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ABSTRACT

SENCAR mice are much more susceptible to tumor initiation by 7,12-
dimethylbenz(a)anthracene(DMBA) administeredtopically than p.o. and
are also more susceptible to initiation by topically applied DMBA than
are BALB/c mice. To determine how the distribution and metabolic
activation of DMBA differed in these strains and with route of adminis
tration, BALB/c and SENCAR mice were exposed to pHJDMBA topi
cally and p.o., and the distribution and DNA binding of DMBA were
analyzed. Both the amount of DMBA in skin and the covalent binding of
DMBA to epidermal DNA were greater following topical administration
than after p.o. administration in both strains. Differences in DMBA
distribution and macromolecular binding were found between SENCAR
and BALB/c mice, with the binding of DMBA to DNA in epidermis
tending to be greater in BALB/c mice than in SENCAR mice when
differences were observed. The formation of individual DMBA:DNA
adducts in epidermis was also examined in SENCAR and BALB/c mice
following topical administration of DMBA. No substantial qualitative or
quantitative differences in DMBA:DNA adducts were found between
SENCAR and BALB/c mice. The Â«Â»ri/jyn-DMBA-diol-epoxide-DNA
adduct ratios calculated from the three major DMBA:deoxyribonucleo-
side adducts increased with time in both SENCAR and BALB/c mice.
The data suggest that differences in the distribution and macromolecular
binding of DMBA are responsible for the much greater skin tumor
initiatingactivity of DMBA applied topically than p.o. but do not account
for the greater sensitivity of the SENCAR mouse to DMBA-induced
epidermal tumorigenesis.

INTRODUCTION

The SENCAR mouse is very sensitive to epidermal tumori
genesis induced by PAHs ' in initiation-promotion assays using

TPA as a promoting agent (1, 2). Other strains of mice have
much lower susceptibilities to tumor induction by the initiator-
promoter protocol (1, 2). Differences in the tumorigenic sus
ceptibility observed among various strains and stocks of mice
could be due to differences in either or both stages. Although
several studies have demonstrated that there are marked differ
ences in the susceptibility of various strains to promotion (1-
3), differences may also exist in the dose of hydrocarbon re
quired for initiation. The C57BL/6 strain has been shown to
be refractory to promotion by TPA in comparison to the
SENCAR stock, since C57BL/6 mice develop considerably
fewer tumors than do SENCAR mice in initiation-promotion

Received 2/27/87; revised 5/21/87; accepted 6/5/87.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

1This study was supported in part by NIH Research Service Award
5T32ES07039 and by U. S. Environmental Protection Agency Cooperative
Agreement CR809744. It has not been subjected to the agency's peer and

administrative review and therefore does not necessarily reflect the views of the
agency and no official endorsement should be inferred.

2To whom requests for reprints should be addressed.
3The abbreviations used are: PAH, polycyclic aromatic hydrocarbon; DMBA,

7,12-dimethylbenz(a)anthracene; TPA, 12-O-tetradecanoylphorbol-13-acetate;
Â«ni/-d(iiio. a/m'-DMBA bay-region diol-expoxide:deoxyguanosine adduct; anti-

dAdo, anÃÃ-DMBAbay-region diol-epoxide:deoxyadenosine adduct; syn-dMo.
vvn-DMBA bay-region diol-epoxide:deoxyadenosine adduct: BaP, benzo(a)-py-
rene.

assays using either PAHs or direct-acting carcinogens such as
jV-methyl-Ar'-nitro-ALnitrosoguanidine (4, 5), while they re

spond much more similarly to the SENCAR stock in complete
carcinogenesis protocols and in initiation-promotion assays
using promoters other than TPA, such as benzoyl peroxide (5).

Like the C57BL/6 strain, the BALB/c strain is relatively
insensitive to epidermal tumor formation in initiation-promo
tion assays in which PAHs and TPA are used (3, 6). However,
SENCAR and BALB/c mice have not been directly compared
in complete carcinogenesis protocols using PAHs. Hennings et
al. (3) did compare these mice in initiation-promotion assays
using jV-methyl-./V'-nitro-./V-nitrosoguanidine. Although they

found that the number of papillomas per mouse was greater in
SENCAR than in BALB/c mice, epidermal carcinoma inci
dence was virtually identical in adult SENCAR and BALB/c
mice. Reiners et al. (5) compared the abilities of SENCAR,
BALB/c, C57BL/6, and DBA/2 keratinocytes to convert
DMBA to metabolites that were cytotoxic or mutagenic to V79
cells and found that V79 cells cocultured with SENCAR or
BALB/c keratinocytes had similar mutagenic frequencies. Un
fortunately, such studies cannot take into account all the factors
that may be included with DMBA-induced initiation in vivo,
such as differences in DNA repair and time-dependent altera
tions in the formation of specific adducts.

