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Abstract

Nanoparticles are considerable for vital physiological processes and used the new technologies in various
branches of science and industry. This study was aimed to find out the cytotoxicity and genotoxicity of the
titanium dioxide (TiO,) and zinc oxide (ZnO) nanoparticles (NPs) suspended in distilled water on
conventional Allium test using spectrophotometry and RAPD-PCR technique. Germination roots were divided
into control and treatment groups. No chemical treatment was performed for the control group. Application
groups were given increasing doses of TiO,or ZnO NPs (10, 100 and 1000ug/mL) at 72 h. After the
application period, growing roots were collected from control and application groups and root growth,
changing of antioxidant capacity and total soluble protein, DNA damage were measured. Increasing exposure
doses of TiO, or ZnO NPs caused decreasing root length, antioxidant capacity and total soluble protein but
increasing change of band structure in DNA according to control samples in all exposure doses. As the A.
cepa’s roots were exposed to increasing doses of TiO, or ZnO NPs, the studied parameters showed the toxic
effect very well. In the event, the TiO, or ZnO NPs applications have cytotoxic and genotoxic effect and also
when compared to the toxic effect of TiO, or ZnO NPs on root meristematic cells in the A. cepa, ZnO NPs was
found to be more effective at the same dose.

Keywords: ZnO, Allium test, TiO,, cytotoxicty, DNA damage.

1. INTRODUCTION

Nanoparticles (NPs) have particle dispersions
with sizes in the range of 10-1000 nm or solid
particles (Brigger et al. 2002). For this reason,
they are described as a subset of colloids (1 nm-
1 um). Extensive use of nanotechnology is
causing inevitably large spread of NPs in the
environment. These NPs cause emissions in the
atmosphere, along with factories, garbage
deposits and waste water mud as well as
environmental pollution (Wiesner et al. 2006).
In terms of hardness, they are used in many
industrial applications especially titanium
dioxide (TiO,) and zinc oxide (ZnO) NPs in
chemical reactivities and biological activations
(Allaker 2010). TiO, is used in cosmetics,
sunscreen, food packaging, construction and
vehicle coatings as catalysis against organic
contaminants while ZnO is used in cosmetics,
sunscreen, food and coating (Danovaro et al.
2008).
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NPs are considerably smaller than other
molecules and this size increase the penalty of
different NPs (Fischer & Chan 2007). The
small dimensions of the NPs can easily be
determined by tissue, cell, organelles and allow
for the introduction of functional biomolecular
structures (DNA, ribosomes, etc.). It interacts
directly with DNA to produce DNA damage or
caused chromosomal fractures, point mutations,
oxidative stress on DNA changes (Rahi et al.
2014). The amount of penetration of NPs in the
tissue and how long they will stay here are still
unknown. When a biological structure
encounters NPs, the level of influence attached
to the physicochemical with regard to the NPs,
such as toxicity and activity. The lack of toxicity
studies is a serious shortcoming despite the
constantly increasing use of NPs, at the cellular
and molecular level (Baldi et al. 2007, Beji et
al. 2010).
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It has become very common that NPs are
genotoxic in cells (Mangalampalli et al. 2018).
Studies of TiO, NPs are increasing on various
species, but works on plants is extremely
limited. There has been studies about TiO, NPs’
toxic effect on alive. TiO, NPs toxic to some
algae and changed photosynthetic activity of
them (Kim & Lee 2005). Another report has
demonstrated theTiO, has harmful effect such
asnegatively affect the development of alga
Pseudokirchneriella subcapitata (Warheit et al.
2007). Zheng et al. (Zheng et al. 2005) find out
that TiO, NPs have useful effect on the growth
of shoots and germination of aged spinach. Asli
and Neumann (Asii& Neumann 2009) studied
toxic effect of TiO, NPs on maize seedlings’
leaf growth, root hydraulic conductivity and
transpiration.

