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Abstract
The use of magnetic nanoparticles in nanomedicine applications has increased significantly in recent years. Genotoxic evaluation of
the nanomaterials used for this purpose is therefore very important. In our study, the genotoxic effect of C60 fullerene-γ-Fe2O3 and
multi-wall carbon nanotubes-γ-Fe2O3 magnetic nanoparticles over a wide concentration range (0.1, 1.0, 5.0, 10.0, 25.0, 50.0, and 100.0
µg/plate) was investigated using the Bacterial Reverse Mutation Test. These magnetic nanoparticles did not cause genetic damage to
Salmonella typhimurium TA100 and TA98 in the presence and absence of metabolic activation. Due to the rapid increase in the presence
of nanoparticles in our daily lives, mutagenicity and toxicity data related to nanoparticles are quite valuable. For this reason, in vivo and
in vitro studies that allow for effective evaluation of these compounds is of the utmost importance.

Keywords: Genotoxicity, Nanotoxicity, Multi-wall carbon nanotubes-γ-Fe2O3, C60 Fullerene-γ-Fe2O3, Salmonella/Microsome mutagenicity
assay

C60 Fullerene-γ-Fe2O3 ve Çok Duvarlı Karbon Nanotüpler-γ-Fe2O3
Nanopartiküllerinin Genotoksik Etkilerinin Değerlendirilmesi
Öz
Nanotıp uygulamalarında manyetik nano parçacıkların kullanılması son yıllarda önemli ölçüde artmıştır. Bu amaçla kullanılan nano
malzemelerin genotoksik değerlendirilmesi bu nedenle çok önemlidir. Çalışmamızda, C60 fullerene-γ-Fe2O3 ve çok duvarlı karbon
nanotüpler γ-Fe2O3 manyetik nanopartiküllerin geniş bir konsantrasyon aralığında (0.1, 1.0, 5.0, 10.0, 25.0, 50.0 ve 100.0 µg/plaka)
genotoksik etkisi Bakteriyel Geri Mutasyon Testi kullanılarak araştırıldı. Bu manyetik nanopartiküller, metabolik aktivasyonun varlığında
ve yokluğunda Salmonella typhimurium TA100 ve TA98’de genetik hasara neden olmamıştır. Günlük yaşamlarımızda nanopartiküllerin
varlığındaki hızlı artış nedeniyle, nanopartiküller ile ilgili mutajenite ve toksisite verileri oldukça değerlidir. Bu nedenle, bu bileşiklerin
etkili bir şekilde değerlendirilmesine olanak sağlayan in vivo ve in vitro çalışmalar oldukça önemlidir.

Anahtar sözcükler: Genotoksisite, Nanotoksisite, Çok duvarlı karbon nanotüpler-γ-Fe2O3, C60 fullerene-γ-Fe2O3, Salmonella/Mikrozom
mutajenite testi