Brooks and Lawley (7) have demonstrated that there is a
correlation between the level of binding to DNA and the carcin
ogenic activity of a series of PAHs in mouse skin. To determine
if DNA binding was related to differences in susceptibility of
various strains of mice to hydrocarbon tumorigenesis, Phillips
et al. (8) examined the binding of DMBA and other hydrocar
bons to DNA of mouse skin of C57BL/6, DBA/2, and inbred
Swiss mice. They failed to find any correlation between level of
DMBA bound to DNA and susceptibility of the mice to hydro
carbon tumorigenesis. However, the dose was so very high that
it was at the level of a complete carcinogen, and this may mask
differences in DNA binding at the low levels used for initiation.
Ashurst and Cohen (9) compared the binding of BaP to DNA
in C57BL/6, DBA/2, and inbred Swiss mice and did not detect
any significant differences. However, BaP is a much weaker
initiator than is DMBA, again requiring the use of a very high
dose of BaP. At present, the levels and nature of the binding of
DMBA to DNA in various strains of mice exposed to initiating
doses of DMBA have not been compared under identical con
ditions.

Bull et al. (10) used the SENCAR mouse to examine the
influence of the route of administration of DMBA on the
incidence of skin papillomas following TPA administration.
They found that both the percentage of mice with tumors and
the average number of tumors per animal was considerably
lower when the DMBA was administered p.o. than when ad
ministered topically.

One of the primary objectives of the present work was to
examine the distribution of DMBA, its covalent binding to
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DNA, RNA, and protein and the formation of individual
DMBA:DNA adducts to determine if any of these parameters
could account for the differences in susceptibility to tumor
initiation by DMBA observed between SENCAR and BALB/c
mice. A second objective was to compare the distribution and
covalent binding of DMBA in SENCAR mice following p.o.
and topical administration to determine if differences in these
factors could account for the known differences in efficiency of
tumor induction.

MATERIALS AND METHODS
Chemicals. [Â£/-3H]-7,12-Dimethylbenz(a)anthracene(specific radio

activity, 44-94 Ci/mmol) was obtained from Amersham/Searle Corp.
(Arlington Heights, IL). The purity was 93-97%, and the compound
was used without further purification. Unlabeled DMBA and enzymes
were obtained from Sigma Chemical Co. (St. Louis, MO). All other
chemicals were of reagent or Chromatographiegrade.

Distribution and Total Covalent Binding Studies. SENCAR and
BALB/c mice (HarÃanSprague-Dawley,Indianapolis, IN) of 6-8 weeLs
of age were shaved 24-48 h before administration of DMBA topically
(in acetone, 0.10 ml/10 g body weight) or p.o. [in 90% Emulphor
(polyoxyethylatedvegetableoil; GAP Corp., NewYork, NY):10%H2O]
at a dose of 100 Â¿ig/kg(specific radioactivity = 0.26 Ci/mmol in the
distribution studies and 6.4-12.0 Ci/mmol in the binding studies). All
mice were housed singly in suspended metabolic cages to prevent cross-
grooming. All treatments were made midmorning to prevent diurnal
variations.

In the distribution studies, groups of 5-7 SENCAR or BALB/c mice
were killed at 0.5, 1,6, 12, 24, or 48 h after dosing. Duplicate SO-to
100-mg samples were taken of the skin, liver, lungs, and stomach of
each animal. Samples were solubilized using NCS tissue solubilizer,
and the tritium content of each sample was determined by liquid
scintillation counting as previouslydescribed (11).

In the binding studies, groups of 12 SENCAR or BALB/c mice were
killed at 6 or 48 h after dosing. The liver, lungs, and stomach of each
animal were excised as well as the portion of skin corresponding to the
site of topical administration of DMBA. Epidermal scrapings were
prepared by the method of Slaga et al. (12). DNA, RNA, and protein
were isolated from the tissue samples and quantitated as described
previously (11). Tritium content was determined by liquid scintillation
counting.

