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SUGARY: 7+Whylbenz[alanthracene and the 1,2-, 3,4-, 5,6- and B,g-dihydro- 
diols derived from this hydrocarbon have been tested for mutagenicity towards 
S. typhirrruriwn TA 98 in the presence of rat-liver post-mitochondrial super- 
natant. At non-toxic concentrations, the mutagenicity of the non-K-region 
3,I-dihydrodiol was aore than ten-fold higher than that of the other K- 
region and non-K-region dihydrcdiols and aore than three-fold higher than that 
of the parer-&hydrocarbon. l,l,l-Trichloropropene 2,3-oxide, an inhibitor 
of epoxide hydratase, increased the microscme-mediated mutagenicity of 7-methyl- 
benz[alanthracene but did not alter that of the four related dihydrcdiols. 

IKlXODETION: The hydroxylated metabolites formed from 7-m&hylbenz[a]anthra- 

cene by lung and liver microsomal preparations include the 3,4-, 5,6- and 

8,9+iihydrodiols and the 3- and 4-phen0ls~-~. Ihe observation that the further 

2 

metabolism of non-K-region dihydcdiols to vicinal diol-epoxides5 is important 

in the metalic activation of carcinogenic polycyclic hydrocarbons6-8 has 

led us to examine dihydrodiols derived from 7-methylbenz[a]anthracene in a 

bacterial microsome-mediated mutagenicity test. Tissueinediated mutagenicity 

tests of this type9 have been used in studies on the metabolic activation of 

a variety of chemical carcinog~~~-~~ and , with the polycyclic hydrocarbons, 

canbe useful inhelpingto pinpointwhich particulardihydrcdiols are pre- 
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cursors of biologically-active vicinal diol-epoxides13,14. In this paper, 

we report results obtained when 7-methylbenz[a]anthracene and the 1,2-, 3,4- 

5,6- and 8,9-dihydrcdiols derived frcnn this hydrocarbon were tested for 

mutagenicity towards 5'. typhimriwn TA 98 in the presence of a rat liver 

post-mitochondrial supematant. The effect of an epoxide hydratase inhibitor 

on the microscnne-mediated mutagenicity of these ccdnpounds was also investigated. 

7-Msthylbenz[a]anthracene was prepared from benz[a]anthracenel and trans- 
5,6-dihydro-5,6-di.h droxy-7-methylbenz[a]anthracene was prepared from the corres- 
ponding cis-isoar& Y . 8,9-Dihydro-8,9-dihy~-7-r1&hylbenz[a]anthracene was 
obtained from thehydrocarbon inlargescalemetabolic experinents2 and1,2- 
dihydro-1,2aihydroxy-7-methylbenz[a]anthracene and 3,4-dihydro-3,4-dihydroq- 
7-methylbe.n2[ alanthracene were also prepared 16; these c~unds were character- 
izedby theirchromatographic, U.V. andmass spectral properties. TCPO*was 
purchased from Aldrich Chemical Co., Milwaukee, Wisconsin, USA. All compounds 
were stored at -30° and solutions were prepared in anhydrous DMjO (spectro- 
grade, E. Mzck, Dannstadt, Federal Republic of Germany) imnadiately prior to 
use inmutagenicity experiments. 

F0st-mitochondrialsupematants. Adult ferrale BDIV rats (120-130g) bred in 
the IAX laboratory, were kept on a Charles River CPF diet; groups of 2-4 
animals received an intraperitoneal injection of 3-rsethylcholanthrene (40 rrg/kg) 
two days before they ware killed. Pos.t~tochondrial supematants were pre- 
pared at O-40 from pooled. rat livers by centrifugation of an homogenate (3 ml 
of 0.15% IZCl/g liver). !the resulting post-mitochondrialsupematants were 
usually kept at O-40 for 2-3 hrs and then used in mutagenicity experiments 
although storage of these tissue preparations for up to 4 days at -700 did not 
appear to affect the microsoma~iated mutagenicity of 7-a&hyl.benz[a] 
anthracene. All procedures were carried out using sterile glassware and 
solutions. 

