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Abstract

Green tea catechins and hydrolyzable tannins are gaining increasing attention as chemopreventive 

agents. However, their mechanism of action is poorly understood. We investigated the effects of 

four green tea catechins and two hydrolyzable tannins on microsome-induced benzo[a]pyrene 

(BP)–DNA adducts and the possible structure–activity relationship. BP (1 μM) was incubated with 

rat liver microsomes and DNA in the presence of the test compound (1–200 μM) or vehicle. The 

purified DNA was analyzed by 32P-postlabeling. The inhibitory activity of the catechins was in the 

following descending order: epigallocatechin gallate (IC50 = 16 μM) > epicatechin gallate (24 μM) 

> epigallocatechin (146 μM) > epicatechin (462 μM), suggesting a correlation between the number 

of adjacent aromatic hydroxyl groups in the molecular structure and their potencies. Tannic acid 

(IC50 = 4 μM) and pentagalloglucose (IC50 = 26 μM) elicited as much DNA adduct inhibitory 

activity as the catechins or higher presumably due to the presence of more functional hydroxyl 

groups. To determine if the activity of these compounds was due to direct interaction of phenolic 

groups with electrophilic metabolite(s) of BP, DNA was incubated with anti-benzo[a]pyrene-7,8-

diol-9,10-epoxide (anti-BPDE) (0.5 μM) in the presence of test compounds (200 μM) or vehicle. 

Significant inhibition of DNA adduct formation was found (tannic acid > pentagalloglucose > 

epigallocatechin gallate > epicatechin gallate). This notion was confirmed by analysis of the 

reaction products of anti-BPDE with the catechins and pentagalloglucose by electrospray 

ionization mass spectrometry and liquid chromatography–mass spectrometry. In conclusion, our 

data demonstrate that green tea catechins and the hydrolyzable tannins are highly effective in 

inhibiting BP–DNA adduct formation at least, in part, due to direct interaction of adjacent 

hydroxyl groups in their structures and that the activity is higher with an increasing number of 

functional hydroxyl groups.
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Introduction

Benzo[a]pyrene (BP)1 is a polycyclic aromatic hydrocarbon (PAH), which is present 

ubiquitously in tobacco smoke, automobile exhaust emissions, and grilled foods (1, 2). It is 

one of the most potent environmental carcinogens. Numerous studies have demonstrated the 

association of BP exposure and induction of carcinogensis in many organs including lung, 

skin, mammary gland, and others (3–5).

Enzymatic activation of BP by certain types of cytochrome P450s (CYPs) found in the 

subcellular microsomal fraction, especially CYP1A1, are needed to produce the ultimate 

carcinogen anti-benzo[a]pyrene-7,8-diol-9,10-epoxide (anti-BPDE) (6). anti-BPDE exerts its 

carcinogenic activity by alkylating nucleosides on DNA molecules at the bay region of anti-
BPDE. The reaction primarily happens with the purine bases, deoxyguanosine and 

deoxyadenosine, in DNA (7). As a result, bulky stable and depurinating DNA adducts are 

formed (8, 9). Insufficient removal of these DNA adducts prior to replication creates hot 

spots in the gene and can result in deactivation of tumor suppressor genes or activation of 

oncogenes leading to tumor initiation (10).

Green tea is one of the most popular drinks in the world with some beneficial effects on 

cardiovascular (11, 12) and neuro-degenerative diseases (13). Green tea is now drawing 

increasing attention because of its possible application in cancer prevention (14, 15). Green 

tea preparations were found to decrease tumor incidence and tumor multiplicity in 

chemically-induced tumor models, including BP and other PAHs (16–22). Interestingly, 

green tea preparations were effective when administered to mice either during or after 

carcinogen exposure (16, 17), suggesting their chemopreventive effects in different phases of 

carcinogenesis.

The catechins in green tea are thought to be the bioactive components, including (−)-

epicatechin (EC), (−)-epigallocatechin (EGC), (−)-epicatechin gallate (ECG), and (−)-

epigallocatechin gallate (EGCG), which bear close structural similarities (Figure 1A). 

EGCG is the predominant catechin (23). Many mechanisms of action of green tea catechins 

have been proposed based on studies in vitro. Green tea catechins were found to induce 

apoptosis and inhibit the proliferation of a variety of cancer cell types (24–28). Green tea 

catechins can generate reactive oxygen species (ROS), including hydrogen peroxides, which 

are responsible for the death of cancer cells (29, 30). However, these mechanisms of action 

are more relevant to the chemotherapeutic effects of green tea catechins rather than their 

chemopreventive effects (31).

