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Their Protective Effect on Oxidative Damage in Human
Fibroblast Cells

GuoLIANG JE,T ZHI LIN,* LONGZE ZHANG,8 HAIPENG LVv,* PuMING HE,*T AND
BAOLU ZHAO* 8

Zhejiang University Tea Research Institute, 268 Kaixuan Road, Hangzhou 310029, People’s Republic
of China, Tea Research Institute of Chinese Academy of Agricultural Sciences, Key Laboratory of
Tea Chemical Engineering, Ministry of Agriculture, 1 Yunxi Road, Hangzhou 310008, People’s
Republic of China, and State Key Laboratory of Brain & Cognitive Science, Institute of Biophysics,
Academia Sinica, Beijing 100101, People’'s Republic of China

In the present study, we successively extracted the Pu-erh tea with acetone, water, chloroform, ethyl
acetate, and n-butanol, and the extracts were then isolated by column chromatography. Our study
demonstrates that the Pu-erh tea ethyl acetate extract, n-butanol extract, and their fractions had
superoxide anion and hydroxyl radical scavenging activity: fractions 2 and 8 from the ethyl acetate
extract and fractions 2, 4, and 5 from the n-butanol extract showed protective effects against hydrogen
peroxide-induced damage in human fibroblast HPF-1 cells and increased the cells’ viability under
normal cell culture conditions. In addition, it is found that these fractions, except fraction 5 from the
n-butanol extract, decreased the accumulation of intracellular reactive oxygen species in hydrogen
peroxide-induced HPF-1 cells. Interestingly, the antioxidant effect of fraction 8 from the ethyl acetate
extract on the above four systems was much stronger than that of the typical green tea catechin
(—)-epigallocatechin-3-gallate, but there were almost no monomeric polyphenols, theaflavins, and
gallic acid in fraction 8.

KEYWORDS: Pu-erh tea; tea extraction; free radicals; oxidative damage; natural antioxidants; human
fibroblast; HPF-1

INTRODUCTION bactericidal activity againdordetella pertussi¢8), and anti-

Tea is one of the most popular beverages in the world. obese activity, reducing plasma triglyceride, cholesterol, and

According to the degree of fermentation, generally, tea is LDFI{_-ch?Iesterol In rat (9)' ROS f f activated
classified into three major categories: nonfermented green tea, eactive oxygen species ( ) are forms of activated oxygen

. that include free radicals such as superoxide anion{(Cand
tially f ted ool h t d fully f ted . i )
Egclli tiae;r:(i npi_e?ﬁ (t):ag)? rpaochong tea, and iufly fermente hydroxyl radical (HO), as well as non-free radical species such

Interest in the health properties of tea and related scientific as hydrogen peroxide @8;) (10). Because of their high

investigation is increasing@). The potential for the consumption (raeci(lzg\slmi/ﬁglﬁgiaadIcﬂie?r?g %er)%%e g:\;féze l(i:eiltljila;:] da%rgggt
of tea or tea polyphenols to prevent or ameliorate chronic diseaseacids i:ree radi(?alp-)caused’ dama eyto thes’e rF:wIe’cules has been
is currently the subject of considerable scientific investigations .~ ™ ' . 9 : .
3). implicated in the causation of some degenerative diseases. For

. .. example, destructive effects on proteins may play a role in
Pu-erh tea, a i.('nd of postfermented tea, prpducgd mainly in cataract formation, oxidative damage to DNA may be involved
the Yunnan province of China, is consumed widely in southeast

Asia. A number of studies have shown that pu-erh tea has ain the development of certain cancers, and lipid oxidative
o . - pu-ern. damage can contribute to the occurrence and progression of
wide range of biological effects, such as antioxidati¥e §)

; ’ - g - vascular disease (11).
and hypocholesterolemic effects in rei$, (nicrobicidal activity Although a num(bez of mechanisms have been proposed for
againstMycoplasma pneumoniagnd Mycoplasma oralg7),

the beneficial effects of tea in different models of chronic
s o - (5.2, 161 8610-64888569, faxt 8610 diseases, the radical scavenging and antioxidant properties of
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chemical compounds of Pu-erh tea extract’s fractions were reaction mixture (1.0 mL) contained 8%Q of luminol (0.1 mM, diluted
identified by high-performance liquid chromatography (HPLC) in CBSS, pH 10.2), 10QuL of sample solution (with different
and spectrum technology. We tested the antioxidative activities concentration, replaced with CBSS in the control) &0of NaOH (4

of Pu-erh tea extract’s fractions for their inhibitory effect on M). and 10uL of pyrogallol (3 mM).

