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Defined by their small size, nanomaterials rapidly developed due to their physicochemical properties at
nanoscale. Nanoparticles possess a high biological reactivity compared to their bulk size suggesting a high
toxicity when the genetic material is involved. Nanogenotoxicity field refers to multidisciplinary sciences
relevant for evaluation of genotoxic effect of various nanostructured materials. Due to their widespread use
in medical area, zinc oxide and titanium dioxide nanoparticles are receiving researcher’s attention. The
major objective of this work was to find a relationship between the structure and morphology of ZnO and
TiO2 nanoparticles and their genotoxic potential.
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In last few years zinc oxide and titanium dioxide
nanoparticles have gained an increased attention due to
their various applications especially in pharmaceutical
industry and medicine. These nanosized particles (less than
100 nm) at inappropriate concentrations can easily
transcend biological cell membranes, similarly to other
potentially toxic substances, into the bloodstream reaching
some organs thereby causing their damage [1-3]. It is
expected that physical and chemical properties of ZnO
and TiO2 nanoparticles expressed in their structure and
morphology to be related to their toxicological effect [4,
5]. Several studies revealed that these nanosized particles
may interact with some components of cellular system
such as membranes, DNA, proteins, organelles and also
with biological fluids. At the moment the mechanism of
zinc oxide and titanium dioxide nanoparticles toxicity is
not yet elucidated. Some authors have hypothesized that
lipid peroxidation and oxidative stress induce DNA
alteration influencing thus cell viability [6-8].

Recently, studies highlighted the possibility of large-scale
use of ZnO and TiO2 nanoparticles in medicine. Moreover,
synthesis and applications of various nanosized zinc oxide
and titanium dioxide nanoparticles had a significant
increase. Researchers found that nanomaterials used as
coatings for medical devices present a different toxicity
features compared to the larger size because of their high
interactions with proximate surface [9-31].

In our study we focused on creating a connection
between physico-chemical characteristics of ZnO and TiO2
nanoparticles and their potential genotoxic effects. The
major objective of this study was to determine the toxic
effects of ZnO and TiO2 particles on human health in order
to use them in safe doses in medical field. For this purpose
XRD and SEM techniques were used.

Experimental part
Materials and methods

ZnO nanoparticles were prepared by using a simple
method implying zinc acetate and citric acid in a molar
ratio of 1:1 dissolved in deionized water. The solution was

then vigorously stirred for 1 h at 100°C till the gel was
formed. Next step consisted in thermally treatment of gel
at 200°C followed by annealing at 450°C for 2 h in order to
obtain crystalline zinc oxide nanoparticles [32-34].

TiO2 nanoparticles were prepared by using titanium iso-
propoxide [Ti{OCH(CH3)2}4] hydrolyzed in a mixture
solution of ethanol and water. The obtained gel was then
dried at 80°C for 5 h. The obtained white powder containing
titanium dioxide was calcined at 550°C [35].

Results and discussions
XRD pattern (not shown) presents highly intense peaks

indicating crystalline structure of ZnO nanoparticles. The
obtained peaks at 2θ degree of 31.72°, 34.4°, 36.2°, 47.49°,
56.5°, 62.8°, 66.26°, 67.85° confirm the purity of zinc oxide
sample (table 1). Moreover, from XRD spectra was
calculated ZnO crystal size with an average of 17.1 nm
[30]. XRD pattern of TiO2 nanoparticles (not shown) exhibit
peaks in 2θ range at 25.32°, 36.96°, 37.79°, 38.59°, 48.8°,
53.89°, 62.15°, 62.72°, 68.77°, 76.11° confirming both
anatase and rutile structure of titanium dioxide
nanoparticles also indicating lack of impurities (table 1)
[35, 36].

SEM image of ZnO nanoparticles (fig. 1) reveals an
average size of 15-25 nm. Particle size and shape for TiO2
sample determined by SEM (fig. 2) shows roughly spherical
nanoparticles in the range of 10-20 nm.

SEM image of ZnO nanoparticles (fig.1) reveals an
average size of 15-25 nm. Particle size and shape for TiO2
sample determined by SEM (fig.2) shows roughly spherical
nanoparticles in the range of 10-20 nm.

Genotoxicity profile
Cell culture

Neoplastic HeLa and normal Vero cells were grown in
DMEM supplemented with 10% fetal bovine serum and
antibiotics (100 µg/mL streptomycin, 100 IU/mL penicillin),
being plated in 96-well at a density of 8/103 cells/well and
allowed to attach and grow for 24 h at 37°C in a humidified
air  incubator  containing  5% CO2.   Once  the  cells  have

*email: danadamir@yahoo.com; m_gabriela2004@yahoo.com



http://www.revistadechimie.ro REV.CHIM.(Bucharest)♦ 69♦ No. 3 ♦ 2018610

reached confluence in the monolayer stage, were treated
with different doses from tested compounds. The
incubation time of the cells in the presence of the tested
compounds, was of 24 h. After the incubation time has
expired, the cells viability was assessed by MTT assay.

