
The role of free radicals in the pathogenesis,1) and progres-
sion of disease2) and in the aging process has been much dis-
cussed.3) Nutritionists have sought to understand the body’s
oxidation process and to prevent damage caused by rogue
oxygen molecules. Studies have indicated that certain antiox-
idants may have additional activities, such as reducing the
energy of free radicals or suppressing the generation of free
radicals by interrupting the oxidizing chain reaction.4) An-
tioxidants trapping free radicals and lipid peroxides may
delay the onset of lipid peroxidation, stall the further produc-
tion of free radicals, and inhibit damage by certain enzymes
that can degrade connective tissues.5) However, the overall
antioxidative capacity in the blood seems to be of greatest
significance.6) This relationship has led to considerable inter-
est in assessing the antioxidative capacity of foods and other
nutritional antioxidant supplements.7) In recent years, the
oxygen radical absorbance capacity (ORAC) assay has been
widely accepted as a tool for antioxidant assessment, and has
been proposed as a method for comparing and standardizing
nutritional supplements.8)

ORAC was measured using disodium fluorescein as fluo-
rescence, and 2,2�-azobis(2-amidinopropane) dihydrochlo-
ride (AAPH) as a peroxyl radical generator, which is relevant
to biological systems because the peroxyl radical is the most
abundant free radical. Trolox, a water-soluble analogue of vi-
tamin E used as a reference standard, and the loss of fluores-
cence were monitored.9) The antioxidative effects of oolong
tea were expressed in ORAC, where one ORAC unit equals
the fluorescence decay inhibited by 1 mM trolox. The assay
calculates the ability of a product to protect against damage
induced by oxygen free radicals.10)

Tea is the most popular beverage in the world.11) Green tea
and oolong tea are consumed mostly in Japan and China,
while black tea is preferred in America and Europe. All types
of tea are manufactured from the same plant species, Camel-
lia sinensis L. It was first discovered in China, where it has
been used as a daily beverage known to have beneficial ef-

fects on health for thousands of years.12) The various kinds of
tea are produced through different processing methods. Oo-
long tea is semi-fermented, green tea is not fermented, and
black tea is well fermented.13) The quantities of ingredients
depend on the extent of fermentation. Oolong tea contains a
large quantity of polyphenols, different from green or black
tea.14)

Polyphenols, chemical compounds produced by plants to
protect themselves from foreign invasion, inhibit lipid oxida-
tion and scavenge superoxide radicals.15) The polyphenols in
oolong tea give the drink its unique flavor and also improve
beauty and health.16) In China, oolong tea has traditionally
been considered to have anti-obesity17) and hypolipidemic ef-
fects,18) and habitual ingestion is thought to be effective in
enhancing the metabolic rates of fat oxidation.19) According
to research, there are many other compounds in the tea that
can protect against oxidative damage. Tea polyphenols also
reduce DNA damage caused by oxidative agents in vitro,20)

prevent the formation of peroxide free radicals, and inhibit
the oxidation of LDL cholesterol.21)

However, it is not known which components of oolong tea
are responsible for its ORAC, and little attention has been
given to the influence of oolong tea on antioxidative capacity.
Therefore, an evaluation of the antioxidative effect of oolong
tea was performed using the ORAC assay in vitro and in
vivo.

MATERIALS AND METHODS

Tea Samples and Preparation of Tea Extracts Oolong
tea was purchased from the Fujian Tea Import & Export Co.,
Ltd., Fujian province, China. The leaves were treated with 15
parts of boiling water for 5 min. After filtration, and evapora-
tion of the water, the residue was powdered under frozen-de-
compression conditions. The recovery rate was 21.3%.

The concentrations of caffeine, gallic acid, flavanols, and
other polyphenols in the oolong tea were analyzed by high-
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long tea has beneficial effects on health related to its antioxidative action.
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performance liquid chromatography (HPLC) with UV detec-
tion at 280 nm.14) The analysis was performed with a Cos-
mosil 5PE-MS column (4.6 mm internal diameter �150 mm;
Nakalai Tesque, Kyoto, Japan) at 40 °C. Compounds were
eluted (eluent A: 0.05% trifluoroacetic acid in water; eluent
B: 0.05% trifluoroacetic acid in acetonitrile) at a flow rate of
2 ml/min using a gradient program (eluent B content: 10%
for 5 min, 21% for 8 min, 90% for 1 min, and 90% for 6 min).
The quantification of caffeine, gallic acid, and flavanols was
made using standard calibration curves for marketed com-
pounds. Other polyphenols were quantified using a calibra-
tion curve that was derived from polyphenols isolated from
tea by HPLC. The concentrations of caffeine and polyphe-
nols in oolong tea are shown in Table 1.

