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ABSTRACT

Tungsten (VI) oxide (WgDnanoparticles (NPs) are used for many industgatposes in everyday life. However,
their effects on human health have not been seifffil§i evaluated. Therefore, the present study vesigded to
investigate the toxicity potentials of various cemications (0 to 1000 ppm) of WRPs (<100 nm particle size) in
cultured primary rat hepatocytes. The results of e@bility assay showed that the higher concetitnas of
dispersed WQNPs (300, 500 and 1000 ppm) caused significanD(@Ss) decreases of cell viability. Also, dose
dependent negative alterations were observed imabixie status and antioxidant capacity levels aftee
application of WQin cultured rat primary hepatocytes. The resultg@enotoxicity tests revealed that these NPs did
not cause significant increases of micronucleatepdtocytes (MNHEPS) but increased 8-oxo-2-deoxyagiaga (8-
OH-dG) levels as compared to the control culture.

Key words: tungsten oxidenanotoxicity, genotoxicity, cytotoxicity, hepatoegt oxidative stress

INTRODUCTION composites to enter human body and to relocate in

metabolism-active organs (Song et al. 2009). Thus,
Nanotechnology has emerged to be one of th&tudying the toxicity of nanomaterials is of
most powerful technology creating approaches ilmportance to provide the guidance to
the past half a century. Nowadays, nanotechnologyccupational health and safety (Li et al. 2008;
has spawned the development of a veritableanone et al. 2009; Turkez et al. 2013a). The
plethora of novel nanoparticles for diversediscussion about safety concerns associated with
applications, ranging from solar energy capture temall particles is ongoing for many decades and,
cosmetics and drug delivery (Riehemann et alo a large extent, is related to the potentialsiisk
2009; Patel and Patel 2013). With frequentollowing inhalative, oral, parenteral or dermal
exposure to dispersed nanoparticles from thexposure (Schmid et al. 2009). Especially,
composite products or workplaces, there is anltrafine or NPs are in the focus of the debaig, e.
increased chance for nanoparticles or nano
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(ECETOC 2005), usually meant to have one ofrhus, possible health impact of W®IPs upon
more size dimensions between 0.1 and 100 nm. introduction into the body is of great interestthVi

In last twenty years, many efforts were made tthe increased applications of WONPs, the
investigate the toxicity of micro sized natural andconcerns about their potential human toxicity
man-made mutagens human life and the ability offfects and their environmental impact have also
therapeutic substances on reducing the toxicity ahcreased.  Cytotoxicity, inflammation and
these various toxicants (Turkez et al. 2005increased oxidative stress through reactive oxygen
Geyikoglu et al. 2005; Turkez and Geyikogluspecies (ROS) formation are prominently
2005; Turkez and Sisman 2007; Turkez et aldiscussed to be relevant factors regarding the
2007; Sisman and Turkez 2010; Rodhger et akafety of small particles down to the nano-range
2012; Turkez and Aydin 2013; Bupesh et al(Knaapen et al. 2004; Unfried et al. 2007,
2013). But the toxic effects of nano sized particleLewinski et al. 2008; Turkez 2008 and 2011). It
have not fully studied, except for some inorganihhas been reported that different sizes and
and organic NPs. In fact, a recent report indicatethorphologies of NPs have the potential to
that there was a lack of systematic assessment iofluence the interaction with many kind of
the DNA damaging and carcinogenic potential obiomolecules, including proteins, enzymes and
NPs in spite of their extensive use InDNA (Grandjean-Laquerriere et al. 2005; Ramesh
nanotechnological applications (Turkez et alet al. 2007; Xu et al. 2012). The liver was
2013b). considered as a target site for nanotoxicity due to
Tungsten (VI) oxide (or tungsten trioxide: Wds its accumulative properties after ingestion,
a chemical compound containing oxygen and thahalation or absorption (Wang et al. 2011).
transition metal tungsten. It is obtained as amlowever, recorded hepatotoxicity data for WO
intermediate in the recovery of tungsten from itdNPs relating to human health are very scarce.
minerals. Tungsten ores are treated with alkalis fdSince this is considered to be of particular
its production. W@occurs naturally in the form of importance for the investigation of mechanisms of
hydrates such as tungstite (WB,0) and ROS formation and oxidative stress, in the present
meymacite (W@2H,0). WG; is used for many study, specific measurements were performed in
purposes in everyday life. It is frequently used irthe cultured rat primary hepatocytes iasvitro
industry to manufacture tungstates for x-ray screemodel system for assessing the impact of ;WO
phosphors, for fireproofing fabrics and in theNPs on human and environmental health.
production of electro chromic windows and gas