DMBA:DNA Adduct Studies in Epidermis. SENCAR and BALB/c
mice (43-47 days of age) were administered [3H]DMBA(specificradio
activity = 14.3-87.4 Ci/mmol) topically at doses of 25, 50, and 100
fig/kg, and killed at 6, 24, or 48 h after dosing. Additional time intervals

of 96 and 144 h were included for the 100-//g/kgdose level.
Portions of the skins circumscribing the treated backs of the animals

were removed and epidermal scrapings were prepared. DNA was iso
lated and purified enzymatically as described by Sebti et al. (13). DNA
wasenzymaticallydigested to deoxyribonucleosidesby sequential treat
ment with DNase I, (.'rotulas atrox venom phosphodiesterase, and

alkaline phosphatase as described by Baird and Brookes (14). DNA
digests were then applied to Waters C)8Sep-Pak cartridges. Deoxyri-
bonucleosideadducts were recovered in 4 ml of methanol after washing
each cartridge with 2 ml each of 11o and 40% methanol. Boronate
chromatography was performed as described previously(15, 16) to aid
in the initial identification of individual adducts.

Each sample was evaporated to a volume of 10-20 M!and chromat-
ographed on a Beckman 332 gradient liquid Chromatograph equipped
with a 4.6-mm x 25-cm Altex Ultrasphere octyl column. The column
was eluted with 50:50 methanol:H2O for 34 min, followed by a linear
gradient from 50:50-60:40 methanol:H2O over 6 min, with subsequent
elution at 60:40 methanol:H2O for 15 min. Ten 1-ml fractions were
collected, followedby 1500.3-ml fractions. The tritium content of each
fraction was determined by scintillation counting.

RESULTS

Following topical administration, tritium content in the skin
of BALB/c mice was greater than that of SENCAR mice from
6-48 h (Table 1). Tritium content in the liver, lungs, and
stomach of SENCAR mice was generally greater at 0.5 and 1
h after topical administration when compared to BALB/c mice.
These results may indicate that a more rapid redistribution of
DMBA from the skin occurs in SENCAR mice than in BALB/
c mice. The greater sensitivity of SENCAR mice to DMBA-
induced tumorigenicity cannot be explained by an increased
retention of DMBA in their skins. Few statistically significant
differences in tritium levels were detected between SENCAR
and BALB/c mice in any of the internal organs after p.o.
administration.

Levels of tritium in the skin of both SENCAR and BALB/c
mice were much greater after topical administration of DMBA
than after p.o. administration. In contrast, levels of tritium in
the liver, lungs, and stomach were initially greater after p.o.
administration than after topical administration.

Binding of DMBA to DNA in epidermis was greater for
BALB/c than for SENCAR mice at both time intervals exam
ined after both topical and p.o. administration (Table 2). Bind

Table I {'HJDMBA and [>H]DMBA metabolite content of skin, liver, lungs, and stomach following topical or p.o. administration of DMBA to SENCAR and
BALB/c mice

['HJDMBA was administered at a dose of 100 Â»jg/kgand a specific activity of 0.26 Ci/mmol. Values are mean Â±SE of duplicate samples derived from 5-7 mice.

OrganSkinLiverLungStomachRouteTopical

P.O.Topical

P.O.Topicalp.o.Topical

P.O.Strain

or
stockSENCAR

BALB/c
SENCAR
BALB/cSENCAR

BALB/c
SENCARBALB/cSENCAR

BALB/c
SENCAR
BALB/cSENCAR

BALB/c
SENCAR
BALB/cDMBA

content (pmol/g tissue) at time(h)0.520,200

Â±2,200
24,200 Â±60022

Â±2
30Â±844

Â±7
20 Â±2"

706 Â±67
660 Â±15023

Â±4
6Â±1"

108 Â±15
70Â±442

Â±12
12 Â±3Â°

1,200 Â±200
2,300 Â±1,1001.019,900

Â±3,100
25,700 Â±2,400

39Â±543
Â±6133

Â±33
55 Â±13"