Cell viability assay
After 24 h incubation with the tested compounds in

different doses (µg/mL) the cell viability was assessed by
MTT test [36], with minor modifications. Briefly, the cells
were washed with PBS and the medium was replaced by
fresh growth medium (100 µL/well) and MTT (10 µL/well)
was added. After 3 h incubation at 37°C, the formazan dye,
generated by the reduction of MTT in living cells, was
dissolved in DMSO (100 µL/well) and further quantified at
540 nm. The cell viability (%) was calculated as 100(AS/
AC), where AS and AC are the absorbance of the formazan
dye in the cells incubated with essential oil dilutions and
sham control, respectively (table 2).

Table 1
XRD PARAMETERS OF ZnO AND TiO2

NANOPARTICLES

Fig. 1. SEM images of
ZnO nanostructures

Fig. 2. SEM images of
TiO2 nanostructures

Table 2
GENOTOXICITY ASSAY
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The impact of the tested compounds on cells viability is
minor, suggesting a reduced cytotoxicity on both cell lines.
Some differences in the reactivity were registered between
normal and tumoral cells, with a better tolerability in the
case of the normal cells.

Conclusions
Nanotechnology has attracted public interest by various

uses of nanomaterials in many fields such as pharmacy,
medicine and public health. Zinc oxide and titanium dioxide
nanoparticles are two compounds possessing very wide
applications due to their physicochemical properties. So it
is essential to reveal the harmful effect caused by these
small in size materials on human health. Our study
concluded that structural and morphological features of
as synthesized ZnO and TiO2 nanoparticles has a minor
impact on tested cells suggesting a reduced genotoxicity
on them.

References
1.VISHWAKARMA, V, SAMAL, S, MANOHARAN, N., Min. Mater. Char.
Eng., 9, 2010, p. 455.
2.TIMOFTE, O., STEFANESCU, G., GOLOGAN, E., BALAN, G.G., TOADER,
E., BALAN, G., Rev. Chim. (Bucharest), 68, no. 2, 2017, p. 250.
3.BALAN, G.G., PAVEL, L., SFARTI, C.V., STEFANESCU, G., BALAN, G.,
TRIFAN, A., Rev. Chim. (Bucharest), 67, no. 5, 2016, p. 987.
4.YANG, H., LIU, C., YANG, D., ZHANG, H., XI, Z., J. Appl. Toxicol., 29,
2008, p. 69.
5.KARLSSON, H.L., GUSTAFSSON, J., CRONHOLM, P., MOLLER, L.,
Toxicol. Lett. 188, no. 2, 2009, p. 112.
6. XIA, T., KOVOCHICH, M., BRANT, J., HOTZE, M., SEMPF, J., Nano
Lett., 6, 2006, p. 1794.
7.HSIN, Y., CHEN, C., HUANG, S., SHIH, T., LAI, P., Toxicol. Lett., 179,
2008, p. 130.
8.REEVES, J.F., DAVIES, S.J., DODD, N.J.F., JHA, A.J., Mutat. Res., 640,
2008, p. 113.
9.FUJISHIMA, A., CAI, R.X., OTSUKI, J., HASHIMOTO, K., ITOH, K.,
YAMASHITA, T., KUBOTA, Y., Journal of Electrochima. Acta, 38, 1993,
p. 153.
10.KHATAEE, A., MANSOORI, G.A., 1 st ed, World Scientific Publishing
Co. Pte. Ltd, 5, 2012, USA.
11.BRAYNER, R., DAHOUMANE, S.A., YEPREMIAN, C., DJEDIAT, C.,
MEYER, M., COUTE, A., FIEVET, F., Journal of American Chemical
Society, 26, 2010, p. 6522.
12.LIU, B., NAKATA, K., SAKAI, M., SAITO, H., OCHIAI, T., MURAKAMI,
T., TAKAGI, K., FUJISHIMA, A., Journal of AmericanChemical Society,
27, 2011, p. 8500.
13.PADMAVATHY, N., VIJAYARAGHAVAN, R., Journal of Sci. Technol.
Adv. Mater, 9, 2008, 035004.
14.HANELY, C., THURBER, A., HANNA, C., PUNNOSE, A., ZHANG, J.,
WINGETT, D.G., Journal of Nanoscale Res Lett, 4, 2009, p. 1409.
15.TRANDAFIR, L.M., FRASINARIU, O.E., CHIRIAC, M.I., MIRON, I.,
Medical-Surgical Journal-Revista Medico-Chirurgicala, 121, no. 2, 2017,
p. 313.

