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ABSTRACT

The stereochemistry of diol epoxide formation in mouse epidermis
upon topical applicationof [3H]-l/f,2A-dihydroxy-l,2-dihydro-5-methyl-
chrysene (|3H|-5-MeC-l/f,2A-diol)and |3Hl-6-MeC-lÃ„,2Ã„-diol,and the
tumorigenicityin mouse skin and in newborn mice of the R,S,S,R and
S,R,K,S enantiomers of l,2-dihydroxy-3,4-epoxy-l,2,3,4-tetrahydro-5-
methylchrysene (5-MeC-l,2-diol-3,4-epoxide), 5-MeC-7,8-diol-9,10-
epoxide, and 6-MeC-l,2-dioI-3,4-epoxide were examined. Analysis of
tetraols and their derived tetraacetates present in mouse epidermis, 2 h
after application of |3H}-5-MeC-l/f,2A-diolor (3H]-6-MeC-l/f,2/f-diol,
demonstratedgreater than 90% stereoselectivityin formationof 5-MeC-
l/f,2S-diol-3S,4A-epoxide and 6-MeC-l/Ã®,2S-diol-3S,4/f-epoxide.
Taken together with previousdata, these results demonstrate that there
is a highdegreeof stereoselectivityfor formationof R,S,S,R enantiomers
of 5-MeC- and 6-MeC-l,2-diol-3,4-epoxides in mouse skin. The results
of the tumorigenicitystudies in mouse skin and in newbornmice clearly
demonstrated that 5-MeC-l/?,25-dioI-35,4/t-epoxide was the most tu-
morigenic of the diol epoxide enantiomers tested; 6-MeC-lA,2S-diol-
35,4/l-epoxide was inactive.The results of this study show that the high
tumorigenicityof 5-MeC compared to 6-MeC is due to the remarkable
tumorigenicactivity of 5-MeC-lÃ„,2S-diol-3S,4Ã„-epoxidewhich, in con
trast to 6-MeC-lÃ„,25-diol-3S,4Ã„-epoxide,has a methyl group in the
same bay region as the epoxide ring. We propose that such methyl bay
region diol epoxides of other carcinogenicmethylated polynuclear aro
matic hydrocarbonswill also show unique tumorigenicproperties.

INTRODUCTION

A major pathway in the metabolic activation of the strong
carcinogen 5-MeC3 is 5-MeC-Â»5-MeC-l,2-dioI-Â»5-MeC-l,2-
diol-3,4-epoxide (1). In mouse epidermis, the analogous path
way is observed in the metabolism of the weak carcinogen 6-
MeC (2). The low carcinogenicity of 6-MeC compared to 5-
MeC might potentially be due to differences in the stereochem
istry of the diols and diol epoxides formed in this activation
pathway, or to differences in the tumorigenicity of the diols and
diol epoxides. In a recent study, we demonstrated that both 5-
MeC and 6-MeC were converted with high stereoselectivity to
the corresponding l/?,2/?-diols (3). 5-MeC-lÃ„,2Ã„-diol was
highly tumorigenic in mouse skin but 6-MeC-lR,2R-diol was
essentially inactive (3). In the present study, we have investi
gated the stereochemistry of diol epoxide formation from the
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l/?,2/?-diols of 5-MeC and 6-MeC and have compared the
tumorigenic activities in mouse skin and newborn mice of the
R,S,S,R and S,R,R,S enantiomers of 5-MeC-l,2-diol-3,4-epox-
ide, 5-MeC-7,8-diol-9,10-epoxide, and 6-MeC-l,2-diol-3,4-
epoxide (Fig. 1).

MATERIALS AND METHODS

Apparatus. HPLC was carried out with a system composed of a
Rheodyne Model 7125 injection loop (Rheodyne Inc., Cotati, CA), 2
Model 510 pumps (Millipore, Waters Division, Milford, MA), an
automated gradient controller (Waters), a Model 116 UV Detector
(Gilson, Middletown, WI), and a Flo-one/Beta radioactive flowdetector
(Radiomatic Instruments, Tampa, FL). The following columns and
programs were used: System 1,a 10-x 250-mm Vydac 201TP 1010 10-
Â¿tmcolumn (Separations Group, Hesperia, CA) programmed with a
linear gradient from 20% methanol in 11â€¢<>to 100% methanol in 60
min at 3 ml/min; System 2, a 4- x 250-mm Lichrosorb Si-60 5 urn
column (EM Reagents, Cincinnati, OH) eluted with 30% tetrahydro-
furan in hexane at 2 ml/min.

