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Seventeen commonly used dyes and 16 of their metabolites or derivatives were
tested in the Salmonella-mammalian microsome mutagenicity test. Mutagens
active with and without added Aroclor-induced rat liver microsome preparations
(S9) were 3-aminopyrene, lithol red, methylene blue (USP), methyl yellow,
neutral red, and phenol red. Those mutagenic only with S9 activation were

4-aminopyrazolone, 2,4-dimethylaniline, N,N- dirnethyl-p-phenylenediamine,
methyl red, and 4-phenyl-azo-1-naphthylamine. Orange II was mutagenic only
without added S9. Nonmutagenic azo dyes were allura red, amaranth, ponceau R,
ponceau SX, sunset yellow, and tartrazine. Miscellaneous dyes not mutagenic
were methyl green, methyl violet 2B, and nigrosin. Metabolites of the azo dyes
that were not mutagenic were 1-amino-2-naphthol hydrochloride, aniline, an-

thranilic acid, cresidine salt, pyrazolone T, R-amino salt (1-amino-2-naphthol-3,6-
disulfonic disodium salt), R-salt, Schaeffer's salt (2-naphthol-6-sulfonic acid,
sodium salt), sodium naphthionate, sulfanilamide, and sulfanilic acid. 4-Amino-i-
naphthalenesulfonic acid sodium salt was also not mutagenic. Fusobacterium sp.

2 could reductively cleave methyl yellow to N,N-dimethyl-p-phenylenediamine
which was then activated to a mutagen.

A wide variety of dyes are used in the food,
textile, and printing industries and in chemical
and biological laboratories (7). For example,
trypan blue (3,3'-[3,3'-dimethyl-4,4'-biphen-
ylene)bis(azo)]bis(5-amino-4-hydroxy-2,7-naph-
thalene disulfonic acid) tetrasodium salt and
neutral red (3-amino-7-dimethylaminophena-
zine hydrochloride) are widely used for marking
and staining cells (11, 17). Dyes, whether used
as laboratoiy stains or food, fabric, and paper
colorants, are important environmental chemi-
cals.
Many of the water-soluble azo dyes are known

to be degraded by intestinal microorganisms in
vitro (6) and in vivo (12, 14, 19). The mutagen-
icity of the dyes and their degradation products
might indicate a hazard to workers and con-
sumers who came in contact with these com-
pounds.
We report here the results of mutagenicity

testing of some dyes and their metabolites using
the Salmonella-microsome mutagenicity test
developed by Ames et al. (1).

MATERIALS AND METHODS
Ponceau SX, lithol red, ponceau R, allura red, so-

dium naphthionate, pyrazolone T, R-salt, Schaeffer's
salt,'and cresidine salt were kindly provided by Adrian
B. Leatherman of the Food and Drug Administration,

t Present address: Soochow University, Department of Mi-
crobiology, Wai Shuang Hsi, Shih Lin, Taipei, Taiwan.

Washington, D.C. The R-amino salt was a gift of W.
Link and J. Dantzman of the Division of Color Tech-
nology, Department of Health and Human Services.
Other compounds used were: amaranth, phenol red,
methylene blue (USP), aniline, and sulfanilic acid
(Fisher Scientific Co., Fair Lawn, N.J.); sunset yellow,
methyl red, methyl yellow, methyl orange, and neutral
red (Matheson, Coleman and Bell, Norwood, Ohio);
tartrazine, 4-aminopyrazolone, and N,N-dimethyl-p-
phenylenediamine (ICN Pharmaceuticals, Inc., New
York, N.Y.); orange II, 4-phenyl-azo-1-naphthylamine,
2,4-dimethylaniline, 1-amino-2-naphthol hydrochlo-
ride, 4-amino-1-naphthalene sulfonic acid (sodium
salt), sulfanilamide, and anthranilic acid (Eastman
Organic Chemicals, Rochester, N.Y.); methyl violet
2B (Hartman-Leddon Company, Philadelphia, Pa.);
nigrosin and methyl green (Allied Chemical Corp.,
New York, N.Y.); and 3-aminopyrene (Sigma Chemi-
cal Co., St. Louis, Mo.). The chemical structures of
these compounds are shown in Fig. 1 and 2. The
sodium azide, 2-nitrofluorene, and 2-aminoanthracene
were from the National Cancer Institute's Chemical
Respository (IIT Research Institute, Chicago, Ill.),
and Aroclor 1254 was from Analabs, New Haven,
Conn.

