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Abstract

With the objective of finding an avenue for devetgmt of magnetic nanomaterials which were incorgora
into cells for induction of cell death in human carous cell lines, an environmental friendly systeanethod
was investigated. The present work aimed to syighmagnetic NiCgO,/NiO nanoparticles by a novel, simple,
environmental friendly and cost effective methodtire presence of Dactylopius Coccus. The ultra-fine
NiC0,04/NiO ceramic nanocomposites (NNC) were charactdrine X-ray diffraction pattern (XRD), scanning
electron microscope (SEM), transmission electrocrosicopy (TEM), energy dispersive spectrometry (EBS
well as vibrating sample magnetometer (VSM) usedttmly the magnetic properties of NNC nanoparticles
MTT cytotoxicity assay performed to determine timgi-groliferative effect of NNC nanoparticles agstidT1
breast cancer cell lines. The results demonstithiziothe NNC nanoparticles meaningfully reducedsineival
percentage of the 4T1 cells of the murine invasikeast cancer with an dgwas of 4 mg/ml. The dominant
mechanism of cell death was apoptosis, along witinerease in cellular oxidative stress. Consedyebased

on the obtained results, it can be concluded th&oD,/NiO nanoparticles can potentially be used as

chemotherapeutic agent against invasive breasecapds.

Keywords: NiCo,04/NiO; Nanopatrticles; Green synthesis; NanocomppBAET cytotoxicity.
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1. Introduction

Cancer is considered as one of the most extrenfelynkenacing diseases with systematic widespreatag)
incidence which results in a high rate of deatlhasting disabilities in patients [1]. Several talmgical studies
indicate that the nanoparticles could also be #@saon of some opposing effects. Ex vivo toxicitytlodse
particles commonly are investigated in numerous$ logts by MTT assay to provide some hints abo@ th
hazards effect of these carriers on cellular [Znbtechnology is the industrial revolution fourtawe, the huge
phenomenon that has spread throughout the sceentfnmunity, that is developing quickly as possii3gl].
Nanoparticles with different structure, size, shapd chemical surface properties can indicate gévbrological
and biomedical applications [5,6]. By reducing tienoparticles size many changes in electricallygmetc,
structural, morphological and chemical propertiels appen [7,8]. Since nanomaterials are presemsigd in
paints, varnishes, insulation, electronic diodesneetics, and sunscreens, therefore evaluatiorraafupts is
important [9-12]. One of the most important factor nanoscale designed materials is targeted cacedbs.
Some inorganic nanoparticles due to their high llefesurface-to-volume ratio have antibacterial pedies,
small size and good penetration into microorgani$h®. Also, having photocatalytic, ionic and catal
properties caused them to be widely used in thebabmgainst pathogen microbe’s human, bacteriases and
fungi [14-16]. magnetite nanoparticles (MNPs), premising targeted materials within the biomedieslt and
have applications in drug delivery systems, magnmesonance imaging (MRI), and magnetic hyperthefiir,
18]. Researchers indicated that, ZnO nanopartigtésh release Zii causes the Schwann cells death [19f*Zn
is a dynamic component of proteins and enzymes, iana@h ionic signal between numerous intracellulat
organelles [20]. However, excess free?Zis cytotoxic and can induce serious neuronal jnj1-23]. ZnO
nanoparticles have been revealed to exhibit spemxadity toward cancerous cells (HL60) in compariswith
normal cells [24]. Numerous studies established tbaicity of nano-sized ZnO was encouraged by the

generation of reactive oxygen species (ROS). Reamgléo the close relationship between the physieothbal
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properties of ZnO nanoparticles and their toxi@gj} in the present work the ability of Ni ions oall death
was studied. Investigations on the protective rapidm of metal oxide nanoparticles is increasingauays.
Metal oxide nanoparticles have the ability of pradg toxic elements in human tissues and cell cedtuhat
rise oxidative stress that leads to cell death.[R6fge nanoparticles are absorbed by mitochoratréanuclei,
producing a DNA mutation and finally cell death.rFtetermining the toxicity of nanoparticles, soraetbrs
like size and dimensions, chemical compositionpshaurface structure, density and solubility gkay role
[27, 28]. Since cancer cells have negative zeternpie due to a high percentage of anionic phospiusl as
well as specific groups on their surface, Posititharge nanoparticles via electrostatic interactibeorb into
target cells [15, 29]. Though chemotherapy is fesdly used nowadays, but in many cases owing to it
resistance to the body, it may cause the patieathd@0]. Therefore, many attempts were done toodisr
anticancer drugs having more toxic effects [31, 32}his study, NiCgO4/NiO nanoparticles were synthesized

for the first time, and their effects on the 4T1 tives were investigated.
2. Experimental
2.1. Materials and physical measurement