UV spectra were run on a Hewlett Packard Model 8452A diode
array spectrophotometer. Mass spectra weredetermined with a Hewlett
Packard Model 5988A instrument. NMR spectra were obtained at
Hunter College, City University of New York, on a Jeol JNM-GX 400
FT-NMR.

Chemicals. Racemic syn- and a/i/i-5-MeC-l,2-diol-3,4-epoxide and
racemic syi!-5-MeC-7,8-diol-9,10-epoxide were synthesized (4). For
preparation of the R.S.S.R- and S,R,R,S-dio\ epoxides, 5-MeC-l,2-diol
(4), 5-MeC-7,8-diol (4), and 6-MeC-l,2-diol (5) were resolved into their
R,R- and 5,5-enantiomers by chiral stationary phase HPLC as previ
ously described (3). The appropriate diol enantiomer (3 mg) was dis
solved in tetrahydrofuran (5 ml) at O'C under N2,and m-chloroperben-

zoic acid (30 mg) was added with stirring. The mixture was stirred at
O'C for 1 h, then allowed to come to room temperature while stirring

was continued for 4 h. Ether was added and the reaction mixture was
washed twice with 1% cold aqueous NaOH, twice with 11..().and dried
(K2CO3).The organic extracts were concentrated in vacuo to give the
diol epoxides which were >99% pure according to analysis by HPLC
with the use of System 2 and by thin layer chromatography on silica
gel pretreated with 2% triethylamine in ( 'I Iâ€¢<'I...with elution bytetrahy-

drofuran:ethyl acetate:CH2Cl2(34:33:33).
Tetraols were prepared by hydrolysis of 5 mg of either racemic syn-

or anf/-5-MeC-l,2-diol-3,4-epoxide or racemic syn- or an//-6-MeC-l,2-
diol-3,4-epoxide. The diol epoxides were dissolved in tetrahydrofuran
and added to 10 ml of 10 HIMsodium cacodylate buffer. The mixture
was incubated at pH 7.0, 37Â°C,for 24 h. The tetraols were extracted

with ethyl acetate:tetrahydrofuran (90:10) and separated by HPLC with
the use of System 1. The retention times are given in Table 1. Each
tetrao! was collected and its UV spectrum determined; all were similar
to that of phenanthrene. NMR spectra were determined in DMSO for
the trans-anti- and trans-syn-isomers(Fig. 2) from hydrolysisof 5-MeC-
l,2-diol-3,4-epoxide: trans-anti Â¿3.14 (s, 3H, CH3),4.04 (m, 2H, H2 +
H3), 4.72 (d, IH, H,, J,,2 = 8.5 Hz), 5.56 (d, IH, H4, Jj.4 = 3.4 Hz),
7.3-7.94 (m, 5H), 8.72-8.86 (m, 2H, H,0 + H,,); trans-syn &3.18 (s,
3H, CH3), 3.72 (dd, IH, H},J2.3= 6 Hz, J3.4= 4 Hz), 4.80 (d, IH, H,,
J,.2 = 10 Hz), 5.45 (d, IH, H4, J3.4= 4 Hz), 7.55-7.90 (m, 5H), 8.70-
8.88 (ni. 2H, II,,,+ HIi), H;. obscured by solvent peaks. For preparation
of tetraacetates, the appropriate tetraol, collected from HPLC, was
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OH
â€žOH

5-MeC

â€¢CH3

5-MeC-1 R,2S-diol-3S,4R-epoxide

'CH3

5-MeC-1 S,2/?-diol-3R,4S-cpoxide

Fig. 1. Structures of 5-MeC, 6-MeC, and
the enantiomic diol epoxides investigated in
this study. The R,S,S,R and S,R,R,S, enan-
tiomers are the enantiomers of anfi-diol epox
ides, in which the epoxide ring and benzylic
hydroxyl groups are on opposite sides of the
ring system. In the syn-diol epoxides, the epox
ide ring, and benzylic hydroxyl groups are on
the same side of the ring system (see Fig. 2). 5-MeC-7fl,8Sdiol-9S,10R-epoxide

