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Abstract

Despite of great attention concerned on ceramiostamctures in bioapplications, little is known abthe toxicity

of these NPs at the cellular and molecular levigisthis work, mesoporous nanocomposfeCuCa0O,/CuO
synthesized by sonochemical assistant thermal degsitron and the anti-cancer effect was studied/@s The
environmental friendly method by surfactant freenadl as low temperature was applied. A natural glex of
copper-cobalt-coccus prepared by sonochemical rdethnd finally decomposed thermally at 600 °C.
CuCa0O4/CuO mesoporous nanocomposites were successfullgined through one-way reaction and
characterized by; x-ray diffraction pattern (XRBganning electron microscope (SEM), transmissi@cttedin
microscopy (TEM), energy dispersive spectromet$lE Furthermore, vibrating sample magnetometenyS
was used to study the magnetic properties of GDgZGUO nanoparticles. MTT assay was performed inroiae
determine the anti-proliferative effect of CwC/CuO samples against 4T1 breast cancer cell lines
CuCa0,/CuO nanoparticles induced dose-dependent cytotdffects against 4T1 breast cancer cells witdy t&

0.82 mg/ml. Nevertheless, it is essential to penfarore investigations to find the exact related maatsms.

Keywords: Nanocomposite; Nanostructures; Anticancer; 4T 1sc€UCeO,/CuO; Sonochemical.



1. Introduction

The properties of ceramic materials dictated by esdactors like types of presented atoms as webasling

between them and the way the atoms are packedchtrgdior determination of synthesize materials erigs,

bonding and structure type of precursors play apomant role. One important kind of crystalline andn-

metallic solids materials that can be produced &gtihg and cooling are ceramics [1]. Ceramic nampusites
properties attributed to the mechanical and funeticharacteristics that have significant applaratin various
fields. The newest application areas on ceramioc@mposites are as follows: solar hydrogen prodacf2],

photoreduction of heavy ions [3], near infraredimiaging [4], catalysis [5], photocatalysis [6], geensing [7],
environmental remediation [8], electrocatalyticaadion [9] and Nitrogen oxide reduction [10].

The most significant application of ceramic nantipkes is the biological one, besides, the utiligof inorganic
nanopatrticles for biomedical applications has adedn[11]. In particular, magnetic iron oxide nanoisées,

including magnetite (R®,) and maghemitey{Fe,0O3), have received enormous consideration for themous
biomedical applications counting biosensors, magmessonance imaging (MRI) contrast agents, andneiag
fluid hyperthermia [12-14] because of their tunabiee-dependent magnetic properties in additiorther

biodegradable and nontoxic nature [15, 16].

Notwithstanding of the significant effort of reselaes, cancer is still responsible for 25% of alhtde in
developed countries [17]. There is a crucial neadrhore sensitive, cost-effective and precise nashior

detecting and treating cancer. Inorganic nanopesti@and nanoparticles-biomaterials composites \ilidir

exceptional optical, thermal and electromagnetupprties have indicated excellent potential in hovethods for
characterization, detection and cancer therapy. [Up]to now, there are few reports about inorgaoigcity of

nanoparticles against the cancer cells and in Wivestigations. In the past decades, the most naadparticles
were Au and Ag [19-21]. Since the 1950s, Au hashhesed as a radioactive label in biomedical apptina [22].

The use of biocompatible and nontoxic nanopartigkesvital for medical applications. Lately varietf



nanoparticles such as ZnO [23],.6e [24], FegO, [25], Au-FgO, [26], SIG, [27] has been used for cancer
therapy. For instance, Ahmad M. et al. [28] repibifee synthesis of ferromagnetic Ni doped ge@noparticles
and examined their cytotoxic effect on HEK-293ltigacell line and SH-SY5Y Neuroblastoma cancet eé.
Also Asadpour et al. [29] demonstrated GPX actiutypC12 and N2a cell lines was reduced in thegiree of
ZrO, nanopatrticles owing to cytotoxic effect. Moreovlt, Yazdi et al. [30] investigated that Se nanadpbas
have appropriate potential against 4T1 breast cance

To the best of our knowledge, no reports has begplighed on anti-cancer activity of Cuf/CuO
nanopatrticles till now. In the present work, weraduced a novel CuG8,/CuO nanocomposite for cancer
therapy that were synthesized by novel, simpleenadfriendly ultrasonic method, besides, the cyiateffect of
the nanoparticles was experienced against 4T1thraaser for the first time.

