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Five polymeric black tea polyphenol fractions (PBP-1—5) were isolated from a popular brand of black
tea. The effect of these PBPs and epigallocatechin gallate (EGCG), a major green tea polyphenol,
was studied on the formation of [3H]-B(a)P-derived DNA adducts in vitro, employing rat liver
microsomes. PBP-1—3 inhibited microsome-catalyzed [3H]-B(a)P-derived DNA adduct formation in
vitro in a dose-dependent manner. This inhibition was further enhanced on preincubation of
microsomes with each of the PBPs. PBP-4 was not effective per se and required preincubation with
microsomes to exhibit its inhibitory effect, whereas PBP-5 remained ineffective with or without
preincubation with microsomes. Further investigations revealed that the observed decrease in [3H]-
B(a)P—DNA adduct formation was due to inhibition of isozymes of CYP450s by PBPs. Overall, results
suggest that polymeric black tea polyphenol fractions retain one of the chemopreventive effects
exhibited by the monomeric green tea polyphenol EGCG in vitro.

KEYWORDS: Benzo[ a]pyrene; rat liver microsomes; cytochrome P450 isozymes; DNA adducts; polymeric
black tea polyphenol fractions; epigallocatechin gallate; inhibition; in vitro

INTRODUCTION [a]pyrene [B(a)P]-derived DNA adducts and (b) the activity of

Tea is one of the most widely consumed beverages in the CYP450 isozymes in vitro.

world (1, 2). The vast majority of tea consumed by humans
can be classified into three main types (based on manufacturingMATERIALS AND METHODS
technique), namely, green tea (2B2% of world tea consump-

. . Chemicals.Benzo rene (purity>= 98%) [B(a)P], ethoxyresorufin
tion), oolong tea (2 3% of world tea consumption), and black Blpy (purity= 98%) [B(a)P] y

(ER), methoxyresorufin (MR), pentoxyresorufin (PR), resorufin (R),

tea (75—78% of world tea consumption). ~ (—)-epicatechin (EC), (+)-catechin (C), (-)-epigallocatechin (EGC),
Studies on green tea have shown that it possesses antioxi{—)-epicatechin gallate (ECG)—)-epigallocatechin gallate (EGCG),
dative @), antimutagenic4), and anticarcinogenic activitieS)( (+)-gallocatechin gallate (GCG), caffeine, and TLC plates with fluor-

Experimental studies with different animal models have shown escent indicator were purchased from Sigma Chemical Co., St. Loulis,
protective effects of green tea against carcinogen-induced initia-MO. Aroclor 1254 was from Monsanto, St. Louis, MO; Sephadex LH-
tion (6, 7), promotion B, 9), and progressiorL(). These effects 20 was from Pharmacia Biotech, Uppsala, Sweg@rh}-B(a)P (8000
have been attributed mainly to free catechins present in greenmCl/mmoI) was purchased from the Board of Radio Isotope Technology

0 . _ (BRIT), Bhabha Atomic Research Centre (BARC), Mumbai, India, and
tea (90% of total polyphenol content). During black tea manu the desired specific activity was achieved by dilution with unlabeled

facture, monomeric free catechins are omdgnvgly pol.ym.e.rlzed B(a)P. NADPH was purchased from SRL, Mumbai, India, and other
to an entirely new set of compounds, resulting in a significant chemicals and solvents were of AR grade and purchased locally.
decreaset60%) in the levels of biologically active monomeric Isolation/Purification of PBPs and EGCG. A popular brand of
free catechinsi(1) (Figure 1). Despite the fact that the poly-  plack tea powder was purchased from the local market in Mumbai,
meric polyphenols are the most abundantly occurring oxidation India. Green tea extract was purchased from Encee Aromatics Ltd.,
products in black tea, their chemistry is to date the least Mettupalayam, India. Earlier attempts at isolation of PBPs employ-
understood. ing Sephadex LH-20 column chromatographig) and reverse phase

It is not known whether protective effects shown by free HPLC (13) were not successful due to massive interaction of PBPs
catechins are retained by newly formed polymeric polyphenols vyith solid supportsf(é_l). Hence, i;olation/purification of PBPs was car-
and oligomeric theaflavins (TFs). The present investigation was "€ 0t by successive extraction of an aqueous extract of black tea

