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SUMMARY

Alkylanilines ~ are  ubiquitous environmental chemicals. Most
individuals are subject to lifelong exposure to these compounds
and this exposure can cause toxic effects in human bladder. It was
shown that other than main compounds, their oxidative metabolites
(0- or p-phenol derivatives) are cytotoxic. Phenolic metabolite of
3,5-dimethylaniline is 3,5-dimethylaminophenol (3,5-DMAP).
It is oxidized to a quinoneimine further metabolite by Phase I
enzymes. The aim of this study is to determine whether varying
concentrations (2.5, 5, 10, 25, 50, 100 pgiml) of 3,5-DMAP causes
mutagenic effects in  bacteria and mammalian cells. To investigate
the mutagenicity of 3,5-DMAP in bacteria, ‘Ames test” was applied.
Salmonella typhimurium, TA98 and TAI00 strains, were used to
determine base-pair and frame shift mutations, respectively (with/
without S9 fraction). 1o determine the mutagenicity of 3,5-DMAP
in mammalian cells, “hypoxanthine phosphoribosyltransferase 1
(HPRT) test” was performed on CHO cells. Although 3,5-DMAP
caused a dose-dependent increase in mutation frequency, particularly
in both TA98 and TA100 strains without S9 fraction, the increases
were not significant. Besides, marked increases in the number
revertant bacteria were not observed for any concentrations of 3,5-
DMAR with the addition of S9 fraction. 3,5-DMAP did not effect
the HPRT mutation frequency in CHO cells. Our results showed
that 3,5-DMAP was not mutagenic in CHO cells and different
strains of S. typhimurium. As 3,5-DMAP is suggested to be cytotoxic
in mammalian cells and not mutagenic in different Salmonella
strains, comprehensive studies should be performed to show whether
this compound or its derivatives can be used as anti-cancer agents.
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Bakteri ve Memeli Hiicrelerinde 3,5-Dimetilaminofenoliin
Motajenik Potansiyeli

OZET

Alkilanilinler cevrede yaygin olarak bulunan kimyasal maddelerdir.
Birgok kisi bu bilesiklere hayat boyn maruz kalmaktadir ve bu
maruziyet insan mesanesinde toksik etkilere neden olabilir. Ana
bilesikler disinda, oksidatif metabolitlerinin  (o- veya  p-fenol
tiirevleri) de sitotoksik oldugu gosterilmistir. 3,5-dimetilanilinin
Jenolit metaboliti 3,5-dimetilaminofenoldiir (3,5-DMAP) ve Faz 1
enzimleriyle kinonimin ileri metabolitine okside olur. Bu calismanin
amact 3,5-DMAP’in farkly konsantrasyonlarimin (2,5, 5, 10, 25,
50, 100 pglml) bakteri ve memeli hiicrelerinde motajenik etkilere
neden olup olmadiginin belirlenmesidir. 3,5-DMAPn bakterideki
mutajenisitesini  aragtirmak  igin - Ames  testi”  uygulanmagtir.
Salmonella typhimuriumun TA98 ve TA100 suglar: sirasyla baz-
¢ifti ve kalyp kaymas: mutasyonlarini belirlemek icin (S9 fraksiyonu
ile birlikte veya yokken) kullanilmisnr. 3,5-DMAP’tn - memeli
hiicrelerindeki mutajenitesini belirlemek icin CHO hiicrelerinde
“hipoksantin  fosforiboziltransferaz 1 (HPRT) testi” yapilmistir.
3,5-DMAP her ne kadar TA98 ve TA100 suglarinda S9 fraksiyonu
yokken, mutasyon sikligins artirsa da, bu artilar anlamly degildir.
Bununla birlikte, 3,5-DMAP’tn herhangi bir konsantrasyonunda
S9 fraksiyonu varliginda da revertan bakteri sayisi anlaml bir
sekilde artmamgnr. 3,5-DMAP HPRT mutasyon stkligini da
artrmanmugtyr. - Sonuglarmmz - 3,5-DMAPm  CHO  hiicrelerinde
veya S.typhimuriumun  farkly suglarmda mutajenik  olmadigini
gostermektedir. 3,5-DMAP  memeli  biicrelerinde sitotoksik olup,
Jarkls Salmonella suslarinda mutajenik olmadsg: icin, bu bilesik ve
tiirevlerinin anti-kanser ajanlar olarak kullanilip kullanilmayaginin
belirlenmesi icin kapsamlr ¢aligmalar yapilmalidrr.
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INTRODUCTION

