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Cytotoxicity and apoptosis induction of zinc ferrite (ZnFe>O4) nanoparticle

through the Oxidative Stress Pathway in Human Breast cancer cells

Abstract: The nanoparticles of Zinc Iron oxide have been broadly used in various fields such
as solar cells, photo catalysis, hydrogen storage, sensors etc[.w]ﬁere, the zinc iron oxide
nanoparticles (ZnFe2O4INPs) was prepared via solution process and characterized in detail with
instruments such as X-ray diffraction pattern (XRD), field emission scanning electron
microscopy (FESE M), transmission electron microscopy (TEM), Fourier transform infrared
spectroscopy and thermogravimetric analysis (TGA)[.IOI]!he characterization studies revealed that
the average individual size of each NP is ~27+1 nm size. The FTIR shows the functional band
of metal and oxygen was obtained at 570 cm™. Although, the processing and use of zinc iron
oxide based nanostructures are very widely utilized in industries but a limited studies are
available towards the cancer studies. The current work explores the application of ZnFe,O4NPs
against breast cancer cells (MCF-7) to examine the cytotoxicity, oxidative stress and
morphological variations using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide
(MTT), neutral red uptake (NRU), lipid peroxidation (LPO), reduced glutathione (GSH),
assays after 24 h of treatment. Dose dependent drop in cell survival was seen in MTT and NRU
assays. A significant increase in LPO, was observed in MCF-7 cells exposed to ZnFe>O4sNPs
after 24 h of treatment. However, the GSH levels in MCF-7 cells exposed to ZnFe>O4NPs
decreased significantly after 24 h. Further, the study of apoptotic gene expression was seen by

real time PCR analysis was also conducted and described.

[3]»
Keywords: MCF-7 cells; Zinc ferrite nanoparticles; Cytotoxicity; Oxidative stress.
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[31» ,
1. Introduction

Due to the exponential growth of nanotechnology in recent decades and its wide range of
applications, nanomaterials (NMs) are already found in everyday products such as paints,
building materials, cosmetics and in the food industry, exerting a great impact on today's
. (18 (2> . . . . ..
society [1,2,3]. The large surface area: volume ratio results in an increase in the reactivity of
. [31]> . . . . . . .
nanoparticles (NPs). Importantly, this affects the mechanisms of interaction with biological
systems and these are far from being completely elucidated due to their complexity [4]. Even
NPs of the same material can show different toxicities due to a small differences in the size,
shape, degree of aggregation, coating or surface charge etc [5]. In addition, as soon as the NPs
come into contact with the biological environment, the adsorption of biomolecules and the
formation of the so-called "protein corona" begins, modifying the properties of NPs and making

>
their behaviour difficult to predict [6532b]'inally, the degree of toxicity varies depending on the dose

of NPs used and the exposure time [7].

Magnetic iron oxide NPs constitute one of the promising systems in the field of biomedicine.
Their low toxicity, biocompatibility, excellent magnetic properties (super para magnetism) and
easy and versatile surface functionalization, open a wide range of possible biomedical
applications. These applications cover the diagnostic functions as contrast agents in magnetic
resonance imaging [8], biosensors [9] or cellular labelling [10], as well as therapeutic functions,
such as magnetic hyperthermia [11], controlled drug release [12], tissue regeneration [13] or
gene therapy [14][.1i]{ecent advances in nanomedicine have led to the development of intelligent
NMs, combining both diagnosis and therapeutic functions, providing synergistic effects known

as "theragnostics" [15].

NMs are tiny materials with dimensions ranged between 1 to 100 nm, having electronic, optical
and mechanical properties [16] NMs have high impact on many fields of sciences including

physics, engineering, biology, agriculture and food sciences due to its unique physico chemical
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properties [17]. NMs are broadly classified into three categories namely NPs, nanoclays and
nanoemulsions [18]. Having this technology, multiple advantages to the delivery of natural
compounds in the treatment of cancer and other human diseases. In particular, NPs were used

to increase the delivery of nutrients into the cells [19].