As noted above, DNA adduct formation is the initial key step in the BP-induced 

carcinogenic process. Because green tea manifests its chemopreventive effects in almost all 

of the animal studies conducted, we hypothesize that green tea should be able to inhibit the 

DNA adduct formation induced by BP. This notion has been supported by a limited number 

of studies, in which green tea components decreased BP-induced DNA damage in the Chang 

1Abbreviations: BP, benzo[a]pyrene; anti-BPDE, anti-benzo[a]pyrene-7,8-diol-9,10-epoxide; 9-OH-BPE, 9-OH-benzo[a]pyrene-4,5-
epoxide; EC, (−)-epicatechin; EGC, (−)-epigallocatechin; EGC, (−)-epicatechin gallate; EGCG, (−)-epigallocatechin gallate; 5GG, 
pentagalloylglucose; TA, tannic acid
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liver cell line evaluated by the comet assay (32) and EGCG inhibited the formation of [3H]-

BP-derived DNA adducts in a cell-free system (33). However, the mechanism behind these 

effects is not known.

Back in the early 1980s, Conney and co-workers showed that the plant phenolic ellagic acid 

was highly potent in inhibiting the mutagenesis by anti-BPDE (34). Subsequently, this group 

demonstrated that this inhibition occurred due to covalent interaction of ellagic acid with 

anti-BPDE (35). This finding was later supported by inhibition of anti-BPDE-induced DNA 

adducts (36). Green tea extract, which contains several catechins with cis-diol groups, like in 

ellagic acid, was reported to decrease anti-BPDE-induced DNA strand breaks (37), 

presumably by the same mechanistic action of ellagic acid reported by Sayer et al. (35). 

Additionally, Bors and Michel (38) and Rice-Evans et al. (39) demonstrated that the cis-diol 

groups in green tea catechins could scavenge free radicals such as hydroxyl radicals, azide 

radicals, and superoxide anions, thus correlating with their antioxidant activities.

We hypothesized that green tea catechins will inhibit BP-induced DNA adduct formation by 

direct quenching of anti-BPDE produced in the metabolism of BP and that the potency of 

different catechins will vary with the number of their cis-diol groups. This structure–activity 

relationship (SAR) study will help to further identify the mechanism of action of green tea 

catechins. It might also be beneficial for drug modification and drug development based on 

catechins or compounds bearing similar groups.

This hypothesis cannot be readily tested in a whole cell system because many factors such as 

the lipid solubility of the catechins, etc., could bias the interpretation. We therefore used a 

microsomal system to assess the capacity of various catechins in green tea to inhibit DNA 

adduct formation and determine SAR. Two hydrolyzable tannins, pentagalloylglucose (5GG) 

and tannic acid (TA; penta-m-digalloyl-glucose), which have a higher number of cis-diols in 

their structures (Figure 1B) than the catechins, were also included to further test the SAR.

Experimental Procedures

Caution

Both BP and anti-BPDE are mutagenic and carcinogenic. Protective clothing should be 

worn, and appropriate safety procedures should be followed when working with these 

compounds.

Chemicals

EC, EGC, ECG, TA, glucose-6-phosphate, glucose-6-phosphate dehydrogenase from baker's 

yeast (G6PDH), NADP+, BP, and salmon testis (st)-DNA were purchased from Sigma-

Aldrich (St. Louis, MO). EGCG was from LKT laboratories, Inc. (St. Paul, MN). 5GG was 

obtained from Sinova, Inc. (Bethesda, MD). Anti-BPDE was kindly provided by Dr. Subodh 

Kumar, State University of New York College at Buffalo. Chemicals used in 32P-

postlabeling DNA adduct analysis were the same as described previously (40).
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Microsomal BP-Induced DNA Adducts

Green tea catechins and hydrolyzable tannins were dissolved in Me2SO and prepared 

freshly. st-DNA (300 μg/mL) was preincubated with 50 mM Tris-HCl (pH 7.5), 1 mM 

MgCl2, 2.5 mM glucose-6-phosphate, 1 U/mL G6PDH, 0.5 mM NADP+, and β-

naphthoflavone-induced microsomal proteins (1 mg/mL) in 1 mL for 10 min, in the presence 

of vehicle alone or green tea catechins or hydrolyzable tannins (1–200 μM). BP dissolved in 

Me2SO was added at a final concentration of 1 μM, and incubation was continued for 

another 30 min at 37 °C. The reaction was terminated by addition of EDTA and 

centrifugation (7500 rpm; 10 min). DNA was isolated from the supernatant by removal of 

RNA and proteins by digestions with RNases A and T1 and proteinase K and a series of 

extractions with phenol, phenol: Sevag (chloroform:isoamyl alcohol, 24:1), and Sevag, 

followed by precipitation of the DNA with ethanol (40). The DNA concentration was 

estimated spectrophotometrically.