Fenton reaction system and superoxide anion-generating system. The testing procedure and scavenging rate formula were similar to
In addition, we assessed the protective effect and ROS-inhibiting e HO assay noted above.

effect of Pu-erh tea extract’s fractions on®4-induced oxida- High-Performance Liquid Chromatographic Analysis. Gallic acid,
tive damage in the HPF-1 celld3) monomeric polyphenols from the catechins, and theaflavins, maybe

contained in the Pu-erh tea fractions, were analyzed by HPLC. HPLC

analysis was conducted on a LC-2010 liquid chromatograph. A C18
MATERIALS AND METHODS reversed-phase column was used for separation. Gradient elution was
performed by varying the proportion of solvent A (acetic acid/
acetonitrile/water, 0.5:3:96.5 v/v/v) to solvent B (acetic acid/acetonitrile/
water, 0.5:30:69.5 v/v/v), with a flow rate of 1 mL/min. The mobile
phase composition started at 100% solvent A, followed by a linear
increase of solvent B to 100% in 45 min, and then solvent B for 15

Materials. Dulbecco’s modified Eagle medium (DMEM), newborn
calf serum, and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium-
bromide (MTT) were purchased from Gibco BRL (Grand Island, NY).
Embryonic human lung fibroblasts (HPF-1) were purchased from

Peking Union Medical College. Trypsin, penicillin, streptomycih72 min. All the prepared solutions were filtered through 0.4

dichlorofluorescein diacetate (DCF-DA) and 3-aminophthalhydrazide membranes, and the mobile phase was degassed before being injected
(Luminol) were purchased from Sigma Chemical Co. (St. Louis, MO). onto HPLC '

Pu-erh tea was purchased from Shuangjiang, Yunnan, China. EGCG ' . )
was a generous gift from the Tea Department of Zhejiang University; (Hgl’f"l;:l;'ltﬂg :ggd-Il‘-rrgr%tr;glr(]itr'lgESqr?ig;Olr\}:Zdr;gg?a(l;rl) |I|lég% f:,?;?glﬁcs,t;q "
the purity was above 98% (analyzed by HPLC). All other chemicals diploid f,ibroblasts The HPF-1 cells were maintainea in DMEM
made in China were of analytical grade. P :

: 0 y .
Preparation of Pu-erh Tea Extracts and Pu-erh Tea Fractions. supplemented with 10% (v/v) heat-inactivated newborn calf serum, 100

- - IU/mL penicillin, and 10Q:g/mL streptomycin. Cultures were incubated
The Pu erh'tea (10 kg) was minced for adequa_\tey extractlo_n and thenat 37°C in humidified 5% C@/95% air atmosphere. Culture medium
extracted with 60% acetone (acetone/water, 60:40 v/v) four times (each N .
- i was refreshed every 3 days. Cultures were maintained for 7 days prior
time, Pu-erh tea/60% acetone, 1:5 w/v, at room temperature for 7 days). - }

) ; ) to experimentation.

The four times extracted solutions were combined and concentrated )
under low pressure, till the acetone was eliminated. After centrifugation _ C€llS were cultured at a density of 2 10 cells/mL on 96-well

to separate the insoluble material, the solution was then successivelyPlates and cultured 24 h before treatment. Initially, the culture medium
extracted with chloroform, ethyl acetate, andutyl alcohol. After was replaced with fresh medium containing various concentrations of

concentration under low pressure to get out the organic solvent, we 202 to determine the optimal oxide damage concentration ,H
got the Pu-erh tea chloroform extract, Pu-erh tea ethyl acetate extract©" the following experimentslfs). Pu-erh tea fractions were added 1