sensors. Due to its rich yellow color, it is alsed

as a pigment in ceramics and paints (Erik an/ATERIALS AND METHODS

Wolf-Dieter 1999; Lee 2000; Pradyot 2003; Merck

Index 2006). Tungsten is also used in manypynthesis of WQ NPs

military applications since it has the second-i»TiOs; powder was synthesized via sol-gel route
highest melting temperature of any element. It i§Poulter and Pryde 1968; Maruyama et al. 1994,
generally considered that elucidating the potentidtian et al. 1995; Sofian et al. 2007; llican et al.
health effects of tungsten is important anc®008; Ghodsi and Absalan 2010) WO
necessary (Witten et al. 2012). Tungsten (aganopowders (<100 nm) were prepared by sol-gel
sodium tungstate) has been found to accumulate process. The experimental details are shown in
several organs and/or tissues such as kidneysigure 1. Firstly, nitric acid (HN€) solution was
liver, ovaries, uterus, prostate, pancreas, lungdded drop-by-drop to sodium tungstate
heart, muscle, spleen and bone following a singl&Na&WO,.2H,0). Oxalic acid (HC,O,) and citric
oral dose (Mclinturf et al. 2011). Furthermoreacid (GHgO;) were used as complex agents at sol
neurotoxic (Shan et al. 2012) and dermal toxisolution. The precipitate obtained was washed
(Zhang et al. 2010) effects by tungsten containegeveral times with absolute ethyl alcohol and dried
NPs have also been reported. at 50°C. The yellow precipitate (W{D powder

In recent years, tungsten containing nanomateria®as produced with calcination at 550 for 3h.
due to their big surfaces have attracted a dramatidl the chemicals were of analytical grade and
and exponentially increasing interest insupplied by Sigma/Merck.

nanotechnological products (Zhou et al. 2012).
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Sodium tungstate rate until the liver appeared to have broken up.
(Na:WO4.2H>0) Then the liver was into 3-4 mm pieces with a
sterile scalpel. Following the mechanical

HNO; dissociation, the cells were filtered through the

gauze and centrifuged at 250 xg for 5 min. Then,

Stirring the hepatocytes were collected in the medium
containing bovine serum albumin and bovine

insulin. The cell suspension was filtered through
the gauze again and allowed to sediment for 20
min to eliminate cell debris, blood, and sinusoidal
cells. The cells were then washed three times by
‘ centrifugation at 50 g and tested by Trypan blue
dye exclusion for the viability (always in the rang
of 82-93%). The hepatocytes were then suspended
in a mixture of 75% Eagle’s minimum essential
medium and 25% medium 199, supplemented with
10% fetal calf serum containing streptomycin,
penicillin, bovine insulin, bovine serum albumin
| and NaHCQ@ (2.2 mg). The hepatocytes were

Tungstic acid
(WO03.H,0)

‘ Stirring, then filtering

‘ Solid precipitate ‘

Washing with ethy! alcohol
and drying at 50 °C

| Calcination at 550 °C for 3h ‘ plated in multi-well tissue culture plates (3%10
I cells in a well area of 3.8 cm 2; 8¥1€ells in a
‘ WO:; product | well area of 9.6 cf). The medium was changed 3-

4 h later. The effect of WONPs was studied after
Figure 1 - Schematic diagrams of steps involved in72 h of exposure in the cultures maintained with a
obtaining WQ powders. medium deprived of fetal calf serum but
supplemented with hydrocortisone hemisuccinate
(7x107 M). Hepatocytes were cultured for an

Animals additional 8 h before the treatment.

Male rats of Sprague-Dawley strain (from Medical
Experimental Research Center, AtaturkTreatments

University, Erzurum, Turkey) of 200-300 g body after 8 h of plating, when primary hepatocytes
weight, were used throughout the present studiegere adhered and attained  their epithelial
They were allowed water and standard Iaborato%orphomgy, culture medium was aspirated and
chow ad libitum and were maintained under thgepjaced with an equal volume of the medium
standard light, temperature, and relative humidi%upplemented with different concentrations of
conditions. The study protocol was approved b\équeous W@NPs (5, 10, 20, 50, 75, 100, 150,

the local ethical committee. All the experiments3gg 500 and 1000 ppm) followed by incubation in
were performed in accordance with the Guide fogQ, incubator for 72 h (n=6). Mitomycin C

the Care and Use of Laboratory Animals. (MMC; CisHigNOs; Sigma®, at 18 M) added
Hepatocyte isolation and cultivation group was considered as positive control
(Control).