mtagenicity assays. S. typhimuriwn strain TA 98 derived from the histidine 
auxotroph TA 1538 by introducing an F? factor plasmid (ampicillin resistance, 
pKMl01) was generously provided. by Professor B.N. Ames, Berkeley, California, 
USA. !the presence of the R factor was checked by seeding bacteria on agar 
that contained aqicillin17 and the mutability of the TA 98 strain was con- 
firned using 4-nitroquinoline l-oxide18. Unless otherwise stated, post- 
mitochondrial supematant, cofactors (NADP+ and glucose-6-phosphate), bacteria 
(l-2 x lo8 cells/plate) and the substance under test, which was added as a 
solution in DWO, were combined in histidine-poor soft agar (0.55% w/v, Difco 
agar, 0.55% w/v sodium chloride, 45.5 ~Mhistidine and 45.5 @biotin in 
S&ensen buffer, 5n-M, pH 7.4) and plated in triplicate onto histidine-deficient 
media as previously deecri.bedg. Freshly prepared plates were kept in the 
dark at room temperature until the soft agar layer had hardened; they were then 
inverted and incubated at 37O. Control assays, in which the cofactors for 
the microsomal mono-oxygenase were omitted, were carried out simultaneously. 
In the linear parts of the dose-response curves (Fig. 2), there was no 
obvious toxicity of the hydrocarbon derivatives to the bacteria since back- 
ground lawns of bacteria were present in each case. 

* Abbreviations used are: ICPO, l,l,l-trichlompropene 2,3-oxide; D&SO, dimethyl- 
sulphoxide 
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Legend to Fig. 1 

The effect on the micrcsoms-mediated mutagenicity of 7-methylbenz[a] 
anthracene in S. typhimuriwn TA 98 of increasing the amxnt of Ipst-mito- 
chondrial supematant added to each plate (N ) or of adding varying 
amounts of l,l,l-trichloropropene 2,313ride to plates containing 100 ~1 
of pcst-mitochondrial supernatant (M). The assays were performed as 
described in MATERIALS AND M!THODS with 25 ~~M7-msthylbenz[alanthracene 
added to each plate in DfiO (0.1 ml). &an values for the number of his+ 
revertants/plate are plotted from groups of frcm 3-6 plates: the nunker of 
his+ revertants per plate that appeared when NADP+ and glucose-6-phosphate 
were emitted or hen 7-methylbenz[a]anthracene was omitted, has been 
subtracted frcm each value. 

RESULTS AND DISCUSSION 

In the dose-response study of mutagenicity with 7-methylbenz[aJanthracene 

and varying amounts of pcst-mitochondrial supernatant (Fig. l), maximum muta- 

genicity was obtained with 100 ~1 of supematant per plate; the addition of 

higher anrlunts of supematant decreased the number of mutant colonies of 

S. typhimrium TA 98 that appeared. Neither the hydrocarbon nor any of its 

dihydrodiol derivatives were amtagenic tcwards TA 98 when the cofactors 

forthemicrcsomal~no-oxygenasewere omitted. Quantitative comparisons 

of the mutagenicity of 7-mathylben~[a]anthracene and of four dihydrcdiols 

were carried out at concentrations of up to 75 PM (75 nndes/ml of soft agar) 

with 100 ~1 of post mitochondrial supernatant per plate; these results are 

shown in Fig. 2. Themutagenic potency of the compounds tested., expressed as 

the number of histidine revertant colonies per 10m7 rrples of hydrocarbon per 

plate, taken frcmthelinear regionofthe dose response curve,was inthe 
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Legend to Fig. 2 

Microsome~iated mutagenicity of 71nethylbenz[a]anthracene (o----O) 
and of the 1,2- ( -1, 3,4- ( -), 5,6- ( -) and 8,9- ("1 
dihydrodiols derived frcan this hydrocarbon in S. typhir.wriwn TA 98. Varying 
concentrations of the hydrocartins were incubated in the presence of 100 
~1 Ipst-mitochondrial supematant as described in bWERDLS ANDmoDs 
and in the legend to Fig. 1. 

following descending order: 3,4-dihydrodiol, 480; 7-n&hylbenz[aJanthracene, 

140; 1,2- and 8,9-dihydrodiols, 40 and the 5,6-dihydrcdiol, 20. Thus, the 

ankagenic metabolite or mstabolites formed from the 3,4-dihydrcdiol of 7- 

n&hylknz[a]anthracene were some three times more effective than those formed 

fromthe parent hydrocarbon androrethantentimes more effective in inducing 

mutations than those formed from the other related dihydrcdiols. 

lhese results suggested that the mechanism of activation of 7-methyl.bens[al 

anthracene is analogous to that described for benzo[a]Wrene6,* and benz[al 

anthracene7 and involves the formation of a vicinal diol-epoxide following 

the sequential actions of microsomal nono-oxygenase and epoxide hydratase 

enzymes on 7-methylbenz[a]anthracene. In order to investigate the role of 

the hydratase in the conversion of this hydrocarbon into mutagenic metabolites, 

microsome-mediated mutagenicity studies were carried out in the prescence of 

XPO, a known inhibitor of epoxide hydrataselg. IDO alone was not mutagenic 

to S. typhimuriwn TA 98 at concentrations of up to 0.4mP! but did cause a 

linear increase in the mutagenic effects caused by 7-methylbenz[a]anthracene 
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when the epxide hydratase inhibitor was present in concentrations of up to 

