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ABSTRACT: The aim of this study was to deter-
mine the antigenotoxic potential of two newly syn-
thesized β-aminoketones against N-methyl−N′-nitro-
N-nitrosoguanidine (MNNG) and 9-aminoacridine
(9-AA)-induced mutagenesis. The mutant bacterial
tester strains were MNNG-sensitive Escherichia coli
WP2uvrA and 9-AA-sensitive Salmonella typhimurium
TA1537. Both test compounds showed significant an-
timutagenic activity at various tested concentrations.
The inhibition rates ranged from 29.5% (compound 1:
2 mM/plate) to 47.5% (compound 2: 1.5 mM/plate) for
MNNG and from 25.0% (compound 2: 1 mM/plate) to
52.1% (compound 2: 2.5 mM/plate) for 9-AA genotoxic-
ity. Moreover, the mutagenicity of the test compounds
was investigated by using the same strains. Neither test
compound has mutagenic properties on the bacterial
strains at the tested concentrations. Thus, the findings
of the present study give valuable information about
chemical prevention from MNNG and 9-AA geno-
toxicity by using synthetic β-aminoketones. C© 2012
Wiley Periodicals, Inc. J Biochem Mol Toxicol 26:258–263,
2012; View this article online at wileyonlinelibrary.com.
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INTRODUCTION

N-Methyl-N′-nitro-N-nitrosoguanidine (MNNG)
and 9-aminoacridine (9-AA) are two well-known geno-
toxic agents and have wide effects on many living or-
ganisms. MNNG is a well-known carcinogen and has
been used for ages as a chemical methylating agent that
causes DNA damages. Furthermore, it has been recom-
mended as one of the best model chemicals for scientific
studies, focusing on exploring pathways of DNA re-
pair, DNA damage response, and mutagenesis [1]. On
the other hand, 9-AA is a member of acridine family,
known as model frameshift mutagen and frequently
used in bacterial assay systems [2]. In the mutagene-
sis mechanism, 9-AA binds to DNA noncovalently by
intercalation that frequently results in frameshift mu-
tagenesis [3]. Thus, 9-AA has been utilized as a model
chemical to investigate potential hazards of various in-
tercalating agents and formation of related disorders in
living organisms.

To date, many studies have focused on MNNG and
9-AA genotoxicity to determine their effective mech-
anisms and prevention perspectives because of their
wide-range of hazardous potential [1–9]. In this man-
ner, a combination of natural or synthetic heterocyclic
compounds and effective genotoxicity test systems has
a great importance and potential to develop preserva-
tive agents against mutagens and their negative effects
[10,11].

β-Aminoketones, also known as Mannich base
derivatives, are important heterocyclic compounds.
Owing to various effects on living organisms, there
has been a growing interest in the synthesis of novel
β-aminoketones and determination of their biological
activities [12–18].
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FIGURE 1. Two newly synthesized β-aminoketones: 2-{(4-bromophenyl)[(4-methylphenyl)amino]methyl}cyclohexanone and
2-{(4-chlorophenyl)[(4-methylphenyl)amino]methyl}cyclohexanone.

Thus, the present study was designed to evalu-
ate the mutagenic and antimutagenic potentials of two
newly synthesized β-aminoketones (Figure 1) by us-
ing Ames/Salmonella and Escherichia coli WP2 bacterial
reverse mutation assay systems.

MATERIALS AND METHODS

Chemicals

Direct acting mutagens 9-AA and MNNG were
obtained from Sigma–Aldrich (St. Louis, MO) and
ABCR GmbH & Co. KG (Karlsruhe, Germany),
respectively. Other solvents and pure chemicals
including magnesium sulfate (MgSO4), sodium
ammonium phosphate (Na2NH2PO4), D-glucose,
D-biotin, sodium chloride (NaCl), L-histidine HCl,
L-tryptophane, sodium phosphate-dibasic (Na2HPO4),
crystal violet, citric acid monohydrate, potassium
phosphate-dibasic (K2HPO4), and sodium phosphate-
monobasic (NaH2PO4) were also obtained from Difco
(Franklin Lakes, NJ), Fluka (Steinheim, Germany),
Merck (Darmstadt, Germany), and Sigma (St. Louis,
MO).