[11]»>
Zinc ferrite (ZnFe;04) has the same properties as homogeneous catalysts and is also facilely

extracted from the reaction by an external magnet and does not require more rigorous methods
such as filtration or centrifugation[.ul]r: comparison to homogeneous catalysts, heterogeneous

ones have been exclusively studied because of their easy recovery and separation from the

reaction mixture [20]. The use of magnetically separable catalysts is a well-favored and
fascinating strategy to bridge the split between heterogeneous and homogenous catalysis
processes [21]. As a main member of the ferrite family, ZnFe,O4 has promising potential for

use as novel catalytic support. Additionally, the surface hydroxyl groups over them facilitate

their surface modifications with a wide variety of organic compounds.

There are few reports on FesO4 toxicity especially under in vivo conditions and moreover some
researchers showed controversial results. For instance, some studies have reported minimal

toxicity in some concentrations and some others have shown non-toxicity effects under in vivo

conditions [22]. Others have reported damages and changes in liver, kidney, gastrointestinal

and neuronal systems in vivo [23, 24].

[13]»
Ferrites are important nanomagnetic materials in the chemical industry due to their unique

characteristics and potential uses, including magnetic resonance imaging, treatment of cancer,
. . . (401> . . . . .
and biomedical drug delivery |25, 26, 27]. Meanwhile, the relatively high magnetic properties
of zinc modified ferrite (Zn ferrite) NPs have intensively attracted the researchers' attention in
all areas of biomedicine and bio- engineering, such as contrast-enhanced magnetic resonance
imaging, cell separation, hyper- thermia, detoxification of biological fluids, drug delivery, and

tissue regeneration [28, 29,30]. These MNPs enjoy high magnetization values and sizes smaller
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than 100 nm and thus have similar chemical and physical properties. It is also necessary that
the surfaces of particles have been coated with nontoxic materials and also be biocompatible
[31, 32]. Using zinc ferrite NPs in pharmaceutics necessitate a comprehensive study of the
plausible toxicity. In the previous studies, some useful applications have been reported such as
induction of chromo- somal aberration in the sunflower root meristematic cells [33], the
production of geno- and cytotoxicity in human amnion epithelial cell lines (WISH) [34]
oxidative stress in different human cells [35], and cytotoxicity and anti- oxidant activity [36].
The experimental inconsistencies observed in methods, materials, and used cell lines, however,
. . . . . [21]> .o, . . .
make it difficult to achieve acceptable conclusions. In addition, nanotoxicological assessments
should be considered as a physico chemically comprehensive characterization of the materials.
[21]> 0 . . .
along with their lower toxicity [37] .

[3]» [3]»
Zinc ferrite NPs also exhibit low toxicity in place of other metallic cations. Hence, it can be

easily substantiated that zinc ion incorporation should be a better option to improve novel non-
. [3]> . . .
lanthanide-based MRI contrast agents. In recent years, because of the fabrication of NPs, innum
. . . [3]>. .
-erable studies have been concentrated to research and enhanced its properties [38]. Zinc Ferrite
. . . Br . .
exposes super paramagnetic behaviour among other ferrites [39]. Zinc ferrite has been
extensively employed in different commercial applications such as absorbent materials,
(3 . L .
photocatalysts, gas sensors, catalysts [40], magnetic resonance imaging (MRI), and Li ion
. . . . (e . . . [3]> .
batteries due to its significant magnetic and electrical properties. Recently, Nano ferrites have
been widely examined because they exhibit magnificent physical and chemical properties
[3]»>
compete with bulk counterparts [39]. Between structure, composition, and properties of NPs,
. . . . [3]> .
zinc ferrite set a marvellous example of direct relation. When prepared as a bulk material, the

zinc-iron oxide has a spinel structure AB,O, with a tetrahedral a site occupied by Zn?* ions and

[3]»
an octahedral B site by Fe** ions. Based on the distribution of cations, spinels can be either
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normal like zinc spinel or inverse with half of the trivalent ions in the tetrahedral position and
the other half together with the divalent ions in the octahedral sites [41].

