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Abstract

Dibenzo[a,l]pyrene (DBP) has been found to be the most potent carcinogen of the polycyclic
aromatic hydrocarbons (PAHSs). Primary sources for DBP in the environment are combustion of
wood and coal burning, gasoline and diesel exhaust, and tires. Given the likelihood of
environmental exposure to DBP and strong experimental evidence of its potency, it is likely to
contribute to lung cancer development. Intervention with compounds of natural origin
(“phytochemicals”) is considered an effective means to prevent cancer development and favorably
modulate the underlying mechanisms, including DNA adduct formation. In this study, several
agents have been identified that inhibit environmental carcinogen-induced DNA adduct formation
using a cell-free microsomal system. Of the ten agents tested, resveratrol (648 + 26 adducts/10°
nucleotides), oltipraz (1007 + 348 adducts/10° nucleotides), delphinidin (1252 + 142 adducts/10°
nucleotides), tanshinone | (1981 + 213 adducts/10° nucleotides), tanshinone I1A (2606 + 478
adducts/10° nucleotides) and diindoylmethane (3643 + 469 adducts/10° nucleotides) were the
most effective compared to vehicle treatment (14,062 + 1097 adducts/10° nucleotides). DBP is
metabolized by phase | metabolizing enzymes CYP1A1, CYP1A2, and CYP1B1. DBP-induced
DNA adducts can be inhibited by several mechanisms. We found that all the test agents inhibited
DNA adducts by inhibiting one or more of these enzymes. Oltipraz inhibited DNA adducts
entirely by inhibiting the CYP450s, while resveratrol and delphinidin inhibited DNA adducts by
also interacting directly with the carcinogenic metabolite, anti-dibenzo(a,l)pyrene-11,12-
dihydrodiol-13,14-epoxide.
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1 Introduction

It is clear that the problem of cancer mortality cannot be solved by treatment after diagnosis
of cancer alone. Therefore, attention is turning to the detection of early biomarkers and
preventive intervention. The focus of this study is to identify effective chemopreventive
agents and assess their mechanisms of action.

Polycyclic aromatic hydrocarbons (PAHSs) are well known environmental carcinogens and
mutagens. They are readily metabolized by oxidation reactions involving phase |
metabolizing enzymes including those of the CYP1A, forming DNA adducts. DBP is the
most potent PAH tested in rodent mammary tissues, mouse skin and lungs [1, 2] (Fig. 1).

It is important to perform trial studies involving the pharmacokinetics and mechanism-based
markers of the selected chemopreventive agents before any pre-clinical animal studies [3].
Three major criteria were considered when selecting chemopreventive agents for this study:
(1) the agents are effective in diminishing DBP- or other PAH-induced DNA adducts in
vitro or in vivo; (2) the agent should favorably modulate DBP metabolizing enzymes
CYP1A1l, CYP1A2, and 1B1; and (3) the agent should inhibit cancer cell progression.
Accordingly, we selected cyanidin, cucurbitacin B, delphinidin, diindoylmethane (DIM),
ellagic acid, indole-3-carbinol, resveratrol, tanshinone I, tanshinone 11A, withaferin A and
oltipraz based on their chemopreventive effects in various model systems (Fig. 2).

