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Abstract. This study was des1gned to mvestlgate the mutagemc and . genotoxxc

_properties of ten dyes and four surface active compounds using Salmonella/

/microsome assay and the micronucleus test. Five of the investigated dyes
(Acid Blue 7, Acid Green 16, Direct Black.19:1, Basic Red 22, Basic Orange| 28)
possessed mutagemc act1v1ty ‘with regard to' test stfains of Salmonella, In
addition, all of them increased the frequency of micronucleated polychromatic
erythrocytes in the bone marrow of mice. Three .other compounds (Acid
Blue 62, Direct Yellow 12, Direct Red 81), which were not mutagenic in the
Salmonella/mxcrosome assay,. were genotoxic in the ‘micronucleus test. The
other two. dyes (Reactive. Blue 13, Acid Red 213), .as well as tested surface.
“active compounds did not exert mutagemc and genotox1c effects, and there-
fore, it is most probable that they do.not have carcinogenic propert1es Be-

sxdes it was noted that Acid Blue 62, Direct Black -19: i, Direct Red 81 and
Bas1c Orange 28 ' cause a s1gn1f1cant decrease in "the ratlo polychromatic o -
normochromatic erythrocytes in the bone marrow of mice, which means that,

at the doses used in the experiment, they are toxic to the erythrocyte series
cells of ‘bone - marrow The other compounds under consuieratmn have no such
effect. . . : .

INTRODUCTION

i

Tt 'is est1mated a7 that about 250 000 new cheurmcal agents are pro-
* duced yearly and, of these, about 300 are- blologlcally active, and ‘are
introduced into our environment without precise knowledge of their
'mutagenic, genotoxic and carcinogenic activities. If we consider that
~some_similar mechanisms are involved -in. ‘mutagenesis and carcinoge-
nesis, the early and efficient detection of environmental mutagens would
appear to be very 1mportant for health protectlon (3 9)
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The study was designed to evaluate the mutagemc and genotoxic
_properties of 10 dyes and 4 surface active compounds using the Salmo-"
nella/mammalian ‘microsome assay and the micronucleus test in vivo.
The studied dyes are widely used in the textile mdustry in. Poland and
a considerable number of workers are exposed to them.. Surface active
compounds are the additives most frequently used in the textile 1ndustry
to improve the propertles of textlle products. '

't .
MATERIAL AND METHOD C :
‘The group of tested compounds 1ncluded the followmg dyes — Acid *
Blue 7 (C.I. 42080), Acid Green 16 (CL '44025), Acid Blue 62 {C.I. 62045),
Direct Black 19:1, Direct Red 81 (C.I. 28160), Direct  Yellow 12"
(C.1. 24895), Basic Red 22, Basic Orange 28, Reactive Blue 13 (CI 61210),
Acid Red 213 and surface active compounds — Pretepon G, Rokafenol
N-8, Rokacet S-7 and Rokamin S-22. The dyes were tested in. their in-
dustrial or commercial form. Some of them were also examined in a pu-
r1f1ed form (by crystallization from ethanol or dimethylformamide solu-
~t10ns)‘ using. the Salmonela/microsome assay. The contaminations of
technical and commercial preparations consisted of: NaCl, Na,SO,, Mn®?,
'ZN**, Cu, Na,PO,; and Olan UN. The chemical structures of all the ex-
amined compounds are shown in Fig. 1.
The Salmonella/microsome test was performed after Ames et al (1)
with later modifications (10). Five histidine-dependent strains of S. typhi-
murium — TA1535, TA100, TA1537, TA1538 and TA98 were used. The
tester strains were kmdly provided by Professor B. N. Ames (Un1vers1ty
of California, Berkeley, CA, USA). The sens1t1v1ty of the sirains was
ascertained using appropriate mutagens according. to criteria given by
Ames et al (1). Mutagens were used as a control in the spot tests: MNNG
(1 methyl-3' nitro-l-nitrosoguanidine) for TA1535 strain, 9-aminoacridi-
ne for TA1547 strain, NQNO (4-nitroquinoline-N-oxide) for TA100 and
2-nitrofluorene for TA98 and TA1538 without metabolie activation sy-
stem and 2-aminofluorene with S9-mix fraction.
A In the Salmonella/microsome assay, all the tested substances were
prepared - for testing as aqueous or d1methylsulfox1de (DMSO) solutions