All the chemical and reagents for the synthe$iNiCo,0,/NiO nanocomposites such as Ni(©65H,0,
Co(NG),2.6H,O were purchased from Merck Company and used witlamy purification. X-ray powder
diffraction (XRD) patterns were recorded by a Risldiffractometer using X'PertPro and the monoclatred
Cu Ka radiation (I = 1.54 A). Fourier transformriafed (FTIR) spectra of the products were obtaim#izing
KBr pellets on an FT-IR spectrometer (Magna-IR, 99i@olet) in the 400-4000 cfnrange. The energy
dispersive spectrometry (EDS) analysis was caroedby Tescan mira3 microscope. FESEM images wer
investigated using a Tescan mira3 and Hitachi 34i#d emission scanning electron microscopes &S

Transmission electron microscopy (TEM) image wasaioled on a Philips EM208 transmission electron



microscope with an accelerating voltage of 200 Kie magnetic properties of the sample was detetteabm
temperature using a vibrating sample magnetom#t8M( Meghnatis Kavir Kashan Co., Kashan, Iran). BSA
(fraction V, minimum 98%) was purchased from Sig(B#einheim, Germany). RPMI cell culture and fetal
bovine serum (FBS) were purchased from Gibco (dni&ates). 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diplyén
tetrazolium bromide (MTT), 2',7'-dichlorofluoresnailiacetate (DCFH-DA), penicillin, and streptomyeiere

all obtained from Sigma (United Kingdom), and dimgtsulfoxide (DMSO) was purchased from Merck
(Germany). 7-AAD, Annexin-V dyes, and annexin-V diimy buffer were all purchased from BD Biosciences
(San Jose, CA). All organic solvents used for TEMrevreceived from VWR, Norway. 4,6-Diamidino-2-
phenylindole (DAPI) was purchased from InvitrogefelTechnologies (Eugene, OR, USA).

2.2. Coccus powder

Coccus pigment was obtained from the dried bodidsmale scale insect species, Dactylopius Coocetig;h
feed on wild cacti. The insects were dried at 70if@n oven until attainment to a constant weidghilly

grounded and stored before use.
2.3. Synthesis NiCo,04/NiO nanocomposite

Magnetite NNC nanoparticles (MNPs) with a diameter10 nm were synthesized using the following radth
To synthesis the nanocomposite 1 mmol NigNGH,O and 2 mmol Co(Ng)..6H,O dissolved in distilled
water to form a clear solution. Definite amountcotcus powder added to this solution under stroagnatic
stirring at room temperature. The solution wasynder ultrasonic waves (power = 80 Wfror 30 min. The
aqueous solution heated at 80 °C for 30 min untieing. Finally, the product was collected by a&ngation

at 4000 rpm for 5 min, washed repeatedly with ligstiwater and ethanol several times, dried at @Qufder
vacuum for 2 h and formerly calcined at 600 °C 3oh. The conditions for the synthesis of N3Og/NiO

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

The National Cell Bank of Iran (Pasteur Institute Ian, Tehran, Iran) were kindly supplied the meri
mammary carcinoma 4T1. The 4T1 tumor designatedtauts appropriateness for experimental animal ehod
for human mammary cancer and transplantablity t&.B/& mice. These cells are highly tumorigenic, isive

and transplantable tumor cell line.

