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Among various types of cancer, the breast cancer is a very common and widely affected to the human
beings especially female candidate. To keep this view the present work was designed to access the cyto-
toxic and apoptotic responses of breast (MCF-7) cancer cells with cobalt oxide nanoparticles (Co3O4NPs).
The Co3O4NPs was prepared via solution process and well characterized. The materials crystallinity, size
and phase were determined via XRD, whereas the morphology of Co3O4NPs was analyzed via SEM and
TEM respectively. The Co3O4NPs were spherical in shape with an average diameter of (~33±1). The cyto-
toxicity rate of breast (MCF-7) cells was much influenced and dose dependent (1, 2, 5, 10, 25, 50 and
100 lL/mL) with Co3O4NPs confirmed via the MTT and NRU assays. The rate of ROS was increased grad-
ually from 105, 124,132 and 148 with different concentrations of Co3O4NPs (10, 25, 50 and 100 lL/mL)
with control. The mRNA level of apoptotic markers with Co3O4NPs was up-regulated and it shows the
apoptosis in cells. The study describes the cytotoxicity with Co3O4NPs in breast (MCF-7) cancer cell were
apoptotic gene expression with possible discussion.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cancer is a divesting disease, which is not only affect the partic-
ular organs but disturb to the whole body system (Wahab et al.,
2013). It’s happens due to uncontrolled progression of normal cells.
Several factors influenced such as initiation, promotion and growth
etc; are responsible for the transformation of a normal cell to a
cancerous one (Bray et al., 2012). Over a number of cancer types,
the breast cancer is very common to the entire world and normally
diagnosed in female candidates (Nardin et al., 2020). In an esti-
mated value the breast cancer grasp more than one million
women’s world wide. The periodical statistics data to the incidence
of this disease varied widely such as in 2008, about 421,000 cases
were recovered for breast cancer, where as in 2009–2010, more
than 49,500 women were diagnosed with breast cancer in Europe.
From the breast cancer about 11,600 women’s and 75 men were
died in 2010. The estimated data caused from this cancer is more
than 458,000 women in 2008 worldwide. In 2008, the new cases
184,450 were appeared in persistent stages and this number varies
to 230,480 in 2011 in USA. This estimated value is increases day by
day and new cases (~268,600) for breast cancer was identified in
women, it also detected in men (~2,670) in 2019 (Nardin et al.,
2020). An average 42,170 women in the U.S. predictable to die in
2020 (Facts & Figures 2019-2020). A number of therapies have
been proposed to cure this devastating disease such as chemother-
apy, radiotherapy, proton beam therapy, hormone therapy, tar-
geted drug therapy, clinical trials, cryoablation, immunotherapy
etc, that causes so much suffering (Chen et al., 2020, Cammarata
et al., 2020, Boing et al., 2020, Li et al., 2020). Including this, surgery
is an another option from which the cancer cells were
removed from the particular organ of the body such as curative,
preventive diagnostic, staging, palliative, supportive, cryosurgery,
laser, electro surgery and various others (He et al., 2020, Wahab
et al., 2014).

