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sulm-ery: When incubated with a 9,000 x g rat-liver suprnatant, benzo(a)pene 
7,8-dial and benz (a) anthra~e 8,9-dial were mre active than the parent 
hydrocarbom in inducing his revertant colonies of S. typhirnurim ?a 100. 
E!enzo(a)pyrene 9,lO-diol was less active than benzo(a)pyrene; the K-region 
diols, benz(a)anthracene 5,6-diol and be.nzo(a)~ene 4,5-dial, were inactive. 
None of the diols was active when the cofactors for the microscmal rrono- 
oxygenase were titted. The diol-epoxides benzo(a)pyrene 7,8-dial g,lO-oxide, 
benz(a)anthracene 8,9-dial lO,ll-oxide and 7-methylbenz(a)anthracene 8,9-dial 
lO,ll-oxide and the K-region epxides, banzo(a)pyrene 4,5-oxide and benz(a)- 
anthracene 5,6-oxide, were mutagenic without further matakolisn. 

The effectiveness of non-K-region diols derived frcm scme aromatic 

hydrocarbons in inducing malignant transformation of cultured cells (l), as 

well as evidence that oxidation of the adjacent olefinic double bonds can 

yield diol-epxides that react with DNA (2,3,4), has led to the suggestion 

that these non-K-region diol-epides may be more important biologically than 

the sirrple K-region epxides examined earlier (5,6). Because of the close 

empirical correlation that exists between the mutagenicity and carcinogenicity 

of numerous chemicals, we have examined the mutagenicity of a series of 

benzo(a)pyrene and benz(a)ant.kacene derivatives towards S. typhimriwn strain 

* Towhmreprintrecpests andcorrespondence shouldbe addressed. 
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TAlOO,whichhasbeen foundeffective indetecting carcinogens asmutagens 

(7) using, where appropriate, a tissue mediated assay (8). 

Benz(a)anthracene and benzo(a)pyrene purchased frcxn Sigma Chemical Co., 
St. Lcuis, MO., USA,werepurifiedby chrmatography on almina andby recrys- 
tallization. 3-Methylcholanthrenewas obtained frcxnFluka,Buchs,Switzerlatxl. 
8,9-Dihydr@8,9-dihydroqbenz(a)anthracene, 8,9-d&&o-8,9-dihydroxy-7-methyl- 
benz(a)anthracene, 7,8-dihydro-7,8-dihyazo(a)pyrene and g,lO-dihydro- 
9,10-dihydroxybenzo(a)pyrene were cbtained fran the relevant hydrocar~ns by 
metabolism (9,lO); the corresponding diol-epoxides, 8,9-dihydro-8,9-d.ihydroq- 
benz(a)anthracene lO,ll-oxide, 8,9-dihydre8,9-dihydroq-7+rethylbenz(a)anthra- 
cene lO,ll-oxide and 7,8-dihydr~7,8-dihydroxybenzo(a)pyrene 9,lO-oxide, wxe 
prepared franthe diols by cxidationwithm-chloropexqbm zoic acid in benzene. 
truns-5,6-Dihydro-5,6-dihydroxybenz(a)anthraaene and trans-4,5dihydr@ 
4,5-dihydroxybenzo(a)pyrene xere prepard fran the cis isamars (11,12); 
benz(a)anthracene 5,6-oxide and benzo(a)mene 4,5-oxide were also synthesized 
(13,14). Allccqmndswere stored at-3OOunder nitrogen; acetone solutions 

were prepared imnediately prior to mtagenicity assay. 

Animals and pretreatmnt 

Adult female BD-VI rats (120-140 g), bred in our laboratories, were kept 
on a Charles River CRF diet; groupsofthreeanirrralsreceived~intraperi~~l 
injectionof 3-n&hylcholanthrene (4Ong/kg) twodays before theyWrekilled. 

