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ABSTRACT

Benzo(Â«)pyrene[B(e)P| cotreatment slightly increases the tumor-initi
ating activity of benzo(Â«)pyrene[B(a)P| and greatly decreases the tumor-
initiating activity of 7,12-dimethylbenz(a)ant tiracene (DMBA) in Sencar
mice (DiGiovanni et al., Carcinogenesis 3: 371-375, 1982). The effects
of B(e)P on the binding of B(a)P and DMBA to Sencar mouse epidermis
were investigated using a protocol similar to the mouse skin tumorigenic-
ity studies. After 12 h of exposure to SOnmol |3H]B(a)P and low or high
doses of B(c)P. the level of [3H]B(a)P bound to mouse epidermal DNA
increased by 30%. However, after 24 h exposure to 50 nmol (3H]B(a)P
and after 12 or 24 h of exposure to 200 nmol |'l l|K(a)P. B(e)P had no
effect on the amount of | '111B(a Â»Pbound to DNA. The ratio of unii- (the

isomer with the epoxide and benzylic hydroxyl on opposite faces of the
molecule) B(a)P-7,8-diol-9,10-epoxide |B(a)PDE|-deoxyribonucleoside
adducts to syn- (the isomer with the epoxide and benzylic hydroxyl on
the same face of the molecule) B(a)PDE-deoxyribonucleoside adducts
did not change at either initiating dose of B(a )P or at any time regardless
of the dose of B(e)P. After 12 h of exposure to high doses of B(e)P and
a 50-nmol initiating dose of H<a)P the level of | ' 11|B<a IP bound to DNA

increased but there was no change in the proportion of particular
B(a)PDE-deoxyribonucleoside adducts present. In contrast. B(e)P inhib
ited the binding of initiating doses of DMBA (5 and 20 nmol) to DNA
after 12 and 48 h of exposure to all dose ratios of B(e)P:DMBA tested.
The three major adducts, tentatively identified as anr/-DMBA-3,4-diol-
1,2-epoxide (DMBADE):deoxyguanosine, sy/i-DMBADE:deoxyadeno-
sine and anfi-DMBADE:deoxyadenosine, decreased to the same relative
extent as the dose of B(e)P increased. Thus, the effects of Hir)P on the
total binding of these hydrocarbons to DNA in epidermis correlate with
the cocarcinogenic and anticarcinogenic effects of B(e)P on B(a)P and
DMBA, respectively, in a mouse skin initiation-promotion assay. These
results indicate that the mechanism of the co- or anticarcinogenic action
of hydrocarbons such as B(e)P involves alteration of the binding of
carcinogenic hydrocarbons to DNA. They also suggest that measurement
of carcinogenic hydrocarbon-DNA adducts formed during cotreatment
with other hydrocarbons will provide a rapid method for predicting the
co- or anticarcinogenic effect of the other hydrocarbons.

INTRODUCTION

The biological consequences of human exposure to complex
mixtures of PAH4 depend upon the interaction of the various
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strongly carcinogenic and the weakly carcinogenic or noncar-
cinogenic hydrocarbons present in the environment ( 1). In order
to determine how weakly carcinogenic PAH affect the iunion
genicity of carcinogenic PAH, Hill et al. (2) investigated the
effects of a number of PAH applied simultaneously with DMBA
to the skins of mice and found that several structurally similar
analogues of DMBA delayed the appearance of tumors and
reduced the tumor yield while others delayed tumor induction
but did not alter tumor incidence. Van Duuren et al. (3) found
that several weakly carcinogenic or noncarcinogenic PAH, in
cluding B(e)P, pyrene, and fluoranthene, increased the number
of tumors when applied repeatedly with B(a)P to the skins of
mice. In mouse skin initiation-promotion assays, B(e)P has
been found to be a very weak tumor initiator, a weak complete
carcinogen, and a moderately effective tumor promoter (4).
When B(e)P was coadministered with either of the two potent
carcinogens B(a)P or DMBA, it was found to slightly increase
initiation by B(a)P and to greatly inhibit tumor initiation by
DMBA (4, 5).