ZnO NPs have received worldwide attention due
to their high toxicity to textiles, industrial
coatings and organisms. ZnO has been shown to
be toxic on mammalian cells lines (Suarez et al.
2017, Das et al. 2008). Lin and Xing(Lin &
Xing 2008) described that ZnO may causeroot
tips to shrink and epidermal and cortical cells to
collapse. On the other hand, there is not any
effect on germination of Cucurbita pepo seeds
germination  when grown hydroponically
(Stampoulis et al. 2009) but alsogermination of
ryegrass and corn seeds is prevented by ZnO
NPs (Lin & Xing 2007). The presence of ZnO
NPs also causes internalization ryegrass roots’
tissues (Ma et al. 2010).

While many test systems are used in the
determination of the effect of different
chemicals and agricultural substances in
genotoxic tests, the most preferred test is Allium
Test (Fiskesjo 1985). The Allium cepa test is
easy, fast and precise in its application and is a
test approved by the World Health Organization
(WHO), with clear results (Saxena et al. 2005).
The experimental use of A. cepa has many
reasons (Saxena et al. 2005, Nantes et al.
2004). Some of those: a small number of large
chromosomes (2n = 16), root-tip cells; C-
mitosis, ECsy, growth, chromosome fractures
and adhesion parameters can be easily
identified, as eukaryotic plant DNA damage can
be seen easily, easy to store and use, easy to
supply and low cost, easy and fast germination.

In a study examining the toxic and cytotoxic
effects of quizalofop-P-ethyl (QPE) herbicide on
the root ends of A. cepa L., QPE herbicide was
reported to inhibit Allium root growth (Yildiz &
Artkan 2008). The cytological effects of 2, 4 D
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and 2, 4, 5-T herbicides on different wheat
species Triticum aestivum, T. durum, Aegilops
ligustica cells were investigated. As a result,
when treatment groups were compared with the
control groups, it was observed that these
herbicides increased the number of abnormal
cells that showed changes in root growth and
total protein structure in wheat species due to
dose increase (Al-Najjar et al. 1982).

The RAPD-PCR technique is used in studies on
plants and animals without any prior knowledge
of the gene sequence to be studied using a
randomly selected primer (Tedeschi et al.
2014). Although RAPD analyses do not reveal
the cause or the level of damage to the genetic
material, the RAPD fingerprints differences can
show the DNA damage, mutation, or DNA
rearrangement visible as DNA sequence
alterations (De Wolf et al. 2004). In another
study, Cenkci et al. (Cenkci et al. 2010a)
evaluated the genotoxic potential of the two
herbicides [2, 4 dichlorophenoxy acetic acid (2,
4-D) and 3, 6-dichloro-2 methoxybenzoic acid]
by using RAPD. This technique put forth
sensitive results according to conventional
genotoxic tests to detect changes in DNA (Liu
et al. 2009, Cenkci et al. 2010D).

Usage of nanoparticles in daily life is increasing
with technology. Like a lot of chemicals,
nanoparticles have toxic effects. There is a little
studies related to the toxic effects of over-
exposed NPs due to providing the convenience
and attractive features in everyday life. In this
work effects of nanoparticles are specially used
in industry field TiO, and ZnO NPs on A. cepa
roots’cells were aimed to be researched by using
the spectrophotometry and RAPD technique.

2. MATERIAL AND METHODS
2.1. Chemicals

TiO, and ZnO NPs were obtained from Sigma—
Aldrich. The size and dosages of nanoparticles
were determined according to previous studies
(Tanksley et al. 1989, Welsh & Mc Clelland
1990, Kumari et al, 2009, Mangalampalli et al.
2017, Kumar et al. 2015). The NPs sizes used in
the literature vary in the range of 6-1000 nm and
the doses in the range of 10-1000 pg/mL. In this
study, TiO, and ZnO NPs in size of 20 nm were
used for three different concentrations (10, 100
and 1000 pg/mL)and checked with particle size
analyzer. In this study, onion (Allium cepa, 2n =
16) was used as vegetable material and obtained
from the local market. Other chemicals used
were also taken from Sigma.
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2.2. Allium Test System