Reaction of st-DNA with anti-BPDE

st-DNA (200 μg/mL) was preincubated with 50 mM Tris-HCl (pH 7.5) in a total of 0.2 mL 

of solution for 10 min, in the presence of vehicle or green tea catechins or hydrolyzable 

tannins. Then, anti-BPDE was added at a final concentration of 0.5 μM and incubated at 

37 °C for another 30 min. The reaction was terminated by precipitating DNA with ethanol, 

and the DNA concentration was measured spectrophotometrically.

Analysis of DNA Adducts

DNA adducts were analyzed by 32P-postlabeling as described (40). Briefly, 10 μg of DNA 

was digested with micrococcal nuclease and spleen phosphodiesterase (MN/SPD). Before 

further treatment with nuclease P1 to enrich DNA adducts, an aliquot was used for 

evaluation of normal nucleotide levels. DNA adducts and normal nucleotides were labeled 

with [γ-32P]ATP and T4 polynucleotide kinase. Labeled DNA adducts were separated by 

multidirectional polyethyleneimine (PEI)-cellulose TLC in the following solvents: D1 = 1.0 

M sodium phosphate, pH 6.0; D3 = 4 M lithium formate/7 M urea, pH 3.5; D4 = 4 M 

ammonium hydroxide/isopropanol (1.1:1); and D5 = 1.7 M sodium phosphate, pH 6.0. 

Normal nucleotides were resolved in 180 mM sodium phosphate, pH 6.0, by one-directional 

PEI-cellulose TLC. DNA adducts and normal nucleotides were detected and quantified by 

Packard InstantImager.

Electrospray Ionization/Mass Spectrometry (ESI/MS) and ESI/Tandem Mass Spectrometry 
(MS/MS) Study

anti-BPDE and test compounds (green tea catechins and hydrolyzable tannins) were 

incubated at 37 °C at equimolar concentration (500 μM) in H2O and acetonitrile (9:1) for 40 

min. Reaction products were diluted with 50% acetonitrile/0.1% formic acid and analyzed 

by ESI/MS in positive ion mode and a mass resolution of 10000 with a Q-TOF API-US 

mass spectrometer from Waters (Milford, MA). Samples were infused with a syringe pump 

at 1 μL/min. Data acquisition lasted for at least 1 min after the signal was stabilized, and the 

spectra were summed, smoothed, and stored. For MS/MS analysis, the collision energy was 

adjusted to a level such that the intensities of the precursor ions were decreased by 80–90%.
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Liquid Chromatography/Mass Spectrometry (LC/MS) and LC/MS/MS Study

anti-BPDE and EGCG were incubated at 37 °C at equimolar concentration (100 μM) in H2O 

and acetonitrile (9:1) for 40 min. DNA adduct separation was performed by Accela LC from 

Thermo Scientific (San Jose, CA) with a Hypersil GOLD 50 mm × 2.1 mm C18 column. A 

15 min gradient with 5% acetonitrile/0.1% formic acid (solvent A) and 95% acetonitrile/

0.1% formic acid (solvent B) at 0.1 mL/min was used. The gradient started from 5% solvent 

B that increased linearly to 50% in 12 min and then increased linearly to 75% in 3 min. The 

elution from LC was coupled to a LTQ Orbitrap XL mass spectrometer from Thermo 

Scientific via an ESI source. MS and MS/MS spectra were acquired in positive ion mode at 

30000 mass resolution.

Statistical Analysis

Results were reported as means ± SEMs. Student's t test was used for the determination of 

statistical significance between two individual groups. A p value less than 0.05 with a 95% 

confidence interval was considered to give the level of significance.

Results

Before we tested the efficacy of these various phenolic compounds, we first determined the 

lowest concentration of BP in a microsomal reaction that would produce measurable levels 

of DNA adducts detected by the highly sensitive 32P-postlabeling assay. Incubation of st-

DNA with β-naphthoflavone-induced rat liver microsomes, which exhibit increased 

expression of CYP1A1 and CYP1B1, in the presence of varying concentrations of BP (0.5–

10 μM) and cofactors resulted in the formation of two major DNA adducts (Figure 2). These 

DNA adducts have previously been characterized as the products of the interaction of anti-
BPDE (DNA adduct 2) and 9-OH-benzo[a]pyrene-4,5-epoxide (9-OH-BPE) (DNA adduct 1) 

with dG (7, 41).