Ellagic acid is a common plant phenolic found in several berries. Ellagic acid inhibits DBP-
induced DNA adducts in MCF-7 cells [4]. Oltipraz is a synthetic dithiolthione and has been
found to be a highly effective phase Il inducer, particularly of glutathione-S-transferase.
Indole-3-carbinol (13C) is a phytochemical found in cruciferous vegetables. 13C has been
shown to decrease cell proliferation in vitro and inhibit carcinogen-DNA adducts in vivo [5]
and is also an inducer of CYP1A1 [6]. Cucurbitacin B comes from the cucurbita flower of
Latin America. Cucurbitacin B inhibited cell proliferation and induced apoptosis in human
laryngeal cancer cells [7], and has been shown to be cytotoxic in lung cancer cell lines [8].
Resveratrol is an aphytoalexin compound found in purple-skinned grapes [9]. In some
models it has been shown to be a selective human CYP1AL1 inhibitor [9] and also inhibits
PAH bioactivation through inhibition of CYP1A1 and CYP1B1 gene expression in human
bronchial epithelial cells [10]. Tanshinones are the major bioactive compounds of the Salvia
miltiorrhiza Bunge (Danshen) roots. Tanshinone | was found to inhibit inflammatory
pathways in human non-small-cell lung cancer [11]. Tanshinone 1A is the most abundant
phytoconstituent of Danshen. Tanshinone I1A has been found to be anti-carcinogenic
through cytotoxic activity [12] and binds to the minor groove of DNA molecules in human
carcinoma cell lines [13]. Withaferin A, a triterpinoid, is the root extract of Withania
somnifera, and it was shown to exhibit anti-proliferative activity in human cancer cell lines
[14]. Delphinidin is a flavonoid from anthocyanins-rich berries such as blueberry and black
currant. Following benzo[a]pyrene treatment of MCF-10F cells DNA adduct formation was
significantly inhibited by delphinidin [15]. Cyanidin also belongs to this flavonoid family
and is present in a wide variety of berries.
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All these compounds have shown high potential in vitro and in other models and are suitable
candidates for investigating DNA adduct inhibition and cytochrome modulation studies.

2 Materials and Methods
2.1 Chemicals

DBP was purchased from the NCI (National Cancer Institute) Chemical Carcinogen
Repository (Bethesda, MD). Magnesium chloride, glucose-6-phophate, glucose-6-phosphate
dehydrogenase, Salmon Testes (St) DNA, nicotinamide adenine dinucleotide phosphate-
oxidase (NADP+) were purchased from Sigma—Aldrich Corp. (St. Louis, MO).
Chemopreventive agents cucurbitacin B, I3C, DIM (3,3’-diindolylmethane), ellagic acid,
and resveratrol were purchased from PhytoMyco Research Corporation (Greenville, NC),
Sigma—Aldrich Corp. (St. Louis, MO), LKT laboratories (St. Paul, MN), and Biotivia (New
York, NY), respectively. Delphinidin and cyanidin (>95%) were isolated in our laboratory
from highly enriched black currant extract [16], and withaferin A (>94%) was also isolated
in our laboratory from highly enriched root extract of W. somnifera. These compounds were
made available for the present study. Oltipraz was provided by Drs. Ronald Lubet and
Vernon Steele of the NCI Investigational Studies Branch in Bethesda, MS. Tanshinone I and
tanshinone I1A were purchased from PhytoMyco Research Corporation (Greenville, NC).
Microsomes were prepared in our laboratory from the liver of 6-week old (150-174 g) male
Sprague-Dawley rats (Indianapolis, IN) treated with 3-naphthoflavone by intraperitoneal
injection (80 mg/kg body weight) daily for 4 days. After treatment, livers were isolated and
perfused in situ, and microsomes were isolated as described by Espandiari et al. [17].
CYP1A1, CYP1A2, and CYP1B1 supersomes were purchased from BD Biosciences (San
Diego, CA). A racemic mixture of anti-DBPDE (anti-dibenzo(a,l)pyrene-11,12-
dihydrodiol-13,14-epoxide) was provided by Dr. Arun Sharma of the Penn State College of
Medicine in Hershey, PA. Enzyme substrate 7-ethoxyresorufin was purchased from Anaspec
(Fremont, CA). Solvents and chemicals used for the 32P-postlabeling assay were either
prepared by our laboratory or purchased commercially as described in Gupta et al. [18].

2.2 Microsomal Assay

St-DNA (300 pg/ml) was incubated with NADPH-regenerating system [MgCl, (1 mM),
glucose-6-phosphate (2.5 mM), glucose-6-phosphate dehydrogenase (1 U/ml), and NADP*
(0.5 mM)] and B-naphthoflavone-induced rat liver microsomes (1 mg/ml) or rat CYP1AL,
rat CYP1A2, or human CYP1B1 supersomes (1 pg/ml), and microsomal epoxide hydrolase
supersomes (0.25 pg/ml), along with test chemopreventive compounds (150 pM in DMSO).
The mixture was incubated for 10 min at 37°C in a shaking water bath. DBP (10 uM in
DMSO) was then added to the reaction mixture and the incubation was continued for 1 h at
37°C. The final concentration of DMSO was 1%. The reactions were terminated by the
addition of EDTA (20 mM), and DNA was purified as described below.

