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Cigarette smoke (CS)3 causes many life-threatening diseases such as pulmonary and cardiovascular diseases as well as
lung cancer and other malignancies (1–5). One of the prominent deleterious effects of CS is the oxidative damage of
biological macromolecules including proteins and DNA (6 –
9). The oxidative damage is caused by stable oxidants present
in the aqueous extract of CS (8). The stable oxidants are likely
the long-lived free radicals present in tar (8,10,11). We reported previously that the stable oxidants in CS cause oxidation of plasma proteins and extensive oxidative degradation of
guinea pig lung tissue microsomal proteins (8). Because tea
polyphenols have strong antioxidant properties, tea might

●

guinea pigs

prevent CS-induced oxidative damage of biological macromolecules. In fact, there is some evidence to suggest that green tea
has chemopreventive effects in cigarette smokers (12,13). Tea
(Camellia sinensis) is one of the most widely consumed beverages in the world. Although ⬃80% of the tea produced in the
world is consumed as black tea (BT) and only 20% as green tea
(GT) (14), research has focused mainly on GT. GT contains
⬃30% catechins (15). Catechins are monomeric polyphenols,
whose principal component is epigallocatechin gallate (EGCG).
Catechins are powerful antioxidants for scavenging reactive
oxygen species such as superoxide, hydrogen peroxide and
hydroxyl radicals (16). On the basis of epidemiologic data and
animal experiments, GT has been suggested to prevent CSinduced cancers of the lung, oral cavity and esophagus (17).
EGCG and other catechins apparently prevent cancer through
inhibition of oxidative reactions (18). It has been shown that
GT polyphenols inhibit both CS- and H2O2-induced DNA
breakdown (19).
In contrast to GT, BT has been assumed to have less
antioxidant activity than GT because of its lower monomeric
polyphenol content (16,20). As a result, little research has
been conducted with BT. During the manufacture of BT, the
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ABSTRACT Cigarette smoke (CS) causes oxidative damage and tea polyphenols have strong antioxidant properties. Therefore, we studied the effect of a black tea (BT) infusion on CS-induced oxidative damage of proteins
both in vitro and in vivo. In the in vitro experiment, bovine serum albumin (BSA) or a guinea pig tissue microsomal
suspension was incubated with an aqueous extract of CS (CS-solution) in the presence or absence of the BT
infusion. Protein oxidation was measured by immunoblotting of the dinitrophenylhydrazone derivatives of the
protein carbonyls followed by densitometric scanning. Protein degradation was assessed by SDS-PAGE. BT
prevented (P ⬍ 0.05) CS-induced oxidation of BSA and oxidative degradation of guinea pig lung, liver and heart
microsomal proteins. This was also observed when the BT infusion was replaced by its components, i.e, flavonols,
theaflavins, thearubigins and catechins. BT prevented microsomal protein degradation by inhibiting oxidative
modification of the proteins. The antioxidant effect of BT was similar to that of green tea. In the in vivo experiment,
partially ascorbate-deficient guinea pigs were subjected to CS exposure from 5 cigarettes/(guinea pig 䡠 d) for 7 d
and given water or the BT infusion (20 g/L) to drink. Guinea pigs exposed to CS and given water had extensive
oxidation accompanied by 39, 40 and 30% losses (P ⬍ 0.05) of microsomal proteins of lung, liver and heart,
respectively. However, when the CS-exposed guinea pigs consumed the BT infusion instead of water, the
oxidation of microsomal proteins was reduced (P ⬍ 0.05) ⬃90, 97 and 70% in lung, liver and heart, respectively.
Protein loss was reduced (P ⬍ 0.05) ⬃92, 98 and 90% in lung, liver and heart, respectively. The results, if
extrapolated to humans, would indicate that regular intake of tea may protect smokers from CS-induced oxidative
damage and consequent degenerative diseases. J. Nutr. 133: 2622–2628, 2003.
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MATERIALS AND METHODS
Reagents. Unless otherwise specified, CTC black tea was used.
The source of both black and green teas was West Bengal Tea
Development, Kolkata, India. CT, EGCG, bovine serum albumin
(BSA) and tea extract were purchased from Sigma Chemical, St.
Louis, MO. A tea extract containing ⬃80% TF was used as the source
of TF. TR was prepared by the method described below. All other
chemicals were of analytical grade.
Preparation of the tea infusion. Black or green tea (1 g) was
added to 10 mL of boiling water, brewed for 5 min, cooled to room
temperature and filtered. The filtrate was designated as the BT or GT
infusion.
Measurement of theaflavins and catechins in BT. Diluted samples of the BT infusion were analyzed by HPLC in a Shimadzu
instrument (Kyoto, Japan) consisting of a SPD-10A VP UV-Vis
detector, LC-10A VP dual pump systems, attached to a chromatopac
C-R6A. Individual polyphenols were used as standards. A Lichrospher 100 RP-18 encapped (5 m; 250 mm ⫻ 4 mm) column (Merck,
Darmstadt, Germany) was used. CT and TF were detected at 270 nm
using a binary gradient cycle as described by Lee et al. (15).
Preparation of the polyphenol-free BT infusion. The BT infusion as prepared above (100 g/L) was treated twice with polyvinylpolypyrolidone (30 g/L of infusion) until the filtrate was a faint yellow
color. The filtrate was then passed through a bed of activated charcoal
to remove the residual polyphenols as well as other low-molecularweight components. The effluent from the charcoal bed was adjusted
to the original volume. It was practically colorless and did not absorb
at 270 nm.
Preparation of TR. TR were isolated from BT following a
combination of methods of Subramanian et al. (31) and Hara (32).
BT (6 g) was boiled in 50 mL sodium acetate (10 mmol/L, pH 5.0) for
10 min, cooled and filtered. The filtrate was extracted successively
with equal volumes of chloroform, methyl isobutyl ketone and ethyl
acetate. The organic layers were discarded and the aqueous layer was
extracted with butanol followed by lyophilization. The residual dark
orange powder constituted the TR; its content was measured spectrophotometrically at 270 nm (31) as described below.