Alkylanilines are abundantly found environmental
chemicals. The exposure sources are tobacco smoke,
colorants (mostly hair dyes), combustion products
(motor fuels, fugitive emissions), pharmaceuticals
(drugs), and pesticides (Castelao et al. 2001; Skipper
etal., 2010). These compounds are widely studied and
their biotransformation is well-known, particularly
in rodents. They are mainly metabolized to their
oxidative metabolites (o- or p-phenol derivatives) by
direct ring oxidation in the presence of cytochrome
P450s (CYP450s) (Skipper et al., 2010).

3,5-dimethylaniline (3,5-DMA) is an ubiquitous
derivative of alkylanilines (Government of
Canada 1993). Like other alkylanilines, 3,5-DMA
is also metabolized by CYP450s to N-hydroxy-
3,5-dimethylaniline  (N-OH-3,5-DMA)  through
N-hydroxylation, which is suggested to be the
bioactivation step (Cui et al. 2007). On the other
hand, the main metabolite of 3,5-DMA, namely
3,5-dimethylaminophenol (3,5-DMAP), can either be
formed by oxidation of 3,5-DMA or as a metabolite
of N-OH-3,5-DMA by P450-catalyzed hydroxylation
(Chao et al. 2015). 3,5-DMAP can further be
metabolized to 3,5-dimethylquinone imine (3,5-
DMQI). It was shown that 3,5-DMQI goes through
redox cycling and reactive oxygen species (ROS) are
the byproducts of this cycle (Chao et al. 2015).

Through ROS production and perhaps through
many undiscovered mechanisms, 3,5-DMAP causes
cytotoxicity in different Chinese Hamster Ovary
(CHO) cells (AS52, aprt-transgenic AAS8, and aprt-
transgenic/NER-deficient UV5). It was also shown
that 3,5-DMAP caused upregulation of caspase 3
and caspase 8 activities and activation of apoptosis
in different types of CHO cells (Chao et al. 2014;
Chao et al. 2015; Erkekoglu et al. 2014). Recently,
we have shown that N-acetyl cysteine, ascorbic acid
and selenocompounds can protect CHO cells from
the oxidative damage and cytotoxicity caused by 3,5-
DMAP (Chao etal. 2014; Chao et al. 2015; Erkekoglu
et al. 2014). Therefore, one of the main cytotoxicity
mechanisms of alkylanilines in mammalian cells is
the production of ROS and ROS can be encountered
by many different antioxidants.

In a recent study, the mutagenicity of 3,5-DMAP
wasassessed by determination of the induced mutation
fraction in the aprt gene of AAS8 cells. Although at
3,5-DMAP caused an increase in mutation frequency
at 25 pM dose, it was not a statistically significant
increase vs. control. Besides, this effect was not dose-
dependent and was not present when AA8 CHO
cells were treated with 3,5-DMAP at 50 uM dose.
However, the cytotoxicity of 3,5-DMAP was clearly
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demonstrated and it was dose-dependent in many
types of CHO cells (Chao et al. 2015).

Ames test uses several strains of the bacterium
Salmonella typhimurium that carry mutations in
genes involved in histidine synthesis. These strains are
auxotrophic mutants, requiring histidine for growth.
The method depends on the test substance’s ability
to cause mutations that result in a reversion back to
a “prototrophic” state, so that the cells can grow on
a histidine-free medium. To determine frameshift
mutations, strains TA-1537, TA-1538, TA97a or TA98
are used. For point mutations, strains TA-1531, TA100,
TA102 or TA104 are used (Ames, 1989; McCann and
Ames, 1976; Mortelmans and Zeiger, 2000).