Rats were sacrificed by GQoverdose and the
livers were removed immediately. Isolatedy T assay

hepatocytes from the rats were prepared by thene viability of the cells was assessed by
collagenase perfusion technique. The liver Wageasuring the formation of a formazan from
perfused through the hepatic portal vein withs (4 5_gimethyithiazol-2-yl)-2,5-diphenyl
calcium-free Hanks balanced salt solution tQgtrazolium bromide (MTT)
remove the blood for about 10 min at a flow rat&pectrophotometrically  test, modified  after
of 2.5 mL min. As soon as the liver becameposmann (1983). Hepatocytes were incubated
grayish brown in color, a second buffer solutiongith 0.7 mg mL! MTT for 30 min at 37°C at the
containing collagenase (Hank's balanced saling of the experiment. After washing with PBS,
supplemented with 4 mM calcium chloride and 0.8he pjue formazan was extracted from the cells
mg collagenase mi) was perfused at the sameyjith isopropanolfformic acid (95:5) and was
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photometrically determined at 560 nm (Lewerenzletermine whether any treatment significantly

et al. 2003). differed from the controls or each other’'s. Results
were presented as the mean + SD values and the
LDH assay level of 0.05 was regarded as statistically

Lactate dehydrogenase (LDH) activity wasgjgpificant.

measured in the culture medium as an index of

cytotoxicity, employing an LDH kit (Bayer

Diagnostics®, France) adapted to the autRESULTS

analyzer (ADVIA 1650, USA). Enzyme activity o

was expressed as the extracellular LDH activity "€ results of cell viability measured by the MTT

percentage of the total activity on the plates. assay are shown in Figure 2. When assaped
vitro on the hepatocyte cells using the MTT assay,

Total antioxidant capacity and total oxidant the value for the MMC-treated cells (as coriirol
status assays was approximately 2.4-fold lower than that for the
The automated Trolox equivalent total antioxidantontrol. Similarly, the higher concentrations of
capacity (TAC) and total oxidant status (TOS)WO; NPs (300, 500 and 1000 ppm) caused
assays were carried out in the culture medium bsignificant (p<0.05) decreases of the cell viailit
commercially available kits (Rel Assay However, the hepatocyte cells exposed to lower

Diagnostics®, Gaziantep, Turkey). doses than 300 ppm of WQIPs did not show any
significant change in cell viability during 72 h as
LMN assay determined by the MTT assay. No cytotoxicity

Liver micronucleus assay (LMN) assay was dongyas observed for the contraiells. MMC-induced

by using the method of Suzuki et al. (2009)hepatic damage was clearly evidenced by 6-fold
Immediately prior to the evaluation, 10-2Q of  jncreases in the activity of LDH compared with

hepatocyte suspension was mixed with an equge observations of the negative controls (Fig. 3).
volume of acridine orange (AO)-DAPI (4',6- although LDH was not affected by the low doses
diamidino-2-phenylindole dihydrochloride) stain ¢ WO, NPs alone, but the increases of the levels

solution (AO, 0.5 mg mt; DAPI, 10ug mL?) for  of enzyme reached statistical significances at 300,
fluorescent staining. Approximately 10-2Q. of 500 and 1000 ppm.

the mixture was dropped onto a glass slide and
covered with a cover glass. Samples of well 100
isolated hepatocytes were evaluated with the aid « "
a fluorescence microscope counting the number «

MNHEPs in 2000 hepatocytes for each animal§ 100 ——

MNHEPs were defined as hepatocytes with roun T —————

or distinct MNs that stained like the nucleus, with S ————

a diameter 1/4 or less than that of the nucleus, ai 10— ————

confirmed by focusing up and down, taking into S ——————

account hepatocyte thickness by one observer. ‘('f::]‘:l‘l“:l‘:: [ ———

Nucleic acid oxidation 0 20 80 60 80 100
Cell Viability (%)