Measurement of TR in BT. Spectroscopic analysis showed that
the BT infusion and all the individual polyphenols, TF, TR and CT
had max at 270 nm. We calculated the TR content of BT by
subtracting the combined A270 due to TF and CT from the A270 of
the BT infusion. As stated above, TF and CT in BT were estimated
separately by HPLC.
Preparation of the cigarette smoke solution (CS-solution).
Smoke from an Indian commercial filter-tipped cigarette (74 mm) with
a tar content of 22 mg was dissolved in 1 mL phosphate buffer (50
mmol/L), pH 7.4, as described (8). The pH of the yellow-colored solution was adjusted to 7.4 by the addition of sodium hydroxide solution (80
g/L) followed by filtration through a 0.22-m Millipore filter.
Experimental designs. In the in vitro experiment, BSA or
guinea pig tissue microsomes were incubated with CS-solution in the
presence or absence of the BT infusion. In the in vivo experiment,
partially ascorbate-deficient pair-fed guinea pigs were exposed to air
or CS and given water or the BT infusion to drink.
Exposure of guinea pigs to cigarette smoke (CS). Male shorthair guinea pigs weighing 400 –500 g were obtained from a local
animal supplier (M/S S. C. Ghosh, Kolkata, India). All animal care
procedures met NIH guidelines (33). The guinea pigs were fed an
ascorbate-free diet for 7 d to minimize the ascorbate level in plasma
and tissues; ascorbate is a potential inhibitor of CS-induced oxidative
damage of proteins, which would otherwise counteract the damaging
effect of CS (8,9). The diet contained in g/kg: wheat flour, 700;
casein, 200; sucrose, 80; USP XVII salt mixture, 10; AOAC vitamin
mixture, 10 (34). The guinea pigs were divided into the following
experimental groups (n ⫽ 4/group). Control: exposed to air instead of
CS and given water to drink; CS: exposed to CS and given water to
drink; CS ⫹ BT: exposed to CS and given the BT infusion (20 g/L),
to drink instead of water; BT: exposed to air and given the BT
infusion (20 g/L) to drink. The tea infusion was freshly prepared and
replaced every morning and evening;
All guinea pigs were pair-fed individually with respect to a guinea
pig in the CS group. The pairs were set up by initial weight. The
amounts of food and fluid consumed by the CS group on the previous
day were given to the individual guinea pigs of the other groups.
After consuming the ascorbate-free diet for 7 d, the guinea pigs
were subjected to air or CS exposure from 5 cigarettes/(guinea pig 䡠 d)
for another 7 d in a smoke chamber as described (9). The duration of
exposure was 1 min for each puff. In the CS-exposed guinea pigs, each
guinea pig was given two puffs per cigarette, allowing them a 1-min
rest in a smoke-free atmosphere. The gap between exposures was 1 h.
This was done to simulate human smoking.
After 7 d of CS/air exposure, both the controls and the CSexposed guinea pigs were deprived of food overnight and killed the
next day by diethyl ether asphyxiation. The lung, liver and heart
tissues were excised immediately and processed without delay. Oxidative damage of the tissue microsomal proteins, without any further
treatment, was assayed by immunoblotting (described below) and
SDS-PAGE (8). Protein was estimated by the method of Lowry et al.
(35) as described (8).
Preparation of microsomes. Portions of the lung, liver and heart
from the guinea pigs of each group were pooled, homogenized and
microsomes prepared and washed as described (8). The washed microsomes were dispersed in potassium phosphate buffer (50 mmol/L),
pH 7.4, so that 1 mL of the dispersion was equivalent to 1 g tissue.
Incubation system. The incubation mixture contained BSA (1
mg) or tissue microsomal suspension (equivalent to 1 mg of protein)
with or without 50 L of CS-solution (equivalent to one twentieth of
a cigarette) in the presence or absence of 50 L of tea infusion
(equivalent to 5 mg tea) or its components in a final volume of 200
L potassium phosphate buffer (50 mmol/L), pH 7.4. Incubation was
carried out at 37°C with shaking for 1 h or as described. In studies on
the interaction of BSA with whole-phase CS, instead of CS-solution,
smoke from one cigarette was released directly into 1 mL of potassium
phosphate buffer (50 mmol/L), pH 7.4, containing 20 mg BSA as
described (8). Fifty microliters of this solution containing 1 mg of the
smoke-treated protein was added to 150 L potassium phosphate buffer
(50 mmol/L), pH 7.4, to adjust the final incubation volume to 200 L.
In experiments to measure CS-induced oxidation of guinea pig
tissue microsomal proteins, phenylmethylsulfonyl fluoride (PMSF)
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green tea catechins undergo oxidation by polyphenol oxidase
to form the complex condensation products theaflavins (TF)
and thearubigins (TR), by a process commonly known as
“fermentation.” TF are a mixture of TF and TF-gallates. However, TR are more complex oligomeric flavonols; they vary
greatly in molecular weight, ranging from 1 to 40 kDa (15).
The contents of TF and TR vary with the species of tea and
the process of “fermentation.” Nevertheless, TR are the most
abundant phenolic fractions in BT. BT contains ⬃1– 4% TF,
10 –20% TR and catechins (CT) (15,20). There are contradictory reports concerning the comparative beneficial effects
of GT and BT with particular reference to chemoprevention
(21,22). Others indicate that TF in BT and CT in GT are
equally effective antioxidants (18,23–28). In one study, the
extracts from BT scavenged hydrogen peroxide more potently
than those from GT (29).
Previously we and others reported that oxidative modification of proteins by stable oxidants of CS introduces carbonyl
groups into the side-chain amino acids (6,8,9,11). The formation of the carbonyl groups can be measured spectrophotometrically after they are converted into dinitrophenylhydrazone (DNP) derivatives by reaction with 2,4-dinitrophenylhydrazine (DNPH) (6,30). However, the quantification of the
preventive effect of BT on CS-induced oxidation of proteins
by spectrophotometric assay of the DNP derivative was incorrect because BT interacts with proteins and the product of that
interaction absorbs at 360 –390 nm, the wavelength at which
the DNP derivative is measured. In this paper we used immunoblotting and densitometric scanning to measure the preventive effect of black tea and its components on the CS-induced
oxidative damage of proteins.
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RESULTS
Prevention of CS-induced BSA oxidation by BT and its
constituent polyphenols. Incubation of BSA with CS-solution followed by reaction with DNPH and immunoblotting
resulted in extensive formation of the DNP derivative (Fig. 1,
lane 2), which was a measure of the extent of carbonyl groups
produced by oxidation of the side-chain amino acids of BSA.
Under similar conditions, the amount of protein carbonyl
formed was 10 ⫾ 0.5 nmol, as measured by the formation of
the DNP derivative (8). When BSA was incubated with
CS-solution in the presence of 50 L of BT, the oxidation of