Animals Male ICR mice, 7 weeks old, were purchased
from Charles River Japan, Inc. (Tokyo, Japan). The animals
were kept in a specific pathogen-free animal room at 23�
1 °C with a 12-h light–dark cycle (lights on from 0600 to
1800 h), and were fed standard laboratory chow (CE-2;
CLEA Japan, Inc.) and tap water. The animals were kept
under these conditions for 1 week before the experiment. In
the restraint stress experiment, each mouse was confined to
an oval metal restraint cage for 6 h before the plasma ORAC
assay. The care and treatment of the animals conformed to
the guidelines established by the Japanese Society of Nutri-
tion and Food Science (Law No. 105 and Notification No. 6
of the Japanese government).

Chemicals and Preparation Ascorbic acid, disodium
fluorescein, 6-hydroxy-2,5,7,8-tetramethylchroman-2-car-
boxylic acid (Trolox, a water-soluble vitamin E analogue as a
control standard), and 2,2�-azobis(2-amidinopropane) dihy-
drochloride (AAPH, as a peroxyl radical generator) were
purchased from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan). Catechin, (�)-epicatechin (EC), and (�)-
epigallocatechin gallate (EGCG) were purchased from Sigma
Chemical Co., and used as a positive control in the present
experiment. Ascorbic acid and fluorescein were directly dis-
solved in an acetone/water mixture (50 : 50, v/v), and diluted
with 75 mM potassium phosphate buffer (pH 7.4) for analysis.
Trolox, AAPH, and the oolong tea extract were dissolved in
the potassium phosphate buffer immediately before the
ORAC assay. This provide fluorescein and AAPH in final
concentrations of 63 nM and 12.8 mM, respectively. Catechin,
EC, and EGCG were dissolved at 1 mg/ml in ethanol before
being appropriately diluted with the same buffer solution. For

the in vivo experiment, the oolong tea extract was dissolved
in distilled water before use.

Assessment of Antioxidative Capacity in Vitro and
Plasma Antioxidant Status The automated ORAC assay
was carried out on a Labsystems Fluoroskan Ascent plate
reader (Helsinki, Finland) with fluorescent filters (excitation
wavelength: 485 nm, and emission filter: 527 nm), as previ-
ously described.22) Fluorescein was used as a target of free
radical attack, with AAPH as a peroxyl radical generator.
Trolox was used as a control standard. Final results were cal-
culated based on the difference in the area under the fluores-
cein decay curve between the blank and each sample. An oo-
long tea solution was administered to animals orally at
0.1 ml/10 g body weight 24 h and 30 min before the restraint
stress. Ten animals in each group were sacrificed for analysis
of antioxidative capacity after the restraint stress. Blood sam-
ples were taken from the heart, under anesthesia with diethyl
ether, 6 h after the stress (Fig. 1), into a tube containing 2%
sodium heparin. Each tube was centrifuged at 5000 rpm for
5 min, and the plasma was immediately placed in an ice bath
until appropriately diluted with pH 7.4 phosphate buffer be-
fore the ORAC assay. To measure the ORAC in the nonpro-
tein fraction, the plasma was treated with 60% perchloric
acid (PCA) to adjust the concentration to 3%, and the sample
was centrifuged at 15000 rpm for 15 min at 4 °C. Then, the
supernatant was removed as the plasma nonprotein fraction,
and appropriately diluted with pH 7.4 phosphate buffer for
the analysis.

Assessment of Vitamin C level in Plasma Plasma vita-
min C analysis was carried out using an automatic serum an-
alyzer (model 7070, Hitachi Co., Ltd., Japan) and by the
ascorbate oxidase method.23)

Statistics Data are expressed as the mean�S.D. Statisti-
cal analyses of data were performed with Student’s t-test.
Differences were considered to be significant when the p
value was less than 0.05.