OH

5-MeC-7S,8R-diol-9fl,10S-epoxide

OH

CH3

6-MeC-1R.2S-diol-3S,4fi-epoxide
CH3

6-MeC-1 S,2R-dioi-3R,4 S-epoxide

concentrated to dryness and mixed with 3 ml of dry p>ridine containing
0.5 ml of acetic anhydride. The mixture was stirred at room temperature
overnight and the solvent was removed at reduced pressure. The resi
dues were analyzed by HPLC with the use of System 1. The retention
times of the tetraacetates are given in Table 1. The trans-anti and trans-
syn tetracetates from 5-MeC-l,2-diol-3,4-epoxide were characterized
by their UV spectra which were similar to those of the tetraols, and by
their mass spectra, m/e (relative intensity), trans-anti 478 (3, M*), 436
(4, Mâ€”CH2=C=0), 358 (2, Mâ€”2CH3CO2H), 316 (14, Mâ€”
2CHjCO2H + CH2=C=O), 298 (10, Mâ€”3CH3CO2H), 274 (98, Mâ€”
2CH3C02H + 2CH2=C=0), 256 (100, Mâ€”3CH3CO2H + CH2=C=
O); trans-syn 436 (2), 358 (2), 316(12), 274 (84), 256 (100).

[3H]-5-MeC-l/f,2A-diol (17.8 mCi/mmol) and [3H]-6-MeC-lÃ„,2Ã„-
diol (54.0 mCi/mmol) were prepared by incubation of [3H]-5-MeC and
[3H]-6-MeC with rat liver 9000 x g supernatant and cofactors, as
described previously (2, 3). 12-O-Tetradecanoylphorbol-13-acetate was
obtained from Consolidated Midland Corp., Brewster, NY.

Metabolism of |3HJ-5-MeC-lÃ„,2Ã„-dioland [3H|-6-MeC-lÃ„,2Ã„-diolin
Mouse Epidermis. Two groups of 4 female CD-I mice, age 7-9 weeks,
were shaved and treated 24 h later with either [3H]-5-MeC-l/Ã®,2/?-diol
(0.07 jimol, 1.25 /iCi/mouse) or [3H]-6-MeC-l/f,2/?-diol (0.07 nmol,

3.78 niCi/mouse). The mice were sacrificed 2 h later and metabolites
were isolated from the epidermis as previously described (6). The ethyl
acetate extracts were concentrated, redissolved in tetrahydrofuran,
mixed with standard tetrao! UV markers, and analyzed by HPLC with
the use of System 1. Appropriate peaks were collected and treated with
acetic anhydride in pyridine as described above for preparation of
tetraacetates. The resulting mixtures were analyzed by HPLC with the
use of System 1.

Rate of Hydrolysis of Anti-6-MeC-l,2-diol-3,4-epoxide. This was
carried out exactly as described previously for a/ii/-5-MeC-l,2-diol-3,4-
epoxide (7). The R,S,S,R enantiomer was used.

Bioassay for Tumor-initiating Activity. Each group consisted of 20
female CD-I mice obtained at the age of 28 to 35 days from Charles
River Breeding Laboratories, Inc., Kingston, NY. Animals were housed
under standard conditions as previously described (8). At the age of 50
to 55 days, each mouse received a single initiating dose of 33 nmol of
the appropriate compound in 0.1 ml of acetone. Ten days later, pro
motion began by application of 2.5 >igof 12-O-tetradecanoylphorbol-
13-acetate in 0.1 ml of acetone, 3 times weekly for 20 weeks. Mice were
shaved when necessary and tumors were counted weekly.