FIGURE 1 Immunoblot of the dinitrophenylhydrazone (DNP)-derivatives of bovine serum albumin (BSA) incubated with or without
cigarette smoke (CS) in the presence and absence of black tea (BT), its
constituent polyphenols and green tea (GT). Lane 1, BSA; lane 2, BSA
⫹ CS; lane 3, BSA ⫹ CS ⫹ BT; lane 4, BSA ⫹ CS ⫹ TF; lane 5,
BSA ⫹ CS ⫹ TR; lane 6, BSA ⫹ CS ⫹ CT; lane 7, BSA ⫹ CS ⫹ TF ⫹ TR
⫹ CT; Lane 8, BSA ⫹ CS ⫹ GT. Compared with lane 2, the percentage
inhibition by BT was 70 (lane 3); TF, 50 (lane 4); TR, 72 (lane 5); CT, 85
(lane 6); TF ⫹ TR ⫹ CT,100 (lane 7); GT,72 (lane 8). P-values estimated
by two-way ANOVA were ⬍0.0001 for control and CS-treatment (lanes
1 and 2) and ⬍0.05 for CS-treatment and CS-treatment in the presence
of BT (lane 3), TF (lane 4), TR (lane 5), CT (lane 6), TF ⫹ TR ⫹ CT (lane
7) and GT (lane 8); n ⫽ 4. TF, theaflavins; TR, thearubigins; CT, catechins.