To generate readily detectable DNA adduct products and obtain reliable quantitative data in
the presence of inhibitors, significantly higher levels of DBP and chemopreventives
compared to known biological levels were used in these studies. We also maintained the
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same concentration of test agents (150 UM) as in our published studies for comparison.
Human CYP1B1 supersomes were used due to the unavailability of rat-specific supersomes.

2.3 Non-enzymatic assay

St-DNA (300 pg/ml) was added to 50 mM Tris—HC1, pH 8.0 and test chemopreventive
compounds (150 uM in DMSOQ). The mixture was pre-incubated for 10 min at 37°C ina
shaking water bath. Anti-DBPDE (1.0 uM) was then added to the reaction mixture and the
incubation was continued for 1 h at 37°C. The reactions were terminated by extraction with
one volume of ethyl acetate to remove any unbound anti-DBPDE. DNA was then isolated
by ethanol precipitation.

2.4 DNA isolation

DNA from microsomal incubations were incubated sequentially with RNases A (150 ug)
and T1 (1 U/ul) to digest RNA and proteinase K (150 pg/ml) to digest proteins. This was
followed by sequential extractions with phenol, phenol: Sevag (1:1) and Sevag (chloroform:
isomly alcohol; 24:1). DNA was then precipitated with ethanol (1 vol) and 5 M NaC1 (0.1
vol). The concentration of DNA was measured by UV spectroscopy at 230, 260, and 280 nm
wavelengths. The ratio of 260/280 is ~1.8 for pure DNA [19].

2.5 32p-Postlabeling analysis

10-20 pg of DNA was digested with a mixture of micrococcal nuclease and spleen
phosphodiesterase (enzyme to substrate, 1:5; 37°C; 5 h). An aliquot of the digest (2 pg) was
diluted with water (0.5 ng/ul) and the remaining digest was enriched for adducts by
treatment with nuclease P1 (enzyme:substrate, 1:2.5; 37°C; 1 h). Dilute DNA digest (2 ng)
was labeled by 5’-phosphorylation with T4 polynucleotide kinase with molar excess of
[y-32P]-ATP (80 uCi; 6,000 Ci/mmol). Labeled normal nucleotides were resolved by 1-
directional PEI-cellulose thin-layer chromatography (TLC) and quantified by Packard
Instant Imager. Enriched adducted nucleotides (~8 pg) were labeled in parallel with normal
nucleotides by T4 polynucleotide kinase and molar excess [y-32P]-ATP (80 uCi; 6,000 Ci/
mmol). Labeled adducts were resolved by multi-directional PEI-cellulose TLC, detected and
quantified by Packard Instantimager. Adduct spots were quantified by measuring the
radioactivity. The radioactive intensity of each spot was normalized by the radioactivity of
total nucleotides. Adducts were finally reported as relative Adduct Labeling (RAL) as
follows [18,20]:

cpm in adducts 1

X
cpmin total nucleotides  dilution factor

2.6 EROD Enzyme Activity Assay

Rat CYP1AL, rat CYP1A2, human CYP1B1 supersomes, or B-naphthoflavone-induced rat
liver microsomes (1 pg/ul) were diluted in assay buffer (100 mM potassium phosphate pH
7.4). 7-ethoxyresorufin (12.5 pM) and chemopreventive compounds (150 UM in DMSO)
were then added. The plate was warmed to 37°C for 10 min. DBP (10 puM) and NADPH (2.5
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mM) were then added to the reaction mixture. The plate was read immediately at 37° C for
30 min spectrofluorometrically at an excitation of 530 nm and an emission of 580 nm for
formation of resorufin [21, 22]. The plate and contents were disposed as carcinogen waste.

2.7 Statistics

3. Results

All data were expressed as mean + SE and statistically compared using the Student's t-test
and one-way ANOVA where appropriate. Data values were considered significantly
different if p value <0.05.