To help define the complex mechanisms by which B(e)P
alters the metabolic activation of B(a)P and DMBA, the effects
of coadministration of B(e)P on the metabolism and DNA
binding of B(a)P and DMBA were examined in hamster embryo
cells in culture (6-8). B(e)P treatment resulted in a dose-
dependent decrease in the binding of B(a)P to DNA. Analysis
of the DNA adducts indicated that those formed from both syn-
and anfi-B(a)PDE decreased: however, the larger decrease in
the proportion of anfi-B(a)PDE adducts indicated that B(e)P
affected the stereochemical selectivity of the metabolism of
B(a)P to diol epoxides (7). B(e)P:DMBA dose ratios compara
ble to those used in mouse skin initiation experiments greatly
inhibited the binding of DMBA to DNA but did not alter the
ratio of anti- to syn-DMBADE adducts (8). In contrast, low
B(e)P:DMBA dose ratios caused a decrease in the MVJ-
DMBADE-DNA adducts but increased the amount of anti-
DMBADE-DNA adducts present (8). Thus, B(e)P can alter
both the level of hydrocarbon metabolism in the cell cultures
and the proportions of specific metabolites formed.

A correlation exists between the level of hydrocarbon bound
to DNA in mouse skin and the relative carcinogenic potency of
the hydrocarbon in that tissue (9-11). Ashurst et al. (12) have
shown that the tumor-initiating activity of B(a)P and the cova-
lent binding of B(a)P to mouse epidermal DNA have approxi
mately parallel dose-response curves. DiGiovanni et al. (5)
demonstrated that after 24 h of exposure to B(e)P:DMBA dose
ratios of 2:1 and 10:1, the binding of DMBA to mouse epider
mal DNA was reduced. In contrast, dose ratios of B(e)P:B(a)P
of 1:1 and 10:1 had no effect on the binding of B(a)P to mouse
epidermal DNA (5).

The present study was designed to further explore the effects
of coadministration of B(e)P and B(a)P or B(e)P and DMBA
on tumor initiation in mouse skin in relation to the effects on
hydrocarbon binding and the formation of specific hydrocar
bon-DNA adducts in mouse epidermal DNA. Experiments are
presented in which groups of female Sencar mice were exposed
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to two different doses of initiator and several B(e)P:initiator RESULTS
dose ratios for periods of 6 to 48 h, after which time the
hydrocarbon-DNA adducts in epidermal DNA were analyzed.

MATERIALS AND METHODS

Chemicals. [3H]B(a)P (specific activity, 50 Ci/mmol) and [3H]DMBA
(specific activity, 44 Ci/mmol) were purchased from Amersham-Searle
Corp.. Arlington Heights, IL. B(a)P (Gold Label) and B(e)P were
obtained from Aldrich Chemical Co., Milwaukee, \\ I DMBA was
purchased from Eastman Kodak Co., Rochester, NY. DNase I (bovine
pancreas, EC 3.1.4.5), snake venom phosphodiesterase (CrÃ³talosatrox,
EC 3.1.15.1) and alkaline phosphatase (Escherichia coli type III, EC
3.1.3.1) were obtained from Sigma Chemical Co., St. Louis, MO.

Binding of Hydrocarbons to DNA in Vivo. Individual groups of 10
female Sencar mice for B(a)P studies and 7 female Sencar mice for
DMBA studies (obtained from the National Cancer Institute, Frederick,
MD) were used in each B(e)P-pretreated experimental group. At 7 to 9
weeks of age, the dorsal side of each animal was shaved and 2 days
elapsed prior to treatment. Those mice in the resting phase of the hair
growth cycle received topical applications of B(e)P in 200 n\ acetone at
concentrations stated in "Results" and control animals were treated

with an equal volume of acetone. Five minutes later mice were treated
with 50 or 200 nmol [3H]B(a)P (406 Â¿(Ci/mouse)or 5 or 20 nmol
[3H]DMBA (100 MCi/mouse) as described previously (5). At various
times indicated in "Results," animals were sacrificed, the epidermal

material was removed by the heat treatment method ( 13), and epidermal
DNA was isolated using an adaptation of the method described by
Baird and Diamond (14). The isolation of DNA and quantitation of
hydrocarbon binding were described previously (15). Binding is ex
pressed as pmol of hydrocarbon bound per mg of epidermal DNA.