Fusobacterium sp. 2 (6) was inoculated into 500 ml
of brain heart infusion broth in a 1-liter round-bottom
flask and incubated statically at 37°C for 17 to 19 h.
The culture was then centrifuged at 20,000 x g for 20
min and washed once with 0.4 M potassium phosphate
buffer solution (pH 7.4). Four milliliters of this sus-
pension was added to 4 ml of the phosphate buffer and
2 ml of the dye (2 to 5 pmol/ml). The mixture was
incubated anaerobically in a 37°C water bath with
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(CH32N-C/5NH""I
N + (CH3)2CI-

Methyl Violt 29

Methy6ene Blue i Nigrosine ' 3

0 0

NS,
H

OH

Phenol Red

FIG. 2. Chemical structure ofsome miscellaneous dyes.

slow shaking for 1 h. This suspension was then centri-
fuged at 7,000 x g for 20 min. To further purify the
supematant, it was drawn through an ultrafine fritted
glass disk filter. The filtrate was screened for muta-
genicity in the Ames assay.
Mutagenesis assay. The Salmonella typhimu-

rium tester strains TA1535, TA1537, TA1538, TA98,
and TA100 were grown in nutrient broth shaken for
14 h at 370C. The plate incorporation assays were

performed as described by Ames et al. (1) with the
modifications of Andrews et al. (2). The liquid prein-
cubation assays (1, 21) were timed for 30 min at 37°C

in a Dri-block. The revertant colonies were counted
by using a hand-held tally. Dimethyl sulfoxide was the
solvent, except sterile distilled water was the solvent
when sulfanilic acid was used. Liver homogenates (S9)
were prepared from male Sprague-Dawley rats stim-
ulated with Aroclor 1254 (500 mg/kg intraperitoneally
5 days before sacrifice). The S9 mix, added in samples
of 0.5 ml per plate, contained 3 mg of protein, deter-
mined by the method of Lowry et al. (16). The positive
control chemicals sodium azide, 9-aminoacridine, 2-
nitrofluorene, and 2-aminoanthracene were used with
the tester strains. The dose-response curves for the
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mutagenic compounds used the tester strain which
showed maximum mutagenicity and covered a range
of 1 to 1,000 or 5 to 5,000 tig. Mutagenic compounds
were assayed by using duplicate plates in at least two
independent dose-response curves; the mean values of
representative curves are used in the table. A com-

pound was considered mutagenic when the number of
revertants above background was at least twice the
value of the historical control mean or twice the value
of the current control mean, whichever was greater,
and a dose-response curve could be demonstrated (22).
Measurement of liver S9 azoreductase. The

reaction mixture contained the following components:
0.2 ml of dye (1.25 mM in undiluted dimethyl sulfox-
ide), 0.3 ml of S9 preparation (45 jLI of S9 fraction), 0.2
ml of 0.05 M glucose 6-phosphate, 0.1 ml of 0.01 M
reduced nicotinamide adenine dinucleotide phosphate,
0.2 ml of 0.1 M potassium phosphate buffer (pH 7.5),
0.06 ml of 0.1 M MgCl2, and 0.94 ml of deionized water.
The reaction was carried out in a 37°C water bath
with slow shaking for 5 min.

For methyl red and methyl orange, the reaction was
stopped by the addition of 2 ml of 15% trichloroacetic
acid, and the mixture was centrifuged at 29,000 x g
for 20 min. The absorbance of the supernatants was

measured at 505 and 510 nm, respectively, with a

Beckman DB-GT spectrophotometer. For methyl yel-
low, the reaction was stopped by the addition of 2 ml
of 10 N NaOH, and the mixture was extracted twice
with 3 ml of toluene. The absorbance of the toluene
extract was measured at 414 nm.