. . . with chloroform, ethyl acetate, amgdbutanol, followed by acidification

carried out to compare the chemopreventive effects of polymeric

and further extraction witm-butanol (15). The chloroform extract
black tea polyphenols (PBPs) and the most potent green t_eayielded mainly caffeine. The residues from the other three extracts were

polyphenol, epigallocatechin gallate (EGCG), by studying their pyrified by fractional precipitation employing mixtures of acetone/

effects on (a) the formation of microsome-catalyzétllhenzo- chloroform, acetone/ether, and methanol/ether. This process yielded
five polymeric black tea polyphenol fractions, namely, PBP-1, PBP-2,
* Corresponding author (telephot@®1-22-2741-2919; fax-91-22-2741- PBP-3, PBP-4, and PBP-5, which belonged to one general structural
2894; e-mail gmaru@actrec.res.in). type (15).
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Figure 1. Structures of monomeric free catechins and proposed structure of polymeric black tea polyphenols (PBPS).

Table 1. Physicochemical Propertis of Polymeric Black Tea Polyphenol Fractions PBP-1-PBP-5 Isolated from Black Tea Powder by Solvent
Extraction

property PBP-1 PBP-2 PBP-3 PBP-4 PBP-5 EGCG

color brown light brown light yellow dark brown bronish black orangish brown
pH of 1% aq solution 5.53 5.55 5.40 4.26 4.09 4.81

Amaxa (M) 211 219 217 211 210 215

Amaxz (M) 272 272 268 263 270 273

Amaxt/Amasa 278 1.68 1.78 321 6.28 1.45

% yield 0.97 1.42 1.06 1.42 0.75 -

FeCl; reactivity? weakly positive weakly positive weakly positive weakly positive weakly positive strongly positive
TLC mobility® - - - - - +

aTo distinguish between simple and condensed polyphenols. ® To demonstrate absence of known biologically active mobile components of black tea in isolated PBPs.
Stationary phase: silica gel with 254 nm fluorescent indicator. Mobile phase: chloroform/ethyl acetate/formic acid (6:4:1). Detection method: UV absorption.

The absence of known biologically active components such as (ct) over an acquisition time (at) of 2 s. DMSO was employed as solvent
caffeine, free catechins (C, EC, ECG, EGC, EGCG, GCG) or TFs in and also served as an internal standard.
PBPs was confirmed in TLC analysis employing silica gel as the
stationary phase and ethyl acetate/chloroform/acetic acid (6:4:1) as theS
mobile phase. The yields of PBP-1, PBP-2, PBP-3, PBP-4, and PBP-5
were 0.97,1.42,1.06, 1.42, and 0.75% (wt %/wt of solids), respectively.
Each PBP was dried by employing a rotary flash evaporator and stored
at —20 °C for later use.

EGCG was isolated from green tea extract employing Sephadex LH- the microsomes were stored in aliquots-:&0 °C.
20 column chromatography (16). o ) )

Determination of pH and UV Absorption Spectra. The UV ab- Determination of [*H]-B(a)P—DNA Adducts. The reaction mixture
sorption spectrum was determined by solubilizing each PBP in 0.1 M for the in vitro assay employing rat liver microsomes as metabolic
sodium phosphate buffer, pH 7.4, whereas 1% aqueous solution of eachfictivation system contained calf thymus DNA (1 mg), EDTA (10 mM),
PBP was taken and the pH of these solutions measured employing aM3Clz (50 mM), sodium phosphate buffer, pH 7.4 (100 mM), and rat
pH-meter. liver microsomes (0.72 mg of proteinfH]-B(a)P, specific activity=