Mutagenicity assays 

Post-mitochondrial supernatants were prepared fran pooled rat-liver by 
centrifugation of an harogenate (3 ml of 0.15M El/g liver) as described (15, 
16). S. typhimurim strain ?a 100, derived frm the histidine auxotroph ?a 
1535 strain by introducing an R factor plasmid (micilline resistance) p KM 101 
(17) was generously provided by Professor B.N. Ames, Berkeley, California. The 
strainwas grown overnight in nutrient+broth (Difco). Unless otherwise stated, 
the liver supexnatant, cofactors (N&DP and glucose 6-phosphate) bacteria and 
the substrate,whichwas added as a solution in acetone,were canbined in a 
soft agar layer and plated in triplicate mto histidine deficient media as 
previously described (8). Control assays in which the cofactors for the micro- 
sa~lmmo-oxygenasewe~ anittedxre also carriedout. TheK-regionepoxides 
and diol-epoxides were assayed for mtagenicity tmards strain m 100 directly 
in the absenceof snyrfretabolic activation system 

RESULTS AND DISCUSSI@J 

Dose-response curves for~~g~city~epreparedwithbenz(a)anthracene 

and benzo(a)pyrene using varying amounts of post-mitochondrial liver supernatant 

so as toobtain optimal conditions for the tissuemdiatedmtagenicity assay 

since ithadbeenreportedthatthemutagenic response francertainpolycyclic 

arcmatic hydrocarbons is influenced by the protein concentration of the tissue 

utilized (7). In the presence of 150 l.11 supernatant/plate, an increasing 
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mutayenic response was observed with both kenz(a)anthracene and benzo(a)pyrene 

up to a concentration of 45 @, although benzo(a)pyrene was always rrpre active 

(Fig. 1). The addition of smaller amounts of supernatant decreased the number 

of mutant colonies of S. typhimuriwn that appeared. Neither hydrocarbon was 

mutagenic towards ?a 100 when the cofactors for the mixed-function oxidase 

were anitted (Fig. 1). In quantitative ccmparisons of the nnkagenicity of 

lxnz(a)anthracene, knzo(a)pyrene and related dihydrodiols we therefore utilized 

150 ~1 of rat liver post mitcchondrial supematant per plate and substrate 

concentrations up to 45 $1. 

The metabolically-mediated mutagenicity of the knz(a)anthracene series 

is shawn in Fig. 2. The 8,9-diol was clearly mxe active than the hydrocarbon 

at 45 fl and the 5,6-diol, the K-region diol, was axnpletely inactive. BenZO- 

(a)pyrene and three related dihydrodiols were assayed under canparable conditions; 

the results, which are shown in Fig. 3, revealthatwhilst, on an equimolar 

basis, the 7,8-dial was mxe active than kenzo(a)Wrene itself, the 9,10-diol 

7 
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Fig. 1 Mutagenicity of benz(a)anthracene (O-O) and knzo(a)pyrene (W-W) 
m S. typhimurim ?a 100 mediated by a rat-liver microsoaal 
preparation (150 pi/plate, s 38 mg+wat wt. liver). -----, Revertant 
colonies/plate appearing when NADP and glucose 6-phosphate were 
anitte.d and when kenz(a)anthracene or benzo(a)pyrene were or were 
not present. 
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Fig. 2 mtagenicity of kenz(a)anthracene (m ---WI 8,9-dihydro-8,9-dihydroxy- 
benz(a)anthraCene (A- A) and 5,6-dihydr~5,6-dihydroxykenz(a)- 
anthracme (o- 0) tmards S. typM7ruriwn ?a 100 mediated by a rat- 
livermicrosarkalpr$pa.ration. -----, Revertant colonies/plate 
appeari.ngwhenNADP andglucose6-phosphatev~reanittedandwhen 
benz(a)anthracene or the dials ware or were not present. 

was appreciably less active. The 7,8-diol was about 12 times nrxe efficient 

than the isaneric 9,lO-diol in reverting strain !A 100 to his+. Again, the 

K-region diol, ?xnzo(a)~ene 4,5-dial, which does not possess an olefinic 

doubleboadadjacentto thehydroxylgroups, was not converted tomatakolites 

mutagenic towards S. typhimurim ?a 100. None of the benz(a)anthracene (Fig. 2) 

or kenzo(a)pene (Fig. 3) diols were active when the microscmal cofactors were 

anitted fm the plates. 

