those of antioxidants during oxida-
tive stress, sensitive biomolecules such as lipids, proteins
and DNA in particular can be damaged [1]. Reactive
oxygen species (e.g., hydroxyl radical or hydrogen perox-
ide) and reactive nitrogen species (e.g., peroxynitrite)
have been implicated to be involved in the development of
chronic degeneration disease and in the aging process.
Biochemical and epidemiological evidences indicate that
increased antioxidant defence may lower the risk of such
diseases [2,3].

Peroxynitrite is formed in biological systems when su-
peroxide anion and nitric oxide are produced at near
equimolar ratio. Although not a free radical by chemical
nature, peroxynitrite is a powerful oxidant exhibiting a
wide array of tissue damaging effects ranging from lipid
peroxidation, inactivation of enzymes and iron channels
via protein oxidation and nitration to inhibition of mito-
chondrial respiration [4]. There are many reports of nat-
urally or synthetic peroxynitrite scavenger including mel-
atonin, deferoxamine, D(-)penicillamine, flavonoids, no-
ne the less, isolated compounds from marine natural
plants were hardly not reported [5-8]. It is also very im-
portant to explore antioxidant from marine natural plants,
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because most of peroxynitrite scavenger cannot be syn-
thesized by humans and must be taken in the diet.

DPPH is a stable free radical for about 1 h at the room
temperature and has strong optical density at the 520 nm
wavelength of dark purple. It has been widely used as a
substrate to evaluate the antioxidative properties because
the color is easily disappeared by donating a hydrogen or
an electron from reacting material [9].

Recently, in our laboratory, we screened a number of
salt marsh plants extracts for the DPPH radical and per-
oxynitrite-scavenging activities [10,11]. Of these, Erig-
eron annuus was found to have the most predominant
DPPH radical and peroxynitrite-scavenging effects of
those screened. E. annuus (L.) Pers., a member of the
Compositae (Asteraceae), is widely distributed throu-
ghout the urban and rural areas of Korea [12-14] and
has also been used as a hypoglycemic drug in China [15].
It had been reported that (5-butyl-3-ox0-2,3-dihydro-
furan-2-yl)-acetic acid, 3-hydroxy-pyran-4-one and two
cinnamic acid derivatives isolated from E. annuus act as
anti-germination constituents [16]. Sesquiterpenoids, dit-
erpenoids, and cyclopentenone derivatives have also been
reported to be present in E. annuus [17,18]. However,
antioxidant activity of this plant has not been studied. As
a part of our search for antioxidants from marine plants,
E. annuus was selected, and extracted, and then its crude
extract was investigated.

In this paper, the antioxidant activities of the fractions
from n-hexane, 85% aqueous MeOH, n-butanol (n-
BuOH) and water (H,0) partitioned from the combined
solvent extracts of E. annuus were evaluated by using the
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical and per-
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oxynitrite. The isolation and identification .of three known
compounds from the active n-BuOH fraction of E. an-
nuus were also reported. :

MATERIALS AND METHODS
Plant Materials

Whole plant of E. annuus (1.2 kg) was collected at
Daebudo Kyungkido,  Korea in September 2002. The
collected sample was briefly dried under shade and kept
at —25°C until use. '

Chemicals

The 1,1-diphenyl-2-picrylhydrazyl (DPPH), L-ascoﬂ‘-
bic acid, 2,6-Di-tert-butyl-4-methoxyphenol (butylatedh-
ydroxyanisol: BHA), 2,6-Di-tert-butyl-4-methylphenol
(butylatedhydroxytoluene: BHT), DL-penicillamine (DL-
2-amino-3-mercapto-3-methylbutanoic acid), and 3-mo-
rpholinosydnonimine (SIN-1) were purchased from Si-
gma-Aldrich Chemical Company (St. Louis, MO, USA).
The Dihydrorhodamine 123 (DHR 123) and peroxyni-
trite were of the highest quality commercially available
and were purchased from Molecular Probes (Eugene,
Oregon, USA), and Cayman (Ann Arbor, MI, USA), re-
spectively.