In recent, the nanotechnology, which is a multi-disciplinary
area of science, connects with various branches of basic and
applied sciences, is a best alternative for to reduce the cancer cells
at a very low cost, much effective against cancer cells and not harm
to body system. The nanotechnogy has privilege to provide a range
of fascinating nano andmicrostructures, which are widely useful to
optoelectronic & biological applications (Siddiqui et al., 2015).
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Among a large number of metal and metal oxides nanostructures,
the cobalt oxide nanostructures (Co3O4NSs) exhibit a unique prop-
erties in electronics, batteries, solar cells, energy storage, imaging,
chemical and biological sensing, magnetic, catalysis (Li et al., 2005,
Dong et al., 2014, Karuppiah et al., 2014, Sivachidambaram et al.,
2017) etc. Various shapes and sizes endorse and exhibit a surface
anisotropy behavior, which influences their magnetic response
(Farhadi et al., 2013). The Co3O4NSs also have different properties
such as hydrodesulfurization, photo catalyst, oxidation, electro-
chemical (Askarinejad et al., 2010, Packiaraj et al., 2019) studies.
The cobalt oxide nanostructure is a p-type semiconductor, enhance
band gap (1.29 to 3.34 eV) energy with enormous photosensitivity
including enormous quantum efficiency (Vennela et al., 2019).
Over a long range of physicochemical properties and their utiliza-
tion in various areas, limited studies are available for the biological
application of cobalt oxide to diminish the proliferation rate of can-
cer cells (Jarestan et al., 2020). Towards this direction work related
to retardation of cancer cells such as chattopadhyay et al. describes
the role of surface modification of cobalt oxide NPs for the biolog-
ical activity. For this, different cell lines such as the human lym-
phocytes, T-cell lymphoma (Jurkat) and oral epithelial cancer
(KB) were exposed with surface modified cobalt oxide NPs and
achieved their anticancer activity (Chattopadhyay et al., 2012,
Mauro et al., 2015, Arsalan et al., 2020, Rauwel et al., 2020). Due
to the magnetic and high stability, the cobalt oxide NPs also uti-
lized in hyperthermic treatment. This involves heating of tumor
tissues in a temperature below 50 �C (Jose et al., 2020). In addition
to this, the magnetic NPs can be easily conjugate with DNA, pep-
tides, antibodies, enzymes and other biological molecules to form
the nano-bio hybrids (Bossi et al., 2016). The cellular uptake of
cobalt oxide NPs was examined via TEM to explore the new
insights of mechanisms to entry in cells, distribution and their cel-
lular environment (Papis et al., 2009). The Co3O4NPs were also uti-
lized for the light-induced photodynamic therapy (PDT) and was
employed to assess their photo and cytotoxic effects of materials
against HepG2 cells (Iqbal et al., 2020).

Over the various applications of Co3O4NPs in different ways, very
limited studies are available for to control the cancer cells growth,
cellular cytotoxicity, gene expressions are via Co3O4NPs. To keep this
view, the core objective of the current work is to elucidate the role of
Co3O4NPs against breast cancer cells. The Co3O4NPs were synthe-
sized via solutionmethod with the use of cobalt acetate tetrahydrate
(Co(CH3COO)₂.4H₂O) and sodium hydroxide (NaOH) under a very
short refluxing temperature. The processed Co3O4NPs crystallinity,
particle size and phases were estimated via X-ray diffraction (XRD)
pattern, whereas the structural examinations were confirmed via
scanning electron (SE) and transmission electron microscopy
(TEM) respectively. The chemical functional positions were identi-
fied via Fourier transform infra-red (FTIR) spectroscopy. The cytotox-
icity study was conducted against breast cancer cells (MCF-7) with
using Co3O4NPs. The MCF-7 cells were widely selected because the
breast cancer has a major health problem worldwide. The cells via-
bility of cancer cells (MCF-7) were examined with Co3O4NPs with
MTT assay. The apoptosis caused with Co3O4NPs was investigated
with the accessible real-time polymerase chain reaction (RT-PCR)
study also explained why the Co3O4NPs are useful to diminish the
growth rate of cancer cells.
2. Experimental

2.1. Material and methods

2.1.1. Synthesis of cobalt oxide nanoparticles (Co3O4NPs)
The Co3O4NPs were formed through cobalt acetate tetra hydrate

(CH3COO)2Co�4H2O) and sodium hydroxide (NaOH). The chemicals
2

for the formation of NPs were acquired from Sigma Aldrich chem-
ical Co., USA and used as received. Acetate salt of cobalt and alkali
NaOH were assorted in 100 mL of deionized double distilled water
(DDDW) with a final concentration of 15 mM (0.18681 g) and
0.2 M (0.2 g), respectively, with the constant stirring conditions
for ~ 20–30 min. The solution pH was measured (corning PH meter
430 red, cole-parmer, U.S.A) and it reaches to 12.79. Once cobalt
salt was completely dissoluted, the solution was refluxed
at ~ 90 �C for 60 min in a refluxing pot. The solution color turns
from red to black with increase of temperature of refluxing pot.
When the reaction was completed, the formed precipitated pro-
duct was kept for cooling at room temperature for about ~ 24 h.
The obtained product was transferred in a centrifuge tubes
(~50 mL capacity) and centrifuge (Eppendorf, 5430R, Centrifuge,
Germany). The solution was centrifuged at 3000 rpm for 3 min
and dried at room temperature in a glass petri dishes. The powder
was analyzed in terms of their morphological and chemical
characteristics.