Bacterial gene mutation assay may not detect a
small proportion of mammalian specific mutagenic
agents. Therefore, at the current time a third assay
should be used. The hypoxanthine phosphorybosyl
transferase (HPRT) gene is on the X chromosome of
mammalian cells, and it is used as a model gene to
investigate gene mutations in mammalian cell lines.
The assay can detect a wide range of chemicals which
can cause DNA damage that leads to gene mutation.
The test follows a very similar methodology to the
thymidine kinase (TK) mouse lymphoma assay
(MLA). In HPRT test, mutations which destroy the
functionality of the HPRT gene and or/protein, are
detected by positive selection using a toxic analogue
(6-thioguanine, TG), and HPRT (-) mutants are seen
as viable colonies. Unlike bacterial reverse mutation
assays, mammalian gene mutation assays respond to
a broad spectrum of mutagens, since any mutation
resulting in the ablation of gene expression/function
produces a HPRT (-) mutant.

Taking into consideration all the available data,
this study was performed to determine whether
varying concentrations (2.5, 5, 10, 25, 50, 100 pg/
ml) of 3,5-DMAP causes mutagenic effects in S.
typhimurium bacterial strains, by using a renewed
version of traditional Ames test. To investigate this
effect, S. typhimurium, TA98 and TA100 strains,
were used to determine base-pair and frame shift
mutations, respectively in the presence or absence of
S9 fraction.

METHODS AND MATERIALS
Chemicals

N-Methyl-N'-nitro-N-nitrosoguanidine
(MNNG), TG, Giemsa stain and DMSO were
obtained from Sigma Aldrich (St.Louis, MO, USA).
All cell culture chemicals, media and equipment were
from Gibco (Grand Island, NY).
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Kit
Ames test kit was obtained from Xenometrics
(Stilwell, KS).

Synthesis of 3,5-dimethyaminophenol

3,5-DMAP was synthesized according to Chao et
al. (2012). Briefly, a mixture of sulfanilic acid, sodium
carbonate and water was heated to 60°C and then
cooledinanicebath. Sodium nitrite solution wasadded
and the resulting solution was poured on HClI solution
(aqueous, 5.6% w/v) in an ice bath and kept for 15
min. This solution was added to 2,6-dimethylphenol
solution (in aqueous NaOH and water) at 5°C. The
dark red reaction mixture was stirred well and kept at
25°C for 1 h. Later, it was heated to 60°C and aqueous
sodium hydrosulfite (1% w/v) was gradually added till
yellow crystals precipitate. After waiting for 15 min at
50°C, the yellow suspension was cooled to 20°C and
then filtered. The filtrate was washed with sodium
hydrosulfite (1% w/v in water) and dried under
vacuum. The final yield of the 3,5-DMAP was found
to be 82%.

Ames test

A renewed version of Ames test (384-well plate
microfluctuation method) was used throughout
the experiments. S. typhimurium bacterial strains,
TA98 and TA100, were used to determine base-
pair and frame shift mutations, respectively. Ames
test was performed according to the manufacturer’s
instructions (Ames MPF™ 98/100, Ames microplate
fluctuation). S. typhimurium haploid bacteria have
particular mutations in the gene encoding an enzyme
used to synthesize the amino acid “histidine”. The
bacteria require histidine to make many proteins,
these mutant bacteria will die unless the media in
which they are grown contains histidine. The assay
involves plating mutant S. typhimurium onto media
with trace amounts histidine and adding chemicals
to be tested for mutagenicity. The number of colonies
growing on the plate indicates the number of
revertants. In histidine containing medium, bacteria
were exposed to six concentrations of a test agent
for 90 minutes and a positive and a negative controls
were used for generating a dose-response curve. After
90 minutes, the exposure cultures are diluted in pH
indicator medium lacking histidine, and aliquoted
into 48 wells of a 384-well plate. Within two days,
cells that have undergone the reversion to histidine
prototrophy, will grow into colonies. Bacterial
metabolism reduces the pH of the medium, changing
the color of that well. The number of wells containing
revertant colonies are counted for each dose and
compared to a solvent (negative) control. An increase
in the number of revertant colonies upon exposure to