INTRODUCTION
Nanotechnology deals with the production of nanometerscale (1-100nm) materials with the appropriate size and
features to suit the potential area of use [1,2]. Nanotechnology
products such as polymeric nanomaterials, fullerenes,
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single-walled carbon nanotubes, multi-walled carbon
nanotubes, magnetic nanoparticles, and quantum dots
have a wide range of applications [3]. As the particle size of
a material decreases to the nanometer range, its physical
and chemical properties vary considerably from those
of its larger counterparts [4]. With these developments, it
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is important to examine the effects of nanomaterials on
living organisms, such as their toxicity and mutagenicity.
It is difficult to design multifunctional nanoparticles with
the necessary properties to be effective for both the
diagnosis and treatment of diseases. One of the important
precursors in this area is magnetic nanoparticles. We have
studied the mutagenesis of γ-Fe2O3 magnetic nanoparticles
containing multi-wall carbon nanotubes and C60 fullerene,
which are potentially useful in nanomedicine. In the recent
past, nanomedical applications of magnetic nanoparticles
have been investigated due to their superparamagnetic
moments with high magnetic saturation [5].
Superparamagnetic iron oxide nanoparticles (SPION) with
different surface chemistries are used in many in vivo
nanomedical applications such as magnetic resonance
imaging contrast enhancement, tissue repair, immunoassay, detoxification of biological fluids, hyperthermia,
drug delivery, and in-cell separation [6].
Carbon nanotubes (CNTs) are nanomaterials with very
specific physicochemical properties that can be used as
biosensors in nanotechnology and medical applications,
as new vehicles for diagnosis and treatment of diseases,
and as molecular carriers for drug delivery [7]. However,
research on CNTs is steadily on living organisms as new
applications for these materials as medical devices for
treatment and diagnosis are discovered [8]. However,
little work has been done on the effects of CNTs on human
and other living things, and this effect varies depending
on the nature of the CNTs, the duration of exposure, and
the dose [9].
Fullerenes, especially C60, have very good physical and
electrochemical properties for use in medical fields.
Fullerenes may have different activity areas, including
antiviral activity as an inhibitor of HIV protease and antioxidant activity as a radical scavenger. However, when
fullerenes are exposed to light, singlet oxygen is produced,
which can lead to DNA damage by direct electron transfer.
At the same time, fullerenes can be used as a tool in gene
and drug delivery. Although the nanoparticle properties
such as the suitability for injection and high accumulation
potential for target organs are important for medical
applications, the most important property is nontoxicity [10].
Genotoxicity and cytotoxicity studies are common due
to increased concern about the toxic potential of nanoparticles [11].
In our study, the genotoxic effect of C60-γ-Fe2O3 and MWCNTγ-Fe2O3 nanoparticles at a wide range of concentrations
was tested using the OECD test guidelines 471 (Bacterial
Reverse Mutation Test). The principle of this test is to detect
mutations that inhibit the synthesis of certain essential
amino acids and cause recurrence of mutations previously
formed in test strains [12]. In the Bacterial Reverse Mutation
Test (Salmonella/microsome mutagenicity assay), the S9 mix

is used for metabolic activation. The S9 mixture acts as an
imitator of the oxidative system responsible for the oxidative,
peroxidative, and reductive metabolisms of various biological
or chemical substances containing cytochrome P-450.
Metabolic activation (S9) is therefore a valuable method
for detecting changes in mutagenicity as a result of biotransformation of a compound during in vitro studies [13-15].
The main objective of this work is to determine the genotoxicity of C60 fullerene-γ-Fe2O3 (C60-γ-Fe2O3) and multi-wall
carbon nanotubes-γ-Fe2O3 (MWCNT-γ-Fe2O3) nanoparticles,
which will be used in biomedical applications such as drug
transport.