Analysis of Hydrocarbon-DNA Adducts. DNA samples were enzy-
matically degraded to deoxyribonucleosides by sequentially using
DNase I, snake venom phosphodiesterase. and alkaline phosphatase as
described previously (16). The hydrocarbon-modified deoxyribonucle
osides were isolated by chromatography on Quik-Sep Sephadex LH-20
columns (Isolab, Inc. Akron, OH) and analyzed by HPLC on an
Ultrasphere octadecyl silane column (4.6 mm x 25 cm) (Beckman
Instruments, St. Louis, MO) (17). B(a)P-deoxyribonucleoside samples
were eluted at a flow rate of 1.0 mi/min with a methanol:water gradient
of 46:54 for 34 min. A linear gradient of methanol:water from 46:54
to 55:45 was the run over a 10 min period followed by 24 min at 55:45.
Fifteen I ml fractions were collected followed by 145 0.3-ml fractions.
The DMBA-deoxyribonucleosides were analyzed by HPLC on an Ul
trasphere ODS column (4.6 x 25 cm) (Beckman Instruments, St. Louis,
MO) (17). The samples were eluted with a methanohwater gradient of
40:60 to 50:50 for 50 min, maintained for 10 min at 50:50, and followed
by gradients of 50:50 to 60:40 for 40 minutes and then 60:40 to 100:0
for 15 min (17-22). Two hundred and thirty 0.5-min fractions were
collected.

Immobilized Boronate Chromatography. Immobilized boronate chro
matography was performed using SERVACEL DHB (Accurate Chem
ical & Scientific Corp., Westbury, NY) by a procedure similar to that
described by Sawicki et al. (18) and Pruess-Schwartz et al. (19). Carcin
ogen DNA adduct samples isolated by Sephadex LH-20 columns were
evaporated to 0.5 ml methanohwater. One M morpholine buffer (pH
9.0) (1.5 ml) was added and the sample was applied to a 1.0-g (0.9 x 3
cm) column of SERVACEL DHB. The column was then eluted with
20 ml 1 M morpholine buffer (pH 9.0) followed by 20 ml l M morpho
line: 10% sorbito! buffer (pH 9.0). Approximately 40 1.0-ml fractions
were collected, aliquots (50 to 100 M') of each fraction were removed,
and the radioactivity in each aliquot was determined by liquid scintil
lation using Ready-Solv HP (Beckman Instruments, Inc., Fullerton,
CA). Morpholine buffer fractions containing radioactivity were pooled
and applied to either a Quik-Sep Sephadex LH-20 column or a Sep-
Pak C-18 cartridge. After elution of the buffer with water, the hydro
carbon DNA adducts were eluted with methanol. Hydrocarbon DNA
adducts eluted in the morpholinersorbitol buffer fractions were prepared
by the same procedure. The hydrocarbon DNA adducts in each buffer
fraction were then quantitated by radioactivity determination.

Effects of B(e)P on the Amount of B(a)P Bound to DNA.
Previous studies (5) indicated that mice exposed to 200 nmol
[3H]B(a)P for 24 h in the presence of 0, 200, and 2000 nmol

B(e)P contained the same total level of binding of B(a)P to
DNA. To determine whether the dose and the ratio of B(e)P to
B(a)P or the time of exposure affected the binding of B(a)P to
DNA, groups of 10 Sencar mice were pretreated on their shaved
dorsal side with acetone (200 n\) as a control or B(e)P in acetone
(200 ^1) at doses of 50, 150, or 500 nmol and 5 min later were
exposed to an initiating dose of 50 nmol [3H]B(a)P (406 nCi/

mouse). Additionally, other groups of mice were pretreated
with 200, 600, or 2000 nmol B(e)P followed 5 min later by
exposure to 200 nmol [3H]B(a)P (406 ÃÃCi/mouse).After 12 or

24 h of exposure the animals were sacrificed, the DNA was
isolated, and the amount of [3H]B(a)P bound to epidermal DNA

was determined (Fig. 1). After 12 h of exposure to an initiating
dose of 50 nmol [3H]B(a)P and B(e)P:B(a)P dose ratios of 0:1,
1:1,3:1, and 10:1 the amount of [3H]B(a)P bound per mg DNA

increased from 22 to 40%, respectively, depending on the dose
ratio used (Fig. 1/1). At the [3H]B(a)P dose level of 200 nmol
there was an increase in [3H]B(a)P-DNA binding using a