Thin-layer chromatographic analysis and pu-
rification of compounds. Thin-layer chromato-
graphic analyses were made on 20- by 20-cm Silica Gel
G 250 cellulose plates (Analtech, Inc., Neward, Del.)
developed in one or more of the following solvent
systems (by volume): methanol-chloroform (7:6);
methanol-chloroform (7:3); methanol-chloroform-am-
monium hydroxide (6:3:1); methanol-chloroform-
acetic acid (6:3:1); tertiary butanol-absolute ethanol
(1:1); and 1% NaCl in water and visualized by Ehrlich,
ninhydrin, or concentrated H2SO4 reagents. Metabo-
lites were identified from their Rf value, color, or
ultraviolet absorption on the plates (or a combination
of these).

Methyl red, methyl green, methylene blue (USP),
neutral red, 4-aminopyrazolone, 3-aminopyrene, and
N,N-dimethyl-p-phenylenediamine were purified by
thin-layer chromatography with 20- by 20-cm Silica
Gel G 500 plates loaded with large amounts of the
compound and developed in the solvent system deter-
mined most efficient by prior analyses. Isolated visible
bands which appeared were scraped from the plates,
and the materials were eluted several times in -10 ml
of warm methanol (40 to 50 ml, total volume). After
each elution, the materials were filtered through ul-
trafine fritted glass, and the eluates were pooled. The
methanol was evaporated to dryness under vacuum on

a rotary flash evaporator (Buchler Instruments, Fort
Lee, N.J.), and the residue was dissolved in a small
amount of methanol. This solution was transferred to
a test tube, and the methanol was evaporated under a

stream of N2. The remaining material was dissolved in
a small volume of methanol and rechromatographed.
The compound was considered pure if it gave a single

spot corresponding to the band from which it was
isolated with the Rf value, color, or ultraviolet absorp-
tion of the known pure compound (or a combination
of these).

RESULTS
Table 1 shows the compounds and the maxi-

mum nontoxic doses tested that were not mu-
tagenic in the tester strains with or without male
rat Aroclor S9 mix.
The test compounds that were mutagenic re-

verted strains TA1538, TA98, and TA100 to
histidine prototrophy. Results representative of
one of several tests of the positive control chem-
icals using these three tester strains are shown
in Table 2.
1-Amino -2- naphthol hydrochloride and

methyl violet 2B were particularly toxic to the
bacteria. Ponceau R and R-amino salt were min-
imally mutagenic without metabolic activation
in several tests, but did not meet the criteria for
mutagenesis when all of the data were evaluated.
Table 3 shows the historical mean values and

standard deviations for the normal background
TABLE 1. Maximum nontoxic dose tested that was
nonmutagenic in TA1535, TA1537, TA1538, TA98,
or TA100 with and without male rat Aroclor S9 mix

Maximum nontoxic dose
(Ag)

Test compound Plate in- Liquid
corpora- preincuba-
tion test tion test

Azo dyes
Allura red 500 500
Amaranth 1,000 500
Ponceau R 5,000 1,000
Ponceau SX 5,000 500
Sunset yellow 5,000 500
Tartrazine 5,000 500

Metabolites or derivatives
of azo dyes

4-Amino-l-naphthalene- 5,000 500
sulfonic acid, Na salt

1-Amino-2-naphthol hy- 25 25
drochloride

Aniline 5,000 500
Anthranilic acid 5,000 1,000
Cresidine salt 5,000 1,000
Pyrazolone T 5,000 1,000
R-amino salt 5,000 1,000
R-salt 5,000 1,000
Schaeffer's salt 5,000 1,000
Sodium naphthionate 5,000 500
Sulfanilamide 5,000 500
Sulfanilic acid 1,000 500

