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Safrole (4-allyl-1,2-methylenedioxybenzene), a natural product present in
some foods, is a hepatocarcinogen in rats and mice [12]. The derivatives
1'-hydroxysafrole and 1'-acetoxysafrole are also hepatocarcinogens in these
species and the latter compound is mutagenic in the Salmonella/microsome test
system [10—12]. Several methylenedioxyphenyl compounds are used as syner-
gists for insecticides [8]; other derivatives have been useful in studies of struc-
ture-activity relationships among psychotropic drugs [17,19]. The purpose of
the present study was to test a series of methylenedioxyphenyl compounds and
structurally related, centrally-active aromatic amines for mutagenicity in the
Salmonella/microsome system.

The names, chemical structures and sources of the compounds tested are
listed in Table 1. The compounds listed in Table 1 are either centrally-active
amines, or precursors, metabolites or analogs of centrally-active amines. Each
compound was pure by the criteria of melting point and elemental analysis.
Dimethyl sulfoxide (DMSOQ, spectrophotometric grade) was purchased from
Schwarz/Mann. All other chemical were reagent grade.

Salmonella typhimurium tester strains TA 1537, TA 1538, TA 98 (TA 1538/
pKM101) and TA 100 (TA 1535/pKM101) were a gift of Dr. Bruce Ames of
the University of California, Berkeley.

The method of testing for mutagenic activity was that of Ames et al. [1].
The bacterial tester strains have mutations in the histidine operon which result
in a nutritional requirement for histidine. Strain TA 100 can be reverted to
prototrophy by DNA base pair substitutions whereas strains TA 1537, TA 98
and TA 1538 are revertible by frameshift mutations.

* This research was supported in part by Public Health Service Grant Ca 13566.
** To whom reprint requests should be sent. Present address: Biochemistry Department, 420 Henry
Mall, Madison, Wisc. 53706 (U.S.A.).
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For activation of compounds by liver homogenate, 50 ul of the 9000 g liver
homogenate fraction (S-9) prepared from rats treated with phenobarbital,
Aroclor 1254 or 3-methyl-cholanthrene [1] was incorporated into the top agar.
Compounds 1—20 were tested with liver homogenates prepared from rats
treated with each of the inducers.

Freshly prepared solutions of compounds 1—11 in DMSO were tested at
0.02, 0.2, 2.0, 20.0, 200, 1000 and 5000 ug/plate with bacterial strains TA
1537, TA 98 and TA 100 with and without a rat liver microsomal activation
system. Compounds 12—20 were dissolved in DMSO and tested at 0.2, 2.0,
20.0 and 200 ug/plate using bacterial strains TA 98 and TA 100 with and with-
out liver homogenate. Revertant his* colonies were counted after incubation in
the dark at 37°C for 48 h.

No difference in colony counts could be detected over a dose range of 0.02—
5000 ug when compounds 1—11 and control plates were compared in strains
TA 1537, TA 98 and TA 100. Microscopic examination of the plates revealed
that an adequate bacterial lawn was present. Compounds 9 and 10 were toxic
to the bacteria at the levels of 1 and 5 mg. Typical numbers of spontaneous
revertants in the presence of DMSO * S-9 were as follows: TA 1537 (10); TA
1538 (7); TA 98 (28); TA 100 (153). Sterility controls of S-9 Mix, DMSO and
compounds 1—20 were negative. The positive control substances 9-amino-
acridine, N-methyl-N'-nitro-N-nitrosoguanidine and daunomycin did produce
substantial increases in the number of revertants per plate in strains TA 1537,
TA 100 and TA 98, respectively, in the absence of liver homogenate. The activ-
ity of the S-9 preparation was demonstrated by an increase in the mutagenic
activity of benzidine (50 ug) or 2,5-diaminoanisole (50 ug) in strain TA 1538.

No difference in colony counts could be detected over a dose range of 0.2—
200 ug when compounds 12—20 were tested using strains TA 98 and TA 100
with and without liver homogenate. In spot tests using 0.5 mg of material,
compounds 14—20 were toxic to the bacteria and gave kill zones of 1—3 ¢m in
diameter.

A weak mutagenic activity was detected when 5 mg of compound 1, 3,4-
methylenedioxyamphetamine and 10 mg of compound 5, 2,5-dimethoxy-
amphetamine were spot tested using strain TA 100 without liver homogenate.
Three separate spot tests gave approximately 450 revertants and 200—400
revertants above background for compounds 1 and 5 respectively. The kill zone
with compound 5 was approximately 2.5 cm in diameter. Plate incorporation
tests of 10 mg of compounds 1 and 5 using strain TA 100 did not increase the
number of revertants. Although no mutagenic activity was detected in plate
incorporation tests over a dose range of 0.02—10,000 ug/plate, the positive
spot tests with 3,4-methylenedioxyamphetamine and 2,5-dimethoxyampheta-
mine should not be discounted. The mutagenic activity detected was extremely
weak, however, and the presence of mutagenic impurities cannot be ruled out
when such high dose levels are tested.

In spite of the sensitivity of the test method and the presence of the liver
microsomal activation system no mutagenic activity could be detected in most
of the compounds tested. This may be due to the absence of the appropriate
metabolic activity, since a urinary metabolite of safrole is mutagenic in the Sal-
monella test {11] whereas safrole (with or without Aroclor-induced rat liver



202

homogenate) is not mutagenic. Although safrole may be activated to a carcino-
gen by liver microsomal enzymes of the type induced by 3-methylcholanthrene
[5], compounds 1—20 were not activated to mutagens by liver homogenates
prepared from rats induced with phenobarbital, Aroclor or 3-methyl-cholan-
threne.

Note. No mutagenic activity was detected with piperonyl butoxide, a widely
used insecticide synergist, in spot tests on strains TA 1537, TA 98 and TA 100,
with and without liver homogenate.
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