DNA oxidation was determined by measuring the
amount of 8-OH-dG adducts. DNA was dlgeSteq:igure 2 - MTT reduction [3-(4,5-dimethyl-thiazol-2-

by inpubation with DNAase Iz endonuclease, and yl) 2,5-diphenyltetrazolium bromide] in
alkaline phosphatase (Schneider et al. 1993). The cultured rat hepatocytes maintained in the
amount of 8-OH-dG was measured by high- presence  of different WO NPs
performance liquid chromatography (HPLC) with concentrations for 72 h.

electrochemical detection as described previously (Each individual hepatocyte culture without
(Floyd et al. 1993). NPs was studied as a negative control group

(Control). MMC alone added group was
considered as a positive control (Contyol
Values are means + standard deviation (n =
6). * symbol presents significant differences
at the p<0.05 level from the contrgroup).

Statistical analysis

The experimental data were analyzed using one-
way analysis of variance (ANOVA) and Fischer’s
least significant difference (LSD) tests to
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Extracellular LDH activity (microU/mL) pmol 8-OH-dG/microg DNA

Figure 3 - Extracellular level of lactate dehydrogenaseFigure 4 - 8-oxo0-2-deoxyguanosine (8-OH-dG) adducts

(LDH) in cultured rat hepatocytes in cultured rat hepatocytes maintained in the
maintained in the presence of different WO3 presence  of different WO3 NPs
NPs concentrations for 72 h. Each concentrations for 72 h. Each individual
individual hepatocyte culture without NPs hepatocyte culture without NPs was studied
was studied as a negative control group as a negative control group (Control -). MMC
(Control -). MMC alone added group was alone added group was considered as a
considered as a positive control (Control +). positive control (Control +). Values are
Values are means + standard deviation (n = means * standard deviation (n = 6). * symbol
6). * symbol presents significant differences presents significant differences at the p<0.05
at the p<0.05 level from the control - level from the control - group).
group).
1000 ———

The levels of 8-0x0-2-deoxyguanosine (8-OH-dG, 00 =~

in the cultured rat hepatocytes of controls ant . mee.

experimental groups are shown in Figure 4 g 100 me=

Firstly, the levels of 8-OH-dG, a sensitive marker = > =

of oxidative DNA damage, were quantified with 20—

regard to MMC treatment. It was observed tha 19 =i

MMC significantly increased 8-OH-dG Co,,,,,,(l,
concentrations in the hepatocyte cultures after 7 control () mm=-
h. Similarly, 8-OH-dG levels increased in the
hepatocyte cells that were treated with 500 an_

1 2 3 4
MNHEP % /2000 cells

1000 ppm of WQNPs. . Figure 5 - Results of liver MN assay in cultured rat
The results of the observed LMN rates in the hepatocytes maintained in the presence of
primary rat hepatocyte cells after 72 h WRPs WO3 NPs for 72 h. HEP = hepatocyte;
treatment are presented in Figure 5. LMN analyses MNHEP = Number of micronucleated
did not show statistically significant differences hepatocytes. Each individual hepatocyte
(p>0.05) between the controbnd tested NPs culture without NPs was studied as a
applied cultures. negative control group (Control -). MMC
Table 1 showed the effects of WRPs on oxidant alone added group was considered as a

positive control (Control +). Values are
means * standard deviation (n = 6). *
symbol presents significant differences at
the p<0.05 level from the control - group).

status in the cultured rat hepatocytes, which were
determined by the TAC and TOS analysis. The
TAC value decreased with the addition of MMC
while TOS value increased. In contrast to the
treatments with 5, 10, 20, 50, 75 and 100 ppm of
WO; NPs did not alter the TAC and TOS levels.
However, nanomaterials applications at higher
doses (150, 300, 500 and 1000 ppm) changed the
TAC and TOS levels. Thus, WWONPs had dose
dependent effects on the oxidative damage in
hepatocyte# vitro.
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Table 1 -Extracellular TAC and TOS levels in cultured previously by the experimental studies (Schins et
rat hepatocytes maintained with W®IPs for 72 h. al. 2004). Albrecht et al. (2009) found that
Each individual hepatocyte culture without NPs wassytotoxicity as observed at high concentrations did
studied as a negative control group (Control )4t pecessarily represent a compound-related
Ascorbic acid (10 ?M) and hydrogen peroxide (25 ?M ffect, and could at least partly be due to physica
added groups were also used as the control+ in TA ’

goverage of the cells by the test NPs.