Bioassay for Tumorigenicity in Newborn Mice. Pregnant ICR/Ha
mice were obtained from HarÃanSprague-Dawley, Madison, WI. Pups
were given i.p. injections of the appropriate compound dissolved in

DMSO. Doses of each compound in DMSO were administered as
follows: 8 nmol/5 //I on Day 1, 16 nmol/10 /Â¿Ion Day 8, and 32 nmol/
20 Â¿ilon Day 15. Mice were weaned at 21 days of age and separated by
sex. They were housed 10/cage under standard conditions as previously
described. The experiment was terminated when the mice reached 35
weeks of age. Lung and liver tumors were counted.

RESULTS

The stereochemistry of epoxidation of 5-MeC-l,2-diol and
6-MeC-l,2-diol in mouse skin was investigated by analyzing
the tetraols formed upon hydrolysis of the l,2-diol-3,4-epox-
ides. Standard tetraols were prepared by hydrolysis of the
racemic anti- or sy/i-isomers of 5-MeC-l ,2-diol-3,4-epoxide and
6-MeC-l,2-diol-3,4-epoxide (Fig. 2). The HPLC retention
times and relative yields of the hydrolysis products are given in
Table 1. The trans- and c/s-ring opening products were assigned
by analogy to previous studies on the hydrolysis of the racemic
anti- and sy/j-isomers of chrysene-l,2-diol-3,4-epoxide in which

similar product distributions and HPLC retention times were
observed (9). The NMR spectra of the trans-anti- and trans-

,OH H20 OH

anli-

OH

..OH

"OH

H
cis-anti-

OH

OH H,0

syn-

OH

trans-syn- cls-svn-

Fig. 2. Tetraol formation from anli- and syn-a\o\ epoxides. Only the R.S.S.R
(anti-) and R,S,R,S (syn-) diol epoxide enantiomers are illustrated. The S,R,R,S
(ami-) and S,R,S,R (syn-) diol epoxide enantiomers give a corresponding set of 4
tetraols, enantiomeric with those shown. In this study, racemic anti- and ij>n-diol
epoxides were hydrolyzed to racemic tetraols which were separated by HPLC (see
Table 1).
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Table 1 Retention times and trans-cis ratios oftetraols obtained by Hydrolysis of
ami- and syn-6-MeC-l,2-diol-3,4-epoxide and ami- and

syn-5-MeC-J,2-diol-3,4-epoxide

Ã³-MeC-fra/iÃ-anf/'-tetraol

6-MeC-ris-anfÃ-tetraol6-MeC-rraiw-Ãyn-tetraol

6-McC-fis-Ãvn-tetraol5-MeC-rranÃ-an/i-tetraoI

S-MeC-cu-a/m'-tetraol5-MeC-franÃ-Ãyn-tetraol

5-MeC-cis-Ãyn-tetraolS-MeC-frans-an/i-tetraacetate

5-MeC-franÃ-Ãy/i-tetraacetateRetention

time
(min)"29.8

32.231.1

35.029.9

32.829.9

35.544.2

51.0Trans

Ã©is-ratio*2.30.36.00.3

" HPLC System 1 (see "Materials and Methods").
* Direction of ring opening of each diol epoxide at pH 7.0, 37'C.

iy/z-tetraols formed upon hydrolysis of anti- and Ãyn-5-MeC-
l,2-diol-3,4-epoxide were consistent with these assignments,
although not in themselves definitive (10). These trans-anti-
anÃ¡trans-syn-tetrao\s could not be separated by using a variety
of different HPLC conditions. Therefore they were converted
to the corresponding tetraacetates which were readily separated
as indicated in Table 1.

The tetraol standards were used as markers for analysis of
products formed in mouse epidermis upon application of either
[3H]-5-MeC-lÃ„,2Ã„-diol or [3H]-6-MeC-lÃ„,2Ã„-diol. These diol
enantiomers are formed stereoselectively in mouse skin from 5-
MeC and 6-MeC, respectively (3). HPLC analysis of the tetraols
formed, 2 h after topical application of [3H]-6-MeC-lÃ„,2Ã„-diol,
demonstrated that the epoxidation proceeded >90% anti-, giv
ing predominantly [3H]-6-MeC-lÃ„,2S-diol-3S,4Ã„-epoxide(Fig.
3). HPLC analysis of the metabolites of [3H]-5-MeC-lÃ„,2Ã„-