B(e)P:B(a)P dose ratio of 10:1 12 h after treatment; however,
B(e)P had no effect on the amount of [3H]B(a)P bound to

epidermal DNA 24 h after treatment.
Effects of B(e)P on the Formation of B(a)P-DNA Adducts. To

analyze the effects of B(e)P on the formation of individual
[3H]B(a)P-DNA adducts in mouse epidermis, DNA from each

pooled epidermal sample was degraded enzymatically to deox
yribonucleosides. The B(a)P-deoxyribonucleosides were sepa
rated from unmodified deoxyribonucleosides by chromatogra
phy on a Sephadex LH-20 column and analyzed by immobilized
boronate chromatography or reverse-phase HPLC as described

o
o
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TIME (HOURS)
Fig. I. Effects of Hk'il' on the amount of B(a)P-deoxyribonucleoside adducts

present in Sencar mouse skin epidermal DNA exposed to SO nmol (II or 200
nmol (A) [3H]B(a)P for 12 and 24 h. The B(e)P:B(a)P dose ratios tested were 0:1,
1:1. 3:1. and 10:1.
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in "Materials and Methods." At all B(e)P:B(a)P dose ratios,
the major [3H]B(a)P-DNA adduct eluted in the same position
as a [14C](+)-awf/-B(a)PDE:dGuo adduct marker (data not
shown). A relatively small amount of sy/i-B(a)PDE:dGuo was
also formed. After 24 h of exposure to an initiating dose of 200
nmol of [3H]B(a)P the relative proportion of the anti- and syn-

B(a)PDE:dGuo did not change as the dose of B(e)P increased.
The ratio of an/i-B(a)PDE-deoxyribonucleoside adducts to syn-
B(a)PDE-deoxyribonucleoside adducts also remained constant
at all B(e)P:B(a)P dose ratios tested in DNA samples isolated
after 12 and 24 h after exposure to the 50-nmol dose of B(a)P

(Table 1).
Effects of B(e)P on the Amount of DMBA Bound to DNA.

Cotreatment with 200 nmol B(e)P and 10 nmol DMBA in a
mouse skin initiation-promotion assay greatly inhibited
DMBA-induced tumor initiation (5). To determine whether the
reduction was related to B(e)P-induced effects on the amount
of [3H]DMBA bound to the DNA of epithelial cells, mice were

cotreated with B(e)P and DMBA. Groups of 10 Sencar mice
were pretreated on their shaved dorsal side with acetone as a
control or B(e)P in acetone (200 f/1)at doses of 5, 15, 50, and
100 nmol and 5 min later were exposed to an initiating dose of
5 nmol [3H]DMBA (100 //Ci/mouse). Other groups were pre

treated with 20, 60, 200, or 400 nmol B(e)P followed 5 min
later by exposure to 20 nmol [3H]DMBA (100 /tCi/mouse). At

various times after treatment the animals were sacrificed, the
DNA was isolated, and the amount of [3H]DMBA bound to

DNA was determined (Fig. 2). The level of binding of DMBA
to DNA in the control group, which contained a higher amount
of DMBA bound than the B(e)P-treated groups, remained
essentially constant from 3 to 6 h of exposure. The level of
binding of DMBA to DNA was highest at 24 h for both doses
of [3H]DMBA and all doses of B(e)P tested. At all times studied,
as the concentrations of B(e)P increased, the amount of I'll]

DMBA bound per mg DNA decreased. At a higher initiating
dose of DMBA, 20 nmol, B(e)P treatment resulted in a dose-
dependent decrease in the amount of [3H]DMBA bound per mg

DNA at 12 and 24 h (Fig. 2A). B(e)P treatment also resulted
in a decrease in DNA binding at 48 h.

Effects of B(e)P on the Formation of DMBA-DNA Adducts.
The effect of B(e)P on the formation of [3H]DMBA-deoxyri-

bonucleoside adducts was analyzed by enzymatically degrading
the DNA to deoxyribonucleosides and separating modified
from unmodified deoxyribonucleosides by LH-20 column chro-
matography followed by reverse-phase HPLC. For groups
treated for 24 h with 0, 20, and 200 nmol B(e)P and 20 nmol
[3H]DMBA there were three major DMBA-DNA adducts

Table 1 Ratio of the anli-B(a)PDE-DNA adducts to syn-B(a)PDE-DNA adducts
formed in Sencar mouse skin exposed to B(e)P + 50 nmol fHJB(a)P

B(a)P-DNA adducts that contained cis-vicinal hydroxyl groups (<um'-B(a)PDE-

deoxyribonucleosides) were separated from the other B(a)P-DNA adducts (syn-
B(a)PDE-deoxyribonucleosides) by chromatography on an immobilized boronate
column. The jyn-B(a)PDE-deoxyribonucleosides were eluted with 1 Mmorpholine
butTer,pH 9, and the ani/-B(a)PDE-deoxvribonucleosides were then eluted in I
M morpholine buffer, pH 9, containing 10% sorbito!. The adducts in each buffer
were pooled, concentrated by Quik-Sep Sephadex LH-20 columns and the amount
of radioactivity in each buffer was determined by liquid scintillation counting.