and TOS analysis, respectively. Values are means * . .
standard deviation (n = 6). * symbol presents digmit | he fully understanding of how WNPs interact

differences at the p<0.05 level from the control -With hepatocytes, especially at the molecular level

group). is still unclear. Present findings demonstrated tha
Treatment TAC (mmol TOS (umol H202 QIirect exposure of the hepatocytes to WIPs
Trolox Equiv./l) Equiv./l) induced the intracellular ROS generation, reduced
Contro’ 3.9+£0. 9.1+£2.¢ the total antioxidant capacity (TAC), increased 8-
Contro 21+0.% 16.5+3.4 OH-dG levels, and subsequently caused
?Opggn gg S gf gg S gz dysfunction of these cells. In accordance with the
20 ppn 38+1 04+3" present results, it h_as be_en reported t_hat
50 ppn 36+1. 9.6+ 4.( engineered nanomaterials, either metals (like
100 ppn 34+1." 9.6 + 3. carbon and silver) or metal oxides (like zinc oxide
150 ppn 3.1+0.9 10.8 + 4.1° magnesium oxide, and titanium oxide), induce
300 ppn 27+1.3 12.9+4.2 toxicity and oxidative stress by generating free
500 ppn 26+0.7 13.4+45 radicals (Turkez and Geyikoglu 2007; Anreddy et
1000 ppn 26+1.* 142+44 al. 2013). Mechanisms involved in the reduction of

cell viability through oxidative stress by WO®IPs
are not yet known. Oxidative stress is associated
DISCUSSION with protein and lipid oxidation, ultimately leadin
) o ) ] to a profound alteration in mitochondrial function
In the present investigation, it was aimed tqpan et al. 2009). Any change in the mitochondrial
evaluate the cytotoxicity, genotoxicity andmemprane permeability is known to be an early
oxidative damage in the cultured rat healthyeyent in apoptosis (Liu and Sun 2010). It is known
hepatocyte cells in response to differenthat ROS activates multiple signaling pathways,
concentrations of W@ NPs. Trends in the jncjuding mitogen activated protein  kinase
cytotoxicity as observed for the different (MAPK) family and p53 expression signal
concentrations of these NPs were overall highlyransduction cascades (Simbula et al. 2007). P53,
similar using the two independent assays (MTTgax and Bcl-2 are also generally thought to be
and LDH) in the cultured rat hepatocytes. Ajpyolved in mitochondria-dependent apoptosis
particular contrast was observec_i for_ the hlgheﬂ_iu and Sun 2010). p-INK, p-c-Jun, p-p53, Bax,
concentrations of WO NPs, which induced a cleaved caspase-3 were significantly increased in
pronounced LDH release and decrease of MThhe puman umbilical vein endothelial cells
As a matter of fact, tungsten carbide nanopartlclemUVECS) after exposure to silica nanoparticles,
(WC NPs) caused reduction in cell viability yhile Bcl-2 was dramatically suppressed. ROS
between 10 and 50% compared to controls UPOg:avenger could markedly inhibit the JNK, c-Jun
particle exposure in the rainbow troutgng p53 activity, indicating that ROS could be
(Oncorhynchus mykipggill cell line, RTgill-W1  ypstream effectors of JNK and p53 (Liu and Sun
(Kihnel et al. 2009). Rothen-Rutishauser et abp10). Hsin et al. (2008) found that nano silver-
(2007) reported that the size of nano-particles qhduced apoptosis was mediated by the ROS via
their aggregates could be considered a potentig\k and p53 activation. ROS could also directly
determinant for the uptake and subsequeniciivate p53, most probably by the induction of
macrophage responses, which could explain thgna damage (Simbula et al. 2007; Turkez and
observed o_Iifferences on LDH release at the highesr;bgar 2010; Turkez and Geyikoglu 2010; Turkez
concentration of NPs (Albrecht et al. 2009).et 5. 2012). Based on the results of Liu and Sun
Particles in the fine size range may induce morgo10), the following silica nanoparticles-mediated
pronounced responses than in the nano-ranggynaling pathways for apoptosis related events