(PEF), Pu-erh tea butyl alcohol extract (PBF), and the residual water N Pefore treatment with 0, for a subsequent 24 h.

extract. Then, a portion of the PEF was dissolved in methanol and the ~Assessment of Cell Viability. Cell viability was measured by

solution was eluted by Sephadex LH-20 column chromatography, A duantitative colorimetric assay with MTT, showing the mitochondrial

gradient elution was performed by varying the proportion of methanol activity of living cells as described in the literaturé7( 18). After

and water (started with water, followed by an increase of 10% acetone treatment with HO, for 24 h, the medium was removed and fresh

per degree, 500 mL per degree, at a flow rate of 9.5 mL/min) and Medium containing 0.5 mg/mL MTT was added to each well, followed

finally eluted with 1000 mL of 50% acetone. A portion of the PBF by incubation for 3 h at 37 °C. Finally the medium containing MTT

was dissolved in methanol, and the solution was eluted by varying the was removed, and cells were lysed with dimethyl sulfoxide (DMSO).

proportion of methanol and water (started with 10% methanol, followed The absorbance at 595 nm was measured on a Bio-Rad 3350 microplate

by an increase of 10% per degree, 300 mL per degree, at a flow ratereader. Control cells were treated in the same way withe@,Hand

of 9.5 mL/min)and finally eluted with 1000 mL of 50% acetone. The the value of different absorbance was expressed as a percentage of

eluted solution was successively collected in many flasks. According control.

to the thin-layer chromatography (TLC) results, flasks with the same  Measurement of Intracellular Reactive Oxygen SpecieS-he level

atlas were combined into one fraction. The Pu-erh tea ethyl acetateof intracellular ROS was quantified by fluorescence with72

extract was fractionated into eight fractions, and the Pu-erh tea butyl dichlorofluorescein diacetate (DCF-DA) as described by Yamamoto

alcohol extract was fractionated into five fractions. In this study, we etal. (19). DCF-DA is cell-permeable and nonfluorescent. Viable cells

assigned these fractions as PEF1—8 and PBF1-5. can deacetylate DCF-DA td,Z’'-dichlorofluorescein (DCFH) without
Assay for the Scavenging Effect on Hydroxyl Radical Generated fluorescence. This compound reacts quantitatively with oxygen species

from a Fenton Reaction SystemThe HO scavenging activity was  Within the cell to produce a fluorescent dye,72-dichlorofluorescein

assessed according to the method of Cheng etld). \{ith a slight (DCF), which remains trapped within the cell and can be measured to
modification. HO was generated by a Fenton-type reaction at room provide an index of ROS level.
temperature. The reaction mixture (1.0 mL) contained@06f luminol In the present study, cells (1:610* cells/well) were incubated with

[0.1 mM, diluted in the carbonic acid-uffered saline solution (CBSS), 5uM DCF-DA [disolved in Hallam's physiological saline (HPS)] in a
pH 10.2], 100uL of sample solution (with different concentrations,  96-well microplate for 30 min at 37C. After the incubation, the excess

replaced with CBSS in the control), 20 of Fe#*-EDTA (3 mM), probes were washed out with HPS three times, then incubated with
and 100QuL of H20, (1.2 mM). Initiation of the reaction was achieved  different concentrations of Pu-erh tea fractions (dissolved in HPS) for
by adding F&™-EDTA and then HO; into the mixture. 30 min, and incubated with @, (final concentration 60@M) for the

The HO scavenging abilities of Pu-erh tea extractions were assessedindicated time periods. The intracellular ROS levels were measured
on an ultraweak luminescence analyzer (BPLC). The detection param-by using a fluorescence plate reader (Fluoroskan Ascent 2.4), at an
eters were as follows: measure time, 180 s; interval, 1 s; noise, 10; excitation wavelength of 485 nm and an emission wavelength of 538
high voltage, 1000; light source, 200; number, 500; The chemilumi- nm. The measured fluorescence values were expressed as a percentage
nescence intensity (CL) integral was recorded and the inhibitory rate of the fluorescence in control cells.