FT-IR and NMR Analysis. PBPs and monomeric free catechins 1000 mCi/mmol (1Q«Ci; 10 nmol), and various concentrationsy(
(C, EC, ECG, EGC, and EGCG) were compared by FT-IR and NMR ML) of chemopreventive agent(s) (PBPS/EGCG) in 0.1 M phosphate-
analysis. FT-IR spectra were recorded on Magna 550 series infraredbuffered saline, pH 7.4, were added, and the reaction mixture was
spectrophotometer (Nicolet). Spectra were taken in transmittance modeincubated at 37C for 30 min (9). In another set of experiments rat
at a resolution of 0.4 cnt and a frequency of 32 scans over a range liver microsomes were preincubated with different concentrations of
of 400-4000 cntt. 'H NMR spectra were recorded on a Mercury Plus  chemopreventive agent(s) (PBPs/EGCG) at@7or 30 min, and then
(300 MHz) instrument, Varian, at a rate of 318 completed transients [*H]-B(a)P and other components of the assay mix were added as

Preparation of Rat Liver Microsomes. Six—eight-week-old male
prague-Bawley rats were treated intraperitoneally with a single dose
of Aroclor 1254 (500 mg/kg of body weight). Animals were fasted for
12—15 h prior to sacrifice on the fifth day postinjection; their livers
were perfused, excised, and subjected to differential centrifugdtiin (
The protein content of the microsomes was determii&), @nd then
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Figure 2. Thin-layer chromatogram showing absence of known biologically active and mobile monomeric free catechins (C, EC, ECG, EGC, EGCG,
GCG) theaflavins (TFs) and caffeine in polymeric black tea polyphenol fractions PBP-1-PBP-5 [(+)-catechin (C), (-)-epicatechin (EC), (-)-epicatechin
gallate (ECG), (-)-epigallocatechin (EGC), (-)-epigallocatechin gallate (EGCG), (+)-gallocatechin gallate (GCG)].
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Figure 3. FT-IR spectra of monomeric free catechins (C, EC, ECG, EGC, EGCG) and polymeric black tea polyphenol fractions PBP-1-PBP-5 [(+)-
catechin (C), (-)-epicatechin (EC), (-)-epicatechin gallate (ECG), (-)-epigallocatechin (EGC), (-)-epigallocatechin gallate (EGCG), (+)-gallocatechin
gallate (GCG)].

mentioned earlier. In both cases the reaction was initiated by the additionaccording to a standard phenol extraction procedure (three times).

of NADPH (0.6 uM) and the volume made up to 1 mL. Excess, unmetabolizeéH]-B(a)P/B(a)P was removed by ether extrac-
The reaction mixture was incubated at 3Z for 30 min on a tion (three times). The purity of the DNA samples recovered at the

metabolic shaker water bath, in the dark and in the presence of air. end of incubation was checked by measudag.soratios (1.75-1.80),

The reaction was terminated by the addition of 0.1 mL of 10% SDS which were comparable to the ratios observed with the pure DNA

and double the volume of water-saturated phenol. DNA was isolated employed in the assay. Contribution of non-covalently bound B(a)P
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Figure 4. '™H NMR spectra of monomeric free catechins (C, EC, ECG, EGC, EGCG) and polymeric black tea polyphenol fractions PBP-1-PBP-5
[(+)-catechin (C), (—)-epicatechin (EC), (—)-epicatechin gallate (ECG), (-)-epigallocatechin (EGC), (-)-epigallocatechin gallate (EGCG), (+)-gallocatechin

gallate (GCG)].

(under the experimental conditions) was ruled out by determining the
CPM per microgram of DNA after reprecipitation/dialysis. A very small

proportion of microsome-independent radioactivity, which may be due
to light-catalyzed activation, etc., was subtracted from all microsome-
mediated radioactivity values. Radioactivity measurements of DNA

were conducted with (a) the parent compound (various concentrations
of PBP-1—-5) were added to known concentrations of resorufin) or (b)
metabolic product (microsomes were incubated with or without PBP-
1-5 at 37 °C for 30 min and then the resorufin was added).

Effect of Other Substrates [B(a)P and/or PBP-5] on Conversion

isolated from each PBPS/EGCG-treated sample were compared withof Ethoxyresorufin to Resorufin. Because PBP-5 inhibited the for-
DNA from untreated sample for determining the dose-dependent effect mation of resorufin from ethoxyresorufin, but did not inhibit microsome-

of PBPS/EGCG. Results, expressed as picomoledH}f(a)P bound
per milligram of DNA, are the meatt standard error (SE) of at least
six observations.