test chemical relative to the solvent controls indicates
that the chemical is mutagenic in the Ames MPEF™
98/100 assay. The mutagenic potential of substances
can be assessed directly or in the presence of liver S9
fractions. 2.5, 5, 10, 25, 50, 100 pug/mL concentrations
of 3,5-DMAP were used for the exposure. Lyophilized
rat liver S9 microsomal fraction, purcased from
Xenometrix (Allschwil, Switzerland), was also used
for the metabolic activation. Mutagenic potential
of 3,5 DMAP was evaluated in the absence and
presence of the S9 mix. Positive control chemicals
were 2-nitrofluorene (2 ug/mL) and 4-nitroquinoline
N-oxide (0.1ug/mL) (for tests without S9) and
2-aminoanthracene (5ug/mL) (for tests with S9).
DMSO (1% v/v) was used as the negative control.
The number of positive (yellow) wells out of the
total number of wells were counted in triplicate and
compared with the negative control. The criteria used
to evaluate the Ames results were the fold increase in
the number of positive wells over the solvent control
baseline and the dose dependency. The fold increase
of the revertants relative to the solvent control was
determined by dividing the mean number of positive
wells at each dose by those in the solvent control at
baseline. The solvent control baseline was defined
as the mean number of positive wells in the solvent
control plus one standard deviation (SD). An increase
of 22-fold relative to the baseline was classified as
being positive and no response >2-fold of the baseline
as negative.

Hypoxanthine
(HPRT) Test

Phosphoribosyltransferase 1

This mutation assay is used to evaluate the
potential of 3,5-DMAP to induce mutations at the
hgprt locus of CHO cells. Cells deficient in HPRT are
selected by resistance to TG (Stock solution: 1 mg/ml
in DMSO, stored at 4°C, stable at least for 2 months,
used as 10 pg/mL). The HGPRT gene mutation
assay was carried out using the following procedure
proposed by Johnson (2012), Nestmann et al. (1991)
and OECD (1997) with slight modifications. The
CHO cells [~1 x 10°, in 10 ml F12 medium with 10%
fetal bovine serum (FBS)] were trpsinized, seeded
on plastic petri dishes and 24 h after cells (~1 x
10°) were re-trpsinized, split and again seeded on 10
cm-petri dishes. Cells were later were treated with
different concentrations of 3,5-DMAP (0, 2.5, 5, 10,
25, 50 and 100 pg/ml) for 24 h. Then, 200 cells were
plated (triplicate per dose) to determine cytotoxicity,
and the relative cell survival (RCS) was expressed
as a percentage of the negative control. MNNG was
selected as positive control (0, 0.5, 1, 1.5 and 2 pg/ml).
Negative control was DMSO. Cells were later sub-
cultured, re-plated in a 10 cm-petri dish and after a
7-day expression period, 2.0x10° cells were exposed
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to TG at a final concentration of 10 ug/mL in a 15 ml
medium. Cell were incubated and after 7 days, fixed
with formal and stained with Giemsa. For each data
point, three dishes were used. The mutant frequency
is expressed as number of mutant cells per number of
surviving cells. A result is classified as positive if there
is a concentration-related or reproducible increase in
mutant frequency observed. Positive results for the
HPRT-mutation assay indicate that the test substance
induces gene mutations in the cultured cells used. Test
is repeated in three consecutive days and the mean of
three assays were given.

Statistical Analysis

The results were expressed as mean+SD for three
independent experiments and the differences between
the groups were determined by Mann-Whitney test
using a Statistical Package for Social Sciences Program
(SPSS) version 17.0 for HPRT test. p-values <0.05
were considered as statistically significant.

RESULTS

To evaluate the results, the fold increase of the
revertant S. typhimurium colonies should be >2-
fold of the baseline OD and then was considered
to be positive. According to our results, none of
tested concentrations of the compound caused >2-
fold increase compared to baseline OD (Figure 1).
Significant increases in the number revertant bacteria
were not observed for any concentrations of 3,5-
DMAP (2.5,5, 10,25, 50, 100 pg/ml), with and without
the addition of S9 microsomal fraction. Although
3,5-DMAP caused a dose-dependent increase in
the mutation frequency, particularly in both TA98
(without S9 mix) and TA100 strains (without S9 mix),
the increases were not statistically significant as the
baseline mutations were not 2 times higher compared
to negative control (as indicated in the test protocol).
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Figure 1. Quantification of Revertant Colonies by Ames Test.

A. Revertant colonies after application of different concentrations of 3,5-DMAP to Salmonella typhimurium TA 98 strain (without S9).