31>
The present manuscript describes the synthesis of zinc ferrite nanoparticles via solution process

and characterized in detail. The grown particles were well utilized against the breast cancer
[3]»

cells (MCF-7), which is widely a common disease in world wide. A number of biological

studies such as MTT, NRU assays, ROS, GSH, LPO and RT-PCR were conducted. Including

to these a possible discussion was also described in detail.

51>
2. Materials and methods

2.1. Experimental

The synthesis of zinc ferrite was performed with the use of zinc nitrate hexahydrate, iron nitrate
nonahydrate and sodium hydroxide. The chemicals related to the formation of nanoparticles
were purchased from Aldrich chemical corporation, U.S[.glA> and used as received. In an
experiment, the zinc nitrate hexahydrate (0.1M), and iron nitrate nonahydrate (0.3M) were
prepared in double distilled water in a 250 ml capacity beaker, under constant stirring. Once
the solution was dissolute completely, sodium hydroxide (0.03M) was added to this mixture
dropwise and stirred completely. The pH of the prepared mixture was noted which reached to
12.75 and then after transferred to the relaxed it for 6 hours (h) at 90°C. The obtained

[16]»
precipitates were filtered and washed with distilled water/ethanol. The product dried at room

temperature for 48 h and keep for further analysis.

2.2. Characterizations of the prepared product
] .
The X-ray powder diffractometer (XRD, Cukq radiation (A =1.54178 A) with rotation angle
ranging from 10° to 80° with 6°/min scanning speed, was used for the analysis of the prepared
[10]»>

powder. Morphology of the prepared powder was analysed with using field emission scanning

electron microscopy (FESEM) as described earlier [42][ref]. Also the Fourier transform
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infrared (FTIR) spectroscopy was analysed in the range of 400-4000 cm™'. The thermal
stability test in was performed with terms of thermal gravimetric analysis (TGA) instrument
(Mettler Toledo AG, Analytical CH-8603, Schwerzenbach, Switzerland) was also conducted
for the analysis of prepared product. For this experiment ~6.8 mg of powder was loaded into
alumina crucibles (Al,0O3) and heated till to 800°C with a heating ramp of 20°C/min under

nitrogen gas with a flow of 20 mL/min.

2.3. Cell culture
Human liver cancer (HepG2) cells (ATCC, US) were maintained in DMEM culture medium
supplemented with 10% fetal bovine serum (FBS), 100 U/mL penicillin as an antibiotic, and

100 lg/mL streptomycin at 37 °C in a humidified 5% CO, incubator.
[5]»>
2.4. Cell viability assays (MTT and NRU)

The cell viability was determined MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay and carried out as according to the previously described [43] protocol with
some minor modifications. Cells were seeded in 96-well plates (~1x10* cells/ well, 200
uL/well). The cells plates were kept in an incubator at 37°C with humid environment for to
grow the cells until 70-80% confluency. The sample (Zn-Fe NPs) which contains culture
medium was removed after 24h and washed three to four times with PBS. Thereafter, the MTT
solution in medium (final MTT concentration 10 pg/mL) was added and incubated the cells at
37°C for 2h. Once the incubation time was completed, the MTT solution was removed without
disturbing the cells and DMSO (200uL/well) was added, the plates were shaked gently for to
dissolve the formazan crystals in the wells. The plate absorbance was observed with microplate
reader (Multiskan Ex, Thermo Scientific, China) at 550 nm. The (%) cells viability was
calculated as described below formula. The values represent mean + SD of 3 independent

replicas of the experiment.


http://www.plagscan.com/highlight?doc=149818174&source=5&cite=1&hl=textonly#1

%viability = [(total cells - viable cells) / total cells] x100

Including the MTT, ZnFe,O4NPs induced lysosomal fragility, as an indicator of cytotoxicity,
was quantitated by NRU assay following a previously described method [44.45][.”1;0r the NRU
assay, cells were seeded in 96-well plates and allowed to grow overnight at 37°C in a
COy incubator (5% CO> humidity). Once the incubation was completed, the media was
discarded and fresh medium (RPMI-1640 was refill[.4]"}he cells were allowed to grow further
for 48 h at 37 °C in a CO> incubator (5%, 95% humidity)[.ﬂgfter 48h, the cell culture medium
was discarded and washed with PBS. The neutral red (NR) dye (50 pg/mL) freshly prepared in
culture medium was added in all wells, thereafter, cells were incubated with NR dye for 3 h at
37°C in a CO» incubator (5%, humidity 95%)[.7]"}hen, NR dye was discarded, and cells were
washed again with PBS to completely remove the dye[.s]lzinally, the absorbance of red color
developed in the wells was measured at 550 nm on a microplate reader.
2.5. Detection of intracellular ROS