General Experimental Procedures

Thin layer chromatography (TLC) was carried out on
a RP-18 F,;,, plate (Merck) and spots were detected us-
ing 10% ethanolic H,SO, reagent. 'H and *C NMR
analyses were performed with a Varian NMR 300 spec-
trometer (300 MHz for 'H and 75.5 MHz for Q).
Chemical shifts were referenced to the respective residual
solvent peaks, recorded in values, and expressed in ppm.
The solvent used was CD;OD (Cambridge Isotope Labo-
ratories, Inc., USA, deuterium degree 99.8%). HMQC,
and HMBC spectra were recorded using pulsed field gra-
dients. The multiplicities of the 'H NMR signals were
indicated as s (singlet), d (doublet), and m (multiplet).
FAB-MS was measured on a Concept-1S (Kratos Co.,
Manchester, UK) mass spectrometer.

Extraction, Fractionation, and Isolation

The dried whole plants of E. annuus were extracted
successively three times with each of CH,Cl, and MeOH,
respectively. The total filtrate was concentrated to dry-
ness in vacuo at 40°C to render the MeOH (20.6 g) and
CH,Cl, (16.3 g) extracts, respectively. The two extracts
were combined and suspended in H,O and then parti-
tioned between CH,Cl, and H,0. The CH,Cl, (19.9 g)
fraction was further partitioned with n-hexane and 85%
aqueous MeOH and the H,0O fraction successively frac-
tionated with n-BuOH and H,O. This tesulted in 4 frac-
tions, i.e., the n-hexane (8.9 g), 85% aqueous MeOH
(9.1 g), n-BuOH (6.6 g), and H,O (10.1 g) fractions
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(scheme 1). A MeOH soluble portion of the n-BuOH
(2.3 g) fraction was subjected to Sephadex LH-20 col-
umn chromatography using MeOH as the eluting solvent
to yield 18 subfractions (subfr. 1~18). The 8 subfraction
(53.3 mg) was further separated by preparative-TLC
(PTLC) on a silica gel plate CHCl; and MeOH (10:1) as
the solvent system to give the compound 1 (apigenin: 7
mg). Subfractions 6 and 4 were also further separated by
RP-PTLC on a C4 plate with 40% aqueous AcCN to give
the compounds 2 (Quercetin-glucoside: 3.8 mg) and 3
(Caffeic acid: 9.2 mg), respectively.

Apigenin (1)

Yellowish powder; FAB-MS m/z 269 [M-H]*; 'H
NMR (300 MHz, CD;0D) 6.51 (1H, s, H-3), 5.90 (1H,
d, ] = 1.9 Hz, H-6), 6.14 (IH, d, ] = 1.9 Hz, H-8).
6.83 (2H, d, ] = 8.8 Hz, H-3" and H-5"), 7.78 (2H, d, ]
= 8.8 Hz, H-2’ and H-6¢) ; ®C NMR (75.5 MHz,
CD;0D) 164.7 (C-2), 102.6 (C-3), 182.6 (C-4), 158.1
(C-5), 99.0 (C-6), 165.0 (C-7), 93.9 (C-8), 161.5 (C-9),
102.6 (C-10), 122.0 (C-17), 128.2 (C-29, 115.8 (C-39,
161.9 (C-4"), 115.8 (C-5"), 128.2 (C-6").

Quercetin-3-O-glucoside (2)

Yellowish powder; FAB-MS m/z 463 [M-H]*; 'H
NMR (300 MHz, CD;0D) 6.20 (1H, d, ] = 1.9 Hz, H-
6), 6.39 (1H,d, ] = 1.9 Hz, H-8), 6.85 (1H, d, ] = 8.5
Hz, H-5'), 7.57 (1H, dd, | = 2.2, 2.2 Hz, H-6"), 7.69
(1H, d, ] = 2.2 Hz, H-2'), 5.24 (1H, d, ] = 7.4 Hz, H-
11 *C NMR (75.5 MHz, CD;0D) 158.8 (C-2), 1354
(C-3), 179.2 (C-4), 162.8 (C-5), 99.8 (C-6), 165.8 (C-
7), 94.6 (C-8), 158.3 (C-9), 105.6 (C-10), 122.9 (C-19,
115.9 (C-2"), 145.7 (C-3"), 149.7 (C-4), 117.4 (C-5"),
123.1 (C-6"), 104.1 (C-1"), 75.7 (C-2™), 78.3 (C-3"),
71.1 (C-4), 78.0 (C-5"), 64.3 (C-6").