2.1.2. Characterizations of synthesized material
The prepared powder crystallinity, phases, crystallite size were

identified via XRD (PAN alytical XPert Pro, U.S.A.) with CuKa source
(k = 1.54178 Å) from 20 to 70� with 6� angle rotation/min speed.
The morphology of synthesized product was analyzed via SEM
(JSM �6380 LA, Japan). For the analysis of SEM, synthesized pro-
duct was homogeneously sprinkled on a black colored carbon tape
and forms a layer. The cobalt oxide coated sample carbon tape was
transferred to the specialized glass chamber for sputtering with
thin conducting layer of platinum (pt) for 3 s to enhance the con-
ductance of the material. Further the morphological evaluation
was also confirmed via TEM (JEOL, JEM JSM 2010, Japan) and the
procured morphological images were collected at 100 kV current.
The chemical functional identification of synthesized Co3O4NPs
was analyzed via FTIR (Perkin Elmer-FTIR Spectrum-100, U.S.A.)
spectroscopy ranges from 400 to 4000 cm�1. For this, very small
amount of the powder was used for FTIR analysis, mixed with
KBr to form the pellet under high-pressure (~4 tons). The pellet
was fixed to the sample holder and analyzed the FTIR at room
temperature.

2.2. Cell culture (MCF-7 cells) and treatment of cobalt oxide NPs

The breast cancer cells (MCF-7) was grown in a medium
(DMEM/MEM) including 12% fetal bovine serum (FBS), 0.2%
sodium bicarbonate, and antibiotic–antimycotic solution
(100 X, 1 mL/100 mL) with moist environment (5% CO2 & 95%
O2) at 37 �C. Earlier for the experiments, the cells viability were
evaluated by trypan blue dye as per the protocol (Siddiqui et al.,
2008) and shows the viability more than 95% were only used in
the study. The cells were employed between 10 and 12 passages
to treat the cells with nanostructures. The Co3O4NPs were used
at high concentration and then subsequently diluted at desired dif-
ferent concentrations for the exposure of cells. The cells were pla-
ted in 6-well or 96-well plates as per the experimental
requirement.

2.3. Reagents and consumables for the biological study

The MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 5 diphenyltetra-
zolium bromide], was obtained from Sigma Chem.Co.USA and cast-
off without any further modification except dilution, besides this
the Dulbecco’s Modified Eagle Medium (DMEM) and MEM culture
medium, antibiotics-antimycotic and FBS were bought from Invit-
rogen, USA. The plastic wares and other consumables products for
cells culture were used from Nunc, Denmark.
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2.4. MTT assay

Cancer cells viability with (treated) and without Co3O4NPs (con-
trol) were accessed via MTT assay as per the previous followed pro-
tocol (Siddiqui et al., 2008, Mosmann. 1983). Initially, cells were
cultured in a specialized 96 well plates (rate of 1 � 104/well) with
permissible to follow for 24 h at 37 �C with humidified environ-
ment. The cells were intermingled with Co3O4NPs from 1 to
100 mg/mL for 24 h. When the cells were completely inter mixed
in well plates, stock solution of MTT (5 mg/mL in PBS) was amalga-
mated with rate of 10 lL/well in 100 lL of cell suspension and fur-
ther incubated for 4 h. After the completion of incubation period,
the well plate’s solution was with draw from the pipette and in
these wells ~ 200 mL of DMSO was added for to aspirate the for-
mazan product and mixed gently. The optical characteristic of
the solution was measured at 550 nm with micro-plate reader
(Multiskan Ex, Thermo Scientific, Finland). The control cells were
also employed as a reference and to run with the same conditions.
The value of maximum absorbance depends upon the employed
solvent in sample solution and the level of viability of cells % was
calculated as per the equations mentioned below:

% viability ¼ total cells� viable cellsð Þ=total cells½ � � 100
2.5. NRU assay

The cytotoxic assessment was also confirmed with and without
Co3O4NPs via neutral red uptake (NRU) assay as per the previously
described procedure (Borenfreund and Puerner , (1985, Siddiqui
et al., 2010). The MCF-7 cells (1 � 104/well) cells were sowed in
a specified 96 well plates. Once the cells were completely grown
(after 24 h) were exposed to desired conc (1–100 lg/mL) of Co3O4-
NPs and kept for 24 h in an incubator. When the exposure was
completed, cells were further incubated in NR medium (50 mg/
mL) for 3 h. Thereafter, cells were washed and dye was extracted
in 1% acetic acid and 50% ethanol solution. The develop color was
read at 540 nm.
2.6. Generation of reactive oxygen species (ROS)