2. Experimental
2.1. Materials and physical measurement

All chemical and reagents used for the syntheSiEuCaO,/CuO nanocomposites such as; Cu {NGH,O,
Co(NGs)2.6H,0O were purchased from Merck Company. X-ray powd#radtion (XRD) patterns were recorded
by a Philips diffractometer using X’PertPro and thenochromatized Cu Ka radiation (I = 1.54 A). Feur
transform infrared (FTIR) spectra of the productsravobtained using KBr pellets on an FT-IR specétam
(Magna-IR, 550 Nicolet) in the 400-4000 ¢mange. The energy dispersive spectrometry (ED&)ysis was
carried out by Tescan mira3 microscope. FESEM imagere investigated using a Tescan mira3 and Hitach
4160 field emission scanning electron microscop&SEM). A Philips EM208 transmission electron mgmape
with an accelerating voltage of 200 kV was applied Transmission electron microscopy (TEM) imagéke
magnetic properties of the sample was detected@h rtemperature using a vibrating sample magnetmet
(VSM, Meghnatis Kavir Kashan Co., Kashan, Iran)orr Sigma (Steinheim, Germany), BSA (fraction V,

minimum 98%) was purchased. RPMI cell culture aethlfbovine serum (FBS) were purchased from Gibc



(United States). 3-(4,5-dimethyl-thiazol-2-yl)-Aihenyl tetrazolium bromide (MTT), 2',7'-dichlohadrescein
diacetate (DCFH-DA), penicillin, and streptomycinene all obtained from Sigma (United Kingdom), and
dimethyl sulfoxide (DMSQO) was purchased from Mef&ermany). 7-AAD, Annexin-V dyes, and annexin-V
binding buffer were all purchased from BD Biosciesi¢San Jose, CA). All organic solvents used foMMzere
received from VWR, Norway. 4,6-Diamidino-2-phenylole (DAPI) was purchased from Invitrogen Life
Technologies (Eugene, OR, USA).

2.2. Coccus powder

Coccus [31] pigment was obtained from the driedid®af female scale insect species, Dactylopiusc@nc
which were feed on wild cacti. The insects weredlat 70 °C in an oven until reaching a constanghtethen,

grounded and stored before use.
2.3. Synthesis CuCo,04/CuO nanocomposite

To synthesis th@anocomposite, 1mmol Cu(NJ2 and 2mmol Co(Ng), dissolved in distilled water to a clear
solution. Then, certain amount of coccus addetiécsblution under strong magnetic stirring at raemperature.
The solution was stirred under ultrasonic wavesvgro= 80 W/cr) for 30 min. After that, aqueous solution was
heated by stirring at 80 °C for 30 min. The prodwess collected by centrifugation at 4000 rpm fami, and
washed repeatedly with distilled water and ethaeokral times respectively. The resulted produetewdried at
80 °C under vacuum for 2h, then calcined at 600f6C3h. The preparation conditions of CyOgCuO

nanocomposite have been illustrated in Table 1.
2.4. Céll culture

Highly invasive, tumorigenic and transplantable duroell line (murine mammary carcinoma 4T1 celk)irwas
generously supplied from the National Cell Bankrah (Pasteur Institute, Tehran, Iran). The 4T1dugell was

designated; because of its great similarity to humammary cancer and transplantable to BALB/c mice.



2.5. Cytotoxicity assay

MTT-based assay [32] was used to evaluate the tractuses cytotoxicity effect. To do this test, Dktells of
4T1 cell lines was seeded in a 1d@rowth medium in 96-well plate, and treated bgre@asing concentrations of
sample no#5 (0, 0.5, 1, 2, 4, 8, 16,32). Incubation of treated cells was performed at@7n 5% CQ for 24 h.
Then the absorbance was measured at 420 nm by Eié8der (BioTeks EIx 800). The amount of the
nanocomposites causing 50% inhibition of the peddifion (1Go) was also calculated based on viability difference

between untreated and tread cells by using theviiallg formula:

Cell viability was expressed as 100% for untreatelts (control). All samples were performed in licgptes and

the survival rate (%) was calculated as the follapequation:
Survival rate (%) = (OD in treatment group/OD imtrol group) x 100
2.6. Nuclear characteristic of 4T1