diol gave a chromatogram similar to that shown in Fig. 3,
except that the trans-anti- and fra/w-syw-isomers were not sep
arated. These results indicated that the epoxidation proceeded
mainly anti, since little radioactivity coeluted with the cis-syn-
tetraol which is the major one produced in the hydrolysis of
iy/i-5-MeC-l,2-diol-3,4-epoxide. However, it was possible that
the stereochemistry of ring opening of s>>rt-5-MeC-l,2-diol-3,4-
epoxide was different in buffer versus in mouse epidermis.
Therefore, the peak corresponding in retention time to the
trans-anti and trans-syn tetraols formed metabolically from
[3H]-5-MeC-lÃ„,2Ã„-diol was collected and converted to tetra

acetates. Analysis of the tetraacetates demonstrated that the
epoxidation did proceed >90% anti, giving [3H]-5-MeC-lA,2S-
diol-SS^A-epoxide. In these experiments, >95% of the radio
activity recovered from the epidermis was unchanged diol, and
several metabolites other than tetraols were observed.

The half-life of a/if/-6-MeC-l,2-diol-3,4-epoxide in pH 7.0
cacodylate buffer at 37Â°Cwas 78 min compared to 59 min for

fl/if/-5-MeC-l,2-diol-3,4-epoxide under identical conditions.
Since the metabolic studies demonstrated predominant con

version of the methylchrysene diols to Â«/i//-diolepoxides, the
tumorigenic activities of the R,S,S,R and S,R,R,S diol epoxides
illustrated in Fig. 1 were assessed on mouse skin and in newborn
mice. Racemic syn-5-MeC-l,2-diol-3,4-epoxide and syn-5-
MeC-7,8-diol-9,10-epoxide were included in the mouse skin
assay because these compounds were not available at the time
of our previous bioassay of racemic 5-MeC diol epoxides (8).
The results which are summarized in Tables 2 and 3 clearly
demonstrate that S-MeC-lÃ„^S-diol-SS^Ã„-epoxide was the
most tumorigenic of the diol epoxides tested. None of the other

Retention Time (min)
Fig. 3. Analysis of tetraol formation from [3H]-6-MeC-l/?,2A-diol in mouse

epidermis. Metabolites were extracted from epidermis 2 h after topical application
of the diol, mixed with standard tetraols, and analyzed by HPLC. A, IV detection
of standard tetraols; H. radioactivity corresponding to metabolically formed
tetraols.

Table 2 Tumor-initiating activity of methylchrysene diol epoxide
enantiomers on mouse skin

Groups of 20 female CD-I mice (age, 50 to 55 days) were shaved and treated
with a single dose of 33 nmol of each compound in 0.1 ml of acetone. Ten days
later, each group was treated 3 times weekly with 2.5 >tgof 12-O-tetradecanoyl-
phorbol-13-acetate in 0.1 ml of acetone, for 20 weeks.

% of tumor-
bearinganimalsCompound5-MeC-

1Ã„,25-diol-3S,4Ã„-epoxide5-MeC-
1S,2R-diol-3/?,45-epoxide5-MeC-7Ã„,85-diol-9S,

lOA-epoxide5-MeC-7S,8Ã„-diol-9Ã„,
105-epoxideRacemic

syn-5-MeC- 1,2-diol-3,4-epoxideRacemic
iyn-5-MeC-7,8-diol-9, 10-epoxide6-MeC-

1Ã„,25-diol-3S,4Ã„-epoxide6-MeC-
1S,2/f-diol-3A,4S-epoxide5-MeC6-MeCAcetone10

wk"250000000320020wk8020516521IS208450Tumors/ftuimiu10wk0.600000000.90020wk3.20.40.10.20.10.30.20.24.80.10

" Weeks of treatment with n-O-tetradecanoylphorbol-U-acetate.

diol epoxides showed high activity, although 5-MeC-lS,2A-
diol-S/MS-epoxide and 5-MeC-7Ã„,85-diol-95,10Ã„-epoxide in
duced a significant incidence of tumors in the lungs of female
newborn mice. In the newborn mouse assay, females were
significantly (/' = 0.03) more sensitive than males to lung tumor
induction by 5-MeC-l/Â«!,2S'-diol-35,4A-epoxide, but males were

significantly (P < 0.001) more sensitive to liver tumor induc
tion.