16.SANDU, I., CANACHE, M., MIHAESCU, T., CHIRAZI, M., SANDU, A.V.,
TRANDAFIR, L.M., LUCA, A.C., CHECHERITA, L.E., Rev. Chim.
(Bucharest), 66, no. 1, 2015, p. 60.
17.ASAFTEI, I.V., EARAR, K., BIRSA, L.M., SANDU, I.G., LUNGU, N.C.,
SANDU, I., Rev. Chim. (Bucharest), 66, no. 7, 2015, p. 963.
18.TRANDAFIR, L.M., CHIRIAC, M.L., DIACONESCU, S., IONIUC, I.,
MIRON, I., RUSU, D., Medicine, 95, no. 44, 2016, article e5065.
19.EARAR, K., BICA, C., CERGHIZAN, D., ILIE, M., Mat.. Plast., 53, no.
3, 2016, p. 512.
20.EARAR, K., CERGHIZAN, D., SANDU, A.V., MATEI, M.N., LEATA, R.,
SANDU, I.G., BEJINARIU, C., COMAN, M., Mat. Plast., 52, no. 4, 2015, p.
487.
21.JUMANCA, D.,  GALUSCAN, A., PODARIU, A.C., BORCAN, F., EARAR,
K.,  Rev. Chim. (Bucharest), 65, no. 12, 2014, p. 1473.
22.VIZUREANU, P., PERJU, M.C., GALUSCA,  D.G., NEJNERU, C., AGOP,
M., Metalurgia International, vol. XV, no. 12, 2010, p. 59.
23.TUGUI, C.A., NEJNERU, C., GALUSCA,  D.G., PERJU, M.C., AXINTE
M., CIMPOESU N., VIZUREANU P., Journal of Optoelectronics and
Advanced Materials, 17, no. 11-12, 2015, p. 1855.
24.SANDU, A.V., CIOMAGA, A., NEMTOI, G., BEJINARIU, C., SANDU, I.,
Microscopy Research And Technique, 75, no. 12, 2012, p. 1711.
25.PINTILEI, G.L., CRISMARU, V.I., ABRUDEANU, M., MUNTEANU, C.,
LUCA, D., ISTRATE, B., Applied Surface Science, 352, 2015, p. 169.
26.BACHVAROVA-NEDELCHEVA, A.D., GEGOVA, R.D., STOYANOVA,
A.M., IORDANOVA, R.S., COPCIA, V.E., IVANOVA, N.K., SANDU, I.,
Bulgarian Chemical Communications, 46, 3, 2014, p. 585-593.
27.COPCIA, V., HRISTODOR, C.M., DUNCA, S., IORDANOVA, R.,
BACHVAROVA-NEDELCHEVA, A., FORNA, N.C., SANDU, I., Rev. Chim.
(Bucharest), 64, no. 9, 2013, p. 978.
28.COPCIA, V.E., GRADINARU, R., BILBA, N., SANDU, I., Rev. Chim.
(Bucharest), 63, no. 11, 2012, p. 1124;
29.MARGINEAN, C.O., MELIT, L.E., MOLDOVAN, H., LUPU, V.V.,
MARGINEAN, M.O., Medicine, 95, no. 38, 2016, Article Number: e4916.
DOI: 10.1097/MD.0000000000004916.
30.BULGARU-ILIESCU, D., Revista Romana de Bioetica, 12, No. 1,
2014, p. 2.
31.COBZEANU, B.M., COSTAN, V.V., DANCIU, M., PASCA, A.S., SULEA,
D., UNGUREANU, L.B., MOSCALU, M., COBZEANU, M.D., POPESCU,
E., Environmental Engineering and Management Journal, 16, No. 5,
2017, p. 1101.
32.OZGUR, U., ALIVOV, Y.I., LIU, C., TEKE, A., RESHCHIKOV, M. DOGAN,
S., AVRUTIN, V., CHO, S.J., MORKOC, H., J. Appl. Phys., 62, 2005, p.
487.
33.ANSARI, S.A., NISAR, A., FATMA, B., KHAN, W., NAQVI, A.H., Mater.
Sci. Eng., 175, 2012, P. 428.
34.TAKRIFF, M.S., BA-ABBAD, M.M., KADHUM, A.A.H., MOHAMAD, A.B.,
SOPIAN, K., Adv. Mater. Res., 6, 2008, p. 233.
35.CHAUDHARY, V., SRIVASTAVA, A.K., KUMAR, J., Mater. Res.Soc. Symp.
Proc. Mater. Res. Soc., 1352, 2011, p. 10.
36. MOSMANN, T., J. Immunol. Methods., 65, 1983, p. 55.

Manuscript received: 5.10.2017