RESULTS

Antioxidative Capacity of Oolong Tea Extract in Vitro
Figure 2 shows the working curves of fluorescein oxidation
used as an index of resistance time for the oxidative reaction.
The linear relationship between the net area and different
concentrations of the antioxidant was evaluated. Figures. 2A
and B represent the trolox and vitamin C, a single antioxi-
dant, and fluorescence decay curves, respectively. A linear
regression curve of two concentrations (125, 65 ng/ml) ver-
sus the net area under the curve was obtained. Trolox in-
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Table 1. Concentrations of Caffeine and Polyphenols in Oolong Tea

Components Oolong tea (mg/100 ml)

Gallic acid 2.19
Caffeine 23.51
Gallocatechine 6.68
Epigallocatechine 16.14
Catechine 1.65
Epicatechine 5.08
Epigallocatechine gallate 25.73
Allocatechine gallate 1.85
Epicatechine gallate 5.73
Catechine gallate 0.60
Polymerized 33.65
Total polyphenols 99.32

Data are mean amounts of oolong tea components consumed daily.

Fig. 1. Experimental Schedule for ICR Mice Exposed to Restraint Stress

ICR mice were fixed in the restraint cage for 6 h before the plasma ORAC and vita-
min C assay.



creased the level of scavenging activity for the oxidation of
Fluorescein in a dose-dependent manner, and the antioxida-
tive capacity of vitamin C was weaker than that of trolox. In
Fig. 2C, quenching curves of disodium fluorescein illustrate
the ability of oolong tea to absorb the peroxyl radical as
compared to that of the standard trolox. The two concentra-
tions of oolong tea extract gave a good fit to the linear regres-
sion equation. As seen in Fig. 2D, when the ORACs of cate-
chin, EC (Fig. 2E), and EGCG (Fig. 2F), which are polyphe-
nolic compounds contained in the tea extract, were compared
using the area under the curve, a good correlation was ob-
tained between catechin content and ORAC activity. From
the curves, it was clear that the catechins inhibited the
process, and levels remained high until 75 min compared to
the basal and Trolox curve. The antioxidative capacity of the
catechins was greater than that of the oolong tea extract, and
the catechin content correlated with their antioxidant capac-

ity. The capacity of the catechins was in the order of EC, cat-
echin, EGCG and oolong tea extract. The order is similar to
that for their radical scavenging effects.24)

Effect of Oolong Tea Extract on Plasma Antioxidative
Capacity Whole plasma and protein free plasma were ana-
lyzed using the same procedure, but with different sample
preparation procedures. ORAC in the plasma treated with
PCA reflects the antioxidative capacity of the nonprotein an-
tioxidants in blood, because PCA preserves water-soluble an-
tioxidants, including vitamin C.

The ORAC for whole plasma in vitro increased in a dose-
dependent manner, as shown in Fig. 3A. However, when the
plasma protein was removed, the ORAC value was about
1/10 that for whole plasma (Fig. 3B). As shown in Fig. 4,
250 mg/kg of oolong tea extract and 250 mg/kg of vitamin C,
doses determined in preliminary experiments, were adminis-
tered orally 24 h and 30 min before the stress, respectively.
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Fig. 2. Dose-Dependent Inhibition, by Oolong Tea Extract and Catechines, of Fluorescence Decay Induced by AAPH

Curves of fluorescence decay induced by AAPH as a peroxyl radical generator in the presence of oolong tea extract of or catechin compounds at different concentrations are
shown. Trolox, a water-soluble vitamin E analogue, was used as a control standard. The antioxidative activity of a sample is expressed as the net area under the curve. Data are ex-
pressed as means of three experiments.



The same volume of water was given as a control. The
plasma ORAC value was calculated as the ratio of the area
under the fluorescence decay curve for 0.5 mM Trolox as a
standard. In normal mice, the plasma ORAC level was
2684.2�519.1 mM Trolox eq., while the ORAC value ob-
served 6 h after stress was remarkably decreased
(1390.3�547.7 mM trolox eq., p�0.05), as shown in Fig. 4.
The results suggest that the stress plays an important role in
increasing oxidative stress. Average values for ORAC of vita-
min C, oolong tea, and vitamin C plus oolong tea were
1678.1�288.0, 1929.2�346.7, and 1954.0�569.1 mg/g, re-
spectively. The respective total antioxidative capacity of
plasma increased 20.7%, 38.8% and 40.5% compared with
the stress control, although the change was not significant.

Effect of Oolong Tea Extract on Plasma Levels of Vita-
min C Vitamin C concentrations of blood samples were

analyzed 6 h after the restraint stress (1.45�0.13 mg/dl). The
control value (restraint mice) was not significantly decreased
compared with normal mice (1.38�0.04 mg/dl). As shown in
Fig. 5, when mice were given 250 mg/kg of the oolong tea
extract, their plasma vitamin C levels increased significantly
compared with the stressed mice (1.95�0.18 mg/dl, p�
0.05). Levels in the vitamin C alone group were 2.06�0.08
mg/dl, which was 141.1% the value for stress control mice.
Our results also show that the vitamin C concentration in
mice treated with oolong tea extract plus vitamin C was
2.58�0.20 mg/dl, a remarkable increase as compared with
the group given vitamin C alone (p�0.05).