MATERIAL and METHODS
Nanoparticles
The C60-γ-Fe2O3 and MWCNT-γ-Fe2O3 nanoparticles used in
this work were synthesized by Dr. Kilinc [3,16]. In this study,
Sodium azide was used as a positive control and DMSO/
water was used as a negative control to determine the
mutagenicity of the nanoparticles. The positive controls
used in this study were 1 µg/plate Sodium azide (NaN3) for
TA100, 1.5 µg/plate 2-amino-fluorene (2-AF) for TA98.
Instrumentation
Concentration of Fe was measured by ICP-OES (Perkin
Elmer, Optima 2100 DV) at a wavelength of 238.204 nm.
Infrared spectra of cMWCNT and MNP at 4000-400 cm
intervals were recorded by FT-IR (Mattson Model 1000).
Model P525 Vibrating Sample Magnetometer (VSM)
was used as a physical property measurement system
(PPMS). To obtain SEM and HR-TEM images of MNPs, a
LEO-Evo 40XVP scanning electron microscope and a Jeol
JEM 2100 FHR TEM were used at 200 kV with a probe size
below 0.5nm [3,16].
Synthesis of cMWCNT-γ-Fe2O3 Magnetic Nanoparticle
1.25g MWCNT was refluxed in 50 mL 1.0 mol/L HNO3 for
24 h in order to expose the raw MWCNT to strong acidic
conditions for carboxylation. Then, the dispersion was
exposed to a mixture of H2SO4 and HNO3 (3:1, v/v) at 30°C
for 5.0 h. The cMWCNT obtained by filtration was then
dried at 85°C for 24 h.
1.25g of MWCNT was refluxed in 50 mL of 1.0 mol/L HNO3
for a day. Then it was dispersed in a mixture of H2SO4
and HNO3 (3:1, v/v) and sonicated at 30°C for 5.0 h. Then,
cMWCNT (oxidized and shortened) was filtered and dried
in oven at 85°C for a day. FeCl3.6H2O and FeCl2 (mole ratio
2:1) were dissolved in 40 mL of distilled water and 0.1g
of cMWCNT was added to it by vigorously stirring. 30 mL
of NH3 was added dropwise for a time of 60 min at 80°C.
Resulting black solution was filtered and cMWCNT-γ-Fe2O3
as black precipitate was washed with distilled water until it
was neutral. Then, it was dried in oven at 90°C for a day [16].
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Synthesis of C60-γ-Fe2O3 Magnetic Nanoparticle
γ-Fe2O3 (0.36g) was added to the solution of 0.17g of C60
fullerene dissolved in 100.0 mL of toluene. The mixture
was sonicated for 5.0 min at 30°C and vigorously stirred
for 3 days at room temperature. FeCl3.6H2O and FeCl2, at
the molar ratio of 2:1, were dissolved in distilled water
and stirred in a 100.0 mL three necked flask. 30.0 mL of
5% NH4OH solution was added dropwise at 75°C with
vigorous stirring for about 2.0 h under nitrogen purge. It
was subsequently washed with distilled water, toluene,
and absolute ethanol until the C60 absorption peak
disappeared by monitoring UV-VIS spectra at 554nm [3].
Characterization of cMWCNT-γ-Fe2O3 and C60-γ-Fe2O3
Magnetic Nanoparticle
Approximately 0.01g of cMWCNT and cMWCNT-γ-Fe2O3
were weighed. First 3.0 mL concentrated HCI and then
0.5 mL H2O2 and 1.0 mL HNO3 added into the beaker and
heated to dryness. The resulting cMWCNT-γ-Fe2O3 MNPs
and cMWCNT were dissolved in 50 and 5.0 mL of 1.0 mol/L
HNO3, respectively. The Fe concentrations in the cMWCNTγ-Fe2O3 magnetic nanoparticle and raw cMWCNT from
were measured by ICP-OES. Surface functionality were
investigated by FT-IR spectra. The chemical structure of
γ-Fe2O3 nanoparticles functionalized with cMWCNT was
investigated by XRD. The magnetic saturation value of
MNPs were determined using VSM. Macro-structures of
nanomaterials were determined by SEM while morphology
and microstructures were determined using HR-TEM [3,16].
Bacteria Strains
The strains TA98 and TA100 of Salmonella typhimurium were
purchased from the Salmonella genetic stock center at
University of Calgary, Canada and genetically controlled [17].
Salmonella strains were used with or without the S9 mix [18].
S9-based Metabolic Activation System
S9 was prepared using a mixture of metabolic activator,
phosphate buffer (0.2 M), 130 µL deionized water, S9
fraction 100 µL, KCl (0.33 M), MgCl2 (0.1 M), NADP (0.1M),
and glucose-6-phosphate (0.1M). The supernatant from
liver homogenate of rats exposed to phenobarbital was
used for elution of S9 fractions [18,19].
Bacterial Reverse Mutation Assay
Bacterial reverse mutation assays were performed according
to Maron and Ames [18]. Basically, histidine-independent
and histidine-dependent mutations were detected using
S. typhimurium TA98 and TA100 test strains in the presence
or absence of S9 mix.
S. typhimurium TA98 and TA100 test strains supplied as
lyophilized strains were diluted by adding 1 mL of nutrient
broth under aseptic conditions. Then, the diluted culture
was transferred into 4 mL of nutrient broth. Single colony