The reactive oxygen species (ROS) produced in the cells were measured with using 2, 7-
dichloro di hydrofluoresce in diacetate (DCFH-DA; Sigma Aldrich, USA) dye, which is
utilized as a fluorescent agent and followed the protocol as described earlier [46]. The DCFH-
DA inertly enters the cell and it reacts with ROS to form the highly fluorescent compound
dichlorofluorescein (DCF). The cells were exposed with the processed material for 24 h, and
washed well with PBS and incubated for 30 min in DCFH-DA (20 uM) in dark medium at
37°C. Once the reaction of DCFH-DA with control and treated cells were completed, it was

analysed with intra- cellular fluorescence using fluorescence microscope.

2.6. Mitochondrial membrane potentials
The MMP were determined with MCF-7 cells in control and treated samples determined by JC-
1 (5, 50, 6, 60-Tetrachloro-1, 10, 3, 30-tetraethyl benzimidazolylcarbocyanine iodide). In

healthy cells with high mitochondrial membrane potential, JC-1 forms complexes known as J-
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aggregates with intense fluorescence [47]?0](5n the other hand, in apoptotic cells with lower
membrane potential, JC-1 remains in the monomeric. The cells were seeded at appropriate
densities in plate reader. After the treatment, media was aspirated and labelled with 5 IM JC-1
in HEPES buffered HBSS for 20 min. Fluorescence of JC-1 aggregate (red in color) and JC-1
monomer (green in color) in cells were taken by a fluorescence microscope (Leica DMi8, using
objective 20 x and LAS core software) using green filter cube.

2.7. Glutathione level

For Glutathione (GSH) level measurement, MCF-7 cells was cultured in 25 c¢m? flasks. The
cells were exposed to 50, 100, and 200 pg/mL of Zn-FeNPs for 24 h. Subsequently, the cells
were lysed in cell lysis buffer [[?X 20 mM Tris—HCI (pH 7[.5%3, 150 mM NaCl, 2.5 mM sodium
pyrophosphate, 1 mM Na2EDTA, and 1% Triton]. Centrifuge 15,000 x g for 10 min at 4 °C,
then supernatant, obtained was kept on ice until following [48][.1%rieﬂy, a mixture of O[.317]>IHL
of cell extract (supernatant) and 0.9 mL of 5% TCA was centrifuged (2300 x g for 15 min at
4°C). Thereafter, O[.Sé”}mL of supernatant was added to 1.5 mL of 0.01% 5, 5-dithio-bis-(2-
nitrobenzoic acid) (DTNB) and measured spectrophometrically at 412 nm.

2.8. Lipid peroxidation (LPO)

Lipid peroxidation (L.LPO) was assayed by the following of [49]. MCF-7 cells were exposed to
50, 100, and 200 pg/mL of Zn-Fe NPs for 24 h. Briefly, 0.1 mL of cell extract and 1[.192];11L of
0[.4i>M sodium phosphate buffer (pH 7[54113 were incubated at 37 °C for 1 h[.s];\fter incubation,
cells were precipitated with 5% TCA and then centrifuged to 2300 x g for 15 min, to collect
the supernatant. After incubation, 1[.5(])>mL of 1% TBA was added to the supernatant and put in

hot water for 15 min. After cooling, the absorbance was taken at 532 nm.