Determination of Carbon Monoxide (CO) Binding to CYP450.
Total CYP450 activity as judged by CO binding was carried out ac-
cording tothe method of Omura and Sa20) as described earliet9).

Determination of Activities of CYP1A1, CYP1A2, and CYP2B1.
The activities of the isozymes of CYP450, namely, CYP1A1, CYP1A2,
and CYP2B1, were determined by monitoring the formation of resorufin
from either ER, MR, or PRQ1, 22). Briefly, the assay mix contained
0.1 M sodium phosphate buffer, pH 7.4, 6.25 mM MgsS60 uM
EDTA, 5uM ER, MR, or PR, 10Q:g of microsomal protein, and 160
250 uM NADPH in 1 mL total volume. Chemopreventive agents
dissolved in 0.1 M sodium phosphate buffer, pH 7.4, were incorporated
in 10 uL volumes to the assay mix. The concentration of PBPS/EGCG
ranged from O to 80Q«tg/mL. The reaction time was 5 min with a
preincubation of 5 min without the addition of NADPH. The reaction
was stopped by the addition of 2 mL of chilled methanol. The

catalyzed B(a)P-derived DNA adduct formation, it was necessary to
study the formation of R from ER in the presence of various con-
centrations of B(a)P and/or PBP-5. The following experiments were
carried out: (a) effect of various concentrations of PBP-4 and PBP-5
on the formation of R from ER; (b) effect of various concentrations of
PBP-4 and PBP-5 in the presence of B(a)P (10 nmol) on the formation
of R from ER,; (c) effect of various concentrations of B(a)P in the pre-
sence of PBP-4 or PBP-5 (4Q@) on the formation of R from ER;
and (d) effect of various concentrations of B(a)P on the formation of
R from ER.

Fluorometric Evaluation of Microsomes Treated with B(a)P and/
or PBP-4/PBP-5.To check for the interaction between microsomes,
B(a)P, and PBP-4/PBP-5, another experiment was set up wherein
microsomes were incubated with B(a)P and/or PBP-4/PBP-5 a€37
for 30 min, following which the tubes were kept on ice and centrifuged
at 100000dior 1 h at 4°C to recover the microsomes. The recovered
microsomes were washed by resuspension and recovered after cen-
trifugation. Microsomes were solubilized in 0.1 M NaOH, and the

precipitated protein was centrifuged down and the fluorescence of the fluorescence spectrum was taken for each sample.

supernatant measuredAf 550 nm andlem 585 nm. Blanks contained

no NADPH. Results expressed as nanomoles of resorufin formed per

minute per milligram of protein are meatt SE of at least five
observations. |6 values were determined from the graph.
To confirm that the observed inhibition or lack of inhibition was

RESULTS
The physicochemical properties of PBP-1—-PBP-5 isolated

from black tea and EGCG isolated from green tea extract are

presented inTable 1. It is seen from the table that these

not due to interference in resorufin measurements, additional assayscompounds differed from each other in color, pH of aqueous
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Figure 5. Effect of PBPs on [*H]-B(a)P-derived DNA adduct formation in vitro, employing rat liver microsomes: (a) without preincubation (individual
PBP-1-PBP-5 was co-incubated with assay mix containing microsomes); (b) with preincubation (individual PBP-1-PBP-5 was preincubated with microsomes
for 30 min and then added to the assay mix); (c) comparison of effect(s) of PBP-1-PBP-3 with and without preincubation at a dose near ICs,. For further
details see text. Data expressed as pmol of B(a)P bound per mg of DNA are mean + SE of six (a, b) or three observations (c). *, significantly different
when compared with respective “without preincubation” group, P < 0.05.