The ROS was measured with 2, 7-dichloro dihydrofluoresce in
diacetate (DCFH-DA; Sigma Aldrich, USA) dye as a fluorescence
agent as per the previously described method (Zhao and Riediker,
2014). Once the cells were exposed with the material for 24 h
and then after, cells were rinsed well with PBS and further nur-
tured for 30 min in DCFH-DA (20 lM) in dark place at 37 �C. When
the reaction of DCFH-DA with cells control and treated (with Co3-
O4NPs) cells completed, cells were examined with using fluores-
cence microscope.
Fig. 1. X-ray diffraction (XRD) pattern of the prepared cobalt oxide nanoparticles
(Co3O4NPs).
2.7. mRNA expressions with cancer cells (MCF-7)

The RNA isolation was performed with cultured cells of MCF-7
cells in a 6-well plates control and treated sample of Co3O4NPs at
concentration of 50 mg/mL for 24 h. The RNA was mined from
RNeasy mini Kit (Qiagen) as according to manufacturer’s protocol.
The cDNA was synthesized from treated and untreated cells taking
1 mg of RNA by Reverse Transcriptase kit using MLV reverse tran-
scriptase (GE Health Care, UK) as per the manufactures’ protocol.
The RT-PCR was performed on Roche� Light Cycler�480 (96-well
block) (USA) following the cycling program recommended. 2 lL
(40 ng) of cDNA template included the 20 mL volume to this reac-
tion mixture (Huang et al., 2021, Bejarbaneh et al., 2020).
3

3. Result and discussion

3.1. X-ray diffraction pattern (XRD)

Fig. 1 shows the XRD of processed powder via solution process.
The XRD pattern defines the crystallinity, crystallite size and
phases of the powder material. The well assigned peaks were iden-
tified in XRD spectrum and is related to the face centered cubic
(FCC) structures and well matched with the JCPDS card No. 76–
1802 with Co3O4. The peaks and their positions such as
31.26 h220i, 36.84<, 38.59<, 44.83<, 55.68<, 59.38<, 65.25 < illus
trates the lattice plane of 220 and 311 for Co3O4 crystal (Fig. 1)
and well justified with the previously published literature of pure
Co3O4 (Divyapriya et al., 2019, El-Dossoki et al., 2020). The intense
peak indicates that powder exhibit good crystallinity, small parti-
cles size etc (Cullity 1978). The particles size was found to
be ~ 33 nm, calculated with using sherrer formula. The obtained
X-ray spectrum shows only the Co3O4 peaks without any other
impurities, which indicates the purity of the sample.

3.2. Morphological results of Co3O4NPs
3.2.1. (a) SEM results
The morphology was examined for the processed powder with

SEM images and presented as Fig. 2. From the low magnified image
(Fig. 2a-b) of Co3O4NPs, it seems that small nanostructures were
arranged with the collection of several tiny particles and it seems
that these NPs are linked composed and from a spheres shaped
structure. Further for more clarification of an individual particle,
shape and size of NP was confirmed at high magnified image
(Fig. 2c). From recovered image designates that estimated diameter
of each individual particle is in range of ~ 33 ± 1 nm (Fig. 2d). The
obtained SEM analysis is well justified and in consistent with the
XRD (Fig. 1).

3.2.2. (b) TEM results
For more authentic observation, the grown powder was also

analyzed with TEM at an above described procedure in section
2.2 and the obtained data is presented as Fig. 3. TEM image is also
in consistent with the SEM images. Number of several nanometer
scale particles (NPs) is seen and size of an individual NP ranges
to ~ 33 ± 1 nm. The obtained image confirms the spherical shaped



Fig. 2. Scanning electron microscopy (SEM) images of cobalt oxide nanoparticles (Co3O4NPs): (a-b) illustrates low magnified images whereas (c-d) shows the high magnified
image, which depicts the surface morphology of the cobalt oxide nanoparticles (Co3O4NPs), the average size of each NP is ~ 33 ± 1 nm.
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NPs surfaces are smooth, clear and consisted with the SEM (Fig. 2)
images.
3.2.3. (c) FTIR results
To know the foot prints of utilized chemicals with functional

groups, FTIR spectroscopy was utilized in the range of 400–
Fig. 3. Transmission electron microscopy (TEM) displayed the low magnification
image of the cobalt oxide nanoparticles (Co3O4NPs, size ~ 33 nm) synthesized
at ~ 90 �C.