protein was inhibited ⬃70% (Fig. 1, lane 3), as noted by
comparative scanning of the blots. Incubation of BSA with BT
alone did not produce any oxidation of protein. The inhibition
by BT infusion was not affected by the addition of desferrioxamine (DFO, 20 mol/L) to the incubation mixture, indicating that the inhibition was independent of free iron. TF, TR
and CT, the principal components of BT, also inhibited CSinduced BSA oxidation. HPLC analysis indicated that 50 L
of the BT infusion contained 50 g of TF, which equals ⬃1
g/100 g of TF in the dry sample of BT used. When instead of
50 L of BT, 50 g of TF was added to the incubation mixture
containing 1 mg of BSA and 50 L of CS-solution, the
inhibition of BSA oxidation was 50% (Fig. 1, lane 4). The
amount of TR in the BT used was 890 g/50 L of the BT
infusion (⬃17.8 g/100 g). This amount of TR inhibited CSinduced BSA oxidation ⬃72% (Fig. 1, lane 5). HPLC analysis
revealed that in addition to TF, 50 L of the BT infusion used
contained 300 g of CT (⬃6%). When used separately, 300
g of CT produced 85% inhibition (Fig. 1, lane 6). Among
the polyphenols, CT had the maximum antioxidant effect
when used at the level present in BT. However, when used at
that same level, TF was the most potential antioxidant for
inhibiting CS-induced BSA oxidation. Although 50 g of TF
inhibited 50%, 50 g of CT inhibited only 20% and 50 g of
TR had little effect. When instead of the BT infusion, a
mixture of 50 g of TF, 890 g of TR and 300 g of CT was
used, the inhibition of BSA oxidation was almost 100% (Fig.
1, lane 7), which was more than that obtained with the BT
infusion. The data indicate that the additive effect of the
constituent polyphenols is greater than that present in the BT
infusion. The preventive effects of the polyphenols were confirmed by adding the individual polyphenols to a polyphenolfree BT infusion. This infusion alone did not inhibit CSinduced BSA oxidation. When TF, TR and CT, in amounts
proportional to their levels in BT as stated above, were added
separately and conjointly to the polyphenol-free BT infusion,
the polyphenols inhibited CS-induced BSA oxidation similarly to the level of inhibition with individual polyphenols in
the absence of the BT infusion. The addition of 50 g of TF,
890 g of TR and 300 g of CT to 50 L polyphenol-free BT
infusion produced 47, 70 and 80% inhibition, respectively.
When TF, TR and CT were used together, the inhibition was
almost 100%. When instead of BT, 50 L of GT infusion was
used, the inhibition of BSA oxidation was 72% (Fig. 1, lane
8). These results demonstrate that although BT contains
mostly oxidized and complex condensation products of CT,
both BT and GT have similar antioxidant activity against
CS-induced BSA oxidation. The amount of EGCG present in
50 L of GT was 870 g. When 870 g of EGCG was added
to the incubation mixture, the inhibition of CS-induced BSA
oxidation was 98%, which was more than that obtained with
the GT infusion. This again indicates that the antioxidant
effect of individual polyphenols is greater than that when they
are present in the tea infusion. Similar preventive results of BT
and GT were obtained when BSA was oxidized by wholephase cigarette smoke instead of CS-solution (data not
shown).
The antioxidant effect of BT was similar whether the tea
was harvested in summer or autumn. In a separate experiment,
tea infusion prepared from orthodox Darjeeling or Assam tea
had the same antioxidant effects as those of CTC tea. The