2.5. Cytotoxicity assay

MTT-based assay for the investigation of cytotdyieffect of the NNC nanoparticles was applieda®ws:-
1x10" 4T1 cells were seeded in a 100 growth medium in 96-well plate and treated by réasing
concentrations of NiG®,/NiO nanopatrticles (0, 0.5, 1, 2, 4, 8, 16,.82). Following incubation of treated cells
was achieved at 37 °C in 5% &@r 24 h. The amount of the nanostructures cauSo% inhibition of
proliferation (IGg) was also calculated based on viability differebetween untreated and tread cells by the

following formula:

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

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

In order to investigate the morphological variatioof the breast cancer cells, an acridine orargdiem
bromide double staining following Current Protocofdmmunology was applied. Briefly, 5x16ells/well were
cultured in six-well plates, incubated overnightated with NNC nanopatrticles atsf&oncentration, harvested,
and finally washed twice with PBS. Ethidium bromiat=idin orange solution added to the cell suspen&r

evaluating the nuclear morphology by fluorescenc@aeacopy (Zeiss, Germany).



2.7. Determination of nuclear morphology by DAPI staining

For examination of the presence of apoptotic bobresides nuclei morphology, DAPI nuclear stainingrev
used. Briefly, 5x104T1 cells/well in 12-well plates exposed to NNGioparticles at 1§ concentration for 24
h. after that, cells were fixed in 4% paraformalg#rPBS solution for 15 min, then stained with DAR.BuM)
for 30 min at room temperature. In order to visz&lhuclear morphology of the cells, fluorescencerosicopy
was used to understand the presence of condemagtiented, and finally degraded nuclei and apaptails

were recognized as well.
2.8. Cell apoptosis assay

For better understanding the apoptosis mechanismexXin-V staining was done to differentiate apojsté®m
necrotic cell death caused by synthesized NNC remtiofes. Annexin-V protein was used, attributataéigh
affinity of it toward phosphotidyl serine, which tianslocated from the inner to the outer leaffethe plasma
membrane at early-stage of apoptosis. The keyisdlee conjugation of Annexin-V with the fluorestgmobe
PE, which facilitates the measurements by flow mgtiic analysis. 7AAD staining can help to distirstu
apoptosis and necrosis based on variances in pbiliheaf 7AAD through the living and damaged cell
membrane. Cell number, concentrations, and cuktoralitions hold similar to those used in the csitle
analysis. NNC nanocomposites treated 4T1 CELLSdsded and washed twice in PBS. The manufacturer
instruction (eBioscience Annexin V Apoptosis DeimctKit PE, Catalog Number: 88- 8102) followed for
staining: Firstly, cells were incubated in the déok 15 min at room temperature in 200 pl bindingfér
containing Annexin V-PE (10 upl) and 7AAD (5 ul), Bl binding buffer was added to each sample, an
retained in an ice box. The 488-nm laser usedxXoitaion with BD FACS Calibur (Becton Dikinson, isdose,
CA, USA) flow cytometry system. PE was detecte&lin2, while 7AAD was detected in FL-3. 1X%@lls were

acquired and data analyzed using Flowjo versiorl7.6



2.9. Céll cycle assay

For analyzing the cell cycle, Propidium iodide (Btaining of DNA followed by flow cytometric measment
of the fluorescence applied. Nearly, 3.5 X 401 cells/ well were seeded in a six-well plateuibated for 24 h,
the NiCaO4/Nio nanopatrticles treatment @&€concentration) for 24 was done, the medium wasrsépd and
stored. Cells were washed with PBS and trypsinihadsested in the stored medium, centrifuged amall{i, the
pellet washed in PBS, fixed in ice-cold ethanol%jPand stored at 4 °C for at least 12 h. Beforegithe flow
cytometry analysis, cells washed in PBS and staivi#tdPl in RNase (40 pg mi Pl and 100 pg mt RNase A)
and incubated at 37 °C for 30 min, followed by ibation at 4 °C until analysis. Flow cytometry arsay
performed using FACS Calibur at an excitation amidssion wavelength of 488 nm and 610 nm respegtivel

Flowjo software used to analyze obtained data wsireg.
2.10. In vitro cellular uptake of NiCo0,0O4/NiO nanoparticles

1X10° 4T1cells/ml were seeded in 6-well microplates fredted with NNC nanoparticles. After that, thecel
washed with PBS, fixed by 2% glutaraldehyde, posef in 1% osmium tetroxide and dehydrated in abdtoh
before embedding in Epon. Thin sections (80 nmesin embedded 4T1 cells were cut on a Leica WItrdECT

and imaging was done by Philips transmission edaatnicroscope CM100 (Philips, Eindhoven, Netheri&and