2.9. Real-time PCR (RT-PCR)
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Total RNA was purified from MCF-7 cells from untreated and treated with ZnFe>,O4NPs
for 24 h using the RNeasy mini Kit (Qiagen). As the manufactural protocol RNA was isolated
there purity were determined by Nanodrop 8000 spectrophotometer (Thermo Scientific, USA).
The integrity of RNA was confirmed by visualized on 2% agarose gel with the documentation
system (Universal Hood II, BioRad, USA). The cDNA was prepared by the MLV reverse
transcriptase (GE Health Care, UK) For the quantification of apoptotic of apoptotic and anti-
apoptotic gene was determined by using Roche@LightCycler®480 (96-well block), following
the cycling program. Reaction mixture of 20 pl taking 75 ng of the cDNA and 5 uM of each
primer with 2 x of SYBR Green I dye Roche Diagnostics. The cycling conditions at 95 °C for
10 min denaturation step, followed by 40 cycles of 95 °C for 15 s denaturation, 60 °C for 20 s
annealing, and 72°C for 20s elongation steps [50]. Data were normalized by GAPDH, a house
keeping control gene. All the experiment was done in triplicate.

2.10. Data analysis

The statistical analysis data. Statistical significance was measured at p 0.05[.2%1e experiments

were carried out in triplicates manner. The images were captured at constant exposure time.

3. Results

3.1. Size and morphological results (XRD, FESEM and TEM results)

The crystallographic structure of ZnFe2O3 nanoparticles was recognised of powder XRD

assessment. The powder XRD patterns is presented in Fig.1. The peak positions are 29.98 (22
0), 35.28 (311), 36.92 (222), 42.84 (400), 53.2 (422), 56.64 (511) and 62.22 (440). All appears
diffraction peaks were indexed to the face centered regular spinel cubic structure (JCPDS card
No. 89-1009) [51]. No other impurity peaks were detected, which endorse the purity of the

NPs. The strong sharp peaks suggested that ZnFe>OsNPs were well crystallized[.zéi!he average

crystallite size of ZnFe,OsNPs was estimated using Scherrer's equation[.w]fhe calculated

average crystallite size was ~27+1nm.
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Morphology of ZnFe,O4NPs was further examined by FESEM and TEM. Figure 2A and B
display the typical FESEM and TEM micrographs of ZnFe,O4NPs, respectively. The micro
graph indicate that ZnFe,O4NPs have spherical morphology with average particle size of
around 27+1 nm.

3.2. Chemical functional analysis (FTIR results)

The functional groups in the prepared powder was examined and assigned the FTIR spectro
scopy and represent as Fig.3. The peak at 570 cm™ is related to ZnFe,O4 whereas the bands at
3200-3600 cm correspond to H-O-H mode of Vibration[.g]:rhe small asymmetric stretching
mode of vibration of O-H was observed between 1627 crn'l[.gl"}l"he symmetric and asymmetric
stretching vibrational peak occurs between 1383 cm™* which designates the vibration of NO3™

[3]»>
ions [52, 53](Vijayakumar et al., 2016; Kumar et al., 2017).

3.3. Thermogravimetric analysis (TGA results)

Thermogravimetric analysis (TGA) provides the information related to the % mass loss with
increasing the temperature. Fig.4. shows two-step weight loss for the prepared sample, the first
one is related to the used solvent elimination whereas other one is the stabilization phase
respectively. From the obtained data relevels that the initial step phase starts at 311°C and
completed at 430°C with a weight loss of 1.60%. The secondary weight loss starts at 530°C,
which is also knows as chemical decomposition phase, completed at 900°C with a total weight
loss was 3.10%. The secondary phase shows the stabilization of the prepared material and from
with this information it shows that a very minute quantity was loosed. From the experiment it
reveals that the prepared material is highly stable at high temperature and are in consistent with

other studies (XRD and FTIR).

3.4. Microscopic results for cells morphology
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The morphology of the grown/cultured cells and treated cells (ZnFe>OsNPs) were examined
via microscopic study at 24 h incubation periods in a range of different concentrations of
ZnFe>O4NPs (50, 100 and 200 pg/mL) (Fig.S)[.SST]ile initially grown cells was used as a control
(Fig.5) to compare the treated cells. The treated cells morphologies were captured and
displayed as Fig.5. The image shows that the long and oval shaped structure with nucleated
positions initially but once the incubation time increases, the cells size were further increased.
Fig. 5B, At initial treated sample at low concentration (50 pg/mL) of cells sizes were decreased
and higher concentration (100 to 200pg/mL) of ZnFe;O4NPs, the growth of cells was much
affected, which are very clear from the obtained images (Fig.5C and D). From this experiment,
it concluded that at higher concentration of NPs 100 to 200 pg/mL, cells were damage comp-

letely (Fig.5).