inhibition of BSA oxidation by BT was a function of the
concentration of the BT infusion. Although 25 L of tea gave
43% protection, 50 L of tea inhibited ⬃70%, 75 L, 90%
and 100 L gave full protection (Fig. 2). With 50 L of tea,
the percentage inhibition of BSA oxidation increased with
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and EDTA were added to the incubation mixture to prevent proteolytic degradation of the oxidized proteins (8).
Production of the DNP derivative of oxidized protein. After
incubation as described above for 1 h, 5 L of the incubation mixture
was mixed with 5 L SDS (120 g/L) solution. After 5 min, 10 L of
the DNPH solution (10 mmol/L) in HCl (2 mol/L) was added and the
reaction was allowed to continue for 25 min followed by the addition
of 5 L of neutralizing solution according to the Oxyblot protein
oxidation detection kit described below.
Measurement of protein carbonyl by immunoblotting of the
DNP-protein. Twenty-five microliters of the DNP derivative of
BSA or microsomal proteins containing 25 g of protein as described
above were separated by SDS-PAGE followed by Western blotting
using a polyvinylidene difluoride membrane according to the protocol
for the Oxyblot protein oxidation detection kit (Catalog #S7150,
Intergen company, New York, NY). The membrane was then incubated with primary antibody, specific to the DNP-moiety. This step
was followed by incubation with a secondary antibody conjugated
with horseradish peroxidase (goat anti-rabbit IgG) directed against the
primary antibody. The membrane was treated with chemiluminescent
reagents (luminol and enhancer) and the chemiluminescence was detected by autoradiography. The intensity of the blots produced by autoradiography was quantified by densitometric scanning.
Measurement of ascorbic acid in BT. Ascorbic acid was measured by HPLC of samples of the tea infusion in a Shimadzu instrument as described above. The column used was a Lichro CART
250 – 4 NH2 (Merck). The mobile solvent was a mixture of acetonitrile and potassium dihydrogen phosphate solution (50 mmol/L) at a
ratio of 75:25, v/v. The flow rate was 1.5 mL/min. Ascorbic acid was
detected at 254 nm with a retention time was 6.1 min and a limit of
detection of 500 pg.
Statistical analysis. Both in vitro and in vivo experiments were
analyzed by two-way ANOVA (CS ⫻ BT). The Bonferroni post-hoc
test was used when the F-values were significant. Differences with
P-values ⬍0.05 were considered significant.
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increased time of incubation and attained a maximum value
after 1 h (Fig. 3).
In addition to the CS-solution, a smoke solution prepared
from bidi extensively oxidized BSA and guinea pig tissue
microsomal proteins. This was prevented (70%) by the black
tea infusion, as demonstrated by immunoblotting (not shown).
The inhibition of CS-induced oxidation of BSA and guinea
pig tissue microsomal proteins by tea infusion was not due to
the presence of ascorbic acid. HPLC analyses of both BT and
GT infusions revealed little ascorbic acid in the tea infusion.
Prevention of CS-induced oxidation of guinea pig lung
microsomal proteins by BT and GT in vitro. Incubation of
guinea pig lung microsomes with CS-solution, followed by
reaction with DNPH and immunoblotting, oxidized the microsomal proteins (Fig. 4, lane 2). Protein oxidation was
inhibited by ⬃97% by the BT infusion (Fig. 4, lane 3).
Incubation of the microsomes with only the BT infusion did
not produce any oxidation (Fig. 4, lane 4). GT gave 93%