DISCUSSION

In this study, we estimated the scavenging effect of oolong
tea extract in vitro, and its effect on the antioxidative capacity
plasma, with the ORAC assay. As shown in Fig. 2C, the tea
extract scavenged the free radicals generated by AAPH in a
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Fig. 3. Dose-Dependent Inhibition by Plasma of Fluorescence Decay Induced by AAPH

Curves of fluorescence decay induced by AAPH as a peroxyl radical generator in the presence of oolong tea extract, or catechin compounds at different concentrations, are
shown. Trolox, a water-soluble vitamin E analogue, was used as a control standard. The antioxidative activity of a sample is expressed as the net area under the curve. Data are ex-
pressed as means of three experiments.

Fig. 4. Effect of Oolong Tea Extract on Plasma Antioxidative Capacity

The ORAC value is calculated by dividing the area under the sample curve by the
area under the Trolox curve, with both areas being corrected by subtracting the area
under the blank curve. One ORAC unit is assigned as the net area of protection pro-
vided by Trolox at a final concentration of 1 mM. The area under the curve for the sam-
ple is compared to the area under the curve for Trolox, and the antioxidative value is
expressed in micromoles of Trolox equivalent per liter. The results represent the
mean�S.D. of values obtained from 7 animals in each group. The significance of dif-
ferences from the normal control mice at * p�0.05 was determined with Student’s t-
test.

Fig. 5. Effect of Oolong Tea Extract on Plasma Vitamin C Levels

Plasma vitamin C was analyzed using the ascorbate oxidase method. The results rep-
resent the mean�S.D. of values obtained from 7 animals in each group. The signifi-
cance of differences from the normal control mice at * p�0.05 was determined with
Student’s t-test.



dose-dependent manner. In addition, we also examined
ORAC values of plasma in the restraint mice and in mice
treated with the oolong tea extract by oral-administration.
The results showed that the extract changed the oxidative sta-
tus of plasma in mice subjected to stress. Oolong tea may de-
crease the oxidative level of plasma by reducing stress, be-
cause the total antioxidative capacity of plasma is tightly reg-
ulated in part through a homeostatic mechanism. Addition-
ally, the result following the consumption of oolong tea is
also partly due to the antioxidants in the tea.

Previous studies demonstrated that stress can cause free
radical reactions to produce deleterious modifications in
membranes, proteins, enzymes and DNA, which may be cor-
related with life-style-related diseases.25) Usually, the genera-
tion and scavenging of active oxygen free radicals are bal-
anced in the human body. If there is a failure in the mecha-
nism regulating antioxidant enzymes, such as superoxide dis-
mutase or catalase, however, excessive amounts of active
oxygen radicals can be generated.26) So it is important to find
effective scavengers of free radicals for general health, and it
is also often assumed that antioxidant nutrients such as fruits,
vegetables and tea contribute to the prevention of life-style-
related diseases.

Oolong tea has been reported to have several pharmaco-
logical properties, including hypoglycemic effects,27) antiox-
idative effects28) and scavenging effects on free radicals,29)

thereby preventing the oxidation of LDL.21) Although there
are few reports on the absorption and metabolism of oolong
tea, the increase in plasma ORAC following treatment with
oolong tea extract indicated that the extract enhanced the
production of endogenous antioxidants,30) including an in-
crease in SOD activity,31) or that antioxidants contained in
the extract suppressed the generation of oxidants in plasma.
Some studies suggest that the major antioxidative action of
oolong tea is due to active components such as polyphenols
which are abundant in the tea.32) In the present study, the
total polyphenol content of oolong tea was analyzed, reveal-
ing that drinking 100 ml of oolong tea provides 99.3 mg of
polyphenolic compounds. Therefore, oolong tea can be con-
sidered a better source of antioxidants than most beverages.
According to research, the ingestion of polyphenolic com-
pounds, such as EGCG, (�)-epigallocatechin (EGC), (�)-
gallocatechin gallate GCG and EC, which are contained in
tea, enhances antioxidative activity in both humans33) and an-
imals.34) Our results showed that catechin, EC and EGCG are
more powerful radical scavengers than the oolong tea extract,
and in terms of antioxidative activity ranked in the order EC,
catechin and EGCG. Moreover, there is much less EC than
EGCG in the tea catechins. From these findings, it is con-
cluded that the catechins are effective compounds, and play a
major role in the antioxidative activity of oolong tea.