Onions were divided into four (4) groups as
control and three (3) application groups. The
onions were placed in 85 x100 mm diameter
plastic beakers and provided to germinate for 72
hrs at 22 + 24 °C. During the application period:
the onions in the control group were treated with
tap water and the seeds in the application group
were treated with 10, 100 and 1000 pg/mL
doses of TiO, and ZnO NPs. 72 hrs after the
application, the root ends were washed with
distilled water, cut and stored in the eppendorf
in a refrigerator at +4 °C for root length,
changing of antioxidant capacity using FRAP-
TEAC assay and DNA structure analysis using
RAPD-PCR techniques (Ko¢ & Pandir 2018).
All trials were performed in triplicate.

2.3. Root Inhibition Test

Distilled water was applied to the control group.
The solutions were renewed every 24 hrs.
Experiments were performed at 22 + 2 °C in the
laboratory without direct sunlight. At the end of
the experiments, the average root length of the
concentration was determined (50 roots = 5
onions x 10 roots for each concentration) by
measuring the length (mm) of the 10 longest
roots (5 roots) from each of the 5 bulbs for each
of the control and different doses of TiO, and
ZnO NPs.

2.4. Analysis of Total Soluble Protein

Total soluble protein content of root tissue after
TiO, and ZnO NPs application was analyzed
according to Bradford (Bradford 1976) method.
The absorbance of standard and sample
solutions prepared six times was determined by
spectrophotometer (UVI-VIS-1800) at 595 nm
wavelength. The protein concentrations of the
samples were determined using the standard
graph (BSA).

2.5. Change in Antioxidant Capacity

2.5.1.FRAP (Iron reducing antioxidant power)
Method

Extract (0.1 ml), 3 ml FRAP (Ferric Reducing
Antioxidant Power-lIron Reducing Antioxidant
Power) reagent [0.3 M sodium acetate, buffer
solution at pH 3.6, 10 mM TPTZ (2, 4,6-Tri (2-
pyridyl) -1,3,5 triazine) solution was obtained
by mixing with 20 mM FeCl3.6H,0 solution,
respectively, in a volume ratio of 10: 1: 1] and
incubated at 20 °C for 6 min. Absorbance to
water at 593 nm (Benzei & Strain 1996). The
results were expressed as Trolox equivalent in
mg for 100 g sample.

ARC Journal of Nutrition and Growth

2.5.2. TEAC (capture of ABTS radical) Method

The determination of antioxidant activity by
ABTS radical capture method includes
modifications made using the method developed
by Miller and Rice-Evans (Miller & Rice-Evans
1997). 180 ul of ABTS (2,2-azinobis 3-
ethylbenzothiazoline-6-sulfonic acid
diammonium salt) reagent was added to 20 pL
of extract or standard. After mixing for 10
seconds, the total waiting time was 30 seconds
and the spectrophotometer was read against
water at 734 nm.

2.5.3.DNA Extraction and Determination of
Purity

At the end of 72 hrs from the control and
application groups, 0.1 g samples were taken
from the root tips. The tips of the roots were
fragmented with the aid of mortars. DNA
isolation was performed according to the Qiagen
Plant Kit procedure.

The quantity and quality of the DNA were also
checked by optical density (OD). 260 (OD260),
280 nanometers of optical density (OD280)
spectrophotometer readings obtained by using
the values and their proportions to each other,
the amount and purity of DNA were determined.
It is desirable to have this value between 1.8 and
2.0, indicating the purity of the DNA (Per and
Sumer-Ercan 2015). DNA densities were
diluted to 50 ng/mL using TAE buffer according
to the DNA density in the extracts.

