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Inherent magnetic features of engineered nanomaterials are quite important parameters for biomedical
applications and cancer treatments. In this study, cobalt ferrite (CF-NPs) and magnesium-cobalt ferrite
(MCF-NPs) magnetic nanoparticles were synthesized by aqueous extract of turmeric, characterized by
various instruments, and utilized for anticancer activity. These are characterized with TG-DTG, XRD,
SEM, BET, FTIR, and UV–Vis sophisticated techniques. The results revealed that they have inverse cubic
spinel structure, optically active and nanoscale spherical morphology. The particle size was calculated
by the Scherrer formula and was found to be 24.78 nm for CF-NPs and 27.48 nm for MCF-NPs, respec-
tively. Moreover, MTT method was used to find out anticancer activity of the fabricated CF-NPs and
MCF-NPs using the human breast cancer cells (MCF-7) and data discloses that cytotoxicity effects of
CF-NPs are higher than MCF-NPs, and dose dependent. At high dose (100 lg/ml), CF-NPs shows 45.76%
and 61.57% in CF-NPs and MCF-NPs cell viability, respectively. Similarly, cellular ROS generation was
found to be higher in CF-NPs (183 %) as compared to MCF-NPs (159% in at 100 lg/ml). By the obtained
results it can be claimed that ferrites will be useful model for cancer treatments if they are explored at
advance level.
� 2023 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

In the current scenario, magnetic nanoparticles (MNPs) con-
nected with various medical applications have been found a special
attention on account of their ecofriendly abundance in nature, high
surface-to-volume ratio, fast reactivity with biomolecules, and
greater opportunity to surface functionalization (Issa et al.,
2013). Due to the peculiar magnetic properties, these have incred-
ible binding interaction with DNA, enzymes, peptides, antibodies,
and high dispersion in blood and cellular fluid which help in
diagnosis of diseases and delivery of drugs at targeted sites in
the presence of magnetic field (Issa et al., 2013; Andrade et al.,
2020). Therefore, these are considering as suitable and biocompat-
ible candidates for the treatments of hyperthermia/ thermothera-
pies, iron deficiency, and cancer; and technologically useful for
the fabrication of many sophisticated devices like sensors, detec-
tors, magnetic energy storages, and MRI (Issa et al., 2013;
Andrade et al., 2020; Wu and Huang, 2017).

Magnetic Spinel ferrite NPs (Fe3O4) have been extensively stud-
ied for many clinical analyses however, due to limitation of their
attributes such as low magnetization, particle agglomeration and
rapid reactions (Mathew and Juang, 2007), researcher’s attention
shifted towards structural ferrites (AB2O4, A = M2+ and B = M3+

ions). Structural ferrites are classified into normal, inverse, and
mixed spinel metal oxides (Jia et al., 2012). A number of cations
with various oxidation number/or valence state can be accommo-
dated into the A and B sites by control substitution with other pre-
cursors like Metals, Carbons, and MO that tuned features into
reasonable domain and provide platform for the fabrication of a
finely dispersed and biocompatible nano-size materials (Jia et al.,
2012; Zutic et al., 2004). AFe2O4 based spinel ferrites with ‘‘A”
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variation (like Mg, Zn, Cu, Mn, Ni, and Co) possess good magnetic,
optical, and electrical properties that remain important in field of
biomedical applications and modern technologies (Jia et al.,
2012; Zutic et al., 2004; Carta et al., 2009).