In general, the total antioxidative capacity of plasma ap-
peared to be due to the total activity of a variety of com-
pounds, including vitamin C, polyphenols, and possibly other
endogenous components. In recent years, numerous studies
have shown that endogenous antioxidants include enzymes,
coenzymes and sulfur-containing compounds such as glu-
tathione.35) Exogenous antioxidants include vitamins C and
E, and carotenes.36) Vitamin C is the most famous antioxi-
dant found in fruits and vegetables, and has promising appli-
cations in anti-aging. Epidemiological studies have shown

that high vitamin C diets substantially decrease the risk of
most diseases by neutralizing free radicals.37) Recent studies
have demonstrated that both lipid-soluble vitamin E and
water-soluble vitamin C work together, and that a balance be-
tween them is needed to reduce free radical generation in the
water and lipid layers in tissue.38)

Plasma vitamin C as a marker for oxidative stress was not
significantly decreased after 6 h of restraint stress. It has been
reported that humans lack the ability to synthesize vitamin C
because of a loss of function in the gene (Gulo) coding for a
key synthetic enzyme, L-gulono-g-lactone oxidase,39) whereas
mice having the functional gene can make vitamin C on their
own. As a consequence, mouse tissues generally have high
levels of vitamin C, which are only slightly influenced by ex-
ogenous vitamin C. On stress treatment, we found that the
plasma vitamin C level increased slightly compared to the
normal control. It was suggested that stress may induce the
release of vitamin C from the body pool including neu-
trophils, leukocytes and tissues to plasma. Oxidative stress is
known to increase the metabolic turnover of vitamin C due to
oxidation by free radicals and reactive oxygen species gener-
ated by stress. In contrast, humans depend entirely on vita-
min C derived from diet. Ingestion of the oolong tea extract
in restrained mice significantly increased plasma vitamin C
levels compared with the stress control. Although the effi-
cacy of oolong tea was not made clear in this study, the re-
sults suggest that oolong tea suppresses the oxidative degra-
dation of plasma vitamin C, and there was a sparing effect by
the other antioxidants from the tea extract.

We conclude that the anti-stress activity of oolong tea is
due to an increase in plasma antioxidative capacity achieved
by protecting plasma vitamin C, as well as by a relaxing ef-
fect. Our study provides primary evidence in vivo of an in-
crease in antioxidative capacity, as well as synergism, be-
tween vitamin C and oolong tea extract. The results encour-
age us to investigate the pharmacology of oolong tea for life-
style-related diseases and for general health.

REFERENCES

1) Czlonkowska A., Kurkowska-Jastrzebska I., Czlonkowski A., Peter D.,
Stefano G. B., Med. Sci. Monit., 8, RA165—177 (2002).

2) Halliwell B., Drugs Aging, 18, 685—716 (2001).
3) Szweda P. A., Friguet B., Szweda L. I., Free Radic. Biol. Med., 33,

29—36 (2002).
4) Kerr M. E., Bender C. M., Monti E. J., Heart Lung, 25, 200—209

(1996).
5) Halliwell B., Murcia M. A., Chirico S., Aruoma O. I., Crit. Rev. Food

Sci. Nutr., 35, 7—20 (1995).
6) Prior R. L., Cao G., Free Radic. Biol. Med., 27, 1173—1181 (1999).
7) Cao G., Booth S. L., Sadowski J. A., Prior R. L., Am. J. Clin. Nutr., 68,

1081—1087 (1998).
8) Ou B., Huang D., Hampsch-Woodill M., Flanagan J. A., Deemer E. K.,

J. Agric. Food Chem., 50, 3122—3128 (2002).
9) Cao G., Verdon C. P., Wu A. H., Wang H., Prior R. L., Clin. Chem., 41

(12 Pt 1), 1738—1744 (1995).
10) Atanasiu R. L., Stea D., Mateescu M. A., Vergely C., Dalloz F., Briot

F., Maupoil V., Nadeau R., Rochette L., Mol. Cell Biochem., 189,
127—135 (1998).

11) Wu C. D., Wei G. X., Nutrition, 18, 443—444 (2002).
12) Zhu Q. Y., Hackman R. M., Ensunsa J. L., Holt R. R., Keen C. L., J.