(Ir) was obtained according to the formula inhibitory rate £94)CL- Statistical Analysis. All experiments were performed in triplicate.

(control) — CL(sample)]x 100]/CL(control). One-way ANOVA was used to estimate overall significance followed
Assay for the Scavenging Effect on the Superoxide Radical by posthoc Turkey'’s tests corrected for multiple comparis@fs The

Generated from Pyrogallol Autoxidation. The Q°~ scavenging statistical analysis software we used was the Origin program (Origin

activity was assessed according to the slightly modified method of Yu 7.5, OriginLab Corp.). Data were presented as mearSEM. A
et al. (L5). Briefly, O ~ was generated by pyrogallol autoxidation. The probability level of 5% (p< 0.05) was considered significant.
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Table 1. Quenching Ability of Pu-erh Tea Fractions on the PBF5, showed a good linear relationship between their two
Chemiluminescence Caused by HO* parameters. Like the scavenging effect on*Hi®e Pu-erh tea
_ ethyl acetate extract’s fractions also exhibit stronger O
) , - linear range scavenging effects than that of EGCG and even stronger than
sample regression equation R (wgimt)  1Coo (ug/mt) that of ascorbic acid. A little difference was shown in the
ascorbicacid  y=2303x-1849 09492 50-500 197 fractions PEF7, PBF2 and PBF4; they showed scavenging effect
EEEZG }{;iéjggxégf 8:3212 éjgj:g ig on Oy 7, but no good relationship between théir (percent)
PEF5 y=3565x+5219 09629  0.5-4.0 0.9 and concentration. PBF3, unlike its scavenging effect on,HO
PEF6 y=48.25x+39.06 09853  0.8-3.0 13 showed a lower @~ scavenging effect even than that of
PEF7 y=4351x+4200 09842  08-30 12 ascorbic acid. Consistent with its scavenging effect orr,HO
ﬁgg }}: 4318?;11 ggig 8;3;22 (1):8:3:3 gg PEF8 also showed the strongest scavenging effect onthe O
PBF3 y=3514x+4575 09756  1.0-4.0 11 Ameliorated H,0,-Induced Loss of HPF-1 Cell Viability.
PBF4 y=3379x+4132 09898  10-4.0 13 The cell viability was expressed as MTT conversion rate. The
PBF5 y=23386x+4193 09910  1.0-4.0 13

effect of Pu-erh tea fractions on,8,-induced loss of HPF-1
cell viability is depicted inFigure 1. Treatment with 60M

H»0, for 24 h decreased the viability of HPF-1 cells about-30
35% relative to the negative control. After pretreatment with
PEF2, PEFS8, PBF2, PBF4, and PBF5 at different concentrations

a Ascorbic acid and EGCG were used as controls. © y, inhibitory rate (percent);
X, logarithm values of corresponding concentrations of samples.

Table 2. Quenching Ability of Pu-erh Tea Fractions? on the

Chemiluminescence Caused by Oy* - (0.6,1.2,2.4,4.8, or 9.§g/mL), the cell viability was almost
dose-dependently ameliorated. PEF2, at the concentration of 4.8
_ _ linear range ug/mL, showed the best protective effect on the damaged HPF-1
sample?  regression equation® R (ug/mL) — 1Cso (ug/mL) cell. The cell viability after pretreatment with PEF8 gradually
ascorhicacid ~ y=2349x-7.13 09928  5.0-100.0 114 increased in accordance with the concentration: au8/éL,
EGCG y=1689x+3433 03060  10-50.0 25 the viability was about 18.9% higher than that of the negative
EEE; i; ;'Zg:gg'gg g'gggi é'gﬁgg'g gé control group. The cell viability after pretreatment with PBF2
PEF6 y=6.02x+5819  0.949%  0.1-50.0 03 and PBF5 also significantly increased at different concentrations.
PEF7 PBF4 showed the strongest protective effect at the concentration
EEEE y=1337x+6362 09872  02-50 0.4 of 2.4 ug/mL; then the increased viability decreased in ac-
PBF3 y=3267x-6372 09041 200-2000 321 cordance with the concentration. o
PBF4 In addition, we also checked the cell viability when the cells
PBF5 y=10.56x+41.83 09036  2.0-160.0 22 were treated with Pu-erh fractions alone. As showiFigure
2, the cells that were treated with PEF2 and PBF4 at concentra-
2 Ascorbic acid and EGCG were used as controls. ? y, inhibitory rate(percent); tions of 0.6—9.6ug/mL had no improvements in viability. But