2.11. Intracellular ROS measurement

In order to measure the net intracellular levelROIS generated by synthesized NNC nanocompositeBHD
DA that is a a non-fluorescence dye used, whichraat with intracellular ROS for generating fluarest 2,7-
dichlorofluorescein (DCF). Briefly, 3.5 x 1@ells/well seeded into 24-well plates and treatéth ICsq of
NiCo,04/NiO nanoparticles for 24 h. freshly prepared hgdm peroxide (kD,, 0.1 mM in PBS) was used as

the positive control in the assay. The cells intetbavith 10uM DCFH-DA for 1 h after treatment, washed



twice with PBS, and finally suspended in 5d0PBS. The fluorescent intensity detected, the arthofi ROS

subsequently estimated from DCF production as well.

2.12. Satistical analysis

Statistical analysis of the ROS generation and tgsigp assay were performed using ANOVA and a post h
two sample Student’s t-test comparing fluorescertios to the control. To indicate significant drfaces
defined by the following ranges: p < 0.05, wasued in the figures.

3. Result and discussion
3.1. Characterization of NiCo,O4/NiO nanoparticles

XRD pattern of NiCgO4/NiO ceramic (NNC) nanopatrticles is revealed in.Fié (a, b). The different peaks
observed in this pattern display cubic phase of RKIOPDS card no. 22-1189) and cubic phase of p0go
(JCPDS card no. 73-1702). Fig.1 a illustrates tRbXpattern of synthesized NNC nanopatrticles inpitesence
of ultrasonic waves and Fig. 1 b demonstrateshggited nanoparticles in the in absent of ultrasomives. It
is obvious that, ultrasonic waves caused the rémluat the nanoparticles size and the peaks beedder. The
narrow sharp peaks specify that the NiIGgNIO nanoparticles were well crystallized and arenano range
size. The mean crystallite diameter of the NNC iangposites (sample no. 2) calculated using Debyerger

formula [8] was 10 and 9 nm for sample 1 and sar@ptebe respectively (Table 1).

To control the chemical purity and stoichiometry MINC nanocomposites (sample 2), an EDS analysis we
applied. Fig. 1 B displays the EDS pattern thafficored the presence of Ni, Co and O elements, lieriet were
no impurity peaks. For investigating the power adtmic effect and the calcination temperature an th
morphology and size of nanoparticles, 4 sampleseweral dissimilar condition were synthesized. Masi
nanoparticles were gained and data summarizedbteTa Fig. 1C represents the plot of magnetizatiersus
applied field (M—H) at 300 k for NNC nanocompositasd the hysteric curve with nearly saturated mafir
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high fields. VSM analysis indicates that, NNC namoposite has ferromagnetic behaviour. The saturatio

magnetization and coercivity are found 4.48 emud) 200 Orsted (Oe ) respectively.

In Fig. 2 (a,b), the SEM images of NNC nanocomiessprepared in the present and absence of ultcasor
irradiation power, proved the key factor for tleeniation of nanoparticles. As shown in Fig. 2a,astructures
were shaped in several shapes (nanoparticles, maicsand nanorods), Nonetheless, in the absaritratonic
irradiation there was not any separating factdiotan small nanoparticles; consequently, the nanapes was
agglomerated with the size of about 150-200 nm.(Blp. To investigate the effect of temperaturetiom
morphology and size of NiGO,/NiO nanoparticles, sample 3 and sample 4 prepareésD0O °C and 700 °C
respectively as shown in Fig. 3 (a,b). Fig. 3a destrates the SEM images of Nit/NiO nanoparticles
synthesized in presence of ultrasonic irradiatiot @alcined in 500 °C. An ultrafine porous NNC nstnactures
were found. The nanoparticles size of is about 20 This nanostructures can be an excellent caredifdeit
desired application. The exact morphology and siz&liCo,O,/NiO nanostructures was illustrated by TEM

images. Fig. 3c which contains homogenous elligda@dd spherical nanoparticles with about 30-40 nm.