Total DNA adduct levels increased with an increasing concentration of BP (15 ± 6 to 467 

± 49 DNA adducts/107 nucleotides). The relative levels of DNA adducts 1 and 2 varied with 

BP concentrations. At the highest concentration of BP (10 μM), 9-OH-BPE-dG levels were 

slightly greater than anti-BPDE-dG levels (9-OH-BPE-dG/anti-BPDE-dG = 1.6). However, 

the ratio of the two DNA adducts increased with decreasing BP concentrations (9-OH-BPE-

dG/anti-BPDE-dG = 4.5 at 0.5 μM BP), indicating that metabolism of BP to DNA-reactive 

metabolites is dose-dependent and reflective of the relative amount of substrate. All 

subsequent reactions in the presence of the phenolic compounds were performed using a 

relatively low concentration of BP (1 μM).

Effect of Green Tea Catechins on Microsomal BP–DNA Adducts

Incubation of st-DNA with BP (1 μM) in the absence or presence of varying concentrations 

(1ȁ200 μM) of EC, EGC, ECG, and EGCG produced qualitatively the same DNA adduct 

profile (data not shown). Quantitatively, however, BP–DNA adduct levels varied with the 

type of catechin (Figure 3A). As compared with BP alone (25.2 ± 1.8 DNA adducts/107 

nucleotides; n = 4), each catechin tested (100 μM) resulted in significant inhibition of BP-
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induced DNA adducts, with EGCG (75%) > ECG (66%) > EGC (39%) > EC (27%). The 

DNA adduct inhibition observed with each compound was dose-dependent (Figure 3A).

When the percent DNA adduct inhibition was plotted against the various catechin 

concentrations, a clear dose response was observed in the form of a sigmoid curve (Figure 

3B). EGCG and ECG were the most potent components of green tea catechins, with half 

maximal inhibitory concentration (IC50) values of 16 and 24 μM, respectively. The other two 

compounds, EGC and EC, were least effective showing IC50 values of 146 and 462 μM, 

respectively.

To determine the SAR, 1/IC50 was plotted against the number of adjacent OH groups in their 

molecular structure. A clear relationship was evident (Figure 3C), suggesting that the 

activity may reside in the cis-diol groups.

Effect of Hydrolyzable Tannins on Microsomal BP–DNA Adducts

To further prove that the activity lies in the cis-diol groups, we investigated the effect of 

5GG and TA, which are hydrolyzable tannins. The rationale for the use of these compounds 

is that they contain a higher number of adjacent OH groups in their molecular structure, as 

compared to the green tea catechins, 15 for 5GG and 25 for TA (see Figure 1B). Therefore, 

it is reasonable to expect that these compounds may be more efficacious than green tea 

catechins against BP–DNA adduction. As shown in Figure 4A,B, both of these compounds 

showed effective inhibition of microsomal BP–DNA adducts, and the inhibition was dose-

dependent. Both 5GG and TA elicited almost complete DNA adduct inhibition, with TA 

being much more potent than 5GG (IC50 = 4 and 26 μM, respectively). It is also interesting 

to note that the dose–response sigmoid curves were parallel to each other presumably due to 

their extreme structural similarities.

Effect of Green Tea Catechins and Hydrolyzable Tannins on anti-BPDE–DNA Adducts

To determine the mechanism by which the test cis-diol-containing green tea catechins and 

the hydrolyzable tannins inhibit microsomal BP–DNA adduction, these compounds were 

studied in a nonenzymatic reaction; that is, anti-BPDE (0.5 μM), the ultimate carcinogenic 

metabolite of BP was incubated with st-DNA (200 μg/mL) in the presence of vehicle alone 

or EGCG, ECG, 5GG, and TA (200 μM each), followed by analysis of the DNA adduct 

levels by 32P-postlabeling. As shown in Figure 5, all compounds showed effective inhibition 

of anti-BPDE-dG. However, the degree of inhibition with the test compounds varied as 

follows: TA (98% inhibition) > 5GG (68%) > EGCG (64%) > ECG (39%). These data 

further support our earlier conclusion that the higher the number of adjacent OH groups is, 

the greater the DNA adduct inhibition is. These data also suggest that inhibition of 

microsomal BP–DNA adducts by the catechins and test hydrolyzable tannins is at least, in 

part, due to their direct interaction with the electrophilic metabolites of BP.