2.5.4. DNA Amplification Conditions

DNA amplification was performed using the
method of Williams et al. (Williams et al. 1990).
The content of the solution prepared for the
PCR reaction is as follows: 1.5 mM 10x PCR
buffer, 25 mM MgCl,, 0.2 mM (for each)
dATP, dGTP, dCTP, and dTTP, 50 ng primer, 5
units 0.2 pl of 50 pg Taq DNA polymerase
ddH20. Each reaction tube was covered with
mineral oil to avoid evaporation from the
solution during the PCR process by completing
the solution to 25 pl with ddH,O. The PCR
cycle program is as follows: For preliminary
denaturation 4 min at 94 °C; for opening of the
DNA helix 1 min at 94 °C; Primary binding 1
min at 34 ° C 45 Cycle; New DNA software 2
min at 74 °C; Ending software 72°C 5 min.In
this study, 10 bp length and 10 alpha DNA
primers were usedand the 5°’-3’ nucleotide
sequences of the primers are given in Table 1.
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Table 1. All primers used in RAPD-PCR; primary sequences, primary binding temperatures and G + C

percentages
. Primary Sequence Primary Bonding
Primers (5— 3 G+C percentage (%) Temperature (°C)
OpA?9 GGGTAACGCC 70 34
OpA 17 GACCGCTTGT 60 32
OpA 20 GTTGCGATCC 60 32
OpB7 GGTGACGCAG 70 34
OpB 20 GGACCCTTAC 60 32
OpC1 TTCGAGCCAG 60 32
OpC 15 GACGGATCAG 60 32
OpC 20 ACTTCGCCAC 60 32

2.5.5. Evaluation of the obtained RAPD profiles

RAPD profiles were compared with the control
groups to determine whether new bands were
formed or not. When grading the samples, the
observed difference (a new band formation or
band loss) for each band in the control in the
RAPD profile was calculated as "1" if there was
no difference, and as "0" if there was no
difference. The data obtained as a result of
scoring were tabulated and evaluated
statistically by t test. The mean of polymorphic
bands were taken for statistical analysis. The
calculation is made by dividing the polymorphic
bands to all bands (monomorphic +
polymorphic) in each group with obtained
different primers. The genomic template
stability (% GTS) percentage value is obtained
and made evaluation for genotoxic effect
according to the formula 100 — 100 (a/n)
(Atienzar et al. 2010).

3. RESULTS

At the end of the 24" hour, onions showing
homogeneous rooting were selected and
cultured with distilled water (control group) and
different doses of TiO, and ZnO NPs (10,100
and 1000 pg/mL). At the 72" hour of the
applications, the onions were harvested and root
growth, total soluble protein, antioxidant
capacity by FRAP-TEAC assay and the level of
changes in genomic DNA determined by RAPD
assay were analyzed.

3.1. Effect of TiO2 and ZnO NPs on Root
Growth

In TiO, and ZnO NPs applications groups,
onion root growth was significantly inhibited (P
< 0.05) in increasing concentrations (10,100 and
1000 pg/mL) of TiO, and ZnO NPs applications
compared to the control group. Student-t-test
paired comparisons of TiO, and ZnO NPs
application groups, the control group’ roots at
the end of 72 hrs for the length roots (P < 0.05)
significant difference was determined. A
significant decrease in root growth (P < 0.05)
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was determined after 72 hrs according to ZnO
application comparision to TiO, NPs (Figure 1).
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Figure 1. Comparison of root growth in A. cepa
roots exposed to different TiO, and ZnO NP

3.2. Effect of TiO2 and ZnO NPs on Total
Soluble Protein Content

Total soluble protein content of root tissue
decreased significantly (P < 0.05) in 72 hrs TiO,
and ZnO NPs application compared to the
control group. However, total soluble protein
content of the control stem tissues was
significantly reduced after ZnO NPs compared
to TiO, NPs. Among these application groups,
the highest decrease in protein content was
determined for 1000 pg/mL  ZnO NPs
application (Figure 2).
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Figure 2. Comparison of total soluble protein level
in A. cepa roots exposed to differentTiO, and ZnO
NP
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3.3.Effect of TiO2 and ZnO NPs on
Antioxidant Capacity