When non-K-region diol-epoxides and K-region epoxides were assayed for 

their direct mutagenic action in S. typhimuriwn strain '11A 100, the number of 

his+ revertant colonies was found to increase as a function of the concentration 

(Table 1). At the highest concentration tested (45 PM), the relative 

mutagenicity of the cxqounds was in the following orderwhere the nurbar of 

histidine revertantcolonie.sdividedbythe qmkaneousrmkationratewas 

benzo(a)mene 4,5-oxide q 26.9; benz(a)anthracene 8,9-dial lO,ll-oxide = 

20.9; benz(a)anthracme 5,6-oxide q 17.1; bsnzo(a)pyrene 7,8-dial 9,lO-oxide 

= 13.5; 7-xt~thylbanz(a)anthracene 8,9-diol lO,ll-oxide = 7.0 and benz(a)- 
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Fig. 3 Mutagenicity of benzo(a)pyrene (~---ml, 7,8-dihydrw7,8-dihydmxy- 
benzo(a)pyrene (A-A), 9,10-dihy~9,10-dihydroqbnz0(a)pyrene 
to- 0) and 4,5-dihydro-4,5-dihydroxybenzo (ajpyrene (0-o) tmards 
S. typhimmium m 100 mediated by a rat-liver mic~l preparation. 
-------, Revertant colonies/plate appearing * N%DP and glucose 
6-phosphate ware emitted and when benzo(a)pyrene or the diols were or 
were not present. 

anthracene or knzo(a)pyrene = 1.0. These datadcmmstrate that non-K-region 

diol-epoxides are mtagenic for S. typhimurim ‘IX 100, the activity being of 

the samorderas that of thecorrespondingK-regionepoxides. Hcwever, 

possible differences in the stabilities of these canpounds in the aqueous 

incubationmixturemay have influencedthe mtagenic effects. 

The mtagenicity of products fox-r& by the further mtablism of non-K- 

region diols derived frcm kenz(a)anthracene and benzo(a)mene tmards S. 

typhimuriwn TA 100 is in accord with current ideas concerning the mtablic 

activation of polycyclic hydmcar~. The results presentedhere support 

the findings of Mrquardt et aZ. (11, who shcwed that som non-K-region diols 

weremre active thanthepar~thydrocarbns ininducingmalignanttrans- 

fomtion of cultured cells and that the corresponding K-region diols mre 

inactive. The present results with the benzo(a)wene diols also parallel 

those frm other experiments in which benzo(a)pyrme dials were mkahlized 

to derivatives that becam covalently bound to tNA and where the 7,8-dial was 

697 



Vol. 66, No. 2, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Table 1 

MUlRQNICITY0F K-REGI0NERXIDEsANDIWN-K-REGION 

DIObEEQXIDES OF BENZ(a)- AND EBNZO(a)PYRFSJE 

IN SALMONELLA TYPHIMVRIVM !E4 100 

ccmnpound 
I 

cone . 
(lJMM) 

None 
I 

0 

Benzo(a)pyrene 4,5-oxide 

7,8-Dihydro-7,8-dih~~- 
benzo(a)pyrene 9,lO-oxide 

0.045 
0.45 
4.5 

45 

0.045 
0.45 
4.5 

45 

&nz(a)anthracene 5,6-oxide 0.045 
0.45 
4.5 

45 

8,9-Dihydro-8,9-dihydroxy- 
benz(a)anthracene lO,ll- 
Oxide 

0.045 
0.45 
4.5 

45 

8,9-Dihydro-8,9-d.ihydroq- 
7-1~thylknz(a)anthracene 
lO,ll-oxide 

0.045 
0.45 
4.5 

45 
I 

No. of I&+ 
revertant colonies/plates 

(S. -@@Timrim T!A 100) 

60 + 4 

40 * 5 
70 + 3 

485 f 40 
1071 + 53 

50 f 5 
100 f 3 
532 f 33 
675 + 90 

65* 5 
93+ 4 

264 f 18 
1110 f 35 

57+ 4 
562 3 

133* 14 
1190+ 57 

52+ 4 
48+ 3 
84+ 7 

3625 22 

%&an values fran 4 to 8 plates + SE. Direct plating test performed 
in soft agar (2.2 ml) containing 4.5% acetone (v/v) and the canpound. 
E!enz(a)ant.hrarxne andkenzo(a)pyreneweremtmtagenic at concentrations 
up to 45 l.lM. 
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by far the mst effective substrate examined (18). 

Non-K-region diols are rmst probably cover-ted by metabolism to diol- 

epcides (2-4) . Certaindiol-epoxideiscrmershavebeenpredictedontheoretical 

grounds to be particularly reactive towards nucleophilic centres (19); the 

directmutagenicactivity shmn inthepresentexperirmants (Table11 by three 

such diol-epoxides adds to the evidence that this type of product also possesses 

considerable biological activity. This is incontrasttothe recent finding 

that two si.r@e non-K-region epoxides, benzo(a)pyrene 7,8- and 9,10-oxides, 

were only one hundredth as mutagenic in S. typhimurim as the corresponding 

K-region epoxide (20). 
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