solution,Amax1, Amaxa ratios ofAmaxdAmaxa yields, etc. It is also 53). When rat liver microsomes were preincubated with
noteworthy that all of the PBPs isolated from black tea reacted individual PBP-1—5 and then incubation mix was employed
weakly with ferric chloride, whereas EGCG, a free catechin from for the assay, a dose-dependent inhibition of B(a)P-derived DNA
green tea, gave a strong characteristic reac@&). Similarly, adducts was observed not only with PBP-1, PBP-2, and PBP-3
all PBPs were retained at the origin in TLC separation carried but with PBP-4 also. The extent of inhibition ranged from 24
out employing silica gel as the stationary phase and chloroform/to 100% of control values (24.2& 0.74 pmol/mg of DNA,
ethyl acetate/formic acid (6:4:1) as the mobile phase, whereas100%) (Figure 5b).
EGCG migrated as expected. Comparison of the extent of inhibition in assays between
The TLC evaluation of PBPs to ascertain that they were free simultaneous addition (co-incubation with assay mix) of PBP
from known biologically active components such as caffeine, versus those preincubated with microsomes at the same dose
C, EC, ECG, EGC, EGCG, GCG, and TFs presentdeignire (closer to IGg) of PBP-1, PBP-2, and PBP-3 showed a relatively
2 suggested that all PBPs isolated according to the procedurehigher degree or percent inhibition of DNA adduct formation
of Brown et al. (5) were free from contamination by these with preincubation of PBP-1, PBP-2, or PBP-3 with microsomes
compounds. FT-IR spectra show poor resolution for PBPs in (Figure 5c¢). Thus, PBP-4 showed inhibitory activity only after
the fingerprint region (8061600 cnt?) as compared to mono-  preincubation with microsomes, whereas PBP-5 failed to show
meric free catechins (Figure 3). Comparison of NMR spectra any effect under both of the experimental conditions employed
between PBPs and monomeric free catechins also reveals poo(Figure 5b).
peak resolution for the former, suggesting PBPs to be polymeric  One of the possible reasons for the decreaséHitB(a)P-
in nature Figure 4). These results show that PBPs isolated from derived DNA adduct formation in the presence of PBPs is inhi-
black tea and used for the evaluation of their biological activity bition of activity of cytochrome P450s. Hence, the effect of
were free from known biologically active components of black each PBP was studied on the activity of cytochrome P450 as
tea. judged by CO-binding activity of microsomes. All PBPs showed
Experiments carried out in vitro to study the effect of PBPs significant reduction in CO-binding activity of microsomes,
on the formation of microsome-catalyzed B(a)P-derived DNA although this was due to PBP-derived color interference rather
adducts Figure 5a) show that PBP-1, PBP-2, and PBP-3 (300  than true inhibition of CYP450 activity (data not shown).
800 ug/mL) brought about a dose-dependent decrease in theBecause the effect of PBPs on the total CYP450 activity could
levels of PH]-B(a)P-derived DNA adducts. The extent of not be assessed, their effects on the activities of different iso-
decrease for PBP-1, PBP-2, and PBP-3 ranged from 13 to 75%,zymes of CYP450, namely, CYP1Al (EROD), CYP1A2 (MR-
from 7 to 73%, and from 19 to 85% of control values (2423 OD), and CYP2B1 (PROD), were studied by employing bio-
0.74 pmol/mg of DNA, 100%), respectively. However, inclusion chemical probes wherein the effect of PBPs on the formation
of PBP-4 or PBP-5 (106800uxg/mL) in the assay did not show  of product, that is, resorufin, was measurEaj(ire 6a—c). The
significant effect under the experimental conditions uségure observations illustrate the potent inhibitory effect of PBPs on
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Figure 6. Effect(s) of PBPs and EGCG on the activity of CYP1A1, CYP1A2, and CYP2B1 in Aroclor 1254-treated rat liver microsomes in vitro. Data
expressed as (i) pmol of resorufin formed/min/mg of protein are mean + SE of five observations (a—c) and (ii) inhibitory concentration 50% (ICso, xg/mL)
have been derived from graphs a—c.