planting on nutrient-scored plaques by taking a drop
of diluted cultures. Plates were maintained at +4°C for
genotyping strains. Control tests performed for mutant
strains before mutation tests were performed include
control of histidine requirement, control of R factor, control
of Rfa mutation, control of uvrB mutation and control
of the number of spontaneous return colonies. Master
plates, which can be stored at +4°C, were also prepared
simultaneously with the control of genetic properties.
Plates containing selective nutrient media prepared for the
control of each property were plated on the same column
with sterile toothpicks from the test strips, which were
reduced by one colony, to the plate of MGA, MGA + histidine/
biotin, ampicillinous nutrient agar and two nutrient agar
(for UV and master plaque) respectively. The plates were
incubated at 37°C. After incubation, the colonies bearing
the full genetic traits were labeled on the master plate
and stored at +4°C for use in culture preparation. Positive
mutagen control used to detect bacterial responses to
known standard mutagenes was made in parallel with
the essential experiment. S. typhimurium TA98 was used in
the presence of the 2-Nitrofluorene S9 mixture, an indirect
mutant for the strain, and in the absence of the direct
mutant 2-Nitrofluorene S9 mixture. Sodium azide was
used as a direct mutagen for S. typhimurium TA100 in the
presence and absence of S9 mixture. The ‘standard plate
incorporation’ method was used when running the Ames
Salmonella/microsomal test system. In this technique; Two
different experiments were carried out in the presence
and absence of S9. In the mutagenicity/antimutagenicity
studies performed with S. typhimurium standard test
strains, it is predicted that 1-2x109 Colony forming
unit (CFU) will be one mL of bacterial cultures. For the
experiment, first night culture was prepared. The master
platelet colony was inoculated into 40 mL of liquid medium
and left in the shaker (1-2x109 cfu/mL, OD540=0.1-0.2)
at 37°C at 120 rpm for 11-13 h. In the experiments in the
absence of S9, 100 mL of soft agar, previously liquidified
in a hot water bath and adjusted to a temperature of 4550°C., were distributed in 2 mL of sterile glass tubes of 2 mL
each with the addition of 10 mL of 0.5mM histidine/biotin
solution. Then 0.1 mL of bacterial culture and 0.1 mL test
compound (different concentrations of nanoparticules)
were added to the tubes and vortexed for 3 seconds at low
speed before spreading to plates containing MGA at room
temperature. The mixing-pouring-spreading process is
carried out so that the soft agar does not freeze and spread
over the entire surface of the plaque, not exceeding 20 sec.
The same procedure was applied to positive and negative
controls. In experiments in the presence of S9, 100 mL of
a soft agar, previously liquidified in a hot water bath and
adjusted to a temperature of 45-50°C, was added to 10 mL
of a 0.5mM histidine/biotin solution and 2 mL of sterile
13×100mm glass tubes It was distributed.
Antimutagenicity experiments were performed in the
absence of S9 with S. typhimurium TA98 and TA100 strains.
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In the antimutagenicity experiments, the overnight culture
was firstly prepared as described in the mutagenicity
test. 100 mL of a soft agar, which was liquidated in a hot
water bath and adjusted to a temperature of 45-50°C,
was distributed in sterile glass tubes of 2×3 mL of sterile
glass. Then 0.1 mL of bacterial culture, 0.1 mL of mutagen
(dounomycine for TA98, sodium azide for TA100), 0.1mL
of test compounds at different concentrations and 500
μL of phosphate buffer were added to 2 mL of the top
agar containing 0.5 mM histidine/biotin were added to
the tubes and vortexed for 3 seconds at low speed before
spreading to plates containing MGA (minimal glucose
plates). Plates were allowed to incubate for 48-72 h at 37°C.
The number of colonies formed after the incubation was
recorded. Each dose was tested in parallel on three plates
and three independent experiments were performed at
different times. The decrease in the number of colonies
was calculated according to the following formula as
percent inhibition.
For the antimutagenicity assays, the inhibition % was
calculated according the formula given below.
(Inhibition % = [1–T/M] ×100)
Where T is the number of revertants per plate in the
presence of mutagen, and the test sample, and M is the
number of revertants per plate in the positive control.
The antimutagenic effect (% inhibition) between 25-40%
defined as moderate antimutagenicity, 40% or more as
strong antimutagenicity, and 25% or less inhibition as no
antimutagenicity [20].
Statistical Analysis
All experiments were carried out in triplicate and the
results are expressed as means ± standard deviation (SD).
Statistical significance was determined by analysis of variance
(ANOVA) followed by Dunnett’s multiple comparison post-