The results obtained in the antioxidant capacity
study for the TiO, and ZnO NPs treatment
obtained results were shown in Figure 3. When
Figure 3 was examined, it can be stated that
FRAP-TEAC values decreased in all samples
after TiO, and ZnO NPs applications.
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The results obtained after ABTS analysis for
increasing doses of TiO, and ZnO NPs
respectively; 0.252 pmol TEAC/100 g, 0.15
pumol TEAC/100 g;0,13 pmol TEAC/100
0,0,045 pmol TEAC/100 g and 0,9 pmol
TEAC/100 g,0,025 pmol TEAC/100 g.

3.4. Diagnostic Analysis of RAPD Profiles

A different number of polymorphic bands were
obtained at each application concentration of
TiO, and ZnO NPs applied with 8 primers. This
polymorphism was shown in Table 2 in terms of
increasing,  decreasing the density of
proliferating bands, disappearing bands or

forming new bands. The formation of new
obtained mostly from high

bands was

When the FRAP results shown in Figure 3 were
examined, for increasing doses of TiO, and ZnO
NPs, respectively; 0,452 umol TEAC/100 g, 0,3
pmol TEAC/100 g; 0,26 p mol TEAC / 100 g,
0,09 p mol TEAC / 100 g and 0,175 pmol
TEAC/100 g, 0,05 pmol TEAC/100 g.

TEAC (pmolgf Trslox equwIL)
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concentrations of TiO, and ZnO NPs (Figures4-
11).

In this study, twenty 10-mer priming
oligonucleotides (primers) were selected to
determine the toxic effects of different doses of
TiO, and ZnO NPs (10, 100 and 1000ug/ml) on
the growth of germinated onion roots, but
suitable results were obtained for 8 of them. A
total of 140 bands were obtained from these 8
primers according to the RAPD-PCR profile.
The appearance of all polymorphic bands in the
RAPD profile was shown in Figures 4-11. Table
2 showed the 1-0 matrix created for the presence
and absence of RAPD bands obtained from all
primers and application groups.

Figures 4, 5. RAPD-PCR profiles with the OpA 9 and 17 primers in A.cepa roots. (1) TiO, 10 pug/ml, (2) TiO,
100 pg/ml, (3) TiO, 1000 pg/ml, (4) ZnO 10 pg/ml, (5) ZnO 100 pg/ml, (6) ZnO 1000 pg/ml, (M) Marker,

(C) Control group, (N) Negative Control.

ARC Journal of Nutrition and Growth

Page | 5



Assessment of Toxic Effects of Titanium Dioxide and Zinc Oxide Nanoparticles in Allium cepa Roots

s . .
Vi : & \ M 1 s

Figures 6, 7. RAPD-PCR profiles with the OpB 7and OPC 20 primers in A.cepa roots. (1) TiO, 10 pg/ml, (2)

TiO, 100 pg/ml, (3) TiO, 1000 pg/ml, (4) ZnO 10 pg/ml, (5) ZnO 100 pg/ml, (6) ZnO 1000 pg/ml, (M)
Marker, (C) Control group, (N) Negative Control

Figures 8, 9. RAPD-PCR profiles with the OpA 20 and OpB 20 primers in A.cepa roots. (1) TiO, 10 pg/ml, (2)

TiO, 100 pg/ml, (3) TiO, 1000 pg/ml, (4) ZnO 10 pg/ml, (5) ZnO 100 pg/ml, (6) ZnO 1000 pg/ml, (M)
Marker, (C) Control group, (N) Negative Control

;
¢

&

; nyimm'- :

44

M

Figures 10, 11. RAPD-PCR profiles with the OpC land OpC 18 primers in A.cepa roots. (1) TiO, 10 pg/ml,