Caffeic acid

Yellowish powder; FAB-MS m/z 179 [M-H]*; 'H
NMR (300 MHz, CD;0D) 6.21 (1H, d, ] = 15.7 Hgz,
H-8), 6.75 (1H, dd, ] = 2.8 Hz, 3.0 Hz, H-5), 6.89 (1H
dd,] =2.2Hz 1.9 Hz H-6),7.01 (1H,d, ] = 1.9 Hz,
H-2), 7.46 (1H, d, ] = 15.7 Hz, H-7); C NMR (75.5
MHz, CD;0D) 126.8 (C-1), 113.8 (C-2), 145.5 (C-3),
147.9 (C-4), 115.3 (C-5), 121.5 (C-6), 144.8 (C-7),
115.7 (C-8), 170.7 (C-9).

Determination of the Scavenging Effect on the DPPH
Radical

The DPPH radical scavenging effect was evaluated ac-
cording to the method employed by Blois [9]. To 1.0 mL
of DPPH methanol solution (1.5 x 107! M), 4.0 mL of
MeOH solution of a sample at various concentrations
was added. After mixing gently and leaving for 30 min at
room temperature, the optical density was measured at
520 nm using a spectrophotometer. The scavenging ac-
tivity of the sample was determined by comparing its ab-
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Scheme 1. Extraction and fractionation procedure of Erigeron
annuus.

sorbance with that of the blank (100%) which contained
only DPPH and solvent.

Measurement of Peroxynitrite Scavenging Activity

The peroxynitrite (ONOO™) scavenging ability was
measured by monitoring the oxidation of dihydrorhoda-
mine 123 using modified version of the method of Kooy
et al. [19]. The peroxynitrite reacts with DHR 123,
makes oxidized DHR 123 form and its conversed chemi-
cal structure is capable of emitting fluorescence. A stock
solution of DHR 123 (5 mM) purged with nitrogen was
prepared in advance and stored at 80°C. A working solu-
tion of DHR 123 (final concentration, 5 uM) was diluted
from the stock solution and placed on ice in the dark
immediately prior to the measurement. The buffer of 90
mM sodium chloride, 50 mM sodium phosphate (pH
7.4) and 5 mM potassium chloride with 100 uM (f.c.)
diethylenetriaminepentaacetic acid (DTPA) was purged
with nitrogen and placed on ice before use. The ONOO™
scavenging ability, based on the oxidation of DHR 123,
was determined with a microplate fluorescence spectro-
photometer, FL 500 (Bio-Tek Instruments, Inc., USA)
using the wavelengths of 485 nm and 530 nm for excita-
tion and emission, respectively, at room temperature. The
background and final fluorescent intensities were meas-
ured 5 min after treatment with or without SIN-1 (f.c. 10
uM) or authentic ONOO™ (f.c. 10 pM) in 0.3 N sodium
hydroxide. The oxidation of DHR 123 due to decomposi-
tion of the SIN-1 gradually proceeded whereas the au-
thentic ONOQ™ rapidly oxidized DHR 123 with the final
fluorescent intensity being stable over time. Penicillamine
was used as a positive control.

RESULTS AND DISCUSSION

This study investigated the general antioxidant effects
of the n-hexane-, 85% aq. MeOH-, n-BuOH-, and H,O
fractions from the crude extract of E. annuus. Also, the
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Fig. 1. DPPH radical scavenging activities of several fractions
from Erigeron annuus crude extract. 1. n-hexane; 2. 85% aq.
MeOH; 3. n-BuOH; 4. H,O; 5. BHA.
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Fig. 2. Scavenging activities of several fractions from Erigeron
annuus crude extract on authentic peroxynitrite (ONOO7). 1.
n-hexane; 2. 85% aq. MeOH; 3. n-BuOH; 4. H,O; 5. L-
ascorbic acid; 6. penicillamine. :

isolation of the active components from the active frac-
tion was conducted by using a bioassay-directed method.

As shown in Fig. 1, the scavenging activity of each
fraction of the n-hexane-, 85% aq. MeOH-, n-BuOH-,
and H,O fractions on the DPPH radical were 4.0, 65.8,
89.8, and 27.6% at 50 pg/mL and 0.0, 20.6, 77.6, and
3.0% at 10 pg/mL concentrations, respectively. The in-
hibitory activities of the 85% aq. MeOH and n-BuOH
fraction on DPPH were higher than those of the other
fractions. In particular, the n-BuOH fraction showed a
better than that of the butylatedhydroxyanisole (BHA),
which is widely known as a synthetic antioxidant. How-
ever, the n-hexane and H,O fractions showed only very
weak activities.