3.1 Inhibition of DBP-induced DNA adducts in a microsomal cell-free system

Several compounds were tested for their efficacy to inhibit DBP-induced DNA adducts.
These phytochemicals were incubated with rat liver microsomes, which contain the phase |
metabolizing enzymes. DNA adducts were analyzed by 32P-postlabeling assay (Fig. 3). In
comparison to DBP metabolism by microsomes from -naphthoflavone-treated rat liver
(14,062 + 1097 adducts/10° nucleotides) it was found that at 150 uM the most effective
compounds were resveratrol (648 + 26 adducts/10° nucleotides; p = 0.0001), oltipraz (1007
+ 348 adducts/10° nucleotides; p < 0.0001), and delphinidin (1252 + 142 adducts/10°
nucleotides; p = 0.0001), tanshinone | (1981 + 213 adducts/10° nucleotides; p < 0.0001),
tanshinone 11A (2606 + 478 adducts/10° nucleotides; p < 0.0001) and DIM (3643 + 469
adducts/10° nucleotides; p < 0.0001) (Fig. 4).

3.2 Inhibition of anti-DBPDE-induced DNA adducts

The potential of test agents to chemically interact with DBP metabolites were tested by
analyzing anti-DBPDE-DNA adducts by 32P-postlabeling assay. Compared to anti-DBPDE
only-treated DNA (49,806 + 4647 adducts/10° nucleotides), DNA adducts were decreased
moderately by cyanidin (31,204 + 1951 adducts/10° nucleotides; p = 0.0121), delphinidin
(33,409 + 1512 adducts/10° nucleotides; p = 0.0404), and resveratrol (24,753 + 2290
adducts/10° nucleotides; p = 0.0079). Ellagic acid, used as positive control [23], inhibited
adduct formation substantially (10,185 + 792 adducts/10° nucleotides; p = 0.0001). Oltipraz
showed no significant reduction in anti-DBPDE-induced DNA adducts (46,578 + 1296
adducts/10° nucleotides; p = 0.6250) (Fig. 5) as compared to control.

3.3 Inhibition of DBP-DNA adducts induced by individual CYP450s

The second criterion was to investigate mechanistically which P450s are involved in
inhibiting the formation of DNA adducts by specific chemopreventive agents. DNA adducts
induced by CYP1A1 were most significantly reduced by oltipraz (57 + 4 adducts/10°
nucleotides; p = 0.0001) and resveratrol (452 + 15 adducts/10° nucleotides; p = 0.0015) as
compared to control (2648 + 18 adducts/10° nucleotides) (Fig. 6A). Ellagic acid only
moderately decreased CYP1A1-mediated DBP-DNA adducts (1845 + 154 adducts/10°
nucleotides; p = 0.0264). CYP1A2-mediated DBP-DNA adducts were significantly
decreased by delphinidin (19 + 2 adducts/10° nucleotides; p = 0.0013), ellagic acid (33 + 1
adducts/10° nucleotides; p = 0.0078), and oltipraz (24 + 1 adducts/10° nucleotides; p =
0.0018) compared to control (51 + 4 adducts/10° nucleotides) (Fig. 6B). Resveratrol was not
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effective in decreasing these adducts; in fact, it increased the adduct levels (85 + 3
adducts/10° nucleotides; p = 0.0015). CYP1B1-mediated DBP-DNA adducts were
substantially decreased by ellagic acid (28 + 2 adducts/10° nucleotides; p = 0.0002),
delphinidin (41 + 7 adducts/10° nucleotides; p = 0.0005), oltipraz (54 + 9 adducts/10°
nucleotides; p = 0.0008), and resveratrol (92 +11 adducts/10° nucleotides; p = 0.0028) as
compared to control (211 + 14 adducts/10° nucleotides) (Fig. 6C).

3.4 CYP450 enzyme activity by the EROD assay

To further investigate the role of modulation of enzyme activity on the efficacy of these
compounds the ethoxyresorufin O-deethylase (EROD) activity assay was performed.
Analyzing total CYP1A enzyme activity in microsomes from p-naphthoflavone-treated rats,
ellagic acid and resveratrol seemed not to affect the enzymes (Fig. 7Al and A2). The effects
of the compounds on the individual enzymes were then investigated using supersomes (Fig.
7B1-D2).