Ratio of <uÂ»/-B(a)PDE-
deoxyribonucleosides to

Dose of
B(e)P

(nmol)050
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Fig. 2. Effects of B(e)P on the level of DMBA-deoxyribonucleoside adducts
present in Sencar mouse skin epidermal DNA exposed to S nmol ill or 20 nmol
(B) (]H]DMBA and B(e)P:DMBA dose ratios of 0:1, 1:1, 3:1, 10:1, and 20:1 for

3,6. 12, 24, and 48 h.

formed and several minor DMBA-deoxyribonucleoside adduct
peaks (data not shown). Based on our previous work on the
binding of DMBA to DNA in hamster embryo cells (20) and
mouse skin (21, 22) and the extensive adduct identification
studies of Dipple et al (23) in mouse embryo cell cultures and
mouse skin, the adducts were tentatively identified as PI, an
anf/-DMBADE:dGuo adduct, P2, a s>>/i-DMBADE:dAdo ad
duct, and P3, an awf/-DMBADE:dAdo adduct. The relative
proportions of these three adducts remained essentially con
stant in the 0-, 20-, and 200-nmol B(e)P-treated groups. Similar
results were also obtained in the groups exposed to B(e)P and
5 nmol DMBA (data not shown).

The actual amount of each of the 3 major [3H]DMBA-

deoxyribonucleoside adducts present in groups exposed to 20
nmol DMBA and various amounts of B(e)P is shown in Fig. 3.
After 12, 24, and 48 h of exposure to 20 nmol (3H]DMBA and

0, 20, 60, 200, and 400 nmol B(e)P, the amount of each of the
3 major DMBA-deoxyribonucleoside adducts present decreased
as the dose of B(e)P increased (Fig. 3). At a dose of 5 nmol
[3H]DMBA and similar B(e)P:DMBA dose ratios as those

above, the amount of each major adduct also decreased as the
amount of B(e)P increased (results not shown).

DISCUSSION

The relative tumor-initiating activity of DMBA in mouse
skin initiation assays is higher than B(a)P on the basis of the
dose required (23). Calculated on the basis of the percentage of
animals that develop papillomas, DMBA is approximately 30-
fold more potent as an initiator than B(a)P (23). Based upon
the dose of hydrocarbon necessary to induce similar numbers
of papillomas per mouse in 100% of the treated animals,
DMBA is approximately 70-fold more potent as an initiator
than B(a)P (22). At l-jimol doses of both hydrocarbons Phillips
<â€¢?<//.(11 ) found that the total binding of DMBA to DNA was
only 2-fold greater than that of B(a)P. However, in initiation
assays much larger doses of B(a)P than of DMBA are used and
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B(e)P TO DMBA
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TIME (HOURS)
Fig. 3. Effects of B(e)P on the amount of specific DMBADE-deoxyribonucle-

oside adducts present in Sencar mouse epidermal DNA exposed to 20 nmol
DMBA and nmol dose ratios of B(e)P:DMBA of 0:1, 1:1, 3:1, 10:1, and 20:1 for
12, 24, and 48 h. PI, anii-DMBADE:dGuo; P2, Ãyn-DMBADE:dAdo; P3, anti-
DMBADE:dAdo. Values were calculated from the binding data in Fig. 2 and the
HPLC adduci profiles.

the high dose of DMBA used in this study may have induced
toxicity. On a per /Â¿molapplied basis, the amount of DMBA
that binds to DNA is greater than that of B(a)P; however, it is
not known whether the greater tumor-initiating potency of
DMBA is due to the higher proportion bound to DNA or to
the formation of specific types of DNA adducts. In the mouse
skin system, B(a)P binds primarily through an anii-dihydrodiol-
epoxide and, to a smaller extent, a ij>/i-dihydrodiol-epoxide
(24). However, Sawicki et al. (18) have found that DMBA-
DNA binding results from two major metabolites, the tinti- and
iy/j-dihydrodiol-epoxides, and that DMBA binds to both deox-
yadenosine and deoxyguanosine (25). B(a)P binds predomi
nantly to deoxyguanosine (reviewed in 26). Bigger and Dipple

3704

(27) have shown that in mouse skin DNA the relative amount
of hydrocarbon bound to deoxyadenosine differs by approxi
mately 30-fold for DMBA and B(a)P. Dipple et al. (23) have
suggested that the key to the differences in initiating activities
of these hydrocarbons may be the binding to deoxyadenosine-
ricli sequences that could be important for the initiation of
tumorigenesis.