X, logarithm values of corresponding concentrations of samples. after treatment with 4.&g/mL PEF8, the increased viability

was about 18.9% higher that of the negative control. PBF2 and
PBF5 can distinctly increase the cell viability at all five
Evaluation of the Scavenging Effects on Free Radicals.  concentrations of the experiment.
Scavenging abilities of Pu-erh tea fractions on the CL signal,  peacreased HO,-Induced Accumulation of ROS in HPF-1
which indicatg their pott_en_t!als to scavenge free radicals, were Cells. ROS are the main factor that causes oxidative stress,
ranked by their 50% |r1h|b|t|on concentration 65)3. The lower which results in decreasing cell viability. The level of DCF
the 1G5 value, .the higher activity for scavenging effect the fluorescence is an indicator of ROS production. After treatment
Pu-erh tea fractions possessed on the free radicals. Upon I'nea(/vith different doses of D5 in the HPF-1 cells, the level of
regression analysis ¢ (percent) and the sample concentration, ROS in the cells increased dose-dependently., After treatment

some fractions of PEF and PBF showed a good linear relatlon-With 600 M H.0, for 1 h, the DCF fluorescence intensity

ship be‘Wee'? these tqu parametgrs, and the regression equat'oqﬁcreased about 7#B0% in comparison with that of the negative
and correlation coefficients are listed Trables 1and 2.

Scavenging Effect on Hydroxyl Radicals The scavenging control. As shown inFigure 3, the increase in the DCF
effects of Pu-erh tea fractions on the H@ere evaluated by fluorescence intensity was eliminated partly when the cells were

means of Fenton-type reaction. With regression equations cotreated With differ_ent concentrations (.)f EGCG or PEF8.The
derived, IGo values of Pu-erh tea fractions were calculated. As quorescence_ intensity of cells treated with EGCG and PEFS at
shown inTable 1, fractions PEF2, PEF5, PEF6, PEF7, PEFg, &concentration of 1.g/mL was decreased by about 31% and
PBF2, PBF3, PBF4, and PBF5 showed a good linear relationship>> ¢ féspectively. When the cells were cotreated with PEF,
between theitr (percent) and the logarithm of their concentra- the .d.ecrease |n'fluorescence intensity was dose-_dependent. In
tion. On the basis of the comparison among the Malues of addition, even with no exposure to®h, treatment with EGCG
each fraction, the five fractions of Pu-erh tea ethyl acetate extract®" PEF8 at concentrations of 6:2.6 ug/mL for 1 h resulted
and the four fractions of butyl alcohol extract exhibit higher 1N decreased DCF fluorescence intensity in the HPF-1cells
antioxidant potency than that of EGCG and even higher than (Figure 3B).
that of ascorbic acid. PEF8 shows the strongest scavenging effect As shown inFigure 3A, under the condition of exposure to
on the hydrogen radicals. H.0O, for 1 h, the increase in DCF fluorescence intensity was
Scavenging Effect on Superoxide AnionsThe scavenging  also decreased when the cells were cotreated with different
effects of Pu-erh tea fractions on*O were evaluated by means  concentrations of PEF2, PBF2, or PBF4, but no significant
of pyrogallol autoxidation, and the results are show able difference to the positive control was observed. Under the
2. Upon linear regression analysis laf (percent) and sample  condition of no exposure to 40, but treatment with different
concentration, fractions PEF2, PEF5, PEF6, PEF8, PBF3 andconcentrations of PEF2, PBF2, or PBF4 for 1 h, the DCF