For the ONOQO™ scavenging activity, the four solvent
fractions were tested. They exhibited a good antioxidant
activity in a dose dependent manner, and the activity was
comparable to that of penicillamine and L-ascorbic acid.
Especially, the n-BuOH fraction showed 99.99% inhibi-
tion at the 1 pg/mL (Fig. 2). Each fraction showed a
highly similar scavenging effect on both authentic per-
oxynitrite and SIN-1 producing a superoxide anion and
nitric oxide simultaneously (Fig. 2 and Fig. 3). These
results clearly indicate that the n-BuOH fraction has a
significant scavenging activity on both DPPH and per-
oxynitrite.
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Fig. 3. Scavenging activities of several fractions from Erigeron

annuus crude extract on peroxynitrite from SIN-1. 1. n-hexane;
2. 85% aq. MeOH; 3. n-BuOH; 4. H,0; 5. L-ascorbic acid; 6.
penicillamine.
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Fig. 4. Chemical structures of the active compounds isolated
from Erigeron annuus.

The n-BuOH fraction was subjected to further separa-
tion and, after successive column chromatography, two
known flavonoids and one phenolic acid were isolated.
These compounds were readily analyzed by extensive 2-D
NMR experiments including ' H, ' H-COSY, HMQC, and
HMBC and by comparison with the reported spectro-
scopic data and identified as apigenin (1), quercetin-3-
O-glucoside (2), and caffeic acid (3) [20-23] (Fig. 4).

The antioxidant activities of the three compounds iso-
lated from the n-BuOH fraction was shown in Fig. 5 and
Fig. 6. Compounds 2 and 3 at 10 pg/mL exhibited a
strong antioxidant activity on DPPH as 85.7 and 84.6%,
respectively. These are comparable to that of L-ascorbic
acid, positive control, at a concentration of 50 pg/mL.
Compounds 2 and 3 also exhibited a strong inhibition
activity of 99.3 and 97.3% on authentic ONOO™ and
100%, 79.2% on SIN-1 at 1 pg/mL. The activity was
comparable with that of L-ascorbic acid and penicillamine
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Fig. 5. DPPH radical scavenging activities of the compounds
(1-3) isolated from Erigeron annuus.
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Fig. 6. Scavenging activities of the compounds (1-3) isolated
from Erigeron annuus on authentic peroxynitrite and peroxyni-
trite from SIN-1 at the 1 pg/mL concentration.

respectively. Compound 1 didn’t show any activity on
DPPH at a 10 ug/mL but showed a moderate activities
on authentic ONOO™and SIN-1 at 1 pug/mL as 66.8 and
63.3%, respectively.

According to the previous reports, these types of com-
pounds revealed a potential ability to prevent the ONOO™
mediated nitration of protein-bound and free tyrosine
and to inhibit the ONOO™ mediated oxidation of dihy-
drorhodamine 123 and DNA [24-26]. It has also been
reported that the antioxidant activities of the phenolic
compounds are primarily determined by the number of
phenolic hydroxyl groups. The hydroxyl groups are the
active centers of the molecules in terms of their furnish-
ing hydrogen atoms for the scavenging function. Many
other phenolic phytochemicals work as antioxidants in a
similar manner. Some other’s work by chelating metal
ions, which facilitate the formation of the hydroxy radical
from reactive species such as H,0, {27-31]. Indeed,
quercetin-3-O-glucoside that has four phenolic hydroxy
groups was a much better scavenger of the DPPH and
ONOQO' than apigenin and caffeic acid which have only
two or three hydroxy groups. In addition, the activity of
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caffeic acid was noticeably superior to apigenin, suggest-
ing that the ortho-dihydroxy functional group on the
phenolic ring is one of the important factors for the anti-
oxidant activity. The antioxidant effects of quercerin-3-
O-glucoside and caffeic acid are consistent with those of
other phenolic phytochemicals, which have been reported
to scavenge the H,0,, hydroxy radical, superoxide anion,
and peroxynitrite [33,34].

The present results indicate that the antioxidant activity
of the halophyte E. annuus is partly attributable to the
phenolic derivatives such as compounds 1-3, contained
in E. annuus. To the best of our knowledge, this is the
first report on the isolation of three active compounds
from E. annuus and on their antioxidant activities in
DPPH and peroxynitrite assay systems. Investigations on
the further antioxidative constituents of E. annuus are
currently in progress.