In order to study the morphological variations loé tcell lines, current Protocols of immunology weed by
acridine orange/ethidium bromide double stainingef, 5x10 cells/well were cultured in six-well plates and
incubated overnight, afterwards treated with CACuO nanoparticles at kg concentration, harvested, and
washed twice with PBS. Finally, ethidium bromidei@io orange solution was added to the cell susparsnd

the nuclear morphology was evaluated by fluorese@microscopy (Zeiss, Germany).
2.7. Determination of nuclear morphology by DAPI staining

5x10 4T1 cells/well in 12-well plates were exposed 1008,0,/CuO nanoparticles at kgfor 1 day to see the
presence of apoptotic bodies and nuclei morpholsgyg DAPI nuclear staining. Afterwards, the cellsre fixed

in 4% paraformaldehyde-PBS solution for 15 min atdined with DAPI (0.3uM) for 30 min at room
temperature. Fluorescence microscopy was used derstand the cells for nuclear morphology. In ortter

recognize the apoptotic cells, the presence of @asel, fragmented, and degraded nuclei used.

5



2.8. Céll apoptosis assay

To distinguish apoptosis from necrotic cell deaitthuiced, Annexin-V staining was used. Annexin-V enothat is
located from the inner to the outer leaflet of gh@sma membrane has a high affinity to phosphosdyine. The
conjugation of Annexin-V with the fluorescent proB& facilitates measurements by flow cytometriclysis
The use of 7AAD staining helps differentiate betwespoptosis and necrosis owing to modifications ir
permeability of 7AAD through the cell membranesdaimaged and living cells. To simulate the experisien
conditions the same number of cells, culture sibmat and concentrations used in the cell cycldyaisa 4T1 cells
treated by CuC®,/CuO nanocomposites harvested and washed twicB$ Phe staining was carried out based
on the manufacturer's instruction (eBioscience AnimeV Apoptosis Detection Kit PE, Catalog Numb88-
8102) as follows; Cells were incubated in the diak15 min at room temperature in 200 pl bindingféu
containing Annexin V-PE (10 ul) and 7AAD (5 ul). didy 300 ul binding buffer added to each samplenitce.
The 488-nm laser was used for excitation with BDCOSACalibur (Becton Dikinson, San Jose, CA, USAlflo
cytometry system. PE was detected in FL-2, whil&DAvas detected in FL-3. 1x16ells were acquired and data

analyses were achieved using the Flowjo versiori7.6
2.9. Cdl cycle assay

Cell cycle analysis was implemented by staining Bi¢A with propidium iodide (PI), followed by flow
cytometric measurement of the fluorescence. Appnately 3.5 x 104T1 cells/well were seeded in a six-well
plate and incubated for 24 h. The medium was s&ghrand stored after treatment with CyGgCuO
nanopatrticles (165 concentration) for 24 h. Cells were washed witlfSRid trypsinized, harvested in the storec
medium, and finally centrifuged. The pellet werestvad in PBS, fixed in ice-cold ethanol (70%), atodexd at 4
°C for at least 12 h. Before flow cytometry anadysiells were washed in PBS and stained with FRNase (40

png mr* Pl and 100 pg mt RNase A) and incubated at 37 °C for 30 min, foowby incubation at 4 °C until



analysis. Flow cytometry analysis was done usin@€8&ACalibur at 488 and 610 nm of excitation and simms

wavelength respectively. Data were collected aradyaed using Flowjo software.
2.10. In vitro cellular uptake of CuCo,0,/CuO nanoparticles

To estimate théen vitro cellular uptake of CuC0204/CuO nanopaeticl1X16 4T1 cells/ml) cells were seeded in
6-well microplates and treated with CuOa/CuO nanoparticles. After that, the cells were vealswith PBS, fixed
by 2% glutaraldehyde, post-fixed in 1% osmium tette and dehydrated in alcohol before embeddingpan.
Thin sections (80 nm) of resin embedded 4T1 cellsewcut on a Leica Ultracut UCT. Finally, Philips

transmission electron microscope CM100 (PhilipsdEbven, Netherlands) was used for imaging.