In recent years, AFe2O4 type of nano-ferrites have generated
high curiosity in the delivery of drugs and treatment of various
cancerous cells due to significantly improved magnetic and surface
properties (Pon-On et al., 2011). Till date, more than 100 different
types of cancer are observed, therein, breast cancer is very com-
mon particularly in females (Chen et al., 2020; Wahab et al.
2014). If it is passes with initiation, promotion, and progression
phases, then it is difficult to control on growth. However, magnetic
and structural ferrites NPs are the right preventive option to con-
trol their growth and multiplication of cancer cell because of more
production of free radicals, bestowed favors to kill the cancer cell
selectively than others, and have a greater ability to deliver the
anticancer drugs with minimal side-effect on healthy tissues and
organs, main challenge of cancer treatment (Wu and Huang,
2017), Pon-On et al., 2011 and Chen et al., 2020), rather than use
of traditional and non-selective therapies for instance chemother-
apy, radiotherapy, proton beam therapy, drug therapy, immune
therapy, surgery, and clinical trials etc., that impact high pains
and suffering (Bray et al., 2012; Nardin et al.2020). The cells viabil-
ity is much influences by ROS generation, which is the most prob-
able mechanism through which NPs induce cytotoxicity. It is
reported in literature, that small metallic NPs lesser than 50 nm
size revealed an outstanding curative attributes and features
against the corresponding cancer cell lines because of superior
entering into cells and significantly higher anti-cancer activities
as compared to bigger size NPs (You et al.2012).

Cobalt ferrite (CoFe2O4) NPs provides a number of utilities in
several fields such as food, medicine, cancer treatment and others.
Its relies on the striking features of ferrite such as shape, size, con-
centrations of the NPs. To date, CoFe2O4NPs are usually synthe-
sized by co-precipitation, hydrothermal, microwave, solid-state,
combustion and emulsion approaches (Jia et al., 2012; Carta
et al., 2009). Nevertheless, these processes are often completed at
raised temperatures and pressures, complicated tools and proce-
dures, and toxic solvents and chemical that result in enhanced
energy demand and environmental costs (Ashour et al., 2018).
Hence, there is a highest obligation to get the better of these disad-
vantages by finding an alternative green approaches (Moradiya
et al., 2021; Kombaiah et al., 2018; Taj et al., 2021). A few reports
are accessible for the biological application of CoFe2O4 NPs and its
derivatives to reduce the rate of cancer cells growth. Therefore, in
the present study our aimed to fabricate Co1-xMgxFe2O4 ferrite
nanoparticles by aqueous extract of turmeric powder, to investi-
gate their structural, morphological and cytotoxic evaluation of
MCF-7 cell line.
2. Materials and methods

2.1. Biogenic synthesis of ferrite nanoparticles

Cobalt ferrite (CoFe2O4, CF-NPs) and Mg-doped cobalt ferrite
nanoparticles (Co0.95 Mg0.05 Fe2O4, MCF-NPs) were formed via
green process with utilization of aqueous extract of turmeric pow-
der. About 5gm sun-dried turmeric yellow powder was placed in
100 mL deionized water, boiled for 15 min, then filtered to room
temperature at room temperature. The pH of extract was measured
and found to be 6.24, and finally used for fabrication of ferrites.

CF-NPs was fabricated by mixing cobalt (II) nitrate (Co(NO3)2-
�6H2O, Sigma-Aldrich, USA) with iron (III) nitrate (Fe(NO3)3�9H2O,
Sigma-Aldrich, USA) in the molar ratio of 1:2 as precursor. Both
precursors were completely liquefied and dissolved in distilled
2

water and then added dropwise into 50 mL aqueous extract under
fast stirring for 60 min. Further it was heated at 90 �C until turned
to dark color for complete reduction process. Then it was cooled
overnight where a dark precipitate started to appear, signifies the
beginning of nanoparticles formation. The precipitate was dried
for 12 h at 110 �C. The dried sample was heated in the furnace at
the rate of 10 �C/min in air atmosphere for 6 h at 750 �C. The color
of calcined sample was dark black. MCF-NPs of light black color
was obtained by the same procedure as for the CF-NPs using metal
nitrates in a ratio of 0.05 Mg2+:0.95Co2+:2Fe3+ and 50 mL extract.