Miscellaneous dyes
Methyl green 100 50
Methyl violet 2B 10 10
Nigrosin 5,000 500

APPL. ENVIRON. MICROBIOL.
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TABLE 2. Positive control chemicals for the tester strains with and without aroclor-treated rat S9

No. of revertants per plate

Test compound Amt per plate TA1538 TA98 TA100

-S9 +S9 -S9 +S9 -S9 +S9

None 9 24 11 35 100 87
Dimethyl sulfoxide 0.1 ml 11 19 21 27 124 99
Sodium azide 0.5 ug 13 20 11 23 1,165 96
2-Nitrofluorene 5 jg 728 239 578 171 1,586 525
2-Aminoanthracene 2.5,ug 15 882 22 799 90 2,593

TABLE 3. Historical mean values ± standard deviations for nornal background reversions to prototrophy
derived from dose-response data

No. of revertant colonies

Strain n Cells only Dimethyl sulfoxide Twice mean values

-S9 +S9 -S9 +S9 -S9 +S9

TA1538 8 13 ± 4 24 ± 4 13 ± 3 22 ± 8 26 46
TA98 28 21±5 38±7 17±5 38±6 39 76
TA100 4 148 ± 13 156 ± 17 136 ± 7 150 ± 11 284 306

reversion to prototrophy of the three tester
strains used throughout these studies.
Table 4 gives the mean values of representa-

tive dose-response curves. The dyes mutagenic
with and without metabolic activation were
lithol red, methyl yellow, methylene blue (USP),
neutral red, and phenol red. Lithol red, methyl
yellow, and phenol red were of moderate and
about equal potency, methylene blue was some-
what more potent, and neutral red was an ex-
tremely potent mutagen when the liver enzymes
were added. Orange II was of extremely low
potency, and the addition of S9 inactivated the
compound. Of the derivatives only 3-aminopyr-
azolone was a direct-acting mutagen.
Methyl red and 4-phenyl-azo-1-naphthyla-

mine required activation, as did the derivatives
4-aminopyrazolone, 2,4-dimethylaniline, and
N,N-dimethyl-p-phenylenediamine. The most
potent were N,N-dimethyl-p-phenylenediamine,
2,4-dimethylaniline, and methyl red followed by
4-aminopyrazolone and 4-phenyl-azo-1-naph-
thylamine.
We have already shown that methyl orange

can be converted by intestinal microorganisms
to the mutagenic metabolite N,N-dimethyl-p-
phenylenediamine (6). This compound can also
be derived from methyl red and methyl yellow
through azo reductase. We therefore examined
the azo reductase activity of S9 liver microsomes
with methyl red, methyl yellow, and methyl
orange. The results are shown in Table 5. With
short periods of incubation, the S9 liver micro-
somes were active in reducing methyl red, but
inactive with methyl orange and methyl yellow.
The results suggest that the mutagenicity

of methyl red shown in Table 3 was due to
N,N-dimethyl-p-phenylenediamine produced
through azo reduction. The specificity of S9 liver
mi&rosomes toward these compounds is not
known.

Since azo reductase is also active in intestinal
anaerobes (6), tests were conducted to determine
whether a specific strain of these microorga-
nisms could convert methyl yellow into the mu-
tagen N,N-dimethyl-p-phenylenediamine. After
incubation with Fusobacterium sp. 2 the re-
duced methyl yellow was shown to be mutagenic
in strains TA1538 and TA98 with metabolic
activation. Only the results from strain TA1538
are shown in Table 6. Thin-layer chromato-
graphic analysis showed that N,N-dimethyl-p-
phenylenediamine and aniline were the metab-
olites. Aniline was not mutagenic (Table 2) (4).

DISCUSSION

Neutral red has been shown to be a teratogen
in chicken embryos (17), to produce hypergly-
cemia in dogs (15), to increase the blood glucose
level in rats (8), and to be mutagenic in the
Ames assay (9). Methyl red is structurally simi-
lar to methyl yellow (dimethylaminoazoben-
zene), which is a potent liver carcinogen (3, 13).
In the plate incorporation assay, methyl red is a
more potent mutagen with metabolic activation
than is methyl yellow.