2.11. Intracellular ROS measurement

The net intracellular levels of ROS generated hytlsgsized compounds were measured by a non-fllemesc
dye, DCFH-DA, which relates to intracellular ROS®, generate fluorescent 2,7- dichlorofluorescein FRC
Briefly, 3.5 x 10 cells/ well were seeded into 24-well plates trdatith ICso of CuCe0./CuO nanoparticles for 1
day. The positive control was freshly prepared bgdn peroxide (FD,, 0.1 mM in PBS). After treatment, the
cells were incubated with M DCFH-DA for 1 h, washed twice with PBS, and trerspended in 500 PBS.
The fluorescent intensity was detected, and thenatmount of ROS was subsequently estimated from DC

production.
3. Result and discussion
3.1. Characterization of CuC0,04/CuO nanoparticles

XRD pattern of CuCgD,/CuO nanoparticles is indicated in Fig.1. The dédfe peaks in this pattern can be
indexed to monoclinic phase of CuO (JCPDS card0edl917) along with cubic phase (JCPDS card nd. 1E5).
The narrow sharp peaks demonstrates that the £u@uO nanoparticles were well crystallized. The mear

crystallite diameter of the Cu@®,/CuO nanocomposites (sample no. 2) calculatedzumgi Debye Scherrer
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formula [31] has been found to be 19 nm. To studydffect of the ultrasonic irradiation on the CuQ4CuO
nanocomposites morphology, sample no#1 was symgtesn the absence of the ultrasonic irradiatiag. Ea
displays SEM images of Cugd,/CuO nanocomposites prepared without ultrasonadiation. As shown in the
Fig. 2a particles are agglomerated, but by usimgultrasonic irradiation, the smaller particles eveynthesized
(Fig. 2b) with an average size of 100-200 nm. Ttaimbintended nanoparticles, the calcination tempee should
be reduced more. Therefore, samples prepared Witdsonic irradiation and then calcined in 600°@(B). As
shown in Fig. 3 uniform nanoparticles of CyOg/CuO with average size of 20 nm and porous strastwere
obtained, that 50-200 nm size hollows were seem. rbe of ultrasonic wave was investigated accardm a
reported method [33]. Throughout the solvent sosis|yradicals of H and OH were produced. Both @diavere
active and played important role in sonochemicattien. The related ultrasonic mechanisms aretidtesd as

follows [33]:

H20 ——» °H +°OH

°OH +°0H —— KD
°OH+°0H —— K+ O,
°H+ 0, ——» °H,0
‘HO+°H ——» HO

°Hz0 +°H,0 ——» b, + O
°OH + HO —— kD, +°0
‘H+°H ——» H

‘H+°OH —» bD»

Co(NOy); —» C¥ +3NOy



Cu(NOs), __ , CUE"+2NOy

Co®" + H,0, (produced by sonolysis of wate—» 0*'G+ H" + °HO;
2°HO; ——» BHO,+ O

Co™ +H,0, —— C8 +°OH + OH

Co®*+30H — 5 Co(OH)

2°0H ——» bD>

°OH, +°OH ——» WO+ O,

CU/ +220H—» Cup+ 2H

CuQ, + 20H + 2HO —» Cu(OH§"

Cu(OHE> —» Cti + 60H

Cu*™ + H,0, (produced by sonolysis of wate——» CU** + H' + °OH,
CU* +20H —— Cu(OH)

2H' 5 H

2°0H+2H —» 2bD

6CO(OH) —__, 2Cs4+ 9H,0

CuOHp — , CuO+D

Fig. 4 represents EDS pattern of CyCGgCuO nanocomposites (sample no# 2). The presence,dfo and O are

clearly observed in this pattern. The EDS mappimgysis was done as well (Fig.5). Furthermore, G@zand



CuO atoms are homogeneously dispersed on the susfatomposite, as it is shown in the SEM-EDX magpi

images.

TEM images of CuC®4/CuO displayed in Fig. 6. TEM image clearly presenthe formation of a uniform

nanoparticles with average size 20 nm. In additiba,porous structure of sample is obvious as well.

The magnetization evaluations were performed by M8M magnetic field of upto 10 kOe in an air atptosre
and at room temperature. Fig. 7 demonstrates tlynetia hysteresis loops for nanopatrticles. Usuétlg,loops of
all samples shift along positive or negative H awéereas the shift is denoted by an exchange @lsdefined
as HE = (He + H)/2, where Hg (< 0) is the left coercivefield and K¢ 0) is the right one. Correspondingly,
the coercivityis defined as Hc = |HdHc,|/2. The magnetic hysteresis curves illustratextbtak magnetic response

to a varying magnetic field.