test to verify the significance of a positive response. SPSS
software version 14.0 (Illinois, USA) was used for statistical
tests, and a p value of P<0.05 was considered statistically
significant.

RESULTS
Results of the Salmonella microsome test are given in
Table 1 and Table 2. Mutagenic assays of both MWCNT-γFe2O3 and C60-γ-Fe2O3 using a wide range of concentrations
(100, 50, 25, 10, 5, 1, and 0.1 µg/plate). MWCNT-γ-Fe2O3
did not increase the number of revertant colonies in
S. typhimurium TA98 and TA100 with and without the
metabolic activation mix (S9) (Table 1). Similarly, there was
no significant change in the number of revertant colonies
in S. typhimurium TA98 and TA100 used to investigate
the mutagenic potential of C60-γ-Fe2O3, both in absence
and in presence of the metabolic activation system
(S9) (Table 2). However, Sodium azide (NaN3; for TA100)
and 2-amino-fluorene (2-AF; for TA98) used as positive
controls significantly increased the number of revertant
colonies statistically. Genotoxicity testing is considered a
valuable tool for evaluating the carcinogenic risk of nanoparticles [12]. However, a single test cannot identify all
relevant genotoxic substances. Therefore, several in vitro
and in vivo tests are typically used to assess genotoxicity.
Spontaneous mutational DNA damage in TA98 strain is
reverted to wild-type by specific mechanisms of frameshift
(templated mutations at CG sequence), which do not occur
in TA100 (base substitution at CG sequence).
C60 fullerene-γ-Fe2O3 [3] and MWCNT-γ-Fe2O3 [16] were successfully used adsorptions of flurbiprofen, a non-steroidal antiinflammatory drug and harmane, one of the most potent
tremor producing β-carboline alkaloids. By considering, the
results it could be concluded that both of nanomaterials
could be used in biomedical application include adsorption
and controlled release of drug as nanocarriers.

Table 1. Spontaneous revertant colonies induced by MWCNT-γ-Fe2O3 to S. typhimurium (TA 98, TA 100) with and without metabolic activation (S9)
Dose
(µg/plate)

TA100

TA98

-S9

+S9

-S9

+S9

0

89.6±3.4

91.0±12.0

35.3±4.5

33.0±2.0

0.1

100.6±13.0

98.0±12.3

27.3±1.5

36.6±5.5

1

81.3±7.5

98.6±5.1

32.3±5.7

38.3±8.7

5

88.0±0

96.3±10.4

30.3±2.5

40.0±11.2

10

87.3±9.5

102.6±7.5

33.6±9.7

31.3±9.0

25

72.3±5.5

93.6±5.6

38.0±8.0

37.3±4.6

50

87.0±6.0

86.0±13.0

34.0±2.0

30.3±4.1

100

85.0±2.0

88.0±3.4

38.3±2.0

36.0±4.6

DMSO/water

89.0±6.8

Positive Control

960.6±30.4

b

89.6±8.0

35.3±4.2

44.3±4.8

1615±45.9b

368.6±37.8c

704.3±24.5c

All values are expressed as mean±standard deviation (SD). a DMSO/water, b Sodium azide (1 g/plate) (Positive control), c 2-Nitrofluorene (2 g/plate) (Positive
control), * P<0.05 (ANOVA+Dunnett’s multiple comparison post test)
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Table 2. Spontaneous revertant colonies induced by C60-γ-Fe2O3 to S. typhimurium (TA 98, TA 100) with and without metabolic activation (S9)
TA100