at the highest concentration.which could be prepared. The solutions
were diluted where appropriate. All the compounds were tested in twov
plates per dose in two replicate experiments -both in the absence and in,
the presence of 0.5 cm® S9-mix per pla'te Three plates were used for )
spontaneous mutation control, assay. S9-mix contammg 50 ul S9 in
0.5 cm® was prepared from the liver homogenate of rats ‘treated with
Aroclor 1254.. The amount  of protems, which -was’ determined by the
Lowry method (8) was equal to 35.1—46.9 mg per 1 om®.
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Fig. 1. Chemical structures of the examined compounds.
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The micronucleus test was carried out on mice of Balb C strain
weighing 25—30 g. In preliminary experiments, the LD;, (median lethal
dose) of all studied compounds administered ip. to male mice was de- .
terrhined- using the Thompson and Weil method (19). In the micronu-
cleus test, the examined substances were dissolved in 0.9%/s aqueous so-
lution of NaCl or in DMSO just before treatment, and administered to
male mice of the Balb C strain weighing 25—30.g by ip. injections, each
dose administered in two equal portions separated by 24 h interval. The
negative control group of animals received only 0.9% aqueous solution
of NaCl or DMSO used as a solvent. Mitomycin C (Sigma, London; UK)'
dlssolved in 0.9% NaCl was administered to the animals in the positive
control group. Each group of animals consisted of four male mice. Some
dyes (Acid Blue 7, Acid Green 16, Acid Blue 62, Direct Black 19:1,
Direct Red 81, Basic Red 22) were tested in dose equal to approximately
80%/o LDsy and 4—5 appropriate lower doses according to the procedure
described by Schmid (13). Bone marrow was sampled 30 h after the first
injection.- The other compounds were tested in a two-phase experimental

~model as'recommended by Heddle et al (7). In the first phase, the che-

mical was given to male mice in doses equal to about 80% LDjs. Bone
marrow was sampled at 30,48 and 72 hours after the first injection. In

- the second phase, the positive results were confirmed by a dose-respénse

study at the time of the maximum response; but the negative results were
established usmg the same treatment schedule as in the f1rst phase of
the experiment.

The preparation of bone marrow and stammg were carried out after

‘Schmid (13) with slight modifications:: 19/e aqueous solution of sodium
. citrate’ was used instead of foetal calf serum and slides were stained

in.Giemsa (Merck) diluted 1:10 in Sérensen buffer (pH=6.8). »

The number of micronucleated cells in at least 1000 polychromatic
erythrocytes, -as- well as the ratio of normochromatic to polychromatlc
erythrocytes, were determined for each animal. ) : :

In statistical analysis of the results, the Wilcoxon test or. one-rway
analysis of variance, were used (6, 16). »

The compound was considered to be positive when the dose-response
-relationship and/or a statistically significant and reproducxble increase
in the number of micronucleated polychromatic erythrocytes were obser-
“ved for at least one of the points.

RESULTS /.

The positive results of the Salmonella/microsome assay are pxresen—

- ted in Tables'1 and 2. Among the dyes examined in this test, tive — Acid-

Blue 7, Acid Green 16, Direct Black 19:1, Basic Red 22 and Basic Oran-
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ge 28 induced a dose-related increase in the number of revertants. Direct
Black 19:1"and Basic Orange 28 in both industrial and purified forms'and
Basic Red.22 in purified form acted as direct mutagens inducing frame-
shift reverse mutations Additionally, Basic Orange 28 in technical form
was responsible for the induction of base pair mutations in the S. typhi- .
murium TA100, but only at very high dosages Acid Blue 7, Acid
Green 16 in .their technical and. purified forms and Basic Red 22 in 1ts
technical form acted as an indirect mutagen, inducing frameshift muta-
tions in strains TA1538 and TA98. Acid Blue 7, Acid Green 16, Direct -
Black 19:1, and Basic Red 22, but not Acid Green 16 and Basic Oran-
ge 28, were toxic to used bacteria at higher doses. The rest of the studied
dyes (Acid Blue. 62, Direct Red 81, Direct Yellow 12, Reactive Blue 13,
Acid Red.213), as well as the other investigated compounds (Pretepon G,
Rokafenol N-8, Rokacet S-7 and. Rokamin $-22), did not induce, his®
reverse mutations in any of the strains of S. typhimurium employed.