33.2. Anticancer activity evaluation of CuCo,0,/CuO nanoparticles

The anti-proliferative results showed that, Co@@#CuO nanoparticles significantly inhibited the pheration of
breast cancer cell lines of 4T1 cells as depiateHig. 8. Sample no. 2 induced dose-dependentayitoeffects

against different cell types with §gof 0.82 mg/ml.

3.3. Apoptosisinduction

The 4T1 cells were treated withdGralues of CuCgD,/CuO nanoparticles to understand whether the mésiman
of cell death is through apoptosis or not, and rdmults were estimated by acridine orange/ethidumomide
staining methods (used to visualize nuclear charageb apoptotic body formation that are characiesisof
apoptosis). Fluorescence microscope images deratetstthe stained apoptotic cells in comparison \lih
control cells in Fig. 9(a,b). The apoptotic celts the cells whose nuclei are observed as orarays,sphereas the
green once are the viable cells. The cells treatdtdCuCa0O,/CuO nanoparticles presented an extended apoptos

relative to the control cells [23].

10



After treated with CuC#,/CuO nanoparticles, cells were stained by DAPI ¢alize nuclear morphology
alterations associated with apoptosis more prgcigeq. 10(a,b)). The results indicated that, tidreated cells

have homogeneous nuclei, whereas GECuUO nanoparticles treated cells indicated fragmedtnuclei.

Apoptosis analysis using flow cytometry was appltedfurther analyze the feature of cell death iretldy
CuCa0O4/CuO nanoparticles. The loss of cell membrane phagpd asymmetry that resulted in the
externalization of phosphatidylserine (PS) bondsttmn cells surface is an important marker of apsiptoPE
Annexin-V as a fluorescent-labeled Annexin-V dyeds very precisely to externalize PS ligands orstivéace of
cells leading to the discover of early apoptotiisc&Since, externalization of PS happens in théiezastages of
apoptosis, PE Annexin-V staining can identify apg at an earlier than assays based on nucleagehdike
DNA fragmentation. The loss of membrane integnthich is preceded by PE Annexin-V staining, accommgs
the latest stages of cell death, resulting froegipoptotic or necrotic processes. 7-amino-actywin (7-AAD)

is a vital dye to allow recognition of early apagptaells (7-AAD negative). The membranes of dead damaged
cells are permeable toward 7-AAD, while Viable salitact with membranes exclude 7-AAD. Thereford|sc
that are reflected viable ones are PE Annexin-V &#dRD negative; whereas, cells that are in eagggosis are
PE Annexin V positive and 7-AAD negative; howeVate apoptotic or already dead cells are both PEe&im V
and 7-AAD positive. For distinguishing the degrdeapoptosis in cells exposed to CyOgCuO nanoparticles
PE Annexin V and 7-AAD staining using flow cytometwvas applies. Fig. 11(a,b) confirmed that apoptegs
the mechanism of cell death caused by G@&uO nanoparticles. In fact, 24 h treatment byG@CuO
nanopatrticles (I6y) brought a 2% early apoptosis, 25% late apoptsis3% necrosis. This results presented tha
the maximum mortality was by apoptosis pathway (R7%at only small portion of mortality was necro§s$o).
Hence, CuCgD,/CuO nanoparticles could be used as a potent clenagteutic agent to inhibit cancer cell growth

in invasive breast cancer. According to past reponese results are reasonable and appropriat834
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3.4. Effect of CuCo,04/CuO nanoparticles on cell cycle

Fig. 12(a,b) exhibits the effects of Cu/CuO nanoparticles on cell-cycle progression. Téle aycle analysis
study indicated the drastic change of the 4T1 ositle distributions after treatment by CuyOgCuO

nanoparticles. After 24 h sample no#5 treatme®2(@ng/ml), 40% of the 4T1 cells were in G1 phas$8p3vere
in S phase, and 27% were in G2 phase in contradfiritreated control cells consisting of 58% of ¢bls in G1
phase, 32% in S phase and 10% in G2 phase. Foedrealls, a noteworthy decrease in the percerdigells in

the G1 phase and a significant increase in theeptage of cells in the G2 phase was determinedeMer,

4.51% population was in sub_G1, which is relatedgoptotic cell. This cell arrest in G2 phase by>6(D,/CuO

nanocomposites treatment is be due to arrest bfliwedion because of either DNA cleavage or dantagie cell

division machinery.