703 Â±64
610 Â±10028

Â±4
14 Â±2Â°

115Â± 13
127 Â±3444

Â±1831
Â±10

880 Â±160
1,450 Â±3606.04,570

Â±620
7,940 Â±730"67

Â±5
73Â±5224

Â±4
229 Â±4
440 Â±30
525 Â±6243

Â±1
39 Â±3
71 Â±4
94 +4"34

Â±5
68 Â±15

840 Â±110
920 Â±19012.03,350

Â±380
5,240 Â±960

56 Â±11
65Â±8139

Â±11
165 Â±12
207 Â±19
239 Â±6243

Â±4
43 Â±3
60 Â±10
68 Â±1026

Â±3
44 Â±13
81 Â±13
85 Â±1624.01,200

Â±100
4,820 Â±350Â°

28 Â±2
35Â±556

Â±3
51 Â±2

107 Â±5
142 Â±2021

Â±2
21 Â±1
28 Â±1
38Â±416

Â±120
Â±3

20 Â±3
33 Â±448.0990

Â±150
3,260 Â±520Â°

20 Â±2
22Â±341

Â±338
Â±2

76 Â±10
80Â±816

Â±1
18Â±124

Â±2
32Â±3Â°10

Â±1
14 Â±3
16 Â±1
37 Â±9Â«

' Statistically significant difference (/>< 0.05) between SENCAR and BALB/c samples.
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Fig. 1. High-performance liquid chromatography profiles of DMBA:deoxy-
ribonucleoside adducts before and after boronate chromatography. Adducts were
isolated from epidermal DNA of SENCAR mice 48 h after administration of
DMBA at a dose of 25 jig/kg (87.4 Ci/mmol). J. elution position of toluene. A,
high-performance liquid chromatography profile of adducts analyzed without
boronate chromatography. B. high-performance liquid chromatography of ad
ducts eluted from a boronate column with 1.0 M morpholine (pH = 9.0): C. high-
performance liquid chromatography profile of adducts eluted from a boronate
column with 1.0 M morpholine: 10% sorbito! (pH = 9.0). Arabic and Roman
numerals are equivalent peaks. Peaks I, II, and /// are an anf/-3,4-dihydrodiol-
1,2-epoxide-deoxyguanosine adduct, a j>>n-3,4-dihydrodiol-l,2-epoxide-deoxy-
adenosine adduct. and an anfi-3,4-dihydrodiol-l,2-epoxide-deoxyadenosine ad
duct respectively.

ing of DMBA to RNA and protein showed similar trends
between SENCAR and BALB/c mice, albeit with fewer statis
tically significant differences. Following topical administration,
binding of DMBA to DNA, RNA, and protein in the liver,
lungs, and stomach was greater in SENCAR than in BALB/c
mice in those cases where statistically significant differences
could be detected. Although some differences in macromolec-
ular binding between strains were found in these three organs
following p.o. administration of DMBA, such differences did
not follow a consistent pattern.

Binding of DMBA to DNA, RNA, and protein of epidermis
was much greater after topical administration of DMBA than
after p.o. administration. This result is consistent with the
greater tissue levels of DMBA found after topical administra
tion based upon the distribution studies. The magnitude of the
difference in total binding of DMBA to DNA found between
these two routes of administration could account for the known
differences in tumorigenic efficiency observed for these two
routes.

A typical reverse-phase high-performance liquid chromatog
raphy profile of DMBA:deoxyribonucleoside adducts from
mouse epidermis is shown in Fig. II. Since authentic standards
of DMBA:deoxyribonucleoside adducts are not available, im
mobilized boronate chromatography was performed to assist in
identification of the major adducts. Fig. l, B and C display
high-performance liquid chromatography profiles of adducts
eluted from boronate by 1.0 M morpholine and 1.0 M morpho
line-10% sorbitol, respectively. Peaks S2, S4, S6, and 57 of Fig.
IB correspond to peaks II, IV, VI, and VII of Fig. \A. Peaks
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Table 3 DMBA:DNA adducts and anti-syn adduci ratios of the epidermis of SENCAR and BALB/c mice following topical administration ofDMBA at doses of
25, 50. and Â¡00iig/kg

(3H)DMBA was administered to groups of 8-10 mice at specific activities of 14.3-87.4 Ci/mmol. Total binding values are mean Â±SE of four individual samples,
each of which was derived from 2-3 mice. Values given for adducts and ratios are the means of two pooled samples.