3.5. MTT assay

The toxicity in cells was very widely observed via MTT assay as detailed described above with
the incorporation of ZnFe,O4sNPs. The obtained data reveals that the viability of cancer cells
were diminished with the incorporation of ZnFe;O4NPs and these data's were concentration/
dose-dependent. The cancer cells viability was decreases at 24 h 100%, 101%, 100%, 93%,
86%, 67% and 55% (Fig.6) for the concentrations of 2, 5, 10, 25, 50, 100 and 200 pg/mL
respectively (p 0.05 for each). The MTT calculation shows that at initial concentrations (2, 5,
10 pg/mL) of material doesn't shows any change in the cells viability, whereas at higher conc-
entration of ZnFe>,O4NPs shows a sequential change in the viability of cells and cytotoxicity

was much influenced.

3.6. NRU assay

Including the MTT assay, the cytotoxicity was again observed via NRU assay in present of h

ZnFe;O4NPs. The NRU assay was calculated as described in the material and method with
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using control and treated cancer cells, exposed in a range of different concentrations from 2-
200 pg/ml for 24 h incubation. The experiment shows that viability of cells were affected with
the incorporation of ZnFe>O4NPs and affected the cells growth. The NRU assay was decreases
at 24 h 107%, 107%, 102%, 97%, 88%, 71% and 53% (Fig.7) for the concentrations of 2, 5,
10, 25, 50, 100 and 200 pg/mL correspondingly (p 0.05 for each). As MTT assay, the NRU
data's also in consistent and express that the cells viability initially not affected much whereas

as the concentrations of ZnFe,O4NPs exceeded the cytotoxicity was much influenced.

3.7. ROS generation in breast cancer cells (MCF-7) with ZnFe2O4NPs

A sequential change in ROS data was observed in breast cancer cells (MCF-7) after the
exposure of ZnFexO4NPs at 50, 100 and 200 pg/mL concentrations for 24 h (Fig. 8) with
control. From the observed ROS with captured image and presented as Fig. 8A) and bar graph
(Fig. 8B) shows that the ROS is increases with the increase of ZnFe,O4sNPs concentrations as
compared to control cells. The ROS were increase at 50 pg/mL, 100 pg/mL and 200 pg/mL

were 120, 141, 171% as compared to control (100%) (Fig.8B).

3.8. Mitochondrial Membrane Potential (MMP) with ZnFe>O4NPs

The MMP induction was observed with JC-1 red, JC-1 green and channel merged imaging and
of monomer/aggregate both ICs and control MCF-7 cells treated with ZnFe,O4NPs (Fig. 9A).
The level of MMP with control was determined at different concentration of ZnFe;O4sNPs in
MCEF-7 cells exposed to 24 h at 25, 50, 100 and 200pg/ml are 89%, 75%, 49% and 43% as
shown in Fig.9B. The decrease in MMP level was recorded in terms of fluorescence intensity
of mitochondrial-specific dye JC-1. It is clearly presented that ZnFe,O4NPs decreased the

fluorescence intensity.

3.9. Glutathione level

12



Depletion in GSH level in cultured MCF-7 cells exposed to 25, 50, 100, 200 pg/mL concentra-
tions of ZnFe,O4NPs for 24 h are summarized in Fig. 10A. The result indicates that rotenone

decreased the GSH levels in a dose-dependent manner. Fig. 10A[.8]§hows a significant decrease
in the GSH activity at higher concentrations as compared to the untreated control[f% concentra-
tion-dependent significant decrease of 90%, 82%, 73% and 62% were observed in GSH activity

at 25, 50, 100, and 200 pg/mL of ZnFe,O4NPs, respectively as compared to untreated control

(Fig. 10A).