FIGURE 3 Inhibition of cigarette smoke (CS)-induced bovine serum albumin (BSA) oxidation by black tea (BT) infusion as a function of
time in vitro. Values are means ⫾ SD; n ⫽ 4. Means not sharing a
common letter differ, P ⬍ 0.05.

FIGURE 4 Immunoblot of the dinitrophenylhydrazone (DNP)-derivatives of guinea pig lung microsomal proteins incubated with or
without cigarette smoke (CS) in the presence and absence of black tea
(BT) and green tea (GT) in vitro. Lane 1, microsomes; lane 2, microsomes ⫹ CS; lane 3, microsomes ⫹ CS ⫹ BT; lane 4, microsomes
⫹ BT; lane 5, microsomes ⫹ CS ⫹ GT. CS-induced protein oxidation
was inhibited ⬃97% by BT and 93% by GT (lanes 3 and 5). P-values
estimated by two-way ANOVA were ⬍0.0001 for control (lane 1) and CS
treatment (lane 2) and ⬍0.05 for CS treatment (lane2) and CS treatment
in the presence of BT and GT (lanes 3 and 5). Microsomes treated with
BT alone did not undergo protein oxidation (lane 4); n ⫽ 4.

protection (Fig. 4, lane 5). This indicates that the antioxidant
effects of BT and GT are similar.
CS-induced degradation of microsomal proteins and protection by BT in vitro. Incubation of guinea pig lung microsomes with the CS-solution degraded the microsomal proteins
90%, as shown by densitometric scanning of the protein bands
(Fig. 5, lanes 1 and 2). In this case, the protease inhibitors
PMSF and EDTA were not included in the incubation medium. The CS-induced protein degradation was inhibited
80% by the BT infusion (Fig. 5, lane 3). The inhibition of
microsomal protein degradation by BT was apparently due to
prevention of CS-induced protein oxidation, as reported earlier (8).
CS-induced oxidation of tissue microsomal proteins of
guinea pigs in vivo and protection by BT. In each panel of
immunoblots of lung, liver and heart microsomal proteins of
guinea pigs (Fig. 6), lane 1 represents air-exposed guinea pigs
(controls); lane 2, those exposed to CS and given water to
drink (CS group); and lane 3, those exposed to CS and given
the BT infusion to drink (CS ⫹ BT group). When guinea pigs
were exposed to CS for 7 d at an exposure rate of 5 cigarettes/
(guinea pig 䡠 d) and given water to drink, extensive oxidation
of the microsomal proteins of lung, liver and heart occurred
(Fig. 6, lane 2). There was practically no oxidation in the
tissues of air-exposed guinea pigs (Fig. 6, lane 1; controls).
When the guinea pigs were given the BT infusion to drink
instead of water, CS-induced protein oxidation was reduced
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FIGURE 2 Protection of cigarette smoke (CS)-induced bovine
serum albumin (BSA) oxidation as a function of concentration of black
tea (BT) infusion in vitro. Values are means ⫾ SD; n ⫽ 4. Means not
sharing a common letter differ, P ⬍ 0.05 .
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FIGURE 5 SDS-PAGE of guinea pig lung microsomal proteins
incubated with or without cigarette smoke (CS) in the presence and
absence of black tea (BT) in vitro. The gels (75 g/L) were stained with
Coomassie brilliant Blue-250. Lane 1, microsomes incubated without
CS; lane 2, microsomes incubated with 50 L CS-solution in the
absence of BT; lane 3, microsomes incubated with 50 L CS-solution
in the presence of 50 L BT. BT inhibited CS-induced protein oxidation
by 80%. P-values estimated by two-way ANOVA were ⬍0.0001 for
control (lane 1) and CS treatment (lane 2) and ⬍0.05 for CS treatment
(lane 2) and CS treatment in the presence of BT (lane 3); n ⫽ 4.