2.2. Characterizations of Mg-Co ferrites nanoparticles

Thermogravimetric analyses of ferrospinel precursors were per-
formed on Q600 SDT-TA Instruments (Champaign, USA) in the
temperature range of 25–900 �C in oxidative condition at the flow
rate of 20 mL min�1. To analyze the crystal phase and purity of fer-
rites NPs, X-ray diffraction (XRD, Westborough, MA, USA) equipped
by Ni filter using radiations source of CuKa (k = 1.54056 Å). Using
the KBr method, functional groups were determined with the help
of IRAffinity-1 FTIR spectrophotometer (Shimadzu, Japan) and
spectra were recorded at 400–4000 cm�1. UV–Visible spectra of
aqueous solution were carried out by UV–Visible spectrophotome-
ter (Thermo Fisher Scientific, USA). The surface properties were
determined by BET method on Micromeretics Tristar 2000 instru-
ment (Norcross, USA). The morphology was observed via scanning
electron microscopy (SEM, JEM-2100F; JEOL, Japan).

2.3. Anticancer activity

2.3.1. Reagents and consumables for anticancer activity
2,7-dichloro dihydrofluorescein diacetate (DCFH-DA) and 3-(4,

5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
were obtained from Sigma-Aldrich, USA. Dulbecco’s Modified Eagle
Medium (DMEM) as a culture medium, antibiotics-antimycotic,
10% FBS, and sodium bicarbonate (NaHCO3) were purchased from
Invitrogen, USA. The flat well plates, micropipets, bottles and other
consumables items were used from Nunc (A/S), Denmark.

2.3.2. Cell culture
The MCF-7 cells were cultured in DMEM using 10% FBS, 0.2%

NaHCO3, and antibiotic/antimycotic solution (100�,1 mL/100 mL
of medium). The cells were preserved in 5% CO2 and 95% O2 in
humid atmosphere and 37 �C and greater than 98% cells viability
was achieved through trypan blue test.

2.3.3. Cytotoxicity measurement
The cells (MCF-7) were exposed with a varied concentrations of

NPs (1–100 lg/ml in PBS) for 24 h, and cytotoxicity of treated cells
(1 � 104) was measured by MTT assay. Briefly, these cells were
allowed to follow for 24 h in 5% CO2 incubator at 37 �C in 96 well
culture plates. Once the treatment was completed, MTT (5 ppm of
stock in PBS) was added (10 ll/well in 100 ll of cell suspension) in
each well and plates were further incubated for 4 h in incubator at
37 �C. Thereafter, supernatant was cast out, and DMSO (50 ll) were
gently added to each well. The developed color was read at 550 nm
with ELISA microplate reader (BioTek, USA). Similarly, untreated
sets as control were read under the same conditions. The percent-
age (%) viability of cells was calculated by equation:

Viability %ð Þ ¼ total cells� viable cellsð Þ=total cells½ Þ� � 100
2.3.4. Morphological analysis
The changes in cells (MCF-7) structures were observed to ana-

lyzed the alterations in the presence of NPs. The cells were treated
with different concentrations (25, 50 and 100 lg/mL in PBS) of NPs



Fig. 2. X-ray diffraction patterns of the ferrite nanoparticles.
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for 24 h and the morphological changes in the cells at
20 � magnification were carried out using inverted phase contrast
microscope.

2.3.5. ROS measurement
Cellular ROS of fabricated ferrites was measured using fluores-

cence dye, DCFH-DA. After the treatment of ferrites (25, 50 and
100 lg/mL in PBS) with the MCF-7 cells for 24 h, they had been
treated with DCFH-DA (20 lM) at 37 �C and 5% CO2 for 1 h in dark.
Then ROS of treated and untreated cells were visualized under flu-
orescence microscope.

2.3.6. Statistical analysis
The statistical determination was depicted with the standard

p < 0.05 value, which were considered as statistically significant.