Agric. Food Chem., 50, 6929—6934 (2002).
13) Pan T., Jankovic J., Le W., Drugs Aging, 20, 711—721 (2003).
14) Xie B., Shi H., Chen Q., Ho C. T., Proc. Natl. Sci. Counc. Repub.

China B, 17, 77—84 (1993).

July 2004 1097



15) Guo Q., Zhao B., Li M., Shen S., Xin W., Biochim. Biophys. Acta,
1304, 210—222 (1996).

16) Komatsu T., Nakamori M., Komatsu K., Hosoda K., Okamura M.,
Toyama K., Ishikura Y., Sakai T., Kunii D., Yamamoto S., J. Med. In-
vest., 50, 170—175 (2003).

17) Han L. K., Takaku T., Li J., Kimura Y., Okuda H., Int. J. Obes. Relat.
Metab. Disord., 23, 98—105 (1999).

18) Yang M., Wang C., Chen H., Nutr. Biochem., 12, 14—20 (2001).
19) Rumpler W., Seale J., Clevidence B., Judd J., Wiley E., Yamamoto S.,

Komatsu T., Sawaki T., Ishikura Y., Hosoda K., J. Nutr., 131, 2848—
2852 (2001).

20) Edwin D., Geetha V. R., Vishwanathan H., Usha Rani M. V., J. Envi-
ron. Biol., 23, 373—376 (2002).

21) Kurihara H., Fukami H., Toyoda Y., Kageyama N., Tsuruoka N., Shi-
bata H., Kiso Y., Tanaka T., Biol. Pharm. Bull., 26, 739—742 (2003).

22) Prior R. L., Hoang H., Gu L., Wu X., Bacchiocca M., Howard L.,
Hampsch-Woodill M., Huang D., Ou B., Jacob R., J. Agric. Food
Chem., 51, 3273—3279 (2003).

23) Ihara H., Shino Y., Aoki Y., Hashizume N., Minegishi N., J. Nutr. Sci.
Vitaminol. (Tokyo), 46, 321—324 (2000).

24) Hirano R., Sasamoto W., Matsumoto A., Itakura H., Igarashi O.,
Kondo K., J. Nutr. Sci. Vitaminol. (Tokyo), 47, 357—362 (2001).

25) Esch T., Fricchione G. L., Stefano G. B., Med. Sci. Monit., 9, RA23—
34 (2003).

26) Fielding R. A., Meydani M., Aging (Milano), 9, 12—18 (1997).
27) Hosoda K., Wang M. F., Liao M. L., Chuang C. K., Iha M., Clevidence

B., Yamamoto S., Diabetes Care, 26, 1714—1718 (2003).
28) Hashimoto F., Ono M., Masuoka C., Ito Y., Sakata Y., Shimizu K.,

Nonaka G., Nishioka I., Nohara T., Biosci. Biotechnol. Biochem., 67,
396—401 (2003).

29) Yen G. C., Chen H. Y., Biosci. Biotechnol. Biochem., 62, 1768—1770
(1998).

30) McKay D. L., Blumberg J. B., J. Am. Coll. Nutr., 21, 1—13 (2002).
31) Yoneda T., Hiramatsu M., Sakamoto M., Togasaki K., Komatsu M.,

Yamaguchi K., Biochem. Mol. Biol. Int., 35, 995—1008 (1995).
32) Cabrera C., Gimenez R., Lopez M. C., J. Agric. Food Chem., 51,

4427—4435 (2003).
33) Higdon J. V., Frei B., Crit. Rev. Food Sci. Nutr., 43, 89—143 (2003).
34) Choi J. Y., Park C. S., Kim D. J., Cho M. H., Jin B. K., Pie J. E., Chung

W. G., Neurotoxicology, 23, 367—374 (2002).
35) Vatassery G. T., Geriatrics, 53 (Suppl. 1), S25—27 (1998).
36) Rock C. L., Jacob R. A., Bowen P. E., J. Am. Diet Assoc., 96, 693—

702 (1996).
37) Halliwell B., Mutat. Res., 475, 29—35 (2001).
38) Chan A. C., Can. J. Physiol. Pharmacol., 71, 725—731 (1993).
39) Nishikimi M., Fukuyama R., Minoshima S., Shimizu N., Yagi K., J.

Biol. Chem., 269, 13685—13688 (1994).

1098 Vol. 27, No. 7