Acknowledgements This work was financially supported by
Korea Research Foundation (KRF) grant KRF-2004-005-
C00005.

REFERENCES

[1] Fang, Y. Z., S. Yang, and G. Wu (2002) Free radicals,
antioxidants, and nutrition. Nutrition 18: 872-879.

[2] Patel, R. P, J. McAndrew, H. Sellak, C. R. White, H. Jo,
B. A. Freeman, and V. M. Darley-Usmar (1999) Biologi-
cal aspects of reactive nitrogen species. Biochim. Biophys.
Acta 1411: 385-400.

[3] Grace, S. C., M. G. Salgo, and W. A. Pryor (1998) Scav-
enging of peroxynitrite by a phenolic/peroxidase system
prevents oxidative damage to DNA. FEBS Lett. 426: 24-
28.

[4] Virag, L., E. Szabo, P. Gergely, and C. Szabo (2003)
Peroxynitrite-induced cytotoxicity: mechanism and oppo-
rtunities for intervention. Toxicol. Lett. 140-141: 113-
124,

[5] Reiter, R. J., D. X. Tan, and S. Burkhardt (2002) Reac-
tive oxygen and nitrogen species and cellular and organ-
ismal decline: amelioration with melatonin. Mech. Ageing
Dev. 123: 1007-1019.

[6] Heijnen, C. G. M., G. R. M. M. Haenen, and J. A. ]. M.
Vekemans (2001) Peroxynitrite scavenging of flavonoids:
Structure activity relationship. Environ. Toxicol. Pharma-
col. 10: 199-206.

[7] Heijnen, C. G. M., G. R. M. M. Haenen, F. A. A. van

- Acker, W. J. F. van der Vijgh, and A. Bast (2001) Flavon-
oids as peroxynitrite scavengers: the role of the hydroxyl
groups. Toxicol. In Vitro 15: 3-6.

[8] Chung, H. Y., H. R. Choi, H. J. Park, J. S. Choi, and W,
C. Choi (2001) Peroxynitrite scavenging and cytoprotec-
tive activity of 2,3,4-tribromo-4,5-dihydroxybenzyl methyl
ether from the marine alga Symphycladia latiuscula. J.
Agric. Food Chem. 49: 3614-3621.

[9] Blois, M. S. (1958) Antioxidant determination by the use
of a stable free radical. Nature 181: 1199-1202.

[10] Lee, H. J., Y. A. Kim, J. W. Ahn, B. J. Lee, S. G. Moon,

17

and Y. Seo (2004) Screening of peroxynitrite and DPPH
radical scavenging activities from salt marsh plants. Kor.
J. Biotechnol. Bioeng. 19: 57-61.

[11] Lee, H. J., K. E. Park, J. S. Yoo, J. W. Ahn, B. ]. Lee, and
Y. Seo (2004) Studies on screening of seaweed extracts
for peroxynitrite and DPPH radical scavenging activities.
Ocean and Polar Research 26: 59-64.

[12] Bennington, C. C. and D. A. Stratton (1998) Field tests
of density and frequency-dependent selection in Erigeron
annuus (Compositae), Am. J. Bot. 85: 540-545.

[13] Kim, T. S. and H. J. Lee (1991) Life history and gro-
wth pattern on the Erigeron annuus. Kor. J. Ecol. 14:
211-231.

[14] Kim, T. S., H. J. Lee, and D. W. Byun (1992) Germina-
tion, shade tolerance and community characteristics of
Erigeron annuus L. in Cheju, Kor. J. Ecol. 15: 103-116.

[15] Shanghai Scientific Technological Publishers and Shou-
gakukan. (eds.). Dictionary of Chinese Materia Medica.
Vol. 1. Shougakukan, Tokyo. 1985. pp. 25.

[161 Oh, H., S. Lee, H. S. Lee, D. H. Lee, S. Y. Lee, H. T.
Chung, T. S. Kim, and T. O. Kwon (2002) Germination
inhibitory constituents from Erigeron annuus. Phytoche-
mistry 61: 175-179.

[17] lijima, T., Y. Yaoita, and M. Kikuchi (2003) Two new
cyclopentenone derivatives and a new cyclooctadienone
derivative from Erigeron annuus (L.) PERS., Erigeron
philadelphicus L., and Erigeron sumatrensis RETZ. Chem.
Pharm. Bull. 51: 894-896.

