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Today, occurrence of nanotechnology is making life easier, increasing the individual happiness and attracts
attention to the benefits to be provided by it. As with any technology, nanotechnology also has risks, which are
discussed here. In this study, toxic effects of ZnOTiO2 nanocomposite on various growth parameters of Drosophila
melanogaster and removal of these effects by Cimin grape (Vitis vinifera L. ssp., Cimin) were investigated. For this
purpose, assessment of the number of offspring and the survival rate were performed by feeding flies with ZnOTiO2

(1 mg/ml) and Cimin grape seed and fruit extracts (5 and 10 mg/ml). In the first stage, larvae of the the same age
were put into the medium of each application group and the adult individuals were recorded. In the second stage,
in order to determine the number of offspring in all treatment groups, in a set of experiments the grape extracts
and ZnOTiO2 were only applied to the female members, while in another set of experiments, the grape extracts
and ZnOTiO2 were applied only to male members, belonging to the same application group. The total number
of flies developed from the eggs laid during ten days of pair mating was counted. As a result, survival rate and
the offspring number in the application groups, that were only exposed to ZnOTiO2 were found to show a decline,
compared with the other groups. At the same time, the values obtained from the groups, exposed to the ZnOTiO2

and grape extracts together, were close to control group values. This result supports the healing effects of Cimin
grape, which is abundant in Erzincan.
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1. Introduction

A dramatic increase in the use of nanoparticles (NPs)
in a variety of applications has raised concerns about the
impacts of them on health and the environment [1]. The
in vitro and in vivo studies, using different experimen-
tal models indicate that nanoparticles may cause geno-
toxic and cytotoxic effects, that involve oxidative stress
and inflammation [2–4]. Titanium dioxide (TiO2) and
zinc oxide (ZnO) NPs, which are especially used in food
products, drugs, cosmetics and sunscreens, are of spe-
cial concern, because they are two of the fastest growing
product categories in the nanotechnology [5].
Drosophila melanogaster is the most used non-

mammalian model species for human health nanotoxico-
logy research and for biomedical research, with numerous
advantages over other vertebrate species [6, 7]. Thus, in
our study we investigated protective role of Cimin grape
(CG) – a single standard grape variety of Erzincan, Üz-
ümlü – seed and fruit extracts against possible toxic ef-
fects of ZnOTiO2 nanocomposite on some developmental
parameters of Drosophila melanogaster.

2. Materials and methods

2.1. Strains
The Oregon R wild type (w.t.) strain of Drosophila

melanogaster larvae and adults (Diptera; Drosophilidae)
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were used in experiments. The flies were kept at a con-
stant temperature of 25 ± 1 ◦C and in darkness, on a
standard medium, composed of maize flour, agar, sugar,
dried yeast and propionic acid (Standart Drosophila Me-
dium, SDM). The humidity of the experimental chamber
was 40–60%.

2.2. Experimental procedures
For survival rate experiments, a hundred larvae of the

same age (72 hours) were transferred to control and appli-
cation culture media, containing different concentrations
of Cimin grape seed and fruit extracts (5 and 10 mg/ml)
and ZnOTiO2 (1 mg/ml). During seven days, the in-
dividuals that could develop from larvae to adults were
recorded.

In order to determine the number of offspring in all
applied groups, in a set of experiments, ZnOTiO2 and
the grape seed and fruit extracts were applied to the fe-
male members (males were fed only in SDM), while in the
another set of experiments ZnOTiO2 and the grape seed
and fruit extracts were applied to male members (females
were fed only in SDM). Exposed individuals and unexpo-
sed individuals have mated in SDM. Offspring numbers
in F1 progeny, developed from the eggs laid during these
ten days of pair mating, were counted. The obtained data
was analysed with SPSS version 15.0 (Statistical Package
for the Social Sciences Software, SPSS, Chicago, IL).

3. Results

It has been observed that ZnOTiO2 NPs, applied to
larvae, have decreased the survival rate, according to con-
trol group, and Cimin grape seed and fruit extracts have
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increased the survival rate (Table I and Fig. 1). Fruit
flies in Cimin grape seed extract (10 mg/ml) application
group had the largest survival rate and the application

group, fed with ZnOTiO2 (1 mg/ml) had the smallest
survival rate.

TABLE I

The effects of CG against ZnOTiO2 on survival rate of D. melanogaster.

The mean survival rate ± standard error
Concentration Male Female Total

population population population
Control 40± 1.52d 32± 1.15c 72± 1.73e

1 mg/ml ZnOTiO2 18± 1.52a 17± 1.00a 35± 2.08a

SE 5 mg/ml 45± 1.52ef 38± 1.15d 83± 2.08g

CG
FE 5 mg/ml 38± 1.52d 36± 1.52cd 74± 2.00ef

SE 10 mg/ml 47± 1.52f 42± 1.15e 89± 1.00h

FE 10 mg/ml 42± 2.08de 36± 1.15cd 78± 1.00fg

SE 5 mg/ml+1 mg/ml 25± 1.15b 24± 1.52b 49± 1.73c

CG + FE 5 mg/ml+1 mg/ml 22± 1.52ab 18± 1.52a 40± 2.00ab

ZnOTiO2 SE 10 mg/ml+1 mg/ml 30± 1.73c 26± 1.15b 56± 2.88d

FE 10 mg/ml+1 mg/ml 24± 1.73b 20± 1.52a 44± 2.08bc

a−h: The letters in the same column show a significant difference at 5% level.