4. Conclusions

Increasing application of nanoparticle in differdields such as clinical nanotechnologies urgesdinelopment
of environmentally friendly synthesis methodologyG,0,/CuO nanoparticles has been synthesized by gree
precursor via ultrasonic assistant precipitatiorthoé using cochineal powder as a natural precuBprusing
thermal treatment at 600°C, uniform CyOgCuO nanoparticles were obtained. The effect of G@ZCuO
nanoparticles was investigated against the 4T1dB@ancer. CuG®,/CuO nanoparticles prepared in the presen
work induced dose-dependent cytotoxic effects agalifferent cell types with 16 of 0.82 mg/ml. A significant
decrease in the percentage of cells in the G1 plwadea significant increase in the percentage kg oethe G2
phase was demonstrated. Furthermore, a populagsnmsub_G1 (4.51%), which is related to the apaptell.
This cell arrest in G2 phase after CyOgCuO nanoparticles treatment was due to arreselbfdivision as a
result of either DNA cleavage or damage to thediglsion machinery. Therefore, these green G@zuO NPs

may have promising application as a novel anticaagent for the treatment of breast cancer.

Acknowledgments

12



Authors are grateful to the council of Iran Natibiszience Foundation; INSF (97017837) and Universit

Kashan for supporting this work by Grant No (15932990).

13



References

[1] T.J. Webster, C. Ergun, R.H. Doremus, R.W. 8igR. Bizios, Specific proteins mediate enhancst@ablast
adhesion on nanophase ceramics, Journal of Biomled&terials Research Part A, 51 (2000) 475-483.

[2] W. Septina, R.R. Prabhakar, R. Wick, T. MoeS8ID. Tilley, Stabilized solar hydrogen productiofthw
CuO/CdS heterojunction thin film photocathodes, i@is&ry of Materials, 29 (2017) 1735-1743.

[3] A.E. Nogueira, O.F. Lopes, A.B. Neto, C. RilmgiEnhanced Cr (VI) photoreduction in aqueous smiuising
Nb,Os /CuO heterostructures under UV and visible irradm Chemical Engineering Journal, 312 (2017) 220-
227.

[4] K. Soga, M. Kamimura, Application of Ceramic iNgparticles for Near Infrared Bioimaging, in: PReedings
of the IV Advanced Ceramics and Applications Coafee, Springer, 2017, pp. 77-86.

[5] M.B. Gawande, A. Goswami, F.-X. Felpin, T. AgeX. Huang, R. Silva, X. Zou, R. Zboril, R.S. VanCu
and Cu-based nanopatrticles: synthesis and appinsain catalysis, Chemical reviews, 116 (2016) 33221.

[6] M. Goudarzi, Z. Zarghami, M. Salavati-Niasaxpvel and solvent-free cochineal-assisted synthefsisg—
Al, 03 nanocomposites via solid-state thermal decompositoute: characterization and photocatalytic @gtiv
assessment, Journal of Materials Science: Matendtéectronics, 27 (2016) 9789-9797.

[7] N. Nithyavathy, S. Arunmetha, N. DhineshbabuSMPanday, V. Rajendran, Synthesis and Chareaafiensof
Nanocomposites of TiO2 and Mg, for Gas Sensing Applications, Journal of nanos@eand nanotechnology,
17 (2017) 1307-1320.

[8] M. Kaur, N. Kaur, Ferrites: Synthesis and Applions for Environmental Remediation, in: Fegi@nd
Ferrates: Chemistry and Applications in Sustain&biergy and Environmental Remediation, ACS Pubboat
2016, pp. 113-136.

[9] M. Amiri, M. Salavati-Niasari, A. Akbari, A magetic CoFeO,/SiO, nanocomposite fabricated by the sol-gel

method for electrocatalytic oxidation and deterrtioraof L-cysteine, Microchimica Acta, 184 (2017)58833.

14



[10] M.H. Zahir, S.A. Mohamed, T. Suzuki, SynthesfaNickel and Zinc-Doped Aluminogallate Nanocomip®s
Spinels with the Hydrothermal Method and Wet Atcatiizn for NO Reduction, Emission Control Science an
Technology, 2 (2016) 66-74.

[11] M. Liong, J. Lu, M. Kovochich, T. Xia, S.G. Rbm, A.E. Nel, F. Tamanoi, J.I. Zink, Multifunctiain
inorganic nanoparticles for imaging, targeting, dnag delivery, ACS nano, 2 (2008) 889-896.