RESULTS



Free Radical Scavenging Effect of Pu-erh Tea Extracts J. Agric. Food Chem., Vol. 54, No. 21, 2006 8061
[ EGCG
([T PEF2
1304 777 PEF8
E3PBr2
1204 sk XX PBF4
[EHE PBF5
1104
g 100+ * gk KX *I* *k
8 % " wpp KX X kd w UH o
R T »
3 H B -1 0B I
& 80+ 5 B
2 b H B ok
S ik
= 70 N
£
z HNE
8 50,
40 H H ” fa E H
9 ER AEN
: AR LA | e LA
con(ug/mi) 6 12 24 48 86
H,0,(uM) 600 600 600 600 600 600

Figure 1. Effects of Pu-erh tea fractions on H,0,-induced decrease of HPF-1 cell viability. Cell viability was estimated by MTT assay after treatment with
H,0, (600 M) and/or Pu-erh tea fractions for 24 h (at indicated concentrations). EGCG was used as a control. Data were expressed as means (OD
value) = SEM (n = 8), showed by percentage of the negative control (untreated cells); *p < 0.05, **p < 0.01 when compared with that of the positive
control group (treated only with 600 M H,0,).
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Figure 2. Effects of Pu-erh tea fractions on HPF-1 cell viability. Cell viability was estimated by MTT assay after treatment with Pu-erh tea fractions for
24 h (at indicated concentrations). EGCG was used as a control. Data were expressed as mean (OD value) £ SEM (n = 8), showed by percentage of
the negative control (untreated cells); *p < 0.05, **p < 0.01 when compared with that of the negative control.

fluorescence intensity in the HPF-1 cells was also decreasedfrom the catechins was less than 1%, and no theaflavins or gallic
(Figure 3B). acid were found in PEFS8.

Identification of Pu-erh Tea Fractions. The total content DISCUSSION

of tea polyphenols was 63% in ethyl acetate extract and 44.5% In a previous study of the inhibitory effect of Pu-erh tea on
in n-butanol extract. The total content of monomeric polyphenols ¢.oq radicals we used the Fenton reaction system and 2,2-
from the cgtechlns and the content of gallic acid were 2_0.1% diphenyl-1-picrylhydrazyl (DPPH) scavenging method in vitro
and 1.1% in ethyl acetate extract and 6.0% and 0.4% in the and observed that the Pu-erh tea ethyl acetate extract and

n-butanol extract, reSpeCtiVG'y. No theaflavins were found in n-butanol extract had Strong Scavenging effects orr H
the ethyl acetate ar-butanol extract. The HPLC chromatogram DPPH radicals (21).

(detected at 280 nm) for PEF8 is shownFigure 4, in which In the present study, we have demonstrated that some
it can be seen that the total content of monomeric polyphenols fractions in the Pu-erh tea ethyl acetate extract and in the
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Figure 3. Pu-erh tea fractions reduced H,O,-induced accumulation of ROS in HPF-1 cells. The fluorescence intensity of DCF was measured after HPF-1
cells were exposed to Pu-erh tea fractions (indicated concentration) and/or H,0, (600 «M) for 1 h. Data were expressed as mean (fluorescence intensity
value) + SEM (n = 8), shown as (A) percentage of negative control (untreated cells) or (B) percentage of positive control (treated only with 600 «M
H,0,); *p < 0.05, **p < 0.01 compared with that of the positive control; #p < 0.05, #p < 0.01 compared with that of the negative control.

n-butanol extract had strong inhibitory effects on the Fenton vins were detected by HPLC; the results were consistent with
reaction system and pyrogallol autoxidation. the report of Shao (24).

Many studies have shown that green and black teas have HPF-1, human normal diploid fibroblasts, exhibit finite
powerful scavenging effects on the RO&2). Green tea is proliferative potential in vitro, the so-called Hayflick limi2%).
heated and dried to avoid enzymatic oxidation, and therefore it They undergo a limited number of population doublings before
contains high concentrations of monomeric polyphenols from entering a state of permanent growth arrest, referred to as
the catechins, which are mainly responsible for green tea “replicative senescence,” “cellular senescence”, or “cellular
antioxidant actions. Black tea is thoroughly oxidized enzymati- aging” (26), in which they remain alive and metabolically active
cally; it is generally believed that polyphenols such as theafla- but are completely refractory to mitogenic stimuli. HPF-1 offers
vins, thearubigins, and catechins are major constituents of blackthe typical model for studying the process of aging in vitro.
tea that are mainly responsible for antioxidant actid2®).( Various oxidative stresses have been used to study the onset of