3.2. Anticancer evaluation of NiCo,0,/NiO nanoparticles
The MTT cytotoxicity assay results presented th&2dNO,/NiO nanoparticles were significantly inhibited the
proliferation of breast cancer cell lines of 4T1l<€Fig. 4). The cytotoxic effect of NiGO4/NiO nanoparticles

against different cell types was dose-dependefft Mz, of 4 mg/ml.

3.3. Apoptosisinduction

Acridine orange/ethidium bromide staining after| deéatment with 1G, values of NNC nanoparticles to
evaluate the cell death mechanism. In order toacterize the apoptosis, nuclear changes and apoptody
formation can be easily visualized using the stdtig. 5 (a,b), indicates the fluorescence micop8c images
of apoptotic and control cells. In these imagesnge spots nuclei are apoptotic cells, while grepots
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demonstrates viable cells. In addition, treatedscoeith NNC nanoparticles presented a prolongedptysis
comparative to the control cells. For observingl@aicmorphology cells were stained by DAPI afteated with
NNC nanoparticles (Fig. 5 (c,d)). The obtained Itssspecified that the untreated cells showed h@negus
nuclei, whereas treated cells displayed fragmetitiaeclei. For further analyze of the cell deatbwitytometry
apoptosis analysis was achieved (Fig. 6 (a,b)). damage in cell phospholipid asymmetry, resultsha
externalization of phosphatidylserine (PS) bond# whe cells surface that is an initial marker pbptosis. PE
Annexin-V as a fluorescent-labeled Annexin-V dyads very specifically to externalize PS ligandgiua cells
surface that leading to the finding of early aptiptoells. Meanwhile, the externalization of PS jpapms in the
earlier stages of apoptosis, PE Annexin-V stairgag identify apoptosis based on nuclear variatisosh as
DNA fragmentation. 7-amino-actinomycin (7-AAD) isvalid dye to permit recognition of early apoptatells
(7-AAD negative). Viable cells with complete memhea eliminate 7-AAD, while the membrane of dead anc
damaged cells are permeable to 7-AAD. Consequertlis that are measured viable are PE Annexind/7&n
AAD negative one; cells that are in early apopteses PE Annexin V positive and 7-AAD negative; dd#aion
late apoptotic or already dead cells are both PBEe&im V and 7-AAD positive. Apoptosis degree oflgel
exposed to NIC#4/NiO nanoparticles was measured by PE Annexin V @AD staining using flow
cytometry. Fig. 6 (a,b) emphasize that the celltlleaechanism induced by NNC nanopatrticles is agifto
Really, NNC nanoparticles induced 5% early apoptd@0% late apoptosis and 3% necrosis, after 2datnent
by 1Cso values. Base on the obtained result, more mortalag formed by apoptosis pathway (35%) and les
portion of mortality was created by necrosis (3%d)erefore, synthesized Nigd,/NiO nanoparticles can be

used as a powerful chemotherapeutic agent to preaacer cell growth in invasive breast cancer losdis.
3.4. Effect of NiCo,O4/NiO nanoparticles on cell cycle

The effects of NNC nanoparticles on cell-cycle pesgion in 4T1 cells are presented in Fig. 6 (cTtg cell

cycle analysis, after treatment of cancer cell dily NiC@O4/NiO nanoparticles designated the drastic
10



modification of 4T1 cells. Based on cell cycle lgsss, 32% of the 4T1 cells were in G1 phase, 56% phase,
and 12% in G2 phase compared to the untreatedot@edis that indicated 58% of the cells in G1 Ehe&&2% in
S phase, and 10% in G2 phase. An important decieatfe cells percentage stayed in the G1 phaseaand
significant increase in the cells percentage inShghase was determined for treated cells. Additigna large
population was in sub_G1 (4.13%), which is assedidb apoptotic cell. This cell arrest in G2 phase

NiCo,04/NiO nanopatrticles treatment can be due to DNA dparadter treatment.