(2) TiO, 100 pg/ml, (3) TiO, 1000 pg/ml, (4) ZnO 10 pg/ml, (5) ZnO 100 pg/ml, (6) ZnO 1000 pg/ml, (M)
Marker, (C) Control goup, (N) Negative Control
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Table 2. The number of polymorphic bands obtained as a result of the comparison of the control groups and the
application groups of RAPD profiles of the DNA obtained from A. cepa roots exposed to TiO, and ZnO

Total number of Percentages of polymorphic bands in control and treatment groups
Primers | bands in the control TiO, Zn0O
group 10 pg/ml | 100 pg/ml | 1000 pg/ml | 10 pg/ml | 100 pg/ml |1000 pg/mi

OpA 9 8 2 3 4 3 4 5
OpA 17 9 1 3 5 2 4 6
OpA 20 9 3 4 6 4 5 7
OpB7 9 2 4 6 3 3 6
OpB 20 9 3 4 5 5 6 7
OpC1 8 2 4 5 3 4 5
OpC 15 10 3 6 7 5 6 7
OpC 20 7 2 3 4 3 4 5

GTS values of the OpA 9 primer were 25%,
37.5%, 50% and 37.5%, 50%, 62.5% in 10, 100
and 1000 pg/ml TiOand ZnO NPs groups,
respectively. GTS values of the OpA 17 primer
were 11.11%, 33.33%, 55.55%, and 22.22%,
44.44%, 66.66% in 10, 100 and 1000 pg/ml
TiO, and ZnO NPs groups, respectively. GTS
values of the OpA 20 primer were 33.33%,
44.44%, 66.66% and 44.44%, 55.55%, 77.77%
in 10, 100 and 1000 pg/ml TiO, and ZnO NPs
groups, respectively (Table 3).

GTS values of the OpB 7 primer were 22.22%,
33.33%, 66.66% and 33.33%, 33.33%, 66.66%
in 10, 100 and 1000 pg/ml TiO, and ZnO NPs
groups, respectively.GTS values of the OpB 20

primer were 33.33%, 44.44%, 55.55% and
55.55%, 66.66 %, 77.77% in 10, 100 and 1000
pg/ml TiO, and ZnO NPs groups, respectively
(Table 3).

GTS values of the OpC 1 primer were 25%,
50%, 62.5% and 37.5%, 50 %, 62.5% in 10,
100 and 1000 pg/ml TiO, and ZnO NPs groups,
respectively. GTS values of the OpC 15 primer
were 30%, 60%, 70% and 50%, 60%, 70% in
10, 100 and 1000 pg/ml TiO2 and ZnO NPs
groups, respectively. GTS values of the OpC 20
primer were 28.57%, 42.85%, 57.14% and
42.85%, 57.14%, 71.42% in 10, 100 and 1000
pg/ml TiO, and ZnO NPs groups, respectively
(Table 3).

Table 3. Genomic template stability, (GTS) percentage values calculated by using polymorphic bands
determined by RAPD-PCR applied to DNA obtained from A. cepa roots exposed to TiO,and ZnO

Percentages of polymorphic bands in control and treatment groups
Primers Control (%) TiO, Zn0O
10 pg/ml | 100 pg/ml | 1000 pg/ml| 10 pg/ml | 100 pug/ml | 1000 pg/ml
OpA 9 100 25 37.5 50 37.5 50 62.5
OpA 17 100 11.11 33.33 55.55 22.22 44.44 66.66
OpA 20 100 33.33 44.44 66.66 44.44 55.55 77.77
OpB 7 100 22.22 33.33 66.66 33.33 33.33 66.66
OpB 20 100 33.33 44.44 55.55 55.55 66.66 77.77
OpC1 100 25 50 62.5 37.5 50 62.5
OpC 15 100 30 60 70 50 60 70
OpC 20 100 28.57 42.85 57.14 42.85 57.14 71.42
4. DISCUSSION that silver NPs can penetrate the plant system
The increased use of nanotechnology has and cause chromatin t_)rldge, chromosqme
increased the release of NPs into the adhesion, metaphase disturbance, _ multiple
chromosomal breaks. Mangalampalli et al.