3. Results

3.1. Thermal study of precursors

To know the final calcination temperature for the formation of
crystalline phase, thermal analyses were performed on the fer-
rospinel precursors under air atmosphere. DTG peaks (Fig. 1) are
helped to get evidence for the removal of associated solvent, mole-
cules and amorphous to crystalline phase transformation by tem-
perature maxima (Tmax). Both precursors showed two steps
decompositions. The CF-precursor showed the first Tmax peak at
around 125 �C due to the evaporation of adsorbed humidity and
hydrates on the surface (Amiri and Shokrollahi, 2013). The second
Tmax peak at 307 �C, (the first Tmax peak in MCF- precursor) can be
associated with the decomposition of the nitrates, available
organic moieties of turmeric, and initiation of crystallization pro-
cess (Prasanna et al., 2015). The second Tmax peak at 610 �C in
MCF-precursor showed completely removal of attached organic
groups. Therefore, the calcination temperature of the precursors
was specified by 700 �C for the formation of expected metal fer-
rites, because there are no any major changes observed after heat-
ing at high temperature (T � 800 �C).

3.2. XRD study

To examine the calcined ferrites NPs structure, the XRD mea-
surements were implemented, shown in Fig. 2. The diffraction
peaks at 30.11�, 35.45�, 37.05�, 43.03�, 53.51�, and 56.97� can be
indexed as the (220), (311), (222), (400), (422), and (511) planes
in the XRD pattern confirms the inverse cubic spinel type structure
of the formed NPs with space group fd3m. The entire diffraction
Fig. 1. DTG curves of (a) CF and
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pattern was well matched with the CoFe2O4 phase and analogous
with the available standard JCPDS card No. 00-022-1086 (Monogr
1971) with lattice parameter is 8.3919 Å. The crystallite size of
the synthesized NPs was calculated using the Scherrer equation
(Kumar et al 2013). It is defined as:

D ¼ kk=bcosh

where constant k depends upon the shape of the crystallite size
(k = 0.89, assuming the circular grain), k is the wavelength of the
CuKa radiation (k = 0.1542 nm), b is the Full Width Half Maximum
(FWHM) in radians, h is Braggs’s diffraction angle and D is the crys-
tallite size. Using the FWHM of the most intense peak correspond-
ing to the (311) plane, the crystallite size was obtained 24.78 nm
for CF-NPs and 27.48 nm for MCF-NPs, respectively.

3.3. FT-IR study

The FT-IR spectra of the NPs, to analyze their purity, are shown
in Fig. 3. The CF-NPs showed an absorption peak at 464.95 cm�1,
which is not appeared in MCF-NPs, and other peak between 593
and 567 cm�1 are attributed to intrinsic lattice vibrations of octa-
hedral (long band length of oxygen-metals) and tetrahedral sites
(shorter band length of oxygen-metals) in the spinel structure
(West, 1984; Villete et al., 1998). The peaks between 1400 and
1300 cm�1 and 900–1100 cm�1 represented the nitrate ions. An
(b) MCF ferrite precursors.



Fig. 3. FT-IR spectra of the ferrite nanoparticles.
Fig. 5. N2 adsorption–desorption isotherms of the ferrite nanoparticles.
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intense peak at 3447 cm�1 and small peak at 1632 cm�1 due to the
stretching vibrations of water (H–O–H) and hydroxyl ions (O–H)
on the surface of NPs, suggesting the polar nature of the surface
(Jha and Prasad, 2012).

3.4. UV–Vis study

For the ferrites like other semiconductors, the band gap energy,
which is calculated using the formula Eg = 1240/kmax, where kmax is
the absorption in nm, is one of the distinguished factors in most
applications as in photovoltaic devices or photo catalysis (Das
et al., 2010). UV–vis spectra of CF-NPs and MCF-NPs were dis-
played in Fig. 4. The spectra of fabricated NPs were observed in vis-
ible region which was shifted towards lower wavelength in case of
MCF-NPs, from 535 nm to 404 nm, and calculated band gap energy
increased. The estimated band gap energy is found 2.31 eV for CF-
NPs and 3.06 eV MCF-NPs, respectively.