TA98

Dose
(µg/plate)

-S9

+S9

-S9

+S9

0

89.6±6.0

91.6±8.3

30.3±4.5

44.6±2.0

0.1

67.0±5.5

92.3±11.2

38.6±11.7

39.3±3.7

1

81.3±8.5

70.3±6.8

37.6±10.6

35.0±5.5

5

85.0±9.8

89.3±8.6

34.6±8.5

33.6±6.1

10

117.3±29.8

80.0±11.0

36.3±2.0

32.0±2.0

25

119.0±13.4

92.3±10.6

31.6±3.7

47.0±11.5

50

87.6±4.9

88.0±5.2

34.6±4.6

35.6±5.5

100

88.6±16.0

91.0±4.0

38.3±3.2

34.3±3.5

DMSO/water

89.0±6.8

89.6±8.0

35.3±4.2

44.3±4.8

Positive control

960.6±30.4b

1615±45.9b

368.6±37.8c

704.3±24.5c

All values are expressed as mean±standard deviation (SD). a DMSO/water, b Sodium azide (1 g/plate)(Positive control), c 2-Nitrofluorene (2 g/plate) (Positive
control), * P<0.05 (ANOVA + Dunnett’s multiple comparison post test)

DISCUSSION
Recent biomedical studies have shown that magnetic
nanoparticles may be an important tool for in vivo and in
vitro applications. Most magnetic nanoparticles contain
superparamagnetic iron oxides such as magnetite (Fe3O4)
or maghemite (γ-Fe2O3). For medical use, it is very
important that these particles do not show any toxic
effects [21]. In this study, C60-γ-Fe2O3 and MWCNT-γ-Fe2O3
nanoparticles were investigated for their genotoxic
potential. The nanoparticles of superparamagnetic iron
oxide nanoparticles used in nanomedicine should have
diameters of 5-100 nm to ensure similarity to biological
macromolecules and for cell compatibility.
In our study, we used nanoparticles appropriate for
medical applications, although the two have different
chemical structures. Therefore, this study on genotoxic
potential of test samples is very important. Carbon nanotubes can exhibit toxic effects at different levels due
to their different sizes and properties, such as different
surfaces [22]. However, it may be suggested that similarities
between the high aspect ratio nanoparticles (HARNs) and
asbestos result in similar toxic potentials, as suggested by
the HARNs theory [23]. According to the previous studies
as the size of the nanoparticle decreases, the penetration
and thus possibility of the toxicity increases [24,25]. Nanoparticle penetration mechanisms are thought to occur
by means of adhesive interaction or passive diffusion
without a specific receptor on their surface. Electrostatic
charges, steric interactions, Van der Waals interactions or
interfacial tension effects; can provide penetration of the
nanoparticles without vesicles [26,27]. Penetration of the
nanoparticles into the cell can occur without the utilization
of phagosomes [28]. Previous studies have indicated that
C60 molecules penetrate through the nuclear membrane
after penetration into the cell. However, it has been
demonstrated that fullerenes inhibit the activity of HIV