environment. There are many studies on the
toxic effects of NPs on mammalian and human
cell lines, while studies on plants are very few.
The increasing use of TiO, and ZnO NPs in
different industrial areas also increases their
spread to the environment. The environmental
impact of TiO, and ZnO NPs is also a rapidly
expanding field of research.

Kumari et al. (Kumari et al. 2009) investigated
the cytotoxic and genotoxic effects of silver NPs
in the root tip cells of A. cepa. They have shown
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(Mangalampalli et al. 2017) used A. cepa to
evaluate the toxicological effect of increasing
concentrations (12.5, 25, 50 and 100 pg/ mL) of
MgO NPs and microparticles. Toxicity was
determined by using comet test and oxidative
stress analysis in A. cepa root tip cells. In
another study, the cytogenetic effects of
chromium (111) oxide (Cr,03) NPs on A. cepa
stem cells were investigated. The exposure of A.
cepa root tips to various concentrations of Cr,Os
NP was found to have a genotoxic effect
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(Kumar et al. 2015). These studies and our
study have demonstrated that A. cepa can be
used successfully for environmental risk
assessment studies of NPs.

There are reports of significant inhibition of root
growth in biotest plants exposed to toxic
chemicals such as herbicides (2,4-D, dicamba,
QPE, etc.) or heavy metals (lead, cadmium,
mercury, etc.) (Yildiz &Arikan 2008, Atienzar
et al. 2010, Liu et al. 2005, Cenkci et al. 2009,
Bozdag 2009).

There may be changes in the nucleic acid and
protein content of organisms exposed to
environmental pollutants, and changes in
biosynthetic metabolism can be used as a
marker for the identification of pollutants
(Singh & Tewari 2003). However, it has been
reported that herbicides such as 2,4-D and
dicamba can increase or decrease protein
content in plants (Bozdag 2009). 1t was
emphasized that these decreases and increases in
protein content may be due to the type of
chemical applied, the ratio of the chemical, the
tissue to which it is applied, the growth phase
(Fonseca et al. 2008, Peixoto et al. 2008). In a
study investigating the effect of cadmium heavy
metal on protein content in garlic (Allium
sativum), it was shown that total soluble protein
content of control group garlic root tissues may
decrease and increase depending on the time.
According to another study results, a significant
increase in protein content was found with the
increase of QPE stress time compared to control
group. It has been reported that there may be
significant increases in the synthesis of shock
proteins  such as  phytogelatines and
metallothionins under oxidative stress (Ma et al.
2003). Baur et al. (Baur et al. 1977) reported
that picloram, tebuthiuron and 2, 4-D reduce
protein content in plants and increase glyphosate
herbicide. In our study, total soluble protein
content of ZnO NPs group was higher than TiO,
NPs application. It has been reported that
changes in the total soluble protein content of
the Allium roots may be dose-dependent.

The RAPD technique has been used for many
studies to detect DNA-induced genotoxicity
damage of plants living in soil contaminated
with heavy metal. One study investigated
cadmium (Cd) caused changing of population
and molecular structure in barley seedlings in
the natural environment in which they live. In
RAPD analysis, nine 10-bp different primers
showed the formation of polymorphic bands.
The number of these polymorphic bands of
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different molecular weight was determined to be
129 and missing bands were formed. DNA
polymorphisms detected by RAPD have been
shown to be applicable as an appropriate
biological marker for the toxic effectof Cd in
cell (Liu et al. 2009). In another study, Cenkci
et al. (Cenkci et al. 2010b) evaluated the
genotoxic effect of two herbicides in [2,4-
dichlorophenoxy acetic acid (2,4-D) and 3,6-
dichloro-2-methoxybenzoic acid] bean roots. At
the end of the 72 hrs root growth, total soluble
protein content, antioxidant capacities, DNA
damage in cells with RAPD were used. Root
growth, total soluble protein content and
antioxidant capacities decraesed and DNA
fragmentation  increased  dose-dependency.
Visible and/or disappearing RAPD bands were
found to form  dose-dependent DNA
polymorphism and then it may caused inhibition
vital enzymes activities.