Synthesis Method for β-Aminoketones

To a solution of Bi(OTf)3·4H2O (0.05 mmol) in
1 mL of water, aldehyde (1 mmol) (thiophene-
2-carbaldehyde and 4-nitrobenzaldehyde), aniline
(1 mmol), and cyclohexanone (2 mmol) were added.
The reaction mixture was stirred vigorously with a
magnetic stirrer during the mentioned time at room
temperature and then stopped by the addition of ethyl
acetate (EtOAc). The aqueous phase was extracted with
EtOAc (3 × 10 mL). The organic phases were combined
and washed with water (2 mL) and brine (2 mL) con-
secutively, dried over MgSO4, and filtered. The solvents
were removed under reduced pressure. The crude mix-
ture was purified by column chromatography (hex-
ane/EtOAc 3:1) [19].

Bacterial Tester Strains

E. coli WP2 uvrA (ATCC® number: 49979) strain
was provided by LGC standards (Middlesex, UK),
and Salmonella typhimurium TA1537 (ATCC® Number:
29630) strain was provided by The American Type Cul-
ture Collection – Bacteria Department of Georgetown
University, Washington, DC. All strains were stored at
80◦C. Working cultures were prepared by inoculating
nutrient broth with the frozen cultures, followed by an
overnight incubation at 37◦C with gentle agitation [20].

Viability Assay and Determination of Test
Concentrations

The toxicity of chemicals toward E. coli WP2 uvrA
and S. typhimurium TA1537 strains was determined as
described in detail elsewhere [21,22]. These tests con-
firmed that there was normal growth of the background
lawn, spontaneous colony numbers within the regu-
lar range, and no significant reduction in cell survival.
Thus, for the concentrations and conditions reported
here, no toxicity or other adverse effects was observed.

Bacterial Reverse Mutation Assay

The bacterial mutagenicity and antimutagenicity
assays were performed as described in detail elsewhere
[23,24]. The known mutagens MNNG [in 10% dimethyl
sulfoxide (DMSO): 1 μg/plate] for E. coli WP2 uvrA
and 9-AA (in methanol: 40 μg/plate) for S. typhimurium
TA1537 were used as positive controls. 10% DMSO was
also used as negative control in these studies.

In the mutagenicity test performed with TA1537
strain of S. typhimurium, 100 μL of the overnight bac-
terial culture, 50 μL of the test compounds at differ-
ent concentrations (0.5, 1.0, 1.5, 2.0, and 2.5 mM/plate
in 10% DMSO), and 500 μL of buffer solution were
added to 2 mL of the top agar containing 0.5 mM his-
tidine/biotin. The mixture was poured onto minimal
glucose agar plates. Histidine-independent revertant
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colonies and viable cells were scored on plates after
incubation at 37◦C for 48 h.

In the antimutagenicity test performed with the
same strain, 100 μL of the overnight bacterial culture,
50 μL of mutagen solution, and 50 μL of the test com-
pounds at different concentrations (0.5, 1.0, 1.5, 2.0, and
2.5 mM/plate in 10% DMSO), and 500 μL of buffer were
added to 2 mL of the top agar containing 0.5 mM his-
tidine/biotin. The mixture was poured onto minimal
glucose agar plates. Histidine-independent revertant
colonies and viable cells were scored on plates after
incubation at 37◦C for 48 h.

The procedures of mutagenicity and antimuta-
genicity assays described for the Ames/Salmonella test
are all applicable to the E. coli WP2 reverse mutation
assay. The only procedural difference is the addition
of limited tryptophan (0.01 mM) instead of histidine to
the top agar [23].

The plate incorporation method was used to assess
the results of mutagenicity and antimutagenicity assays
[25].

In mutagenicity assays, the mutagenic index was
calculated for each concentration, which is the average
number of revertants per plate divided by the aver-
age number of revertants per plate with the negative
(solvent) control. A sample is considered mutagenic
when a dose–response relationship was observed, and
a twofold increase in the number of mutants with at
least one concentration was observed [10,26].

In antimutagenicity assays, the inhibition of muta-
genicity was calculated by using the following equation
(where M: the number of revertants/plate induced by

mutagen alone, S0: the number of spontaneous rever-
tants, S1: the number of revertants/plate induced by
the test compound plus the mutagen):

%Inhibition =1− [(M − S1)/(M − S0)] × 100.