90% in the lung (Fig. 6, lane 3), 97% in the liver and 70% in
the heart. Each guinea pig consumed ⬃25 mL of the BT
infusion, which was equivalent to 0.5 g BT/d. Tissue micro-

somal proteins were not oxidized in the guinea pigs given BT
infusion to drink without CS-exposure (BT only group, not
shown).
CS-induced degradation of tissue microsomal proteins of
guinea pigs in vivo and protection by BT. Protein profiles
obtained by SDS-PAGE (Fig. 7, lane 2) showed that compared with air-exposed controls (control group, lane 1), there
was an ⬃39% loss of protein bands in the lung microsomes and
40% loss in the liver microsomes of guinea pigs exposed to CS
(CS group) for 7 d at an exposure rate of 5 cigarettes/(guinea
pig 䡠 d). The food intake of the guinea pigs (⬃65 ⫾ 5 g/d) did
not differ among the groups. Thus, the microsomal protein loss
in the guinea pigs of the CS group was not due to inanition but
apparently to oxidative degradation of proteins as a result of
CS exposure. When the CS-exposed guinea pigs were given
the BT infusion to drink instead of water, the microsomal
protein loss was inhibited by 92% in the lung (Fig. 7, lane 3)
and 98% in the liver, as shown by comparative densitometric
scanning. There was also a discernible loss of protein bands
(⬃30%) of the heart microsomes of guinea pigs after exposure
to CS, which was again prevented ⬃90% by drinking the BT
(not shown).
DISCUSSION

FIGURE 6 Immunoblot of the dinitrophenylhydrazone (DNP)-derivatives of lung, liver and heart microsomal proteins of guinea pigs
exposed to air or cigarette smoke (CS) (in vivo) with or without black tea
(BT) infusion. In each panel, lane 1, microsomes from guinea pigs
exposed to air instead of CS (control) and given water to drink; lane 2,
microsomes from guinea pigs exposed to CS (CS group) and given
water to drink; lane 3, microsomes from guinea pigs exposed to CS and
given the BT infusion to drink (CS ⫹ BT group). CS-induced protein
oxidation was reduced 90% in the lung, 97% in the liver and 70% in the
heart (lane 3 in each panel). P-values estimated by two-way ANOVA
were ⬍0.05 for CS, BT and CS ⫻ BT.

Oxidative damage is one of the deleterious effects of CS
(6 –9,11,36 –39). There have been many attempts to find suitable antioxidants that can prevent CS-induced oxidative damage and the consequent degenerative diseases. We reported
before that CS-induced oxidative damage of proteins is markedly inhibited by ascorbic acid both in vitro and in vivo
(8,9,11). Here, we demonstrated that CS-induced protein
oxidation is almost completely prevented by a BT infusion.
The antioxidant effect of BT did not differ from that of GT.
This indicates that although BT contains oxidized and complex condensation products of CT, the antioxidant properties
are not diminished. HPLC and spectrophotometric analyses
showed that the sample of BT (CTC) used contained ⬃1% of
TF, 17.8% of TR and 6% of CT. The antioxidant property of
BT was a combined effect of the flavonols. When used in
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FIGURE 7 SDS-PAGE of lung and liver microsomal proteins of
guinea pigs exposed to air or cigarette smoke (CS) (in vivo) with or
without black tea (BT) infusion. The gels (100 g/L) were stained with
Coomassie Brilliant Blue-250. Lane 1, guinea pigs exposed to air (control) and given water to drink; lane 2, guinea pigs exposed to CS and
given water to drink (CS group); lane 3, guinea pigs exposed to CS and
given the BT infusion to drink (CS ⫹ BT group). There was ⬃39% loss
of protein bands in the lung and 40% in the liver (lane 2 in each panel).
BT reduced the protein loss ⬃92% in the lung and 98% in the liver (lane
3 in each panel). P-values estimated by two-way ANOVA were ⬍0.0001
for CS and ⬍0.05 for BT.
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did not alter the preventive effect of BT on CS-induced BSA
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