Copper Oxide Nanoparticles Stimulate Cytotoxicity and
Apoptosis in Glial Cancer Cell Line
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ABSTRACT: Due to cytotoxic potential, Copper Oxide Nanoparticles (CuO NPs) tenantly been studied in
variousin vivo and in culture cell line. Also, CuO has received much attention in cancer therapy. We aimed to
evaluate the cytotoxicity of CuO NPs ghal cancer (B92) cell line. B92 cancer cells were cultured with CuO NPs at
different concentrations (5, 10, and 20 pg/ml) with 30 and 60 nm particle size. Then, cancer eciitcuzated for

24 hrs. The apoptosis aggtotoxicity of cells were estimated tacridineorangepropidium iodide stainingnd MTT
assay, respectivelBoth sizes of CuO NPs haxytotoxic effect. Even with the lowest concentration, tytotoxic
impact accommoded 32% of cell apoptosis with 30 nm si2d/hen the concentration of CuO NPs incredse
viability decrease and apoptosis increasddowever, these amounts have no significant changes in the concentration
of 10 to 20 pg/ml between two particle sizes (3@ &0 nm).The IG, was decreased as the size of particles
increasd, but there was no significant change. This finding suggests that exposGreOtdNPshad significant
cytotoxic effect with the sizes tested when compared to unexposed control in a wine thataller size and higher
concentration exerted the maximum cytotoxic effects. It seems that augmentation may not havaetronitieiin

vitro cytotoxicity.
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INTRODUCTION

Nanoparticles (NPs) are usually a group ofproperties, copper oxide (CuO) N&seintentionally
nanoscalematerials with a range from 1 to 100 nm. widely manufactured and used plastics, paints,
Inorganic NPs consisting of metal oxides have beefgod containeré

manufactured on a large scale for applications in  \/arious studies have reported an increased

medicine like drug delivery, bisensing, cél cyioioxic and genotoxic potential as well as an

imaging and cancer therapy in organs such as braiianse prénflammatory responsesf CuO NPsin

which is protected by specialized brain bartier . 910 54 inculturedcell lines™® Oxidative stress

Chemotherapeutic researches based on the use @f fen used to describéhe toxicity of cells
metals for new ati-cancer drugs with the potential of jqsqciated with particle exposure. Because of their
being less toxic and exhibiting more aptbliferative unique features such as size, morphology, solubility,
activity against tumors have been developbtPs in g iface area as well as their ability to associate with
comparson to large biological molecules (enzymes, pigmglecules from the environment to form a protein
receptors, etc.) can easily display specific interaction§,4 interactions ofthe particles with cellular
with biomolecules and may be useful in cancennempranes, uptake and intracellular bioavailability,
diagnosis and treatmeht Due to their antimicrobial .5, finally lead to elevated levels of reactive oxygen
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Glioma is a type of fain and central nervous Cell culture and treatment. B92 rat cancer cell
system tumors, which starts in supportive glial celldine was purchased from National Cell Bank of Iran
that surround nerve cells and help them function (NCBI, Tehran, Iran) and was cultured in 75%m
Cell division is a normal process to build new cellsflask at the density of 6 x iGels/cnf in RPMI
and tissues but it is stopped whenever there is n©640, supplemented with 100ug/mL penicillin and
longer need for more csllor is a threat for the 100 pg/mL streptomycin and 10%eatinactivated
organisms to be destroyed by apoptotic cell death=BS at 37°C and 5% GQo reach 80% confluency.
The ability of cancer cells to continue reproducing,Cells were harvested using 0.25% trypsin and were
spreading and avoiding apoptosis are the basisubculturedinto 75 cnf flasks, 6well platesor 96
properties of tumors, therefore, inducing apoptosis irwell plate they were allowed to recover for 24rs
cancer cells is a majoredire for researchers in the prior to treatment. Particles were suspended in cell
field of tumor treatment® Even several recent culture medium by pulse sonication for 5 min to
studies evaluated cytotoxic effects of metal andavoid particle agglomeration. A serial dilution was
metatcontaining material components on glioma established by mixing equal volumes of pdetic
cancer cell line$®?*# the consequences of exposuresuspension and cell culture medium.
of CuO NPs with B92 cancer cells have not yet been  Cell cytotoxicity assay The viability of B92
reported. cancer cells was assessed by the MTT assay as

Therefore, we designed to determine thedescribed befor& Briefly, 1x 10 cells/well were
concentration andze-dependeneffects of CUONPs seeded in 98vell plates and exposed to CuO NPs at

exposure in B92 cancer cells. the concentrations of O (as a control), 5, 10, and 20
J P/ IRU wehkywmictoliters of a 5 mg/mL
MATERIALS AND METHODS solution of MTT in PBS was added to each well, and

the plates were incubated at 37°C in 5%,G® 4

hrs. The medium was then carefully removed, and the
purple products were dissolved in 0.1 mL dimethyl
sulfoxide (DMSO). Theplates were shaken for 10
min, and the optical density (OD) of the dissolved
solute measuredy an ELISA reader (Dynatech,
Denkendorf, Germany) at 570 nm.