Pu-erh tea is processed by a special postfermentation, differentellular senescence. The early onset of cellular senescence
from the fermentation of black tea, which is referred to as natural induced by oxidative stresses is termed stress-induced premature
brewing reactions induced by oxidative enzymes within the plant senescence (SIPS) (27), angdd is the most commonly used
cell. The fresh leaves of Pu-erh tea are heated to avoid enzymatidnducer of SIPS (2829), which shares features of replicative
oxidation and then oxidized mainly by hygrothermal condition senescence: similar morphology, senescence-assogiated
in the process of piling and long time preservation. According lactosidase activity, cell cycle regulation, et80(31). In the
to research by Shao et al24), there is little monomeric  present study, oxidative stresses in the HPF-1 cells were induced
polyphenol content from the catechins in Pu-erh tea, which is by treatment with HO,, and the level of ROS in the cells were
different from green tea, and little thearubigin and no theaflavin increased dose-dependently. After pretreatment with PEF2,
content, which is different from black tea. In the present study, PEF8, PBF2, PBF4, and PBF5, the®4-induced loss of HPF-1
the content of monomeric polyphenols from the catechins and cell viability were ameliorated and the increased ROS were
gallic acid are 20.1% and 1.1% in ethyl acetate extract and 6.0% partly eliminated. These results showed that PEF2, PEF8, PBF2,
and 0.4% in then-butanol extract, respectively, and no theafla- and PBF4 may ameliorate cell viability by decreasing the
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Figure 4. HPLC chromatograms (detected at 280 nm) of criterion (A) and PEF8 (B).

accumulation of intracellular ROS in,B»-induced HPF-1 cells. ABBREVIATIONS USED

BFS but not Hos calviabily Inereased under nomal euuo PEF2: PEFS. PEFS, PEFT, and PEF, Pu-erh tea elhyl acetate
2 ty extract’s fractions 2, 5, 6, 7, and 8; PBF2, PBF3, PBF4, and

conditions. The cell culture environment in the present study PBF5, Pu-erh tea butyl alcohol extract's fractions 2, 3, 4, and

was a balanced system. PEF2, PEF8, PBF2, PBF4 and PBFS. pog reactive oxide species: MTT, 3-(4,5-dimethylthiazol-

may haye activity in p_romotmg cell d|V|S|0_n. But the detailed 2-yl)-(2,5-diphenyl)tetrazoliumbromide; PBS, phosphate-buff-

mechanism of promoting cell growth requires further study.  ered saline; HPLC, high-performance liquid chromatography:
The antioxidant characteristics of the Pu-erh tea fractions were EGCG, (-)-epigallocatechin-3-gallate; CBSS, carbonic acid-

determined by multiple factors including their hydrophobicity/ buffered saline solution; CL, chemiluminescence intensiy;

hydrophilicity, the experimental systems we used, and the total inhibitory rate.

polyphenolic components present in the individual fractions.

Among the four systems we used, only PEF2 and PEF8 showedACKNOWLEDGMENT

positive antioxidant effects on all of them. PEF8 showed the

strongest antioxidant effects. Interestingly, the antioxidant effect We are grateful to Professor Xiangiang Yang (Department of

of this fraction on the four systems was much stronger than T€a Science, Zhejiang University, Hangzhou, China) for his

that of typical green tea catechin EGCG, but the HPLC analysis SUPPOTrt to this study.

(Figure 4) showed that the content of monomeric polyphenols

fro_m the catechir_ls Wa_s less than 1%, and no t_heaflavins or gal!ication of Pu-erh tea. This material is available free of charge via

acid were contained in PEF8. Eurther expt.erllments are Now inyhe |nternet at http://pubs.acs.org.

progress to separate and identify the specific components that

are responsible for the relatively high antioxidative activities
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