Detection of anti-BPDE–Catechin Complex by ESI/MS/MS

This analysis was performed to detect the reaction products in the reaction mixtures of anti-
BPDE and test compounds (green tea catechins and hydrolyzable tannins). All showed clear 

peaks with the expected mass for the complexes formed. For example, a peak with a m/z 
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ratio of 761 corresponding to anti-BPDE-EGCG complex was found in the anti-BPDE–

EGCG reaction mixture; the MS/MS spectrum of the complex further suggested a direct 

covalent interaction of anti-BPDE and EGCG (data not shown).

Investigation of Fragmentation Pattern of anti-BPDE–EGCG Complex by LC/MS/MS

LC/MS/MS analysis was performed to further rule out the possibility of noncovalent 

interaction between EGCG and anti-BPDE and also to investigate the fragmentation pattern 

of anti-BPDE–EGCG complex. Several peaks with m/z ratio of 761 in the spectrum, which 

correspond to the anti-BPDE–EGCG complex, were found. Their retention times were 5.70, 

8.51, 9.56, 10.17, 10.51, 10.59, 11.30, 11.47, 11.66, and 11.96 min (Figure 6A). The 

MS/MS studies of each peak were performed, and two major fragmentation patterns were 

found in the spectrum. The peaks with retention times of 8.51, 9.56, 10.17, 11.30, 11.47, 

11.66, and 11.96 all generated a fragmentation pattern in which a fragment with a m/z ratio 

of 591 and another fragment with a m/z ratio of 303 exist, suggesting that anti-BPDE attacks 

the hydroxyl groups on the B ring of EGCG molecules (Figure 6B). The peaks with 

retention times of 10.51 and 10.59 min generated a different fragmentation pattern in which 

a fragment with a m/z ratio of 455 and another fragment with a m/z ratio of 307 exist, 

suggesting that anti-BPDE attacks the hydroxyl groups on the D ring of EGCG molecules 

(Figure 6C). On the basis of the data gathered, two possible anti-BPDE–EGCG complexes 

are proposed (Figure 6B,C).

Discussion

In this study, we used a range of EGCG (1–200 μM) and other catechins and hydrolyzable 

tannins to show dose-dependent inhibition of microsome-mediated BP-induced DNA 

adducts. Some of the catechins (e.g., EGCG) and hydrolyzable tannins (TA) showed nearly 

50% inhibition of the adduct formation at as low as 16 and 4 μM concentrations, 

respectively. The higher concentrations of test agents were necessary to combat the 

somewhat high concentration of BP used to be able to reliably quantify the resultant DNA 

adducts. The plasma concentration of EGCG in rodents and in human volunteers is reported 

to vary with the dosing of green tea extracts. For example, when high pharmacological doses 

of EGCG was given to mice (2000 mg/kg) (42) or polyphenon E (containing 1200 mg of 

EGCG) given to human volunteers (43) orally, peak plasma concentrations found were 

approximately 9 and 7.5 μM in mice and humans, respectively. A typical achievable plasma 

EGCG submicromolar concentration has also been reported after two or three cups of tea 

consumption in humans (44).

A study by Bors and Michel found that the reaction rates of green tea catechins and gallate 

esters against hydroxyl radicals, azide radicals, or superoxide anions correlate with catechol 

and pyrogallol groups in their molecular structures (38), which may explain the antioxidant 

properties of these compounds. In this study, we demonstrate a clear correlation of adjacent 

aromatic hydroxyl groups in the molecular structure of green tea catechins and hydrolyzable 

tannins with the inhibitory effects of these compounds on DNA adduct formation induced by 

BP. Interestingly, it is nearly an exponential relationship between the number of adjacent 

aromatic hydroxyl groups and the IC50 of these catechins. There are at least two possible 

Cao et al. Page 7

Chem Res Toxicol. Author manuscript; available in PMC 2016 October 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



mechanisms through which these compounds can decrease BP–DNA adduct formation, 

through either interacting with reactive intermediates or interfering with microsomal enzyme 

activities (e.g., CYP1A1). Green tea catechins have inhibitory effects on CYP1A1 activity 

with the following descending order: ECG ≈ EGCG > EC ≈ EGC (45). In our study, all of 

the catechins interacted with anti-BPDE directly, indicating an exponential relationship with 

EGCG and ECG being much more potent than the other two catechins studied.