Synthesis and characterization of CuO
nanoparticles To synthesis colloidal suspension of
CuO NPs (30 and 60 nm), we used aoothermal
method with minor modificationsTo 100 ml of
distilled water, we added 0.25 g of CuS&hd then 5
g of polyvinyl pyrrolidone K30 (PVH30) and was
dissolved in this solution. For reduction of CuO,
0.25 g NaBH was pouredinto the solution. The
solution of CuSQ turned from blue to green propidium iodide. Cells were cultured in a 6 well

immediately and finally a brown colored product wasP!a€s at a concentration of 1 x 1@ells/well and
obtained. After 30 min, required quantities of allowed for 24 hrs adherence. Cells were treated with

ascorbic acid was added and kept in a water bath &fferent concentrations of CUONPs (0, 5, 10 and 20
60 °C for 30 min. The precipitates were washed with 3 PO IRU KUV 7KH VXVSHQVLRQ ZDV
ethanol and centrifuged (4000 g, 15 min) and finally the cells were washed twice with phosphate batfer

CuO NPs colloid powder was obtained and stored forY D O_L QH 3_% 6 6WDLQLQJ ZLWK O RI'§
further use. A Different amount of ascorbic acid was(AC: Sigma Aldrich J PO ZDV SHUIRUPHG IRU
min at room temperature in dark and immediatel

Detection of apoptosis by acridine orange and

used to produce CuO NPs with different sizes. _ _ _
Structural studies of CuO NPs were done Viabefor_e_ ﬂuore_scence MICroseop studies S
scanning electron microscopy (SEMJESCAN 510 Propidium lodide (PI)%igma Aldrich)was added to

Czech Repubt) and dynamic light scattering (DLS) the cellular pellet. Apoptotic modification in B92
(NanozetasizeMALVERN. England. cancer cells was determined in an improved
Neubauer rhodium hemocytometer under fluorescent
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microscopy and the percentage of cells exhibitingRESULTS AND DISCUSSION

apoptosis was counted and calculated. Characterization of CuO NPs As shown in
Statistical analysis Statigical significance was figure 1, the SEM images of synthesized CuO NPs

performed by Student'stestand oneway analysis confirmed - both powderswere aggregated and the

of variance. Data were presented as mean + SD arapparent average sizegre 30 and 60 nm. Also, the

p < 0.05 was considered as tlewel of significance  zeta sizer of CuO NPs by DLS confirmed their sizes

for all analyses performed. as shown irfigure 2.

od o0nm

Figurel. Stuctural characterization of synthesized CuO NPs by field emission scanning electron. A) CuONBG it
sizes. B) CuO NPs with 60 nm sizes.
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Figure 2.Zeta sizer of synthesized CuO NPs (DLS). A) CuO NPs with 30 nm sizes. B) CuO NPs with 60 nm sizes.

Concentration-dependentcytotoxicity of CuO J PO LQ PHGLXP WKH YLDELOLW\ RI FH
NPs on B92 cellsCell cytotoxicity in response to both sizes of CuO NPs. However, there was
different concentration and two sizes of CuOsignificant decrease between 30 and 60 nm sizes in
nanoparticles was evaluated by MTT assay. B9Zny concentrationp(> 0.05)as are shown ifigure 3.
cancer cells were cultured in media containing 0, 50n the other hand, there were slight changes in the
10 and 20 Jml CuO NPS for 2 hrs. As the cell viability at 30 and 60 nm sizes of synthesized
concentration of CuO NPs increased from 5 to 20CuO NPs. The half maximal inhibitory concentration
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(ICsq) was counted as theomcentration required to and necrotic cells in a umifm bright red nucleus

inhibit the growth ofB92 cancer cells in the culture with noncondensed chromatin (include of PI).

medium by 50% compared to the untreated cells. Thee RZHYHU FHOOV H[SRVHG WR &X213V
ICso of nanoparticles with the size of 30 nm wereconcentration exhibited more condensed chromatin,
12.01£1.9 and for nanoparticles with 60 nm wasfragmented nuclei, and appearance of apoptotic

9.17 £ 3.3. The IG, decreased by increasing of bodies as displayed ifigure 4. The percenges of

particle size, but the demaise was nogignificantly  the apptotic cell were evaluated atlifferent

(p>0.05) concentratior of CuO NPs treatedamples (0, 5, 10

Quantification of apoptosis by double staining DQG J TRéOpercentage of apoptotic cells
using acridine orange and propidium iodide. The  showed concentratiedependent manner, in a way
fluorescence microscap study was used to that, the possible induction of apoptosis enhanced as
determine whether the cytotoxic effect of CuONPsthe concentration of treatment increaseyre 5).
was related to the inductioof apoptosis. In cell Results showed that morphological identification of

populatios, the viable cell possessasiform bright — apoptosis and apoptotic DNA fragmentation has been

green nucleus with diffused chromatin (exclude ofdeveloped with the use of CuO NPs.
Pl), whereas early apoptotic celEhowed bright
green areas of condensed chromatin in the nucleus,
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Figure 3 Cytotoxicity in different concentrations of Cu@Ps with the sizes of 30 and 60 nm by MTT assayepresents a significant
difference from the control (p <0.05).