In the present investigation we have examined the effect of
B(e)P on total hydrocarbon DNA binding and the formation of
specific hydrocarbon-deoxyribonucleoside adducts by B(a)P and
DMBA in mouse skin. B(e)P, a poor inducer of epidermal
monooxygenase, has been shown to enhance B(a)P initiation
by a small amount (30%) and to decrease DMBA initiation by
84% (5). Two initiating doses of B(a)P were studied: 200 nmol,
a dose within the linear portion of the dose-response relation
ship for skin tumor initiation; and a lower dose, 50 nmol, for
the studies in cells in culture have demonstrated that the amount
of initiator as well as the modifier to carcinogen ratio affect the
formation of hydrocarbon-DNA adducts (8). Dose ratios of
B(e)P to B(a)P of 0:1, 1:1, 3:1, and 10:1 were chosen in order
to study the effects on hydrocarbon-DNA binding of low-dose
ratios as well as to use ratios comparable to those used with
both B(a)P and DMBA in mouse skin initiation experiments.
The lengths of time of exposure were selected based upon the
work of DiGiovanni Ã©tal.(24), which showed that in the Sencar
mouse epidermis there was an increase in the formation of
[3H]B(a)P-DNA adducts up to 24 h of exposure followed by a
biphasic decline after 24 h. At a dose of 50 nmol [3H]B(a)P and

12 h of exposure, high doses of B(e)P increased the amount of
[3H]B(a)P bound per mg DNA by approximately 30%. At the

later times of exposure to this dose of B(e)P and with the 200-
nmol dose of [3H]B(a)P there was little if any increase in the
total amount of [3H]B(a)P bound to epidermal DNA. There
were two major B(a)PDE-DNA adduct peaks, (+)-anti-
B(a)PDE-dGuo and sy/j-B(a)PDE-dGuo. HPLC analysis of the
B(a)P-DNA adducts showed that the relative proportions of
these adducts did not significantly change when the following
parameters were examined: time of exposure, dose ratio of
B(e)P to B(a)P, or initiating dose of [3H]B(a)P. This was further

confirmed by chromatography of the DNA samples on immo
bilized boronate columns: the ratio of an//-B(a)PDE-deoxyri-
bonucleosides to Ã>Â»/Ã-B(a)PDE-deoxyribonucleosidesremained
essentially constant. Therefore B(e)P exposure does not alter
the stereoselectivity of activation of B(a)P to B(a)PDE in mouse
skin at doses that are initiating doses. The increase in total
binding of B(a)P to DNA at the 50-nmol [3H]B(a)P dose is

consistent with the concept that the increase in initiation in
duced by B(e)P is due to an increase in the binding of B(a)P to
DNA; however, the initiating dose used in the tumor studies
was 200 nmol [3H]B(a)P.

Two initiating doses of DMBA, 5 and 20 nmol, were exam
ined to study the effect of dose of initiator on the B(e)P-induced
anticarcinogenic effects. Dose ratios (based upon nmol of hy
drocarbon) of B(e)P to DMBA of 0, 1, 2, 10, and 20 to 1 were
chosen to study the effects of low and high doses of B(e)P on
[3H]DMBA-DNA binding. The lengths of time of exposure

were chosen based on the results of DiGiovanni et al. (21) in
which the amount of DMBA-DNA adducts formed in mouse
epidermis reached a maximum at 24 h. At all times studied we
have found that all doses of B(e)P decreased the amount of
[3H]DMBA bound per mg mouse epidermal DNA at both
DMBA doses. The B(e)P-induced decrease in tumor initiation
by DMBA in mouse skin (5) correlates with the B(e)P-induced
decrease in the total level of DMBA bound to DNA. These
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results suggest that B(e)P inhibits initiation by DMBA by
decreasing the binding of DMBA to DNA.