25%–40% inhibition was defined as moderate an-
timutagenicity, 40% or more inhibition as strong an-
timutagenicity, and less than 25% inhibition as no an-
timutagenicity [27].

Statistical Analysis

The results are presented as the average and
standard error of three experiments with triplicate
plates/dose experiment. The data were further ana-
lyzed for statistical significance using analysis of vari-
ance, and the difference among means was compared
by a high-range statistical domain using Tukey’s test.
A level of probability was taken as P < 0.05 indicating
statistical significance [10].

RESULTS

According to the mutagenicity assay results, nei-
ther test compound has mutagenic activity on the
mutant bacterial tester strains E. coli WP2uvrA and
S. typhimurium TA1537 at the tested concentrations
(Table 1).

The possible antimutagenic potentials of the test
compounds were also examined against MNNG and
9-AA mutagenicity on E. coli WP2 uvrA and S. ty-
phimurium TA1537 strains, respectively. The results of

TABLE 1. Mutagenicity Results of Two Newly Synthesized β-Aminoketones

Number of Revertants

E. coli WP2uvrA S. typhimurium TA1537

Concentration Mean ± Standard Mutagenicity Mean ± Standard Mutagenicity
Test Items (mM/plate) Error (%) Error (%)

Compound 1 (C20H22BrNO) 0.5 33.33 ± 1.33 – 25.66 ± 0.95 –
1.0 34.66 ± 1.11 – 24.50 ± 1.02 –
1.5 33.83 ± 1.55 – 25.00 ± 1.34 –
2.0 32.66 ± 0.66 – 23.66 ± 0.76 –
2.5 33.50 ± 1.33 – 28.00 ± 0.51 –

Compound 2 (C20H22ClNO) 0.5 33.00 ± 1.36 – 26.50 ± 1.28 –
1.0 35.83 ± 0.54 – 25.83 ± 1.07 –
1.5 33.33 ± 0.91 – 24.50 ± 1.36 –
2.0 34.66 ± 1.35 – 25.00 ± 0.57 –
2.5 34.33 ± 1.38 – 25.50 ± 1.60 –

MNNG 363.16 ± 8.95
9-AA 645.33 ± 11.49
DMSO (μL/plate) 34.66 ± 1.35 26.16 ± 1.13

MNNG (1 μg/plate) and 9-AA (40 μg/plate) were used as positive controls for E. coli WP2 uvrA and S. typhimurium TA1537 strains, respectively.
DMSO (dimethylsulfoxide; 100 μL/plate) was used as negative control.
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TABLE 2. Antimutagenicity Results of Two Newly Synthesized β-Aminoketones

Number of revertants

E. coli WP2uvrA S. typhimurium TA1537

Concentration Mean ± Standard Inhibition Mean ± Standard Inhibition
Test Items (mM/plate) Error (%) Error (%)

Compound 1 (C20H22BrNO) 0.5 240.00 ± 08.73 30.6∗ 381.00 ± 10.65 37.9∗

1.0 309.00 ± 09.03 10.7 321.50 ± 07.60 47.6∗

1.5 281.50 ± 07.29 18.6 312.50 ± 07.33 49.1∗

2.0 244.00 ± 08.18 29.5∗ 394.00 ± 08.88 35.8∗

2.5 295.50 ± 08.84 14.6 352.00 ± 09.11 42.7∗

Compound 2 (C20H22ClNO) 0.5 229.50 ± 06.55 33.7∗ 614.16 ± 10.49 -
1.0 235.50 ± 09.26 31.9∗ 460.50 ± 11.66 25.0∗

1.5 181.50 ± 09.24 47.5∗ 327.50 ± 08.26 46.7∗

2.0 229.00 ± 09.79 33.8∗ 317.50 ± 10.95 48.3∗

2.5 237.00 ± 07.14 31.5∗ 294.00 ± 08.91 52.1∗

MNNG 346.00 ± 8.53
9-AA 614.00 ± 8.48
DMSO (μL/plate) 34.50 ± 1.28 25.83 ± 1.60

MNNG (1 μg/plate) and 9-AA (40 μg/plate) were used as positive controls for E. coli WP2uvrA and S. typhimurium TA1537 strains, respectively.
DMSO (dimethylsulfoxide; 100 μL/plate) was used as negative control.
∗Statistically significant difference from control (P < 0.05).

the antimutagenicity assay were evaluated by using the
standard plate incorporation method and are summa-
rized in Table 2, showing the antimutagenic activities
of the test compounds tested at five different concen-
trations (0.5, 1.0, 1.5, 2.0, and 2.5 mM/plate).