DISCUSSION

Based on our previous studies, we developed the hypothesis
that the high tumorigenicity of 5-MeC compared to 6-MeC
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Table 3 Tumorigenicity of methylchrysene dial epoxide enantiomers in newborn mice
ICR/Ha mice were given i.p. injections of each compound (total dose, 56 nmol) in DMSO on the first, eighth, and 1Sth days of life. Mice were weaned at the age

of 21 days, separated by sex, and sacrificed at 35 weeks.

Effective no. of
miceNo.

of mice
Compoundtreated5-MeC-lÃ„,25-diol-35,4Ã„-epoxide

655-MeC-15,2Ã„-diol-3Ã„,4S-epoxide

655-MeC-7Ã„,8S-diol-9S,

1OÃ„-epoxide655-MeC-7S,8Ã„-diol-9Ã„,10S-epoxide

656-MeC-

1Ã„,2S-diol-3S,4Ã„-epoxide656-MeC-15,2Ã„-diol-3Ã„,45-epoxide

65DMSO

65SexFemaleMaleTotalFemaleMaleTotalFemaleMaleTotalFemaleMaleTotalFemaleMaleTotalFemaleMaleTotalFemaleMaleTotalNo.202444254065342660233861312657343064283159Pulmonary

tumors%

of tumor-
bearinganimals85888656183238353717071089181014735Tumors/animal19.4Â°8.4"13.4"0.84Â°0.230.46Â°0.47*0.230.40Â°0.8300.310.100.080.090.210.130.170.070.130.05Hepatic

tumors%

of tumor-
bearinganimals046250850198433645302000Tumors/animal01.38Â°0.75Â°00.100.0600.230.100.040.030.030.060.040.050.0300.02000

Â°P< 0.001 versus control.
* P < 0.005 versus control.

.Â»,'.!:â€¢/;;â€¢â€¢.,Â¡1:11<â€¢â€¢;i â€¢,,.â€¢p,!

3.2(13.4)

6-MeC-1ff.2&diol-3S.4BÂ«fxÂ»<ide

0.2 (0.09)

tumors
per mouse

CH,
MM;

tumors 0.1
per mouse

Fig. 4. Major pathways of stereoselective metabolism of 5-MeC and 6-MeC
to l,2-diol-3,4-epoxides in mouse epidermis. The /f,S,S,A-enantiomer is formed
with high stereoselectivity from both 5-MeC and 6-MeC. The amounts formed
from 6-MeC exceed those from 5-MeC. Tumor multiplicity for each compound
on mouse skin or in newborn mouse lung (numbers in parentheses) is indicated.
The results demonstrate that the intrinsic tumorigenicity of 5-MeC-l/?,2Â£-diol-
3S,4A-epoxide is responsible for the high tumorigenicity of 5-MeC compared to
6-MeC.

resulted from differences in the tumorigenicity of their 1,2-diol-
3,4-epoxides. This hypothesis was based on the following ob
servations, (a) 5-MeC and 6-MeC were both metabolized in
mouse epidermis with high stereoselectivity to their correspond
ing l/Ã®,2/Ã®-diols(3); (b) the extent of formation in mouse
epidermis of 6-MeC-l/Ã®,2/Ã®-diolfrom 6-MeC was greater than
that of 5-MeC-lÃ„,2Ã„-diol from 5-MeC (2,3); (c) 5-MeC-l/f,2A-
diol was more tumorigenic than 6-MeC-l/Ã®,2/Ã®-diol(3); (d) the
extents of conversion of 5-MeC-lA,2J?-diol and 6-MeC-lÃ„,2Ã„-
diol to tetraols in mouse skin were similar (2); (e) the formation
in mouse epidermis of diol epoxide-DNA adducts was greater
from 5-MeC than from 6-MeC (2); (/) the mutagenicity in
Salmonella typhimurium of 5-MeC-l,2-diol-3,4-epoxides was
greater than that of 6-MeC-l,2-diol-3,4-epoxides (5). However,
these studies did not examine the stereochemistry of conversion