4

4000 cm�1. A wide and shallow peak ranges between 3200 and
3600 cm�1 illustrates the O–H stretching mode whereas an intense
peak was observed at 1633 cm�1 for H-O–H molecule (Fig. 4)). The
absorption peak at ~ 665 cm�1 is correlated to O-C-O absorption
and band at 574 cm�1 depict the Co-O vibration metal oxygen
group. From the observed FTIR data it’s confirm that no any other
band was observed related to other functional group in the spec-
trum, which shows the purity of the material (Divyapriya et al.,
2019, El-Dossoki et al., 2020).
Fig. 4. Typical Fourier transform infra-red (FTIR) spectroscopy of grown cobalt
oxide nanoparticles (Co3O4NPs).



Fig. 5. Structural change in MCF-7 cells with exposed to cobalt oxide nanoparticles (Co3O4NPs) for 24 h. Images were taken under the phase contrast inverted microscope.

Fig. 6. The study of cytotoxicity via MTT assay in MCF-7 cells succeeding the exposure of cobalt oxide nanoparticles (Co3O4NPs) for 24 h. The experiments were conducted in
triplicate manner (Mean ± SD triplicate).
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3.3. Morphological change of cancer cells (MCF-7) with Co3O4NPs

The cancer cells (MCF-7) were cultured and their morphological
evaluation was observed via microscopy at 24 h incubation periods
with a number of concentrations (25, 50 and 100 mg/mL) ranges of
Co3O4NPs (Fig. 5). The images were captured for MCF-7 cancer cells
and used as control and for their interactions with different con-
centrations of Co3O4NPs respectively (Fig. 5). It’s evident that ini-
tially the cells were nucleated and once their confluences were
reached to their optimum level (~70–80%,) treated with the Co3O4-
NPs with different concentrations (25, 50 and 100 mg/mL) and ana-
lyzed. From the obtained images, it reveals that there is not much
noteworthy alternation was observed at an initial range of concen-
5

tration 25 mg/mL, but once this range of concentration of Co3O4NPs
upsurges to 50 to 100 mg/mL, the growth of cells was much influ-
enced with Co3O4NPs and it was dose dependent. At low concen-
tration 25 mg/mL its doesn’t shows any change in cells
morphology, whereas at 50 and 100 mg/mL, the cells was destroyed
(Fig. 5). From the microscopic images it’s very clear that cells were
damaged with the Co3O4NPs.

3.4. The induced cytotoxicity (MTT assay) with processed Co3O4NPs

As mentioned in the material and methods that the control
(MCF-7) and treated (MCF-7 cells with Co3O4NPs) sample of
cells were exposed in a range of different concentrations (ranges



Fig. 7. The study of cytotoxicity via NRU assay in MCF-7 cells succeeding the exposure of cobalt oxide nanoparticles (Co3O4NPs) for 24 h. The experiments were conducted in
triplicate manner (Mean ± SD triplicate).

Fig. 8. (A) Representative images of cobalt oxide nanoparticles (Co3O4NPs) induced reactive oxygen species (ROS) generation in MCF-7 cells exposed for 24 h. (B) Percent
change in reactive oxygen species (ROS) generation with MCF-7 at different concentrations of cobalt oxide nanoparticles (Co3O4NPs) for 24 h.
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from 1 to 100 mg/ml) for 24 h incubation. Cells cytotoxicity was
examined via MTT assay. From the obtained data it shows that
the viability of cancer cells was diminished with Co3O4NPs
and data was concentration/dose-dependent. For the MCF-7
cells viability, MTT assay was decreases at 24 h 99%, 101%,
89%, 81%, 71%, 65% and 51% (Fig. 6) for the concentrations of
1, 2, 5, 10, 25, 50 and 100 lg/mL correspondingly (p < 0.05 for
each). From the data its shows that at initial concentration, it
was not much affected whereas when the concentration of pro-
cessed material is increase the cytotoxicity was much
influenced.
6