the activities of specific CYP450 isozymes in Aroclor 1254- the presence of (a) various concentrations of PBP-4 and/or
treated rat liver microsomes. All PBPs as well as EGCG inhi- PBP-5 alone, (b) various concentrations of PBP-4 and/or PBP-5
bited the formation of resorufin catalyzed by CYP1Al or CY- in the presence of a fixed concentration of B(a)P, (c) various
P1A2 or CYP2B1 isozymes from respective substrates in a dose-concentrations of B(a)P in the presence of a fixed concentration
dependent manner. of PBP-4 and/or PBP-5, and (d) various concentrations of B(a)P
To compare the efficacy of various PBPs within themselves alone.
as well as with that of EGCG and also to check whether  Observations presented Figure 7a show that both PBP-4
preferential inhibition of any specific isozymes of cytochrome and PBP-5 inhibited the formation of R from ER in a dose-
P450 was observed, $gvalues fg/mL) are presented iRigure dependent manner and that PBP-4 was relatively more potent
6d. than PBP-5. When the effects of the same doses of PBP-4 and
It is seen from the data iffigure 6d that relatively lower PBP-5 on the formation of R from ER were studied in the
ICso values were observed for all PBPs and EGCG in inhibiting presence of 10 nmol of B(a)P, there was significant decrease
CYP1A2 (MROD) than CYP1Al (EROD) and/or CYP2B1 in the levels of resorufin formed in the presence of 10 nmol of
(PROD) activity. Inhibitory effects of all PBPs and EGCG were B(a)P alone £87%), and this was further decreaseed(and
in the order MROD> EROD > PROD. These results suggest 6%) on inclusion of various concentrations of PBP-4 and PBP-
that all PBPs continue to possess CYP450 inhibitory activity 5, respectivelyFigure 7b), although this was not dose-depen-
as seen with free catechins/EGCG/green tea polyphenols. dent. These results suggest that B(a)P as well as PBP-4 and/or
Among PBPs, inhibition for MROD was in the order PBP-1 PBP-5 independently inhibit the formation of R from ER and
> PBP-3> PBP-2> PBP-4> PBP-5, whereas inhibition for  that the combination is relatively more potent. Similarly, in the
EROD/PROD followed essentially the same order, that is, PBP-2 presence of 400g/mL PBP-4 or PBP-5, the addition of various
> PBP-1> PBP-4> PBP-3> PBP-5. PBP-5 appeared to be concentrations, that is, 5, 10, or 20 nmol of B(a)P, resulted in
least effective among various PBPs for inhibiting all three iso- further decreases of 65% for PBP-4 and 16% for PBP-5, in the
zymes of CYP450 studied (Figure 6d). It may be noted that levels of R formed, although no dose-related effects were
the hierarchy of IG based on the DNA adduct assay was in observed with different concentrations of B(aHgure 7c).
agreement with that of the MROD assay, rather than the EROD  Results from experiments carried out to study the effect of
assay. various concentrations of B(a)P alone on the formation of R
The disagreement betweet]-B(a)P-derived DNA adduct  from ER showed a significant decrease8{%) in the levels
formation and the formation of resorufin from ethoxyresorufin of R formed (Figure 7d).
in the case of PBP-4 and/or PBP-5 is probably due to the ab- Critical evaluation of results with PBP-Figure 7¢) suggest
sence of benzo[a]pyrene in assays evaluating the conversionthat B(a)P appeared to be a relatively more effective inhibitor
of ER to R; hence, the formation of R from ER was checked in than PBP-5 in inhibiting the formation of R from ER probably
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Figure 7. Effect of PBP-4/PBP-5 or B(a)P alone and in combination of PBP-4/PBP-5 with B(a)P on microsome-catalyzed resorufin formation from
ethoxyresorufin (ER) in vitro. Assay mix containing microsomes and substrate (ER) were incubated with (a) various concentrations of PBP-4/PBP-5
(ug/mL), (b) various concentrations of PBP-4/PBP-5 and a fixed concentration of B(a)P (10 nmol), (c) various concentrations of B(a)P and a fixed

concentration of PBP-4/PBP-5 (400 ng/mL), and (d) various concentrations of B(a)P alone. For details see text.