of the diols to diol epoxides, nor did they compare the tumori
genicity of the metabolically formed diol epoxides. The present
results provide strong support for our hypothesis. As illustrated
in Fig. 4, the stereochemistry of the metabolic pathways from
5-MeC and 6-MeC to diol epoxides is virtually identical, and
the major l,2-diol-3,4-epoxide formed from each, 2 h after
application in mouse epidermis, is the /?,S,5,/?-enantiomer. The
comparative studies have indicated that this enantiomer is
formed to a greater extent from 6-MeC than from 5-MeC, but
the data in Tables 2 and 3 clearly demonstrate that 6-MeC-
lÃ„,25-diol-35,4Ã„-epoxide is inactive at the doses examined,
while 5-MeC-lÃ„,2S-diol-35,4Ã„-epoxide is a powerful tumori
gen. The comparative tumorigenic activities of these two 1A,25-
diol-35',4A-epoxides graphically demonstrate the remarkable

enhancing effect on tumorigenicity of a methyl group in the
same bay region as the epoxide ring of a diol epoxide. For
convenience, we refer to such diol epoxides as methyl bay region
diol epoxides. This high tumorigenic activity appears to be the
basis for the strong tumorigenicity of 5-MeC compared to
chrysene and the other five methylchrysene isomers (11), since
among them only 5-MeC can form a methyl bay region diol
epoxide.

Comparison of the tumorigenic activities in mouse skin and
in newborn mice of 5-MeC-l/?,2S-diol-3.S,4/Ã®-epoxide and 5-
MeC-T/^SS-diol-C^lOÃ„-epoxide provides further evidence for
the enhancing effect on diol epoxide tumorigenicity of a methyl
group in the same bay region as the epoxide ring. This result is
also consistent with our previous studies which have clearly
shown that the major pathway of metabolic activation of 5-
MeC is through bay region diol epoxide formation in its 1-4
ring, as in Fig 4, rather than in its 7-10 ring (1).

Comparison of the present results with those obtained in our
study of the tumorigenicity of the racemic 5-MeC diol epoxides
indicates that the tumorigenic properties of the racemic mate-
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rial are due virtually exclusively to the Ã„.S^Ã„-enantiomer.
There was no indication of synergism between the enantiomers.
The sex differences observed in the present study were also
observed previously (8).

The higher tumorigenicity of 5-MeC-lR,2S-dio\-3S,4R-
epoxide than of 5-MeC-15,2/Ã®-diol-3A,45-epoxide is consistent
with previous studies on several unsubstituted PAH including
chrysene, benz(a)anthracene, benzo(c)phenanthrene, and
benzo(fl)pyrene, which have shown that R,S,S,R diol epoxides
are more tumorigenic on mouse skin and in newborn mice than
the S,Ã„,Ã„,5-enantiomers (12-16). This is the first report on the
tumorigenicity of methylated PAH diol epoxide enantiomers.
The results demonstrate that the selective tumorigenicity of the
Ã„,5,5,Ã„-enantiomer is retained in the methyl bay region diol
epoxide.

In the present study we did not test the sy/i-diol epoxide
enantiomers because the metabolic experiments did not indicate
that they were formed to a major extent. In addition, our
previous bioassays had shown that racemic S)>/i-5-MeC-l,2-diol-
3,4-epoxide was inactive in newborn mice. The results in Table
2 demonstrate that neither racemic i>7i-5-MeC-l,2-diol-3,4-
epoxide norsy/j-5-MeC-7,8-diol-9,10-epoxide had high tumor
igenic activity in mouse skin. Thus, the syn-bay region diol
epoxides of S-MeC do not appear to play a significant role in
its metabolic activation. In previous bioassays of PAH diol
epoxides, high tumorigenicity has been observed only for the
syn-bay region diol epoxides of benzo(c)phenanthrene, in
mouse skin (16). DNA binding studies have suggested a likely
role for syn-diol epoxides in the metabolic activation of 7,12-
dimethylbenz(a)anthracene (17).