The higher efficacy of the two hydrolyzable tannins is due to a greater number of functional 

hydroxyl groups in their molecular structures. With regards to the potency, the more 

functional hydroxyl groups in green tea catechins correspond to lower IC50 values. This 

conclusion also holds true in hydrolyzable tannins with TA being more potent than 5GG. 

However, the problem arises when we compare the IC50 values of EGCG and 5GG, which 

are about 16 and 26 μM, respectively, while apparently 5GG has more functional hydroxyl 

groups than EGCG. This is probably because the potency of the compounds could also be 

affected by the basic structures. The molecular structures of green tea catechins and 

hydrolyzable tannins are quite different although some similarities exist, so the comparison 

of these two compounds may not be appropriate.

In this study, the covalent reaction of anti-BPDE and EGCG was demonstrated through 

ESI/MS/MS and LC/MS/MS. The hydroxyl groups on either the B ring or the D ring of 

EGCG molecules (Figure 6B,C), but not both, were found to react with anti-BPDE, thus 

sequestering anti-BPDE. This finding suggests that EGCG shares the same mechanism of 

action with ellagic acid, which also interacts directly with anti-BPDE and leads to 

sequestration of anti-BPDE (35).

Our MS studies on the anti-BPDE–EGCG complex did not provide information on the exact 

position of the hydroxyl groups that react with anti-BPDE. The hydroxyl group on EGCG 

could be the 3′, 4′, or 5′ on the B ring or the 3″, 4″, or 5″ on the D ring. NMR studies 

may be necessary to address this question. It is interesting to note that there are several 

peaks corresponding to the m/z ratio of 761 in LC/MS spectrum in the anti-BPDE–EGCG 

reaction (Figure 6A). This is probably because anti-BPDE has two optical enantiomers, and 

also, anti-BPDE can attack different positions on the B ring or D ring of EGCG molecules, 

which produce different complexes with different retention times as shown in our results.

The significance of the present study is to demonstrate a new mechanism of action of test 

catechins. The SAR of green tea catechins and hydrolyzable tannins illustrated in this study 

may help us discover other chemopreventive reagents. It will also be useful in drug 

modification and development based on these compounds or compounds with similar 

molecular structures.

In conclusion, our data demonstrate that green tea catechins and the hydrolyzable tannins are 

highly effective in inhibiting BP–DNA adduct formation at least, in part, due to direct 

interaction of adjacent hydroxyl groups in their structures and that the activity is higher with 

an increasing number of functional hydroxyl groups.
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Figure 1. 
Chemical structures of catechins and two hydrolyzable tannins. (A) EC, EGC, ECG, and 

EGCG. (B) Pentagalloylglucose (R = H) and TA (R = galloyl group as shown on the right).
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Figure 2. 
Representative autoradiographs of 32P-postlabeling analysis of microsome-mediated BP-

induced DNA adducts. (a) Vehicle (2% DMSO) and (b) 1 μM BP. OR, origin. DNA adducts 

were resolved by multidirectional PEI-cellulose TLC using the following solvents: D1 = 1.0 

M sodium phosphate, pH 6.0; D3 = 4 M lithium formate/7 M urea, pH 3.5; D4 = 4 M 

ammonium hydroxide/iso-propanol (1.1:1); and D5 = 1.7 M sodium phosphate, pH 6.0. 

DNA adducts were detected by Packard InstantImager.
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Figure 3. 
Effect of indicated green tea catechins on microsomal BP–DNA adducts. (A) Dose response 

of test catechins. Data are expressed as means ± SEMs (n = 4). (B) Estimation of IC50 of 

green tea catechins. (C) The correlation between 1/IC50 with the number of adjacent 

aromatic hydroxyl groups.
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Figure 4. 
Effect of TA and 5GG on microsomal BP–DNA adducts. (A) Data are expressed as means ± 

SEMs (n = 4). (B) Denotes estimated IC50 of TA and 5GG.
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Figure 5. 
Effect of TA, 5GG, EGCG, and ECG (200 μM) on anti-BPDE (0.5 μM)-induced DNA 

adduct formation. Data are expressed as means ± SEMs (n = 4) (**p < 0.01, and *p < 0.05).
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Figure 6. 
LC/MS and LC/MS/MS spectra. (A) LC/MS spectrum of anti-BPDE–EGCG complex. (B 

and C) LC/MS/MS spectrum of anti-BPDE–EGCG complex.
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