Liu et al. (Liu et al. 2009) reported that the
RAPD technique was more sensitive than
conventional genotoxic tests to detect changes
in DNA. In their study, they exposed barley
(Hordeum) to cadmium chloride (CdCl,) at 10,
20, 40 mg/L doses for 10 days. 2,4-D insecticide
was evaluated toxic effect with 15 decamer
primers on bean and dicamba and the mean
number of bands was determined for each
primer used (Cenkci et al. 2010b). In a different
study with heavy metals, genotoxic effects of
them were revealed using primers of 16
decamers on Eruca sativa. 4 bands were
obtained per primary Al-Qurainy (Al-Qurainy
2010). Our results are similar to previous studies
and the RAPD-PCR method, which is widely
used for ecotoxicological studies, has been used
for this study because of its reliability,
sensitivity and reproducibility and the potential
to identify DNA changes due to mutations.
When the application doses of TiO, and ZnO
NPs used in the study were compared with the
control groups, it was revealed that there were
damages on DNA, significant changes in RAPD
profiles, loss of normal bands and the
emergence of new bands.

Ghodake et al. (Ghodanke et al. 2011)
investigated phytotoxicity of cobalt and ZnO NP
in A. cepa roots. The effects of cobalt and ZnO
NPs on root elongation, root and cell
morphology and adsorption potential of A. cepa
in hydroponics were determined. ZnO NPs have
been shown to cause damage due to the serious
accumulation of both cellular and chromosomal
structures (Kumari et al. 2011). In another
study, the effects of ZnO NPs on stem cells of
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A. cepa on mitotic index (MI), micronucleus
index (MNI), chromosomal aberration index
(CAl) and lipid  peroxidation  were
demonstrated. In conclusion, ZnO NPs have
been shown to be genotoxic and cytotoxic
agents (Kumari et al. 2011). In another study,
the effects of exposure to TiO, NPs in plants
and human lymphocytes were investigated. The
genotoxicity of TiO, NPs was evaluated using
comet analysis and DNA Ladding technique.
The damaging potential of TiO, NPs in A. cepa
and Nicotiana tabacum to plant DNA was
confirmed in comet analysis and DNA laddering
experiments. In the study, TiO, NPs have been
shown to be genotoxic in both plant and human
lymphocytes (Ghosh et al. 2010). In this study,
increasing doses of TiO, and ZnO NPs were
used on the DNA of A. cepa stem cells, which
caused significant changes in DNA band
profiles by RAPD-PCR and the differences in
the number of bands were determined. The most
effective dose was 1000 pg/ml. In this study,
genetic differences between the control and
application groups of stem cells exposed to TiO,
and ZnO NPs were determined.

5. CONCLUSION

Changing of DNA’s band form in this study
may occur due to damage in oligonucleotide
synthesis  regions, different chromosomal
arrangements, point mutations, DNA single and
double strand breaks, DNA-protein false cross-
links in primary binding sites, modified bases,
or large deletions (Cenkci et al. 2010b, Gupta et
al. 2009, Liu et al. 2001). According to previous
studies, the molecular mechanism of action of
TiO, and ZnO NPs, especially root length, total
soluble protein, antioxidant capacity and
changing of DNA structure, resulting in the
formation of apoptosis or necrosis in the tissue,
increase in oxygen radicals or the formation of
intermediate reactive substances and as a result
genotoxic damage.
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