because of the relatively higher affinity of B(a)P than that of have shown a dose-dependent inhibition of microsome-catalyzed
PBP-5 for microsomes. In the absence of exact molecular [3H]-B(a)P-derived DNA adduct formation (with and/or without
weights of PBP-1—PBP-5, it is difficult to compare the preincubation of PBPs with microsomes), although the degrees
inhibitory activity at equimolar concentrations. of inhibition were different. The higher degree of inhibition with
Comparison of fluorescence ratios (410/480) between control PBP-1—-PBP-4 preincubated microsomes suggests products of
microsomes and those treated with (i) PBP-4/PBP-5 alone andPBP-1—PBP-4 to be relatively more inhibitory than the parent
(ii) B(a)P alone as well as (i) PBP-4/PBP-5B(a)P showed  compounds. These results show that polymeric polyphenols
that PBP-4/PBP-5- B(a)P was relatively closer to the ratio  formed newly in black tea from free catechins [green tea
shown by B(a)P alone, suggesting a relatively higher affinity polyphenols (GTPs)] in the leaves do continue to possess
for B(a)P when compared to PBP-4/PBP-5 (data not shown). inhibitory activity exhibited by EGCG. Because exact molecular
weights of different PBPs are not known, comparison of
DISCUSSION inhibitory activity of PBPs versus EGCG could not be conducted
at equimolar concentrations in this experiment. However,

early events in chemically induced carcinogenesis and consid-Significant inhibitory activity shown by PBPsnown to be of
ered to be essential for tumor initiatio4). Formation of car-  high molecular weights (~700—40000) (28)—at equal weight
cinogen—DNA adducts in most carcinogens is dependent on€Vels used for EGCG (458) suggests that PBPs may prove to
the formation of reactive species catalyzed by CYP450 isozymes.P€ €quivalent to or even better than EGCG. The absence of
Inhibition of the formation of reactive species or scavenging of inhibitory activity of PBP-5, even after preincubation with
reactive species (before it reacts with DNA) by chemopreventive Microsomes, is surprising and suggests that it possesses a very
agents is likely to prevent the biological consequences and mayhigh molecular weight and/or that it may even differ from PBP-
be used as a prescreen to identify potential chemopreventivel —PBP-4 in other aspects. Subsequent studies have shown that
environmental agents (25). Earlier observations have demon-PBP-1-PBP-4-induced inhibition of microsome-catalyzéd{
strated that a number of plant-derived antioxidants inhibit the B(a)P]-derived DNA adduct formation is due to inhibition of
formation of carcinogenDNA adducts in vitro 19) and in vivo isozymes of CYP450. Earlier observations have shown that the
(26, 27). addition of EC, EGC, ECG, EGCG,and GTPs to rat liver

In the present study black tea-derived newly formed major microsomes resulted in a dose-dependent inhibition of CYP450-
polymeric polyphenols (PBP-1PBP-4) and a green tea-derived dependent aryl hydrocarbon hydroxylose (AHH), 7-ethoxycou-
most potent polyphenol, that is, EGCG (used as positive control) marin-O-deethylase (ECOD), and EROD activiti@®), The

The formation of carcinogenDNA adducts is one of the
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results of the present study suggest that PBPs continue to possesnvironmental carcinogens including nitrosamines and polycy-
CYP450 inhibitory property as in the case of EGCG. clic aromatic hydrocarbons (PAHS}g, 36). A similar activity

Several standard chromatographic techniques such as Sephdy PBPs needs to be established in vivo before they can be
dex LH-20 chromatographyl@) and reverse phase HPLC3( predicted to be chemopreventive agents like EGCG. Studies
30) as well as modern analytical techniques such as electrospray@long these lines are in progress.
ionization ion trap multiple mass spectrometry (ESI-MS) as well
as HPLC-ESI-MS, equipped with diode arra31§, have not ACKNOWLEDGMENT
been successful in the preparative fractionation of PBPs. Hence
solvent fractionation of PBPs was employed. PBPs thus isolated
have been shown to be free of other known biologically active
components such as caffeine, free catechins, and theaflavins
present in black tea, and evidence suggesting the polymeric
nature of PBPs has been presentejres 2—4).

It must be noted that the reported concentration of PBPs in
black tea is 35.9% (wt %/wt of dry tea powder) (32). In 1.5%
black tea-derived brew, concentration of PBPs is likely to be
5400ug/mL, whereas in our study the concentrations of PBPS (1) Trevisanato, S.; Kim, Y.-I. Tea and HealtNutr. Rev.2000,
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