[12] M. Colombo, S. Carregal-Romero, M.F. CasulaGltiérrez, M.P. Morales, 1.B. Bohm, J.T. HevertragD.
Prosperi, W.J. Parak, Biological applications ofgmetic nanoparticles, Chemical Society Reviews(2[112)
4306-4334.

[13] J. Xie, G. Liu, H.S. Eden, H. Ai, X. Chen, fage-engineered magnetic nanoparticle platformscéorcer
imaging and therapy, Accounts of chemical reseat4{2011) 883-892.

[14] O. Veiseh, J.W. Gunn, M. Zhang, Design anditaion of magnetic nanopatrticles for targetedgdielivery
and imaging, Advanced drug delivery reviews, 62L(»(284-304.

[15] G. Liu, J. Gao, H. Ai, X. Chen, Applicationsich potential toxicity of magnetic iron oxide nandpdes,
Small, 9 (2013) 1533-1545.

[16] D. Ling, T. Hyeon, Chemical design of biocortipke iron oxide nanoparticles for medical applioas,
Small, 9 (2013) 1450-1466.

[17] M. Data, US Mortality Public Use Data Tape, 020 NCHS, Center for Disease Control and Preventior
(2006).

[18] I. Brigger, C. Dubernet, P. Couvreur, Nanojes in cancer therapy and diagnosis, Advanced dalivery
reviews, 54 (2002) 631-651.

[19] R.K. Mohanty, S. Thennarasu, A.B. Mandal, Reatrol stabilized gold nanoparticles enable serfaading

of doxorubicin and anticancer activity, ColloiddaBurfaces B: Biointerfaces, 114 (2014) 138-143.

15



[20] J. Daduang, A. Palasap, S. Daduang, P. BapRsiGuwannalert, T. Limpaiboon, Gallic acid entement of
gold nanoparticle anticancer activity in cervicahcer cells, Asian Pac J Cancer Prev, 16 (20151789

[21] M.M.R. Mollick, D. Rana, S.K. Dash, S. Chattajhyay, B. Bhowmick, D. Maity, D. Mondal, S. Patgak,
S. Roy, M. Chakraborty, Studies on green synthdssdeer nanopatrticles using Abelmoschus esculefitypulp
extract having anticancer (in vitro) and antimigedlapplications, Arabian journal of chemistry, {&).

[22] K. Hultborn, L.-G. Larsson, I. Ragnhult, Thgriph drainage from the breast to the axillary aachgternal
lymph nodes, studied with the aid of colloidal A1 ®&cta Radiologica, 43 (1955) 52-64.

[23] M. Premanathan, K. Karthikeyan, K. Jeyasubnmaia G. Manivannan, Selective toxicity of ZnO
nanoparticles toward Gram-positive bacteria andceancells by apoptosis through lipid peroxidation,
Nanomedicine: Nanotechnology, Biology and Medicin€2011) 184-192.

[24] M.K. Yu, J. Park, S. Jon, Targeting stratedegsmultifunctional nanoparticles in cancer imagisnd therapy,
(2012).

[25] B. Ankamwar, T.-C. Lai, J.-H. Huang, R.-S. LM. Hsiao, C.-H. Chen, Y. Hwu, Biocompatibility &80,
nanoparticles evaluated by in vitro cytotoxicitgags using normal, glia and breast cancer cellsptéahnology,
21 (2010) 075102.

[26] C. Xu, B. Wang, S. Sun, Dumbbell-like Au-Fe3@dnoparticles for target-specific platin delivelgurnal of
the American Chemical Society, 131 (2009) 4216.

[27] J. Lu, M. Liong, J.l. Zink, F. Tamanoi, Mesapas silica nanoparticles as a delivery systenhjairophobic
anticancer drugs, small, 3 (2007) 1341-1346.

[28] F. Abbas, T. Jan, J. Igbal, I. Ahmad, M.S.HagNi, M. Malik, Facile synthesis of ferromagnetic doped
Ce(Q nanoparticles with enhanced anticancer activippled Surface Science, 357 (2015) 931-936.

[29] E. Asadpour, H.R. Sadeghnia, A. Ghorbani, Md&jhat, M.T. Boroushaki, Oxidative stress-mediates

cytotoxicity of zirconia nanoparticles on PC12 &2k cells, Journal of Nanoparticle Research, 18¢204.