Aniline is a metabolite of methyl yellow and
4-phenyl-azo-1-naphthylamine; sulfanilic acid
can be obtained from orange II, sunset yellow,
or tartrazine; sodium naphthionate can be gen-
erated from amaranth; 1-amino-2-naphthol hy-

VOL. 42, 1981
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TABLE 5. Specific activity of azoreductase of liver
S9a

Substrate Sp act (umol/mg of
protein/min)

Methyl red.. 0.94
Methyl yellow.. 0.06
Methyl orange. 0.03

a Rat was pretreated with Aroclor 1254.

TABLE 6. Mutagenicity of methyl yellow and a
culture filtrate from an anaerobically grown culture

tested with strain TA1538
No. of revertant colo-

Test conditions nies
-S9 +S9

Cells only 11 18
Phosphate buffer 10 25
Methyl yellowa + phosphate 6 18

buffer
Culture filtrate (methyl yel- 14 1,494

lowb + phosphate buffer +
Fusobacterium sp. 2C)
a Methyl yellow was added at 0.25 ,umol per plate

test.
b Complete reduction after 1 h of incubation at 37°C

with slow shaking.
'Dry weight of cells was 17.6 mg/mnl.

drochloride is a metabolite of lithol red or orange
II; N,N-dimethyl-p-phenylenediamine can be
obtained from methyl red or methyl yellow; R-
amino salt (1-amino-2-naphthol-3,6-disulfonic
acid disodium salt) is a metabolite of amaranth;
anthranilic acid is a metabolite of methyl red;
Schaeffer's salt (2-naphthol-6-sulfonic acid, so-
dium salt) is an intermediate in the synthesis of
sunset yellow; cresidine salt is an intermediate
in the synthesis of allura red. Pyrazolone T, 4-
aminopyrazolone, and 3-aminopyrene are struc-
turally similar to a metabolite of tartrazine, p-
sulfo-phenyl-3-carboxy-4-aminopyrazolone. p-
Sulfo-phenyl-3-carboxy-4-aminopyrazolone is
not stable (20), and it was not tested for muta-
genicity. It is unlikely that 4-aminopyrazolone
or 3-aminopyrene is produced from tartrazine
(Fig. 1).
The commercially available compounds were

of fairly high purity (+96%), but the possibility
exists that impurities may be present in the
concentrations above 1,000 ,ig per plate and may
contribute to the mutagenicity of orange II with
activation and methyl yellow without activation.
Hartman et al. showed that purified 2,4-di-

methylaniline is mutagenic in the Salmonella-
microsome test only at concentrations greater
than 250 Ag (10). In the present study, 2,4-di-
methylaniline was mutagenic at 25 ,tg; impurities

may be factors which contributed to the muta-
genicity of this compound.

2-Amino-l-naphthalenesulfonic acid, the me-
tabolite of lithol red, was not commercially avail-
able and was not tested for mutagenicity. How-
ever, 4-amino-1-naphthalenesulfonic acid (so-
dium salt) is structurally similar to 2-amino-i-
naphthalenesulfonic acid and was not mutagenic
in the present study.
Recent studies by McCoy et al. (18) have

shown that anaerobic bacteria (Clostridium per-
fringens and Bacteroides fragilis) can activate
a procarcinogen to a mutagen. Our data clearly
indicate that Fusobacterium sp. 2 can convert
methyl yellow into a product that can be meta-
bolically activated to a mutagen. Methyl red,
methyl orange, and methyl yellow are structur-
ally similar, and all can be converted to the
mutagenic metabolite N,N-dimethyl-p-phenyl-
enediamine. Methyl red can be reduced by S9
azo reductase, whereas methyl red and methyl
yellow cannot. When methyl yellow and methyl
orange are incubated with intestinal anaerobes,
both are converted to a mutagenic N,N-di-
methyl-p-phenylenediamine (5).
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