DMBA:deoxyribonucleoside adducts (pmol/mgDNA)Dose

Gig/kg)1005025Time(h)62448961446244862448StrainorstockSENCARBALB/cSENCARBALB/cSENCARBALB/cSENCARBALB/cSENCARBALB/cSENCARBALB/cSENCARBALB/cSENCARBALB/cSENCARBALB/cSENCARBALB/cSENCARBALB/cTotal*5.31

Â±0.285.48
Â±0.644.

74Â±0.315.82Â±0.15f4.39

Â±0.514.54
Â±0.122.83

Â±0.313.41
Â±0.263.05
Â±0.183.56

Â±0.183.82

Â±0.293.68
Â±0.153.47
Â±0.122.78
Â±0.03'3.87

Â±0.423.13
Â±0.072.61

Â±0.162.80
Â±0.141.57

Â±0.122.10Â±0.08C1.63

Â±0.162.03
Â±0.19aÂ«/-<iGuo

(I)*1.421.471.171.330.941.110.921.000.820.970.880.850.910.681.040.790.600.610.420.540.440.51vi-Â«tiAdo(II)1.121.260.961.190.730.790.530.600.450.590.670.630.660.530.720.540.450.410.310.390.290.34a/m-dAdo(HI)0.840.890.600.920.580.730.550.630.440.550.510.480.540.440.610.480.310.350.250.350.260.32Anti/syn[(I +III)/II]2.1"1.9Â°1.9Â°1.9Â°2.1Â°2.3Â°-''2.8'2.7'2.9'2.6"''2.1Â°2.2"2.2Â°2.2Â°2.3Â«2.3Â°2.1Â°2.4Â°2.2Â°2.3Â°2.5Â°2.5Â°

"â€¢''''Statistically significant differences between ratios of SENCAR and BALB/c mice and between different time intervals were determined by a two-way analysis
of variance followed by a Newman-Keuls ranges test where appropriate. Ratios that possess similar superscripts are not statistically different (/' > 0.05).

* See Fig. 1.
' Statistically significant difference (P < 0.05) between SENCAR and BALB/c mice as determined by a one-way analysis of variance.

Al, A3, and AS of Fig. 1C correspond to peaks I, III, and V of
Fig. ÃŒA.Since only those adducts with eis-vicinal hydroxyl

groups will be retained by the boronate (16), the peaks in Fig.
1C are presumably the result of the reaction of the bay-region
a/jf/'-dihydrodiol-epoxide of DMBA with DNA. On the basis of

this and the studies performed by Sawicki et al. (16), Bigger et
al. (17), and Dipple et al. (18-20), the three major adducts

shown in Fig. 1 can be tentatively identified as follows: /, the
product of the reaction of a bay-region a/ir/-dihydrodiol-epoxide
with deoxyguanosine; //, the result of the reaction of a bay-
region sy/i-dihydrodiol-epoxide and deoxyadenosine; and ///,
the product of the reaction of a bay-region anf/'-dihydrodiol-

epoxide with deoxyadenosine.
Using mice 43-47 days old, few differences in total binding

of DMBA to epidermal DNA were found between SENCAR
and BALB/c mice at any of the time periods for any of the
three dose levels (Table 3). Only in one case (24 h after the 50-

Mg/kg dose) was binding greater in SENCAR mice. The levels
of each of the three principal adducts, anf/'-dGuo, iyn-dAdo,

and anti-d\do, were generally at least as great in BALB/c mice
as in SENCAR mice. When the anti/syn adduct ratios were
calculated for the levels of the three major adducts, there were
no significant differences between the SENCAR and BALB/c
mice.

The anti/syn ratios were also compared among the various
time points examined for each dose level. No differences with
time could be detected from 6-48 h after DMBA administration

at any of the three dose levels. However, the anti/syn adduct
ratios calculated for the 96- and 144 h time intervals at the
100-ftg/kg dose were generally greater than those calculated for

earlier time intervals at that dose. The studies of the levels of
the individual adducts shown in Table 3 indicate that the cause
of this difference is a greater apparent loss of the .viv-dAdo

adduct with time when compared to the two unti adducts.