CYP1A enzyme activities in -naphthoflavone-induced rat liver microsomes were 1%, 31%,
17%, and 3% that of vehicle-treated microsomes by delphinidin, ellagic acid, resveratrol,
and oltipraz, respectively. In the presence of DBP, the activity was 0%, 38%, 28%, and 17%
of the activity of microsomes treated with DBP and delphinidin, ellagic acid, resveratrol,
and oltipraz, respectively (Fig. 7Al and A2)

Compared to vehicle treatment, delphinidin decreased CYP1A1 enzyme activity to 40% of
control, ellagic acid increased to 114%, while resveratrol and oltipraz decreased to 4%-5%).
CYP1AL enzyme activity in the presence of the DBP was 35%, 2%, 10%, 3% of DBP and
delphinidin, ellagic acid, resveratrol, and oltipraz, respectively (Fig. 7B1 and B2).

Compared to vehicle treatment, delphinidin, ellagic acid, resveratrol, and oltipraz, decreased
CYP1A2 enzyme activity to 32%, 8%, 79%, 2%, respectively. In the presence of DBP,
ellagic acid modulated activity to 779% compared to DBP alone treatment, while
delphinidin, resveratrol, and oltipraz modulated activity to 0%, 77%, and 18%, respectively
(Fig. 7C1 and C2).

CYP1B1 activity was nearly completely inhibited by delphinidin, ellagic acid, and oltipraz,
but resveratrol showed nearly 80% inhibition. In the presence of DBP also, delphinidin and
ellagic acid showed complete inhibition of CYP1B1 activity, and resveratrol and oltipraz
decreased the activity by 53% and 90%, respectively (Fig. 7D1 and D2).

The enzyme activity of microsomes treated with vehicle was compared to the enzyme
activity of microsomes treated with DBP which showed a significant modulation of all the
P450s tested: CYP1A in B-naphthoflavone-induced microsomes (773%), and supersomes
CYP1A1 (342%), CYP1A2 (663%) and CYP1B1 (1168%).

4 Discussion

Chemopreventive intervention is a desired approach to reduce cancer burden due to long
latency for cancer development. Natural compounds are ideal for such interventions due to
their low costs, accessibility via abundant plant source [24] and in most cases, lack of
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toxicity. However, identification of efficacious natural compounds and their modes of action
in in vitro studies is a necessity due to the high cost and time involved in animal studies.
Thus, a cell-free microsomal system in conjunction with 32P-postlabeling represents a useful
system to test the chemopreventive efficacy of test compounds [25].

A majority of the chemical carcinogens require bioactivation to form an ultimate carcinogen
that interacts with the DNA. Biological modifiers that can intervene in this process will be
ideal chemopreventive agents. Many chemical carcinogens require phase I cytochrome P450
enzymes, especially CYP1Al, CYP1A2 and CYP1B1, for their activation. Hence
compounds that modify, albeit not completely inhibit, the activity of these enzymes can
decrease the rate of formation of the electrophilic metabolites and keep the ultimate
carcinogen below the threshold [26]. This will allow the phase 1l enzyme system to detoxify
the ultimate carcinogen. We used recombinant rat CYP1A1, CYP1A2, and human CYP1B1
specific microsomes to investigate the individual contribution of each CYP on DBP-induced
DNA adducts. Recombinant human CYP1B1 microsomes were the only CYP1B1
recombinant microsomes that were commercially available. We performed preliminary
postlabeling studies using recombinant human CYP1B1 microsomes and [3-naphthoflavone-
induced rat liver microsomes. We found that the DBP-DNA adducts formed by both the
activation systems were similar by co-chromatography of DNA adducts (data not shown).
From the postlabeling data we found that each of the test compounds modulated the
formation of DBP-DNA adducts induced by each individual CYP enzyme tested.

The three approaches used in this study encompass the mechanisms involved in the
formation of the ultimate carcinogen. These approaches were: (1) assess the potential of the
chemopreventive agent to scavenge the reactive metabolites of DBP; (2) determine which
specific cytochrome P450 is targeted by the chemopreventive agent through the formation of
various DBP-DNA adducts; and (3) directly deduce the modulation of the activity of the
cytochrome P450 enzymes. This way, we were able to test multiple mechanisms by which
the test agents could modulate DNA damage. Selected agents that exhibited highest adduct
inhibition were further investigated for mechanisms.