All the compounds mutagenic in the Salmonella/microsome assay -
(Acid Blue 7, Acid. Green 16, Basic Red 22, Direct Black 19:1, Basic
Orange- 28) and three other dyes hot mutagenic in bacteria (Acid Blue
62, Direct - Yellow 12, Direct Red 81), caused a significant and dose-related
increase in the frequency of polychromatic erythrocytes with micronuclei
in the bone marrow of mice (Table 3). Reactive Blue 13 and Acid Red,
213 ‘and surface active compounds (Pretepon G, Rokafenol N-8, Rokaced
S-7 and Rokamin S-22) did not induce any increase in the percentage of
polychromat1c erythrocytes with micrenuclei.

The exper1ment with Mitomycin C confirmed the sensitivity of the
apphed experimental model for detecting chemical mutagens since Mi-
. tordycin C'at doses 0. 66—5.20 mg/kg body weight demonstrated a signi- -
ficant dose-related increase in the percentage of micronucleated poly-
chromatic erythrocytes, as compared ‘to the negative control value
(Table 3). o . S

. The decrease in the ratio of the lpolychrolrhatic to normochromatic -
erythrocytes which was induced by .Acid Blue 62, Direct Black 19:1,
- Direct Red 81, D1rect Yellow 12, and Basic Orange 28 indicated the to-
x1c1ty of these compounds to the . erythrocyte series cells. of bone
marrow (Table 3). N

The median lethal dose of the genotoxic substances for male mice
are shown in Table 3. One of éxamined surface-active compounds, Ro-
kacet S-7, did not kill any mice at a dose equal to 14000 mg/kg.

LD50 of the rest of studled dyes — Reactwe Blue 13, Acid Red 213
" and surface-active additives, Pretepon G, Rokafenol N-8 Rokamin S-22,
amounted to 144, 1060 and 1750 249,177 mg/kg, respectlvely

"
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TABLE 3. The i‘requency of Micromjclei' in Bone>Marrow Polychromatic Erythro-
cytes of Balb C Mice and the Ratio'of Normochromatic to Polychromatic Erythro- -
cytes - - : . : -

To’gal\ Number of polychro-- Raﬁo of normachro- -

‘Compound _LD5° dose matic erythrocytes with matic to polychromatic
: (mg/kg) (mg/kg) micronuclei (% +SD) - erythrocytes
0 0401015 - . -
: 375 1.07£0.38 * : :
Acid Blue 7 75 : 1.52::0.49 * :
(C.1. 42080) 4T 150 2.01£0,50 * - n.e
o 300 2.1040.19 *
600 - 2.59+£0.55 % -
0 041%0.12
75 . 1424050 *
Acid Green 16 150 ©1.7240.33 % .
(C.1. 44025)° 892 3g0 2.04:-0.45 * ne.
600 ©2.72+0.79 *
1200 2.93+0.11 *
0 0.42+0.12 s 1.03
. 815 - 0.6310.02 * 0.98 _
Acid Blue 62 175 . 0.73+0.25* 0.93
(C.I1. 62045) 183 350 1.10+0.26 * 1.26
700 . 2.09%0.18 * “1.60*
‘ ‘ : 1400 . 2.40%+0.16 * . 1.64*
0 0.42+0.12 \ 1.03
A 16.6 0.80+0.12 * . . 102
2 . - 50 0.8240.37 * : 148
. Dx;ect Black 19:1 10Q0 150 - 0944011 % . 1.99
o 450 . 0.361:0.23 * E 145¢
1350 - 1.54+0.39* 137
0 0.42+0.12 : 1.03.
o 31 . 099+018* 115
Direct Red 81, SRRt ©1584079% _ 112 \
(C.L.28160) - 1048 493 - . 570+024% 128
: ) ) 1000 2.58£0.83* 1.81 *
3000 o222%141% LT :
) : v 0 - 0.65£0.05 - . 10.97
' 20 - 1.17+0.40 , ~1.29
- : . 40 1.7540.41 * : 115 -
_ Direct Yellow 12 . 320 .- g4 . - 1.90+0.52 * 133+
160 C 250027 217+
261