0.2mM (Fig. 1); a smaller increase in 7-mathylbenz[a]anthracene mutagenicity 

occurred when the Tcpo concentration was raised from 0.2 to 0.4mM. At 0.4mM, 

TBO caused a three-fold increase in the microsome-mediated mutagenicity of 

7-me.thylbenz[a]anthracene (Fig. 1). In contrast, this concentration of TCF0 

did not change the microsame-mediated mutagenicity of any of the four dihydro- 

diols derived from this hydrocarbon and identical dose response curves were 

obtained with the dihydrodiols eitherinthe absence (Fig. 2) or in the presence 

of TCFQ. 

The results of these experiments with the epoxide hydratase inhibitor 

TCPO canmssteasily be interpreted as showingthatsimple epoxides formed 

from 7-methylbenz[aJanthracene are mutagenic to S. typhimuriwn TA 98 and 

that the inhibition of the enzymic hydration of these simple oxides to the 

corresponding dihydrodiols therefore increases the overall yield of mutants 

obtained from incubations with the hydrocartin. Data frcan a different type 

of experiment in which added epxide hydratase was found to diminish the 

microsomemediated mutagenicity of benzo[a]Wrene20 support this conclusion. 

The lack of effect of EPO on the micros-mediated mutagenicity of the 

dihydrodiols seems to indicate that the hydratase is not directly involved 

in the activation of the diols and supports the idea that the active 

intermediates are diol-epoxides; the ineffectiveness of Taomay also mean 

that the active diol-epxides formed in this case are not themselves good 

substrates for epoxide hydratase21. Thistypeof experinentalsohelps to 

explain why the quantitative correlations between microsome-mediated muta- 

genicity and carcinogenic potency are so poor within the polycyclic hydro- 

carbns as a class of COmpOUndS22,23. 

With regardtothemetabolic activationof polycyclichydrocarbons, the 

results reported here show that the microsomal metabolites formed. frczn the 

3,4--dihydrcdiol of 71nethylbenz[a]anthracene are clearly much n-ore effective 

as mutagens than are those formed either from the related 1,2-, 5,6- or 8,9- 

dihydrodiols or from the parent hydrocarbon itself. This indicates that 

the correslpnding vicinal diol-epoxide, 3,4-dihydro-3,4-dihydroxy-7-methyl- 

benz[a]anthracene 1,2-oxide, is likely to be a compound that pssesses a 

high biological activity reminiscent of that associated with certain diol- 

epoxides related to benzo[a]pyrene24,25. Vicinal diol-elpxides derived 

both from benz[a]anthracene and frcm 7~nethylbenz[a]anthracene have pre- 

viously been found to be direct acting bacterial mutagens13. 0-1 theoretical 

grounds, it has been suggested that diol-epoxides of the type represented 

by the 3,4-dial 1,2-oxide of 7-methylbenz[a]anthracene might be particularly 
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effective electrophilic reactants 26 and recent results obtained in bacterial 

mutagenicity tests with dihydrcdiols derived fromtheweakcarcincgen 

bens[alanthracene14 appear to support this proposal. 

With 7+ethylbenz[a]anthracene, the inference, from the present results, 

that the 3,4+&l 1,2-oxide is likely to be a biologically important metabolite 

is supported by other studies, some of which are still in progress. In an 

in vitro malignant transformation system, the 3,4-d.ihydrcdiol has been found 

tobemuchnore active than the parent hydrocarbon itself orthreeother di- 

hydrodiols derived from 7-methylbenz[a]anthracenez7 and early results from 

initiation/prarption experiments on nouse skin point to the same conclusion 

(I. Chouroulinkov and A. Qantil, personal ccarmunication). In addition, 

the fluorescence spectral characteristics of the 7-r1ethylbenz[alanthracene 

mieties that became bound to the DNA of mouse skin treated with this 

carcinogen have been found to resemble those of anthracene but not those 

of phenanthrene, which again indicates that metabolic activation involves, 

in this case the 1,2,3,4-ring rather than the 8,9,10,11-ringz8. Together 

the existing evidence indicates therefore that the metabolic activation 

of 7-n~thylbenz[a]snthracene involves the further metabolism of a non-K- 

region diol to a vicinal diol-epoxide and that, with this hydrocarbon, the 

biologically iqortant vicinal diol-epoxide is most probably 3,4-dihydro- 

3,4-dihydroxy-7methylbenz[a]anthracene 1,2-oxide; experiments are in 

progress whichmay confirmand extendthe results reportedhere. 
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