Structural analysis showed that delphinidin, an anthocyanidin present in many colored fruits,
particularly blueberries, can intercalate with DNA, binding to the major or minor groove and
the backbone phosphate group [27]. However, this did not specifically deter the direct
binding of anti-DBPDE to DNA. Even though delphinidin demonstrated only moderate
effect in modulating the enzyme activity of CYP1A1 and CYP1A2, it was able to inhibit the
formation of DNA adducts due to its significant effect on CYP1B1 activity. The moderate
effect observed against CYP1AL is consistent with published reports [15].

Resveratrol, on the other hand, specifically targets CYP1A1 and has a moderate effect on
CYP1BL1. The moderate effect observed with CYP1BL1 inhibition can also be interpreted as
competitive inhibition of the substrate since resveratrol is a substrate for CYP1B1 [28]. This
is also true with CYP1A2. Both of them convert resveratrol to piceatannol and
tetrahydroxystilbene [28,29]. This could reflect in reduced formation of reactive product that
was measured based on the fluorescent substrate.
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Ellagic acid has no effect on CYP1AL activity but significantly inhibited both CYP1A2 and
CYP1BL. Ellagic acid is also known to scavenge the electrophilic metabolite of PAHSs,
which was reflected in the direct inhibition of DNA adduct formation when anti-DBPDE
was incubated with DNA. These observations also correlated with the modulation of DBP-
DNA adduct formation in the presence of ellagic acid with various CYPs. It was intriguing
to observe that there was a significant inhibition of enzyme activity in the presence of DBP.
A significant reduction in the fluorescent substrate formation was observed in the presence
of DBP alone in the EROD assay. This was expected since DBP is a competing substrate for
the CYPs, leading to reduced resorufin formation. This can explain the low resorufin
formation in the presence of CYP1A1, DBP and ellagic acid. However, in the presence of
CYP1A2 and DBP, ellagic acid did not lead to any inhibition of enzyme activity even
though it significantly inhibited CYP1A2 activity independently. The rationale behind this
property is unclear.

Oltipraz, on the other hand, did not scavenge the electrophilic DBP metabolite but was able
to decrease DBP-DNA adduct formation primarily through inhibition of CYP1A1 and
CYP1B1, and to a lesser extent, CYP1AZ2.

The incubation with specific supersomes provided information on the ability of the
chemopreventives to inhibit the selective CYP enzymes, either through competition with the
substrate or by other means. Thus our data suggest that ellagic acid and delphinidin are
potent CYP1BL1 inhibitors, while resveratrol is a potent CYP1A1 inhibitor.

In the presence of DBP, it becomes a little complicated to interpret if the inhibition is due to
competition to the active site of the enzyme. The inhibition could be explained either due to
competition with the substrates, or due to scavenging of the electrophilic DBP metabolite by
the chemopreventives. Ellagic acid is a good example for the latter, where the electrophilic
DBP metabolite is completely scavenged by it, and hence the CYP1A1 activity is very
similar to the vehicle control, while no inhibition was observed by ellagic acid only.

On the other hand, delphinidin demonstrated moderate inhibition of CYP1A1, both by itself
and in the presence of DBP, as seen in EROD assay. However, when the data are compared
with the DNA adduct study, no significant reduction in DNA adducts was observed. This
could be explained by the fact that delphinidin has the ability to inhibit the activity of
CYP1AL, but DBP is a more preferred substrate for CYP1AL. Thus in EROD assay,
moderate reduction in the formation of resorufin was observed since there was a competitive
inhibition with the three substrates. But in DNA adduct study, dephinidin was unable to
compete significantly with DBP, hence there was no reduction in the adduct formation.
These data clearly demonstrate that there is selective substrate specificity on inhibition
based on competition with the active site of the CYP enzyme, but in a complex system, there
are other mechanisms also play significant roles, like scavenging of the intermediate
electrophilic metabolite.

This study represents a simple and straightforward approach to understand the ability of
chemopreventive compounds to inhibit the formation of DNA damaging metabolites, by
either inhibiting the enzyme activity, or by scavenging the electrophilic metabolites. The
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two most efficacious compounds, ellagic acid and oltipraz, need to be taken further for in
vivo studies. Additional in vitro work is also needed for the most promising compounds,
such as dose-response experiments and kinetic studies to determine the nature of the
inhibition. The in vitro studies confirmed the effect on the enzyme activity but do not
provide efficacy on induction or reduction of CYP P450 synthesis. Furthermore, the effect
on phase Il detoxifying enzyme system can also be addressed only in future in vivo studies.