B. Revertant colonies after application of different concentrations of 3,5-DMAP to Salmonella typhimurium TA 98 strain (with S9).

C. Revertant colonies after application of different concentrations of 3,5-DMAP to Salmonella typhimurium TA 100 strain (without S9).

D. Revertant colonies after application of different concentrations of 3,5-DMAP to Salmonella typhimurium TA 100 strain (with S9).

The cell survival in 3,5-DMAP and MNNG applied
cells were given in Table 1. These results showed that
the HPRT mutation frequency caused by 3,5-DMAP
is not statistically significant when compared to

20
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Table 1. The cell survival in 3,5-DMAP and MNNG applied cells in HPRT test.

Dose (pg/ml) RCS (%) CE (%) NMC MEF (%)(/10°)
3,5-DMAP
0 100 95,71 5 5,22%
2.5 89,71 95,12 5 5,26%
5 83,44 94,22 6 6,37*
10 72,17 93,94 7 7,45%
25 61,46 92,73 8 8,63*
50 49,80 91,70 10 10,91*
100 26,83 85,13 28 32,89*
MNNG
0 100 10,7 5 46,73
0.5 80,50 55,12 31 56,24
1 27,13 44,22 34 76,89
1.5 15,40 33,94 51 150,27
2 4,62 19,73 101 511,91

RCS: Relative cell survival as a % of the negative control; CE: Cloning efficiency; MNNG: N-Methyl-
N'-nitro-N-nitrosoguanidine; NMC: Number of mutant clones; MF (%): Mutant frequency calculated

as NMC/CE.
*different than the MNNG applied group (p<0.05).

DISCUSSION

Alkylanilines are widely used in industry.
Occupational ~exposure to alkylanilines (ie.
hairdressers, hair saloon workers, chemical
manufacturing plant workers) and polycyclic
aromatic hydrocarbons (PAHs) are suggested to be
cause serious health outcomes, including cancer
(Burger et al. 2013; Jiang et al. 2007). Among all the
alkylanilines, 3,5-DMA and 2,6-dimethylaniline (2,6-
DMA) were particularly suggested to cause alterations
in bladder, through different mechanisms (Carreén et
al. 2014). The main compounds are generally regarded
as weak toxicants; however this may not be valid for
their metabolites (Jiang et al. 2007).

3,5-DMA is used in the production of azo
dyes, pharmaceuticals, antioxidants, detergents,
wood preservatives, textiles, metal complexes and
antiozonants (Government of Canada 1993). Studies
have suggested that exposure to its main metabolite,
namely to 3,5-DMAP, induces an imbalance in cellular
antioxidant/oxidant status causing a dose-dependent
cytotoxicity in different types of CHO cells (Chao et
al. 2012; Chao et al. 2014; Chao et al. 2015; Erkekoglu
et al. 2014). Besides, 3,5-DMAP caused apoptosis
as evidenced by increases in caspase 3 and caspase 8
activities and by increases in apoptotic cells determined
by flow cytometry (Chao et al. 2012; Chao et al. 2014;
Chao et al. 2015; Erkekoglu et al. 2014). However, in
literature there is no study that show the possible
mutagenic effect of 3,5-DMAP on Salmonella strains.

The mutagenic potential of the chemicals can be
tested on DNA as it is chemically very similar in all
biologic systems. Thus, different types bacteria are used
as a first step in identifying potential human mutagens
and carcinogens before developing cancer. Ames test
is a useful method in identification of the classes of
mutagenic compounds by using mutant strains of
the bacteria S. typhimurium. The mutant bacteria
are unable to synthesize the amino acid histidine in
culture medium. However, it is possible to reverse this
mutation with the gene regaining its function. These
revertants are able to grow on a medium lacking
histidine. If the test chemical is mutagenic to the strain
of bacteria, the number of histidine-independent
colonies will be significantly grown on those plates
compare to the corresponding control plates for that
strain of bacteria. The mutant frequency is expressed
as the quotient of the number of revertant colonies
over the number of colonies in the negative control
(Gold et al., 1992; Johann et al., 2016; McCann and
Ames, 1976). Positive test indicates that the chemical
is mutagenic and therefore may act as a carcinogen,
because cancer is often linked to mutation. The test
serves as a quick and convenient assay to estimate
the carcinogenic potential of a compound because
standard carcinogen assays on mice and rats are time-
consuming and expensive. However, false-positives
and false-negatives are known as S. typhimurium is
a prokaryote, therefore it is not a perfect model for
humans. Rat liver S9 fraction is sometimes added to
the media if the metabolite, not the main compound, is
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suspected to cause mutations; however, the differences
in the xenobiotic metabolizing enzymes between
human and rat can affect outcome of the experiments
and the mutagenicity of chemicals being tested (Ames
and Gold, 1990; Mortelmans and Zeiger, 2000).