[18] lijima, T., Y. Yaoita, and M. Kikuchi (2003) Five new
sesquiterpenoids and a new diterpenoid from Erigeron
annuus (L.) PERS., Erigeron philadelphicus L. and Erig-
eron sumatrensis RETZ. Chem. Pharm. Bull. 51: 545-
549.

[19] Kooy, N. W,, J. A. Royall, H. Ischiropoulos, and J. S.
Beckman (1994) Peroxynitrite-mediated oxidation of di-
hydrorhodamine 123. Free Radic. Biol. Med. 16: 149-
156.

[20] Wagner, H. and V. M. Chari (1976) *C-NMR spektren
naturlich vorkommender flavonoide. Tetrahedron Lett.
21:1799-1802.

[21] Saleem, M., H. J. Kim, C. Jin, and Y. S. Lee (2004) An-
tioxidant caffeic acid derivatives from leaves of Partheno-
cissus tricuspidata. Arch. Pharm. Res. 27: 300-304.

[22] Harborne, J. B. (1982) The Flavonoids: Advances in Re-
search. pp. 60. Champman and Hall, London, UK.

[23] Harborne, J. B. (1994) The Flavonoids: Advances in Re-
search. pp. 453. Champman and Hall.

[24] Niwa, T., U. Doi, Y. Kato, and T. Osawa (1999) Inhibi-
tory mechanism of sinapinic acid against peroxynitrite-
mediated tyrosine nitration of protein in vitro. FEBS Lett.
459: 43-46.

[25] Pannala, A. S., R. Razaq, B. Halliwell, S. Singh, and C. A.
Rice-Evans (1998) Inhibition of peroxynitrite dependent
tyrosine nitration by hydroxycinnamates: nitration or
electron donation? Free Radic. Biol. Med. 24: 594-606.

[26] Ippoushi, K., K. Azuma, H. Ito, H. Horie, and H. Higa-
shio (2003) [6]-Gingerol inhibits nitric oxide synthesis in
activated J774.1 mouse macrophages and prevents per-
oxynitrite-induced oxidation and nitration reactions. Life
Sci. 73: 3427-3437.



18

[27] Robards, K., P. D. Prenzler, G. Tucker, P. Swatsitang,
and W. Glover (1999) Phenolic compounds and their
role in oxidative processes in fruits. Food Chem. 66: 401 -
436.

[28] Tsuda, T, Y. Kato, and T. Osawa (2000) Mechanism for
the peroxynitrite scavenging activity by anthocyanins.
FEBS Lett. 484: 207-210.

[29] Hur, Y. S., T. H. Hong, and W. H. Hong (2004) Effec-
tive extraction of oligomeric proanthocyanidin (OPC)
from wild grape seeds. Biotechnol. Bioprocess Eng. 9:
471-475.

[30] Liebert, M., U. Licht, V. Bohm, and R. Bitsch (1999) An-
tioxidant properties and total phenolics content of green
and black tea under different brewing conditions. Z. Le-
bensm. Unters. Forsch. A 208: 217-220.

[31] Johnson, M. K. and G. Loo (2000) Effects of epigallo-
catechin gallate and quercetin on oxidative damage to

Biotechnol. Bioprocess Eng. 2006, Vol. 11, No. 1

cellular DNA. Mutat. Res. 459: 211-218.

[32] Ketsawatsakul, U., M. Whiteman, and B. Halliwell
(2000) A reevaluation of the peroxynitrite scavenging ac-
tivity of some dietary phenolics. Biochem. Biophys. Res.
Commun. 279: 692-699.

[33] Kono, Y., K. Kobayashi, S. Tagawa, K. Adachi, A. Ueda,
Y. Sawa, and H. Shibata (1997) Antioxidant activity of
polyphenolics in diets rate constants of reactions of
chlorogenic acid and caffeic acid with reactive species of
oxygen and nitrogen. Biochim. Biophys. Acta 1335: 335-
342,

[34] Shutenko, Z., Y. Henry, E. Pinard, ]. Seylaz, P. Potier, F.
Berthet, P. Girard and R. Sercombe (1999) Influence of
the antioxidant quercetin in vivo on the level of nitric
oxide determined by electron paramagnetic resonance in
rat brain during global ischemia and reperfusion.
Biochem. Pharmacol. 57: 199-208.

[Received July 8, 2005; accepted September 16, 2005]