(Rothen-Rutishauser et al. 2007), and thuere proposed as ROS production (INK/c-Jun
“ultrafine hypothesis” has been challenged
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phosphorylation), P53 activation, Bax upevent in carcinogenesis. LMN assays have
regulation and Bcl-2 down regulation. emerged as one of the preferred methods for
Previous studies showed that higher dose exposuasssessing the chromosome damage because they
to nanomaterials, including silica nanoparticlesenable both chromosome loss and chromosome
titanium  dioxide, zinc  oxide, alumina breakage to be measured reliably. The NPs, which
nanoparticles led to proinflammatory andwere located in the cytosol near the nucleus but
procoagulant responses in endothelial cells.dnis not were found inside the nucleus, in mitochondria
accepted view point that ROS are involved imor ribosomes did not induce DNA-breakage
many of the processes underlying endotheliglBhattacharya et al. 2009). But W®IPs led to
activation (e.g., the up regulation of adhesioroxidative DNA damages as determined by the
molecules and chemokines, increased expressiancreases of 8-OH-dG levels, which were the
of tissue factor). Many of the key signalmajor products of DNA oxidation in present study.
transduction molecules involved in the endothelialhus, apparently WONPs were not clastogenic
activation, such as various MAPKs and thebut were able to generate elevated amounts of free
transcription factors NF-kB, are known to beradicals, which induced indirect genotoxicity,
redox sensitive (Alom-Ruiz et al. 2008). To assesmainly by DNA-adduct formation. In contrast to
the biological effect of different concentrations o our in vitro findings, WQ NPs showed positive
WO; NPs on rat hepatocyte cells, cell viability wasmutagenic response in TA1537 and TA98
determined. In the present study, MTT and LDHoacterial strains ofSalmonella typhimuriumby
assays showed that the higher concentrations aking Ames test (Hasegawa et al. 2012).,\W®s
WO; NPs decreased cell viability. Also, Liu anddid not cause increase of the incidence of
Sun (2010) found that exposure to highchromosome aberrations in rat bone marrow cells
concentrations  (100-200 ppm) of silicabut led to increases of MN formation after chronic
nanoparticles caused an increase of cytotoxicity iaxposure for 30 days (Turkez et al. 2013a). These
HUVECSs. The LDH release was also increased bgonflicting evidences on genotoxicity by WEPs
silica nanoparticles only at the highestcould be explained by the differences in conditions
concentration, indicating that exposure to highin vivo or in vitro), exposuring time (acute,
concentrations of silica nanoparticles could affecthronic or sub chronic) and chemical features of
cell-membrane integrity and lead to cell deathtested NPs (exact size, shape, composition, and
They also reported the induction of apoptosis oaggregation). It is known that studies dealing with
necrosis by silica nanoparticles and oxidativenanotoxicity have focused an vitro cell culture
stress as silica nanoparticles induced toxicitgtudies. However, data obtained from such studies
mechanism. Liu and Sun (2010) showed thatight not correspond tm vivo results. Hence, a
intracellular ROS generation of HUVECSs by silicafull in vivo life cycle characterization framework
nanoparticles was gradually increased in a timewould be necessary for systematic evaluation of
and dose-dependent manner, suggesting thtite size, shape, and surface chemistry of NPs, and
oxidative stress occurred not at once, butheir correlation toin vivo behavior. In vivo
continuously during the cell culture. ROS played aystems were extremely complicated and the
central role in silica nanoparticles-mediatednteractions of NPs with biological components,
apoptosis. Disturbance of membrane integrity hasuch as proteins and cells could lead to unigue bio
been recently suggested as possibly one of thbstribution, clearance, immune response, and
mechanisms for cytotoxic action in themetabolism (Fischer and Chan 2007; Berger
nanoparticles (Kim et al. 2009). In accordance t@008).

the present findings, the results by Ding et alln summary, data from the current study showed
(2009) had demonstrated that nano-WC-Cdhat exposure to WONPs at high concentrations
generated a higher level of hydroxyl radicalscaused ROS generation and decreased the total
induced greater oxidative stress, as evidenced byaatioxidant capacity (TAC) in cultured primary rat
decrease of glutathione (GSH) levels. hepatocytes. NPs caused decreased cell viability,
Present results indicated that W®Ps did not which was detected by the increased MTT and
induce the LMN formations iim vitro conditions. LDH release. The present findings also showed
The study of DNA damage at the chromosomé¢hat WQ NPs had weak genotoxic potential
level is an essential part of genotoxicity testingvitro. Overall, these findings suggested that
because chromosomal mutation is an important
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exposure to WQNPs could pose environmental Ghodsi FE, Absalan H. Comparative study of ZNO thin
and human health risk. films prepared by dferent sol-gel routeActa Phys
Pol A.2010; 118: 659-664.
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