The stereoselective pathways summarized in Fig. 4 for 5-
MeC and 6-MeC are similar to those which have been reported
for the formation of bay region diol epoxides from phenan-
threne, chrysene, benz(a)anthracene, benzo(c)phenanthrene,
and benzo(a)pyrene, in studies carried out predominantly with
rat liver preparations. These investigations have shown that the
R,S,S,R-dio\ epoxide enantiomer is frequently formed to the
greatest extent (18, 19). Methyl substitution can affect the
stereoselectivity of diol formation in PAH systems (20). The
results summarized in Fig. 4 indicate that methyl substitution
in the chrysene system has little effect on the stereochemistry
of enzymatic formation of l,2-diol-3,4-epoxides. As in the
unsubstituted PAH, the most tumorigenic bay region diol epox
ide enantiomer is the one which is formed to the greatest extent
metabolically.

The reason for the enhancing effect on bay region diol epox
ide tumorigenicity of a bay region methyl group is not known.
5-MeC-1 Ã„,25-diol-35,4Ã„-epoxide, 6-MeC-1Ã„,25-diol-35,4Ã„-
epoxide, and 5-MeC-7Ã„,85'-diol-95,10Ã„-epoxide comprise a

unique set of compounds to investigate this effect since the only
difference among them is the position of the methyl group. The
rates of solvolysis of the racemic diol epoxides do not correlate
with their tumorigenic activities. The half-life of racemic anti-
5-MeC-7,8-diol-9,10-epoxide is 17.5 min, while those of anti-
5-MeC-l,2-diol-3,4-epoxide and a/ifi-6-MeC-l,2-diol-3,4-
epoxide are 59 and 78 min, respectively. Therefore it does not
appear that the differences in tumorigenicity can be explained
by ease of epoxide ring opening, in the absence of catalysis.

At least two hypotheses seem plausible to account for the
differences in tumorigenicity among these diol epoxides. First,
selective detoxification by glutathione conjugation of 6-MeC-
lÃ„,2S-diol-3S,4Ã„-epoxide or 5-MeC-7/?,8S-diol-9S,10A-epox-
ide compared to 5-MeC-lÃ„,2S-diol-3S,4Ã„-epoxide seems pos
sible because the bay region methyl group may inhibit the

reaction. The formation of glutathione conjugates of bay region
diol epoxides is well established (21, 22). Second, and in our
view more likely, is selective reaction with DNA of 5-MeC-
lÃ„,25-diol-35',4Ã„-epoxide. Previous studies with the enantiom

ers of anf/-benzo(a)pyrene-7,8-diol-9,10-epoxide have shown
that the DNA interactions of the highly tumorigenic R,S,S,R-
enantiomer are different from those of the inactive S,R,R,S-
enantiomer (23). This has been attributed in part to differences
in the preliminary intercalation of each enantiomer in a specific
DNA receptor site (24, 25). The conformations of the adducts
formed from the two enantiomers are different (25). Stereo
chemistry appears to be the dominant factor controlling these
processes. The results of the present study suggest that the bay
region methyl group helps to draw the diol epoxide into the
receptor site and may affect the conformation of the resulting
adduct. We are presently testing this hypothesis by comparative
studies of the DNA binding of S-MeC-lÃ„^S-diol-SS^Ã„-epox-
ide and 6-MeC-lÃ„,2S-diol-35,4Ã„-epoxide.

A bay region methyl group adjacent to an unsubstituted
angular ring enhances tumorigenicity in a number of PAH
systems including methylphenanthrene, 15,16-dihydrocyclo-
penta(a)phenanthren-17-one, bcn/(Â«)ant tiracene, methylchol-
anthrene, benzo(a)pyrene, dibenz(a,/i)anthracene, and di-
benz(a,y)anthracene (1,26-32). Metabolism studies carried out
in some of these systems strongly implicate methyl bay region
diol epoxides as ultimate tumorigens (17, 32-35). It will be
important to determine whether methyl bay region diol epox
ides are more tumorigenic than other bay region diol epoxides
in these PAH systems. We predict that the enhancing effect
observed in the present study will be a general phenomenon for
methylated PAH.
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