16



[30] M.H. Yazdi, M. Mahdavi, B. Varastehmoradi, M.Aaramarzi, A.R. Shahverdi, The immunostimulatory
effect of biogenic selenium nanoparticles on thd #feast cancer model: an in vivo study, Biologitate
element research, 149 (2012) 22-28.

[31] M. Goudarzi, N. Mir, M. Mousavi-Kamazani, S.aheri, M. Salavati-Niasari, Biosynthesis and
characterization of silver nanoparticles preparedmf two novel natural precursors by facile thermal
decomposition methods, Scientific Reports, 6 (2016)

[32] M. Amiri, A. Pardakhti, M. Ahmadi-Zeidabadi, .AAkbari, M. Salavati-Niasari, Magnetic nickel ficer
nanopatrticles: Green synthesis by Urtica and tlearap effect of frequency magnetic field on cregtoytotoxic
response in neural cell lines, Colloids and Sudd&eBiointerfaces, 172 (2018) 244-253.

[33] M. Mahdiani, F. Soofivand, M. Salavati-Niasamvestigation of experimental and instrumentalapaeters
on properties of Pbig)19 nanostructures prepared by sonochemical methadsdhics Sonochemistry, (2017).
[34] G. Kumar, H. Degheidy, B.J. Casey, P.L. Gogriflow cytometry evaluation of in vitro cellulaecrosis and
apoptosis induced by silver nanoparticles, Food@memical Toxicology, 85 (2015) 45-51.

[35] X. Chen, Y. Cao, D. Lv, Z. Zhu, J. Zhang, Yhd&, Comprehensive two-dimensional HepG2/cell memér
chromatography/monolithic column/time-of-flight nsaspectrometry system for screening anti-tumor comapts

from herbal medicines, Journal of Chromatographg 242 (2012) 67-74.

17



Figure captions

Fig. 1. XRD pattern of CuCgD,/CuO nanoparticles.

Fig. 2. SEM images of CuG@®4/CuO nanoparticles: (a) sample no. 1, (b) sampl&no

Fig. 3. SEM images of CuG®,/CuO nanoparticles: (c) sample no. 2.

Fig.4. EDS spectrum of representative CyOgCuO nanoparticles (sample no. 2).

Fig.5. EDS mapping (A) and FESEM-EDS image of CeQgCuO (B). The scale bar isyn.
Fig. 6. TEM images of CuCg#,/CuO nanoparticles (sample no. 2).

Fig. 7. VSM analysis of CuC®,/CuO nanopatrticles (sample no. 2).

Fig. 8. Cell viability of 4T1 treated with CuG@,/CuO nanoparticles (kg of 0.82 mg/ml). The concentration of
nanopatrticles is depicted on the x-axis. First golus the untreated cells as negative control. Eatlmn shows
the mean value of three experiments. The error Wware calculated by dividing the standard deviatignthe

square root of the number of measurements.

Fig. 9. Fluorescent microscopy of 4T1 cells stained withdine orange/ethidium bromide, a) Un-treateds;éd)

Treated cell by sample no. 2.

Fig. 10. Fluorescent microscopy of 4T1 cells with DAPI sia@ a) Un-treated cells, b) Treated cell by sanmole

2.

Fig. 11. Two-dimensional contour density plots for deteration of fractions of early apoptotic, late apoftot
and necrotic cell death of live non-treated 4T1scekated, respectively. a) Un-treated cells, tBafed cell by

sample no. 2.

Fig. 12. Flow cytometry based assay of cell cycle of cdnapUn-treated cells. b) Treated cell by samplezh
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Table 1. The reaction conditions of Cuga,/CuO nanoparticles synthesized in this work
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Table 1

Sample no.  Ultrasonic irradiation (W/cf)  Temperature (°C) Time (h)

1 - 600 3
2 80 600 3
3 80 700 3
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Fig. 2
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Fig. 9
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Fig. 10
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CuCo,0,/Cu0 porous nanocomposites has been synthesized by assistance green cochineal dye for the first time.
These uniform nanoparti cles has been prepared using ultrasonic assisted thermal treatment method.

Therole of ultrasonic waves and mechanism was investigated.

CuC0,0,/CuO nanoparticles were characterized by FESEM, TEM, EDS, XRD and VSM.

For the first time the anticancer of CuCo,0,/CuO nanoparticles against 4T1 cells lines.