3.10. Lipid peroxidation

The ZnFe;O4NPs-induced LPO in MCF-7 cells are summarized in FiglOB. A concentration-
dependent significant increase in LPO was observed. An increase of 112, 124, 135 and 153%
at 25, 50, 100, and 200 pg/mL respectively were found in MCF-7 cells exposed for 24 h with
control.

3.11. RT-PCR

The quantitative RT-PCR study was performed to check the mRNA level in MCF-7 cancer
cells treated with ZnFe,O4NPs for 24 h at a concentration of 100 pg/ml. A number of marker
genes were selected such as genes (p53, bax, casp3 and bcl2) of the evaluation of mRNA level
in cancer cells. The data shows a change with marker genes and upregulation of apoptotic genes
in MCF-7 cells (p 0.05 for each gene). The mRNA levels of tumor suppresser of p53 gene
(fold change-2.6), the pro-apoptotic gene bax (fold change-1.6) and casp-3 (fold change-3.8)
were upregulated with ZnFe,O4NPs, whereas expression of bcl-2 (fold change-0.7), which is
an anti-apoptotic gene, was down regulated in cells treated with ZnFe,O4NPs (Fig.11).
4[.296iscussion

The basic study of the prepared material (ZnFe2O4NPs), the objective of the present study is

to evaluate the biological efficiency against breast cancer (MCF-7) cells in terms of cytotoxic

response. A long range of concentrations (2, 5, 10, 25, 50, 100 and 200 pg/mL) of the material
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was opted and interacted with the cancer cells for 24 h. The MTT, NRU data shows that the
viability of the cells were much dependent upon utilized doses/concentration of the material
and are corroborated with published literature [54]. From the observation, it reveals that the
cells cytotoxicity were depended with factors such as cells activity, the morphology of the nano
or microstructure, media concentrations etc[.B]e:re responsible for the cell death [55][.1§ILT1E reactive
oxygen species (ROS) also played a key role in cytotoxicity assessment. 1t's believed that NPs
or any foreign substance when reacted with cells in media, have possibility to produce reactive
oxygen species (ROS) and are responsible the toxicological change in cells [56]. The change
with ROS also responsible in the imbalance in cells organelles structures such DNA, protein,
and lipids and affected their mechanism. The cells were much influenced also their functions
were affected and lead to cell death [57]. The detailed study presented here, express that the
ZnFe>O4NPs are responsible to produce ROS at specified doses in MCF-7 cells and that why
the cell cytotoxicity may occurred [58]. With the obtained data's such as XRD, FESEM, TEM,
FTIR, TGA and toxicological study with MTT, NRU assays, ROS, RT-PCR and others related

(MMP and LPO) data's, it may postulates that the toxicity in cells are dependent with ZnFe,O4

NPs in a dose dependent manner.

B )
5. Conclusions

The summary of current work shows that the zinc ferrite nanoparticles (ZnFe,O4sNPs) were
formed with solution method and characterized in detail. The X-ray diffraction pattern revels
the estimated size (27+1nm), crystallinity, phases of product. The morphological analysis such
as FESEM and TEM are in very well consistent with the XRD data and shows the average size
of each NPs are ~28nm, spherical in shape[.BlI:he FTIR express that band at ~570 cm ™! represents
the formation of ZnFe,O4NPs without any other impurity[.a]%he cells morphology was studied
via inverted microscopy and it reveals that different concentrations of ZnFe,O4 NPs express

[3]»
a sequential cytological effect on of on cancer cells. The MTT and NRU assays were measured
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the viability of cells and the results clearly showed that at initial doses ZnFe>O4NPs not to
provide any information in change in the cells growth, whereas when the doses were increased
the viability of the cells were highly influenced. The ROS generation analysis also in consistent
with the MTT and NRUs data and shows the ZnFe,O4NPs are effective against breast cancer
cells. Also the gene expression study with marker genes (P53, caspase-3, Bax, Bcl2) reveals

that apoptosis happens in breast cancer cells with ZnFe,O4sNPs.
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