In F1 progeny, resulted from seed and fruit extracts
and ZnOTiO2 application to male and female individu-
als, ZnOTiO2 has caused a decrease in the number of
younger individuals. On the other hand, CG seed and
fruit extracts have increased the number of younger in-

dividuals (Table II and Fig. 2). These differences, which
are observed in the survival rate and the offspring num-
ber values for control group, are significant statistically
at a level of p < 0.05.

TABLE II

The effects of CG against ZnOTiO2 on offspring number of D. melanogaster.

Exposed female population Exposed male population

Concentration
Female
number

Male
number

Total
number

Female
number

Male
number

Total
number

Control 96± 1.15d 93± 1.52c 189± 1.00d 96± 1.15d 93± 1.52d 189± 1.00e

1 mg/ml ZnOTiO2 55± 1.73ab 53± 2.08a 108± 3.51a 53± 2.88a 45± 1.52a 98± 4.16a

SE 5 mg/ml 113± 1.52f 110± 1.15ef 223± 2.64f 110± 0.57ef 105± 1.52f 215± 2.08g

CG
FE 5 mg/ml 102± 3.05e 101± 2.64d 203± 5.68e 101± 2.08d 97± 2.00de 198± 2.51f

SE 10 mg/ml 120± 1.15g 115± 2.08f 235± 3.21g 116± 2.08f 112± 1.15g 228± 1.00h

FE 10 mg/ml 108± 2.51f 104± 0.57de 212± 2.00e 108± 1.52e 100± 2.08ef 208± 3.05g

SE 5 mg/ml+1 mg/ml 63± 1.52bc 60± 1.52b 123± 3.00bc 64± 1.73bc 55± 1.52b 119± 3.21c

CG+ FE 5 mg/ml+1 mg/ml 60± 3.05a 50± 2.51a 110± 4.93a 55± 2.64a 50± 2.00ab 105± 3.60ab

ZnOTiO2 SE 10 mg/ml+1 mg/ml 67± 1.73c 65± 2.51b 132± 4.04c 69± 2.08c 61± 2.08c 130± 0.00d

FE 10 mg/ml+1 mg/ml 65± 1.73bc 51± 2.64a 116± 2.64ab 59± 2.51ab 52± 2.51b 111± 5.03bc

a−h: The letters in the same column show significant difference at 5% level.

4. Discussion
Nano-bio interference can result in detrimental biolo-

gical effects like generation of reactive oxidative species

(ROS), cytotoxicity, genotoxicity and inflammatory re-
sponses [8, 9]. In recent years, the number of studies
about the toxic risks of NPs is increasing [10]. The data
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Fig. 1. The effects of CG against ZnOTiO2 on survival
rate of D. melanogaster.

Fig. 2. The effects of CG against ZnOTiO2 on off-
spring number of D. melanogaster.

from several in vitro studies have demonstrated that
TiO2 NPs cause various adverse effects at the cellular
level, such as oxidative stress and DNA damage [11]. In
vivo toxicity studies have demonstrated that inhalation of
TiO2 NPs induce DNA damage and genetic instability in
mice [12]. Similarly, it is shown that TiO2 NPs were ca-
pable of causing genotoxicity by inducing oxidative DNA
damage, sister chromatid exchange and micronucleus for-
mation in human white blood cells and human bronchial
epithelial cells [13, 14].

In addition, in vivo and in vitro studies of ZnO NPs
have reported them to be toxic. ZnO NPs have been
shown to induce morphological modifications, oxidative
stress, lipid peroxidation, mitochondrial dysfunction, cy-
totoxicity, chromosomal breakage and micronuclei forma-
tion [15–17]. In a study, third instar larvae haemocy-
tes were used to evaluate the effect of NPs on oxidative
stress. Increased oxidative load with increasing concen-
tration of ZnO NPs clearly indicates towards oxidative
stress triggered by these NPs. In addition, this study
has clearly shown that ZnO NPs cause phenotypic ab-
normalities, which might be transmitted to the progeny,
while no phenotypic abnormality was reported in parent
flies [18]. The genotoxic potential of ZnO NPs has been
demonstrated in ovary cells of Chinese hamsters, by chro-
mosome aberration test [19], in a human epidermal cell
line [20], in primary human epidermal keratinocytes [21]
and in human liver cells [22] by comet assay and in the
human carcinoma cell line by comet and micronucleus
assays [23].

Many reports indicate that antioxidants, especi-
ally fruit and vegetables, contribute significantly to

prevention of oxidative stress. This paper summarizes
the evidence supporting the potentially beneficial effects
of Cimin grape. Although the mechanism by which po-
lyphenols prevent oxidative stress is still not clear, a daily
supplementation of Cimin grape seems to be a good stra-
tegy to inhibit the free radicals.
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