protease by binding to the active site, which is a basic
enzyme for HIV virus [29]. Nanoparticles used in our study
were observed by TEM to have spherical sizes less than
10 nm and 5 nm for C60-γ-Fe2O3 and MWCNT-γ-Fe2O3,
respectively [3,16]. Although the nanoparticle sizes in our
study were quite small, their physical and chemical should
be evaluated in terms of toxicity.
The detailed mechanisms of nanoparticle-induced genotoxicity are not completely understood and it is furthermore
not clear if there are any nano-specific effects on DNA [30].
The “nano-specific effect” means a mechanism of toxic
action especially in particles whose initial sizes change
1-100 nm while not associated with those of different
sizes and similar chemical compound. Genotoxicity
mediated by particle can be categorized in either “primary
genotoxicity” or “secondary genotoxicity”. The former
intends to self-genotoxicity from the nanoparticles while
the latter intends to increase in genotoxicity induced by
reactive oxygen species (ROS) accumulated in course of
particle-revealed inflammation [31]. Not only in vivo but also
in vitro studies have indicated that ROS are produced by
nanoparticles of diverse compounds (fullerenes, carbon
nanotubes, quantum dots, and automobile exhaust). They
cause oxidative damage in cellular components such as
lipid peroxidation, protein carbonylations, DNA oxidation,
interference in signaling functions, and modulations in
gene transcription [32,33].
Previous studies of genotoxicity using the bacterial reverse
mutation assay have shown that the increase in the
number of returning colonies in bacteria exposed to multiwall carbon nanotubes is not significant and does not
cause mutagenic effects [1,19,22]. Similarly, in this study, the
MWCNT-γ-Fe2O3 magnetic nanoparticles did not cause
mutation under any conditions tested genotoxicity of
(Table 1). Jia et al.[34] compared the genotoxic potential
of single-wall nanotubes (SWNTs), multi-wall nanotubes
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(with diameters ranging from 10 to 20 nm), and C60
fullerenes, and determined that C60 fullerene and multiwall nanotubes showed lower cytotoxicity than single-wall
nanotubes based on MTT assays. Based on these results,
it can be concluded that the cobalt and iron traces of the
MWCNT-γ-Fe2O3 magnetic nanoparticles we use do not
generate genotoxic responses in this test system.
Fullerenes, especially C60 attractants, have widespread
use in nanomedicine due to their physical and chemical
properties [35-37]. Studies investigating whether cytotoxic
C60 fullerene (C60) is useful for various mammalian cells are
available in the literature [38-40]. Studies on the genotoxic
effect of C60 with the bacterial reverse mutation test
(AMES) are also available in the literature [1,37,41]. Shinohara
et al.[41] investigated the genotoxic effect of C60 nanoparticles by the Bacterial Reverse Mutation Test and found
that the number of revertant colonies in the group exposed
to C60 was less than two times that of the negative control,
even with metabolic activation. The negative control
of the number of return colonies caused by mutagenic
acceptance of a test sample should be more than two-fold [37].
However, studies on the evaluation of the mutagenesis of
magnetic γ-Fe2O3 (metal oxide) nanoparticles using AMES
bioassay are limited [4,42]. Whereas the magnetic forms of
nanomaterials are used for many nanomedical applications,
Pan et al.[4] evaluated the mutagenesis of different metal
oxide nanoparticles (Al2O3, Co3O4, CuO, TiO2, and ZnO) by
the Bacterial Reverse Mutation Assay. Their results showed
that these metal oxide nanoparticles do not exhibit
mutagenicity in the absence of S9 metabolic activation.
However, in the presence of S9 activation, CuO, TiO2,
and ZnO showed mutagenic potential at different levels
for some bacterial strains. In our study, it was observed
that there was no significant change in the number of
colonies returning by metabolic activation (S9 mix) of
C60-γ-Fe2O3 nanoparticles (Table 2). This suggests that the
nanoparticles used in the study do not cause oxidative or
peroxidative effects. These results are reliable, given the
authors’ experience in the field [3,16]. C60 and MWCNT will
continue to be valuable additions in the field of medicine,
especially since Fe2O3-containing nanoparticles are magnetic
and do not cause mutagenicity.
As a results of this study, the C60-γ-Fe2O3 and MWCNT-γFe2O3 magnetic nanoparticles tested in Salmonella
microsome mutagenicity test have not been shown
any muatagenic effect. Although these negative results
observed in Salmonella microsome mutagenicity test, the
further investigation needs to be done. The genotoxicity
of C60-γ-Fe2O3 and MWCNT-γ-Fe2O3 magnetic nanoparticles
obtained both provide an overview of the current study
and provide useful information for future investigations.
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