3.5. Cytotoxicity study via NRU assay in MCF-7 cells with Co3O4NPs

Including MTT assay, the cytotoxic measurement was also con-
firmed with and without Co3O4NPs via NRU assay as detailed in
the materials and method. A similar trend was also observed in
NRU assay. From the obtained data it depict that the viability of can-
cer cells at initial doses of Co3O4NPs is not much affected, whereas
once the concentration/doses increases, the cancer cells was dimin-
ished. For the MCF-7 cells, NRU assay was decreases at 24 h 102%,
98%, 90%, 80%, 67%, 60% and 56% (Fig. 7) for the concentrations of
1, 2, 5, 10, 25, 50 and 100 lg/mL correspondingly (p < 0.05 for each).



Fig. 9. mRNA expression of apoptosis marker genes by real-time polymerase chain reaction (RT-PCR) analysis in MCF-7 cells with cobalt oxide nanoparticles (Co3O4NPs) at
50 mg/mL concentration for 24 h. RT-PCR data was achieved with Roche Light Cycler�480 soft-ware (version 1.5). The glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
gene was used as a control to normalize data. The data is accessible as the mean ± SD of three identical experiments with three replicates manner. *Significantly different
compared with the control group (p < 0.05 for each).
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3.6. Induced ROS generation in MCF-7 with Co3O4NPs

A sequential trend for ROS generation was detected in MCF-7
cells after the exposure of Co3O4NPs at 100 lg/mL concentrations
for 24 h (Fig. 8). The ROS is increases with the Co3O4NPs and it’s
evident from the images (Fig. 8A) as compared to control cells.
An increase of 148.00 ± 11.7% was observed in ROS generation at
100 lg/mL, as compared to control (Fig. 8B).
3.7. Gene expressions study

The RT-PCR was utilized to understand the mRNA levels of
apoptotic marker genes (e.g. p53, Bax, caspase-3 and BCl2) in
MCF-7 cells interacted with Co3O4NPs oxide at 50 mg/ mL for
24 h. A significant change was observed in mRNA levels in apop-
totic markers (p53, Bax, caspase-3 and BCl2) genes in MCF-7 cells,
when exposure with Co3O4NPs (Fig. 9). The mRNA of tumor sup-
pression gene supports the apoptosis induction by foreign material
(NPs) and observed the enzymatic activities of caspase-3 at the
concentrations of 50 mg/ml. In all the selected gene, the observa-
tions shows that the expression were in up-regulation except
BCl2 and the fold changes for the p53 (2.2), Bax (4.1), Casp3 (1.9)
and BCl2 (0.71) respectively (Fig. 9). The Results showed that NPs
induced the apoptotic enzymes (caspase-3) in a dose-dependent
manner (Fig. 9).
4. Conclusions

The summary of the present work shows that the Co3O4NPs
(size ~ 33 ± 1 nm) were prepared via solution process and well
characterized. The Co3O4NPs were utilized at very low concentra-
tion (1 to 100 lg/mL) against MCF-7 cancer cells, which signifies
that the cytotoxicity of MCF-7 cells is dose-dependent and influ-
ence against cancer cells validated via MTT and NRU assays. The
apoptosis or cells death cased with Co3O4NPs enhance at an opti-
mized doses of nanostructure concentration. The current work
implies the possibility to use processed nanostructures will be
much effective against cancer cells and will be useful as an inor-
ganic based nanodrug. To testify the prepared nanostructures, a
7

detailed investigation as well as their sustainability under biologi-
cal environments is required. The study epitomize that Co3O4NPs
induces the cytotoxicity, apoptosis in MCF-7 cancer cells via p53,
Bax, and caspase pathways. It also expected that Co3O4NPs to be
intervened via ROS generation and oxidative stress. The overall
recovered data suggest that the NPs are responsible to control
the growth of cancer cells. Due to very small size it can be quickly
and easily reach to the cells organelles as compared to other com-
plex structures of drugs. The utilization of inorganic based nano
structured materials for cancer studies can be possible to reduce
the cost of the drugs also these nanostructured based studies
reduces the anxiety of surgery for deprived patient.
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