In the antimutagenicity assay performed with E.
coli WP2 uvrA strain, both test compounds showed an-
timutagenic activity against MNNG mutagenicity at
different test concentrations (Table 2). The significant
inhibition rates of MNNG mutagenicity ranged from
29.5% (compound 1: 2 mM/plate) to 47.5% (compound
2: 1.5 mM/plate).

Furthermore, both test compounds also exhibited
significant antimutagenic activities on 9-AA-induced
mutagenesis in the S. typhimurium TA1537 strain at all
tested concentrations, except 0.5 μM/plate concentra-
tion of compound 2 (Table 2). The inhibition rates were
between 25.0% (compound 2: 1 mM/plate) and 52.1%
(compound 2: 2.5 mM/plate).

DISCUSSION

The synthesis and determination of biological
activities of various compounds are very important
strategies owing to their large-scale usefulness in
industrial and medicinal areas [10,28,29]. In this re-
gard, synthetic β-aminoketones, which is a Mannich
base derivative formed in the reaction of an amine,
formaldehyde (or an aldehyde), and a carbon acid,
have a great potential to be candidates for industrial

and medicinal applications. The Mannich reaction has
been one of the classical methods for the construction of
nitrogenous compounds especially β-aminocarbonyl
compounds that are versatile intermediates for the syn-
thesis of β-amino alcohols and acids, which have a great
deal of biological significance [12]. β-Aminocarbonyl
derivatives are an important class of aromatic com-
pounds that occur in various pharmaceuticals, nat-
ural products, and versatile synthetic intermediates
[13,14], and recent studies showed important biological
properties of aminoketone derivatives including anti-
tubercular, antifungal, antimalarial, antidiabetic, anti-
inflammatory, and antitumor activities [15–18]. Thus,
the mutagenic and antimutagenic properties of two
newly synthesized Mannich bases have been investi-
gated in the current study by using E. coli WP2 and
Ames/Salmonella test systems.

The results obtained from the mutagenicity as-
says showed that the test materials (compounds 1 and
2) have no mutagenic activity on E. coli WP2uvrA
and S. typhimurium TA1537 strains at all tested
concentrations.

In the antimutagenicity assays, it was shown that
compounds 1 and 2 have antimutagenic activity on
chemical-induced mutagenesis in E. coli WP2uvrA and
S. typhimurium TA1537 strains at various tested concen-
trations including 0.5, 1, 1.5, 2, and 2.5 mM/plate.

The mutagens used to determine the antimutagenic
activity of the test substances in this study were MNNG
for WP2uvrA and 9-AA for TA1537.

MNNG is a well-known carcinogen, and it is
known to exert its mutagenic and lethal effects by
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methylation of DNA [10]. Previous studies showed that
the formation of O6-methylguanine, which is one of its
important products, appears to be responsible for its
mutagenic action [4,5]. The results of this study showed
that both test compounds have antimutagenic activity
against MNNG at tested concentrations. The antimu-
tagenicity of these substances may be explained on the
basis of their inhibitor activity on the production of
O6-methylguanine.

9-AA was used in this study as a simple interca-
lator mutagen. Through intercalation, 9-AA induces
frameshift mutations at hotspots in which a single base,
especially guanine, is repeated [3,7]. The antimuta-
genicity assay performed with S. typhimurium TA1537
and 9-AA depends on the inhibition of this mechanism
by test substances, which were thought as antimuta-
genic. In this study, the results suggested that com-
pounds 1 and 2 have antimutagenic activity in TA1537
strain at different concentrations (Table 2). This antimu-
tagenic effect may be due to their inhibition capabilities
by blocking 9-AA binding to DNA.

CONCLUSIONS

In conclusion, both test compounds investigated in
the present study can be considered genotoxically safe
at the tested concentrations and they also provided im-
portant antimutagenic properties. These activities are
valuable for further investigations on protective strat-
egy development against MNNG- and 9-AA-induced
genotoxicity. The data obtained from the present study
can also be supported by performing complicate test
systems, resulting in more reliable results that will be
applicable to human health.
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