3.5. Effect of NiCo,O4/NiO nanoparticlesin cellular ROS

In order to know the effect of NiGO,/NiO nanoparticles on oxidative stress,DXF-DA assay of ROS
generation was applied. The creation of ROS leadsomeostasis distribution in the enzyme systerROB6
scavenging antioxidants. As shown in Fig. 7, theSR@vels of treated cell, generated in responsENE&
nanoparticles, were significantly higher than thasenormal cells (control) and even higher than toan
positive. Moreover, ROS level indicated in doseat&fent manner. These results designated thateat dvas

mediated by ROS production, which may change thelaeredox status.

4, Conclusion

In the present research, for the first time, a hdsesynthetic source was employed for preparing th
NiC0,04/NiO nanoparticles. Uniform sub 10 nm magnetic rsanm@tures were prepared via sonochemica
process followed thermal treatment method at 500irf@he presence of cochineal dye, an environmente
friendly precursor, as a green reducing and cappgent. The NiCg,/NiO nanoparticles against cancer cells,
induced cell death in dose-dependent manner. Tdreraome symptoms like increased permeability eztéd
cell toward acridine orange/ethidium bromide, nacleariations toward fragmented nucleus productod
quantitative data of flow cytometry that confirmagoptosis is the cell death path. Synthesized pOZNIO

nanoparticles were also found to induce oxidativess via ROS generation. Based on the obtainedtse#
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can be concluded that Nigds/NiO nanoparticles are good candidate as chemqibatie agent against

invasive breast cancer cells; however, additiohakrmacological investigations are needed definitely
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Figure captions:

Fig. 1. (A): XRD patterns of NiCgO4/NiO nanopatrticles: (a) sample no. 1, (b) samplen@B): EDS spectrum
of representative NiGO4/NIO nanoparticles synthesized at 600 °C, for 3san{ple no. 2) and (C): M-H

hysteresis at room temperature for NiOgNiO nanopatrticles.

Fig. 2. SEM images of NiCgD4/NiO nanopatrticles: (a) sample no. 1, (b) sampleZno

Fig. 3. SEM images of NiCgD,/NiO nanoparticles: (a) sample no. 3, (b) samplef/@and TEM image of

NiC0o,04/NiO nanoparticles (sample no.2) (c).

Fig. 4. Cell viability of 4T1 treated with of NiC®,/NiO nanopatrticles (165 of 4 mg/ml). The concentration of
nanoparticles is depicted on the x-axis. First colus the untreated cells as negative control. Eatthimn
shows the mean value of three experiments. The learg were calculated by dividing the standardaten by

the square root of the number of measurements.

Fig. 5. Fluorescent microscopy of 4T1 cells stained withdiiwe orange/ethidium bromide, (a) Un-treateds;ell
(b) Treated cell by NiC#,/NiO nanoparticles; Fluorescent microscopy of 4Ellscwith DAPI staining, (c)

Un-treated cells, (d) Treated cell by NgC/NiO nanoparticles.

Fig. 6. Two-dimensional contour density plots for deterrtiova of fractions of early apoptotic, late apoptoti
and necrotic cell death of live non-treated 4T 1scekated, respectively. (a) Un-treated cells.T(tgated cell by
NiC0o,04/NiO nanoparticles; Flow cytometry based assay af cycle of control. (c) Un-treated cells. (d)

Treated cell by NiCgD4/NiO nanopatrticles.

Fig. 7. ROS generation in NiG®,/NiO nanoparticles.

Table 1. The reaction conditions of NiGO4#/NiO nanoparticles.

17



Table 1

Sample numb¢  Ultrasonic wave Temperature Grain size (nn Particle size Particle shar
(°C) (nm)
1 Yes 60C 9 40-80 Nanoparticles
nanocubic and nanorod
2 No 60C 10 20-20C aggomerate
3 Yes 50C - 2C-25 Porous nanostructul
4 Yes 70C - 10¢-80C agglomerate
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Fig. 5
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NiCo,04/NiO porous nanocomposites has been synthesized by assistance green cochinea dye for the first
time.

These uniform nanoparticles has been prepared using ultrasonic assisted thermal treatment method.

Therole of ultrasonic waves and mechanism was investigated.

For the first time the anticancer of NiCo,0,/NiO nanoparticles against 4T1 cellslines.

MTT cytotoxicity assay was performed to determine the anti-proliferative effect of nanoparticles against

4T1.