320 . . 3.401084* .
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o 0.4110.12
8.75 0.91+0.48 ‘
) v 17.50 1.384£054*
Basic Red 22 - . 99 35 1.9240.85 * n.e. o
: 70 1.8710.44 * : ' R
140 ©1.93+092% :
0  0.65+0.05 : 0.97
© 175 0974049 093
g ; '35 o . l42+022% C 094,
Basic Orange 28 280 0 2.02:0.62 * 144+
S 140 ' 2301016*% C1ETH
: 280 1.60+0.29 * - : 166 *
- : o . 0.65+0.05 0.97
Mitomyecin C . 250 2854028 % . - 1.60%.
(Sigma, London) . 500 - - 3.90%032% : 1.80*

— Difference statlstmally sxgmhcant < 005)
ne, — not examined

N

DISCUSSION AND CONCLUSIONS /

_ The results of the median lethal dose study indicate t{hat the toxi-
‘city of the investigated dyes is rather low and that none of them seems
to cause a risk of acute occupational poisoning for man. However, some of
‘these dyes possess mutagenic and/or genotoxic activity and besides they
are responsible for a toxic -effect on-the erythrocyte series cells of bone
marrow at a dose close to their LDs,. The toxic effect’ on these cells was
observed only after doses higher than genotoxic ones: had been used, ,
Of the six examined azo compounds {Direct Black 19:1, Direct Red
. 81, Direct Yellow 12, Bdsic Red 22, Basic Orange 28, Acid Red 213), the
first five possess mutagenic and/or genotoxic activity. The results ob-
- tained from other: studies (4, 5) indicate that three tetraazo dyes: Direct
" Blue 6, Direct Black 38 and Direct Brown 95 — which are structurally
related to azo dyes — found to be genotoxic in our study, were active
as rat liver carcinogens. In addition, some other azo compounds are
reported to show carcinogenic activity (11, 12). Therefore, it is very likely
“that all mutagenic and/or genotoxic azo dyes are also carcinogenic.
Carcmogemc properties may also be possessed by two triaryl
compounds under examination: Acid Blue 7 and Acid Green 16, which .
induced his reverse mutation in tested strains of S. typhimurium dnd .
produced the increase of mlcronucleated erythrocytes in bone marrow of
. mice,
One of the antraquinone dyes tested Amd Blue- 62 which was not
mutagenic in S. typhimurium tester strains in this:and Venturi and A
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Tamaro studies (18), increased the frequency of micronucleated erythro-
" cytes. Antraquinone derivatives are structurally related to anthracycline
antitumor antibiotics of known mutagenicity and carcinogenicity (2, 14,

15). Therefore, the genotoxic activity of Acid Blue 62 in the mlcronucleus"
test may indicate the derivatives’ capability of damaging genetic mate-
rial in mammals. However takmg into account the possibility of false
pos1t1ve results, the substances inducing genetic effect in only one ex-
perimental model requlre further testmg for - suff1c1ent assessment of
their genotoxicity. :

The substances with proven genetlc tox1c1ty to bactemal and mam-
malian cells may also damage human genetic material. Thus, the occu-
pational .exposure to such compounds in the workplace ought to- be
limited as far as possible. Reactive Blue 13, ‘Acid Red 213, Pretepon G,
Rokafenol N-8, Rokacet S-7 and Rokamin S-22 which did not exert
mutagenic and genotoxic effects most probably do not threaten ‘genetic
damage in man. The evidence obtained on.the genetic toxicity of the
substances tested in this study does not prove their carcinogenic pro-
perties, which should be assessed in long-term tests on animals.
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