In summary, the proposed approach for measuring the potential of chemopreventive agents
to inhibit the formation of DNA adduct can be utilized to screen a large number of potential
agents. The approach provides clues to multiple mechanisms by which the test agents can
prevent the formation of damaging DNA adducts and identifies potentially efficacious
compounds that should be further assessed by additional in vitro and in vivo studies.
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Schematic representation of Phase | metabolism of DBP. Fjord and K region metabolites
bind to DNA and lead to adducts, mutagenesis, and eventually carcinogenesis.
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Phytochemicals tested for efficacy in decreasing DBP-induced DNA adducts. Chemical
class provided in parentheses. All compounds are naturally occurring, except oltipraz which
is a synthetic dithiolethione derivative.
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Fig. 3.

Ct?romatograms of representative lipophilic DBP-DNA adducts resolved by 32P-postlabeling
assay. Adducts were resolved by running in a three step solvent system. (A) DBP + [3-
napthaflavone-induced microsomes; (B) DBP + CYP1A1 supersomes; (C) DBP + CYP1B1
supersomes; (D) DBP + CYP1A1 supersomes.

1duosnue Joyiny

1duosnuey Joyiny

Mutat Res. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Russell et al.

Page 14

Adducts/1079 nucleotides

Fig. 4.
Effect of test phytochemicals (150 uM) on the modulation of DBP (10 uM)-induced DNA

adducts in vitro using salmon testes DNA and p-nathpthaflavone-induced rat liver
microsomes by 32P-postlabeling. Total adduct levels in the presence of test agents were
compared to vehicle (corn oil + 20% DMSO) control and were significantly different if p <
0.05 (n=3-8) (**p < 0.001; ***p < 0.0001).
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Fig. 5.

M%dulation of anti-DBPDE-induced DNA adducts in vitro using a non-enzymatic system
consisting of salmon testes DNA incubated with anti-DBFDE (1 pM). Anti-DBPDE is the
carcinogenic metabolite of DBP. Compounds tested (150 uM) were selected from the most
effective agents identified from the micro-somal test system. DNA adducts were analyzed
by 32P-postlabeling assay. Total adduct levels in the presence of test agents were compared
to vehicle (corn oil + 20% DMSO) control and were significantly different if p< 0.05 (n =
3-5) (*p < 0.05; **p < 0.001; ***p < 0.0001).
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Fig. 6.

Ef?‘ect of test phytochemicals (150 uM) on (A) CYP1AL; (B) CYP1A2 and (C) CYP1B1
activity as assessed by modulation of DBP (10 uM)-induced DNA adducts. DNA adducts
formed by in vitro assay using salmon testes DNA incubated with specific rat CYP1A1, rat
CYP1A2, and human CYP1B1 supersomes were analyzed by 32P-postlabeling. Total adduct
levels in the presence of test agents were compared to vehicle (corn oil + 20% DMSO)
control and were significantly different if p < 0.05 (n = 3-4) (*p < 0.05; ** p < 0.001; ***p
< 0.0001).
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Fig. 7.

Effect of phytochemicals (150 uM) on CYP enzyme activity (EROD). (A) Total CYP1A
activity from B-naphthoflavone-induced rat liver microsome; (B) CYP1A1 activity from rat
supersome; (C) CYPL1A2 activity from rat supersome; and (D) CYP1B1 activity from
human supersome. Panels Al, B1, C1 and D1 represent native inhibitor activity of the
phytochemicals. Significance calculated in comparison to vehicle control (corn oil + 20%
DMSO). Panels A2, B2, C2 and D2 represent inhibitor activity of the phytochemicals in the
presence of DBP. Inhibitory activity could be either due to scavenging of the intermediate
metabolite or competitive inhibition to relevant CYP activity. In these panels, significance
was calculated in comparison to DBP (10 uM) only treatment. All data were significantly
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different if p < 0.05 (n = 3) (*p < 0.05; **p < 0.001; ***p < 0.0001). (Del — delphimdin; EA
— ellagic acid; Res — resverstrol; Olt — oltipraz).
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