The effect of B(e)P on the formation of specific DMBA-DNA
adducts was also examined. HPLC analysis of the DMBA-
deoxyribonucleosides showed that three major DMBA-DNA
adducts were formed. They were tentatively identified as anti-
DMBADE-dGuo, s>>/!-DMBADE-dAdo, and antt'-DMBADE-

dAdo. At 12, 24, and 48 h of exposure to DMBA and B(e)P
the relative proportions of all major adducts decreased by
approximately the same proportion as the dose of B(e)P in
creased. There was no selective decrease of one particular
DMBA-DNA adduct; thus the anticarcinogenic effect of B(e)P
appears to be related to a general decrease in metabolic activa
tion of DMBA, rather than to a specific inhibition of certain
stereochemical pathways of activation. DiGiovanni et al. (28)
studied several fluoro-substituted derivatives of DMBA and
found that 10-F-DMBA, a more potent skin tumor initiator
than DMBA, had a higher level of binding to mouse skin
epidermal DNA than DMBA and that the DNA adducts formed
contained a lower proportion of syn-diol-epoxide-DNA adducts
than those formed from DMBA. Comparison of 10-F-DMBA
with 9-F-DMBA and DMBA, the latter two hydrocarbons being
approximately equipotent as tumor initiators, has demonstrated
that the amount of awi/'-DMBADE-dAdo formed correlated

with tumor-initiating activity of these three hydrocarbons (22).
B(e)P exposure with DMBA does decrease the amount of this
adduct formed but also decreases the amount of the other
DMBA-DNA adducts formed; thus it is not possible to deter
mine whether the decrease in tumor initiation is related to
effects on formation of any specific DMBA-DNA adduct or to
the effect on the total amount of DMBA-DNA adducts formed.

The modifying effects of a number of chemicals on mouse
skin initiation by B(a)P and DMBA have been studied. Rice et
al. (29) found that cotreatment with fluoranthene and pyrene
increased the binding of B(a)P to DNA in mouse skin. These
compounds are both cocarcinogens with B(a)P in multiple-
application cocarcinogenesis assays (3) and coinitiators with
B(a)P in initiation-promotion assays (4). The doses of B(a)P
used in the above DNA binding study (29), 15 to 22 nmol, were
much lower than the initiating doses used in the present study.
The present result that B(e)P cotreatment increased the binding
of B(a)P to DNA only at the lower dose of B(a)P suggests that
the large increases in binding of B(a)P to DNA observed by
Rice et al. (29) may be related to the low doses of B(a)P used
in their study. Pyrene, fluoranthene, and catechol cotreatment
with B(a)P all resulted in a selective increase in the amount of
(Â±)-an//-B(a)PDE bound to DNA and catechol cotreatment
resulted in a selective increase in anfi-B(a)PDE-DNA adduct
formation (29, 30). Stereochemical selectivity of the effects of
cocarcinogenic hydrocarbons was also observed in the studies
of B(a)P metabolism in hamster embryo cell cultures (7). The
present results indicate that B(e)P does not induce stereoselec-
tive alterations of B(a)P activation in mouse skin treated with
initiating doses of B(a)P.

The results obtained in the present study indicate that the
effects of B(e)P on the binding of B(a)P and DMBA to DNA
in mouse epidermis correlate with the co- and anti-initiating
activity of B(e)P with B(a)P and DMBA, respectively, in mouse
skin initiation-promotion assays. This correlation is strongest
for DMBA in which the inhibition in DNA binding is observed
over a wide dose ratio of B(e)P to DMBA. An increase in
binding of B(a)P to DNA was observed consistently at the low
dose of B(a)P but only at one time point and the highest
B(e)P:B(a)P dose ratio at the higher dose of B(a)P. Since B(a)P

adducts are more rapidly repaired and given the relatively small
(approximately 30%) increase in initiation induced by B(e)P, it
is not surprising that the changes are less striking than in the
case of DMBA. These studies suggest that measurement of the
carcinogen-DNA adducts formed during coexposure with other
hydrocarbons will provide a valuable method for predicting the
co- or anti-initiating effect of the other hydrocarbon. The ap
plication of this concept to complex environmental mixtures
may provide a rapid method for evaluating their potential
effects on carcinogenicity of specific environmental contami
nants such as B(a)P and aid in formulating appropriate esti
mates for assessing risks of exposure.
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