The Ames test was basically developed using agar
plates (the plate incorporation technique). However,
nowadays a new version of the Ames test is being used
and it is known as the “fluctuation method” or “Ames
IT assay”. Fluctuation method is performed entirely in
liquid culture by using 96-well or 384-well microplates.
The results are comparable to the traditional pour plate
method in terms of sensitivity and accuracy. Besides,
it requires less test sample, has a simple colorimetric
endpoint andi it is preferred because of its robustness
(Bridges, 1980). Fliickiger-Isler et al. (2004) tested
19 coded chemicals in an international collaborative
study for their mutagenic activity by using the
fluctuation method (TA98 and TAMix) throughout the
experiments. A comparison of the test outcome of the
different investigators resulted in an inter-laboratory
consistency of 89.5%. The researchers concluded
that owing to the high concordance between the two
test systems and the low inter-laboratory variability
in the results, this method is an effective screening
alternative to the standard Ames test, requiring less
test material and labor. Kamber et al. (2009) compared
the traditional version of Ames test to 384-well plate
microfluctuation method. There was 84% agreement
between the two procedures in identifying mutagens
and non-mutagens, which is equivalent to the intra-
and interlaboratory reproducibility of 87% for the
traditional test.

In the present work, we used 384-well plate micro
fluctuation method as it gives faster and robust
results. We did not observe significant increases in
3,5-DMAP-induced mutations in both TA98 and
TA100 S. typhimurium strains when there was no S9
mix in the media (Figure 1 and Figure 2). Previously,
we observed that 3,5-DMAP at 25 uM dose (p>0.05)
but not at 50 uM, induced mutation frequency in AA8
CHO cells and ascorbic acid was found to be partially
protective against this effect at 25 uM dose but not at
50 uM dose of 3,5-DMAP (Chao et al. 2015).

In HPRT assay, mutant cells are selected by
incubation with a purine analogue (i.e. TG) that is
toxic to normal cells but not to mutants. The HPRT
mutation assay has been already successfully applied
to the evaluation of different chemicals. Although
there are several studies on the DNA damaging effects
of aminophenols, few studies have been conducted
to analyze their potential mutagenic effects at gene
level. Majeska and Holden (1995) used HPRT assay
in CHO and L5178Y tk +/- mouse lymphoma cells
to determine the gene mutation frequency caused
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by aminophenol (PAP), a metabolite of aniline and
acetaminophen. In CHO cells, however, there was
no increase in TG-resistant cells at dose levels that
reduced cell survival to <20%. These results are
consistent with published reports on PAP. While the
CHO cells were slightly more resistant to the toxic
effects of PAP, the dose levels used in the two cell
lines did not differ by more than 2-fold. At equivalent
survival levels, PAP induced a significant (up to 20%
aberrant cells) number of aberrations, primarily
complex rearrangements, in both cell lines. The results
obtained in this study seems to be in accordance with
our results.

In conclusion, this is the first study that shows
3, 5-DMAP was not mutagenic in bacteria (also
and mammalian cells) although it is cytotoxic in
mammalian cells. Therefore, we can suggest that as 3,
5-DMAP is not mutagenic but cytotoxic, 3, 5-DMAP
or its derivatives may have an anticancer effect.
However, comprehensive studies are needed to prove
this assumption. Furthermore, it should be tested in
different mammalian cells, including human bladder
cells for its mutagenic potential. Our future aim is to
conduct mechanistic in vitro and in vivo studies that
can provide more mechanistic information on the
mode of action of 3,5-DMAP.
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