DISCUSSION

Following topical administration, tritium content in skin was
vastly greater than after p.o. administration of DMBA in both
SENCAR and BALB/c mice. The differences ranged from
nearly 1000-fold at 0.5 h to at least 40-fold after 48 h. These
results are in good agreement with our previous findings with
benzo(a)pyrene (11). DMBA:DNA binding was also much
greater after topical administration of DMBA. Hence, the
differences reported in efficiency of the skin papilloma produc
tion for DMBA observed between the topical and p.o. routes
(10) would appear to be related to the degree of DNA modifi
cation by DMBA. This is consistent with the work of Brookes
and Lawley (7) which first indicated a correlation between the
level of binding of hydrocarbons to DNA and their carcinogenic
potency. In contrast the internal organs, lungs, stomach, and
liver, contained more [3H]DMBA equivalents following p.o.

administration, although the difference decreased considerably
by 24-48 h.

Although some differences were found between SENCAR
and BALB/c mice in the distribution of DMBA and in the total
covalent binding of DMBA to DNA, these differences did not
correlate with the greater sensitivity of the SENCAR mouse in
PAH-induced tumorigenesis since it was the BALB/c strain
which demonstrated the greater binding of DMBA to epidermal
DNA, the target site of interest in relation to the papilloma
production. Only in the liver and lungs, nontarget organs, did
the SENCAR mouse have greater binding of the [3H]DMBA to

DNA, RNA, and protein after administration by both routes.
There were no major qualitative or quantitative differences

in the formation of individual DMBA:DNA adducts by SEN-
CAR and BALB/c mice. Dipple et al. (19) found no differences
in DMBArDNA adduct formation between NIH Swiss mice
and C57BL/6 mice treated with 0.01 or 0.1 /Â¿molof DMBA/
mouse that could explain the relative resistance of C57BL/6
mice to PAH-induced tumorigenesis in initiation-promotion
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assays using TPA as the promoting agent. Subsequent studies
have demonstrated that C57BL/6 mice are resistant to pro
motion by TPA (5). The low susceptibility of BALB/c mice to
tumor induction by the initiation protocol may also be due to
the relative resistance of BALB/c mice to promotion by TPA.
However, the present studies do not exclude the possibility that
SENCAR mice are more susceptible to initiation, for factors
such as binding of DMBA to specific areas of DNA or the
ability to activate particular oncogenes may differ between
SENCAR and BALB/c mice.

The finding that DNA adduct levels do not segregate with
mouse strain susceptibility to tumorigenicity confirms the find
ings of other investigators not only for DMBA (8) but also for
other agents. For example, Drinkwater and Ginsler (21) found
that newborn C3H/HeJ and C57BL/6J mice did not differ
significantly in the extent of ethylation of hepatic DNA follow
ing treatment with .V,.Y-diethylnit rosamme despite the fact that
the former strain developed 20- to 50-fold more hepatocellular
adenomas and carcinomas per animal than did the latter strain.
Also, Kulkarni and Anderson (22) found that the formation
and persistence of benzo(a)pyrene:DNA adduci s in lung did not
account for the greater benzo(a)pyrene-induced incidence of
pulmonary adenomas in A/HeJ compared to C578BL/6J mice.

Interestingly, at the high dose level (100 /tg/kg) the propor
tions of the three major DMBA:DNA adducts changed at the
later time periods of 96 and 144 h apparently due to a greater
loss of the syn-dAdo adduct in comparison to the two principal
anti adducts. These time points were not examined at the lower
dose levels. These changes are in agreement with those recently
reported by DiGiovanni et al. (23). This apparent loss might be
explained by a greater rate of spontaneous hydrolysis of the
jy/i-dAdo adduct (20) or by selective induction of the enzyme(s)
responsible for the formation of the bay-region ani/'-dihydro-

diol-epoxides that would convert a greater proportion of
DMBA to this diol-epoxide isomer at later times (24). Ulti
mately, the significance of a greater loss of the ATÂ«-dAdo adduct
is unknown, since it has not been established if particular
DMBA:DNA adduct(s) are more important than others for
initiation by this hydrocarbon, although recent data suggest
that the function of the anti-dAdo adduct may be an important
factor (25).

The above studies demonstrate that the distribution and
metabolic activation of DMBA to DNA-binding metabolites
can explain the increased susceptibility of mice to initiation by
topical exposure to DMBA as compared with p.o. exposure.
These results suggest that analysis of carcinogen-DNA adducts
in target tissues may aid in determining the effect of route of
exposure on the carcinogenic activity of environmental carcin
ogens such as polycyclic aromatic hydrocarbons.
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