Nanoparticles have some physicochemicalkellular dysfunctiorf* A glioma is an aggressive
properties through their size which make themform of brain cancer that starts from transformed of
chemically more reactive in possessing biologicalglial cells® Limitations of current therapies
activities that can be either desirable as druyelsl  necessitate an effeet, inexpensive and neoxic
or undesirable by induction of oxidative stress ortreatments with slight side effects that are accepted
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by people. The ability of cancer cells to avoid contact materials and wood preservation, therefore,
apoptosis and continue to propagate to make metshese are widely manufactured and ugedtarlier
oxide nanoparticles as a demand for continuing newtudies showed potent cytotoxic, genotoxic and
anti-cancer drugseseache$’. Due to anthicrobial  toxicological activities of CuNPs and even, toxic
properties, CuO NPs are a right choice for being useceffects of various

in products such as textiles, intrauterine devices, food

Normal cells

Late apoptosis

Early apoptosis:

Necrosis
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fluorescence microscope (40x). The cells were seedednalléplates and were treated with CuO NPs (0, 5, 10
DQG J P OhedBhs.
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Figure 5.Determination of apoptosis in different concentrations of CuO NPs treated samples with 30 ansi&& rmhNPs.

types of nanoparticles in C6 glioma canceralcothermal method and were used in different
cells'®#2?° S0, in the present study, two sizes of CuOconcentration to evaluate their anticancer activity in
NPs (30 and 60 nm) were synthesized by arB92 glial cancer cells. Characterization of
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nanoparticles is essential before assessing
cytotoxicity since any changes in

characterization can have an effect on cellular
responses upon exposdf?’ Thus we first

Kukia et al.

they aggregated chromatin and condensed cytoplasm
their and occurred in the CuO Nfreaed rat cancer cells.

In conclusion, cellular apoptosis was affected by

the presence of CuO NPS. By increadimgparticle

characteried the Synthesized CuO NPs for better size, cellular apoptosig\/as deve|oped_ A|though

interpretation of results. The SEM imagend zeta exposure to 30 nm and 60 nm sizes had cytotoxic
size reconfirmed the 30 and 60 nm sizes of CuO NPsffects in cancer cellst seems that augmentation

respectively.

may not have any impact on thein vitro

The results of MTT assay was used for studyingcytotoxicity. Further investigations are required to
the cytotoxicity of two sizes of CuO NPs and showedbetter assessthe biocompatibility and biosafety of
that both CuO NPs (30 and 60 nm) inducesCuO NPsfor in vivoandin vitro conditiors.

cytotoxicity in B92 cancer cells afte4 hrs of

exposure in a concentratiaependent manner. In a ACKNOWLEDGEMENTS

way that exposure t€uO NPshad a significant
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cytotoxic effect with the sizes tested when comparedmmunology laboratory of veterinary faculty, Urmia
to unexposed control and the smaller size and highagniversity. This work has been done at Urmia

concentration exerted the maximum cytatoaffects.
Our findings are in agreement with previous
studies’*'®® Although there is a significant

variation in the ability of both particles to alter cell 1-

cytotoxicity, the differences in cytotoxicity of each
concentration of Cu@Ps is not certain as ,
previously reported for somato sensory neurons of a
rat in cell culturé® The |Gy, decreased by increasing
particle size, however, ¢h decrease was non 3
significant This suggestthat augmentation may not
have any impact on their cytotoxiciiy vitro state.

Apoptosis and necrosis are two distinct
mechanisms responsible for cell deaiht induction 4
of apoptosis in tumor cells is a vital and useful -anti
cancer mechanism. Apoptotic cells are distinguished
by altering morphological, molecular and 5.
biochemical properties and necrosis produces a
leakage of cell conterit®! A research illustrated that -
CuO NPs induces the typical appearance of
characteristic modifications for apoptosis in cé&lls 7
To quantitate apoptosis, AO staining was done to
measure apoptosis induced by various concentsatiors.
of CuO NPs. AO/PI was used to distinguishing
apoptosis from necrosis. The fluorescence
microscopc study showed the condensation of g
chromatin and reduction in cell volume follows CuO
NPs treatment. Apoptotic features are characterized

University, Iran.
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