3.5. BET surface area

The nitrogen adsorption–desorption isotherms of pure and
doped ferrites are shown in Fig. 5. Base on the IUPAC designation,
they are reflecting mesoporous type IV isotherms and pore diame-
ters are in the range 2–50 nm. The porosity parameters such as BET
Fig. 4. UV–Vis spectra of th
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surface area, pore volume, and average diameter of each pore for
prepared degassed samples are tabulated in Table 1. From the table
it is clear that Mg2+ ion doping in pure CoFe2O4 ferrite decrease the
porosity measurements which was good agreement with XRD and
SEM the results.
3.6. Morphological study (SEM)

SEM images were captured to observe the morphology of the
fabricated NPs. Fig. 6 (a-b) and (c-d) represented SEM images of
the CF-NPs and MCF-NPs at low (x 5000) and high magnifications
(x 30000). The low-magnification images (a & c) shows the flakes
of nanoparticles in micro-mm range. A closer view of flakes at high
magnification (b & d) disclosed that flakes are nearly made of
nano-sized with sphere-shaped. The average dimension of CF-
NPs is around 20–50 nm which are smaller than MCF-NPs; and
these findings are well agreed with the results obtained from
XRD data where sharp patterns are the indication of well define
crystallization. Therefore, the selected calcination temperature
plays major role for the nucleation and growth of CF-NPs that
directly reflects the high anticancer activity of CF-NPs. However,
MCF-NPs showed irregular morphology besides spherical and
agglomeration of strongly connected larger grains because of
greater magnetic interactions among the particles. Moreover, it
e ferrite nanoparticles.



Table 1
Porosity parameters of the synthesized nanoparticles.

Ferrites Pore Volume (cm3/g) Pore size (nm) Surface area (m2/g)

CF-NPs 0.040 59.383 2.716
MCF-NPs 0.006 29.793 0.812
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should be noted that there are plenty of voids between the
nanoparticles.
3.7. Cytotoxicity study

3.7.1. Effect of ferrites NPs on cell viability
As described in section 2.3.3 that the untreated and treated

MCF-7 cells with ferrites NPs were treated in a range of 1–
100 lg/ml for 24 h incubation. The obtained result via MTT assays
are summarized in Fig. 7. It is observed when concentration of fab-
ricated NPs was lower than 25 lg/ml, it was not much affected.
However, when the concentrations have increased the cytotoxicity
was influenced that is dose dependent. It is found that CF-NPs was
more effective than MCF-NPs against the cells. The cell viability
was noted to 100.89 %, 60.22% and 45.76% in CF-NPs at 1 lg/ml,
50 lg/ml and 100 lg/ml concentration, respectively. Similarly, in
case of MCF-NPs, it was observed to 100.82%, 73.69% and 61.57%
at 1 lg/ml, 50 lg/ml and 100 lg/ml concentration, respectively.
3.7.2. Effect of ferrites NPs on cell morphology
The structural changes in MCF-7 cells exposed to NPs at three

concentrations, 25, 50 and 100 lg/ml for 24 h incubation periods
are shown in Figs. 8 & 9, respectively. The cells indicate that mor-
phological changes after the exposure of NPs are to be concentra-
tion dependent, and realized that as the concentrations of NPs
upsurges the viability of cells were effectively damaged. In case
Fig. 6. SEM images of (a-b) CF
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of CF-NPs, changes in the morphology of MCF-7 cells at low con-
centration 25 lg/ml does not show remarkable changes in cells
morphology, whereas at 50 and 100 lg/ml concentrations of CF-
NPs reduced the normal morphology of the cells, the cell adhesion
capacity, and the cell density as compared to control. Most of the
cells damaged and lost their typical morphology at 100 lg/ml of
CF-NPs for 24 h.
3.7.3. Influence of ferrites NPs on ROS generation
To explore the ability of cytotoxicity of both ferrites at various

concentrations, we have performed the generation of ROS using
DCFH-DA dye. The acquired information is shown in Fig. 10 (a &
b). At low concentrations (1 to 10 lg/ml) there are no significant
generation of reactive free radicals but at higher concentrations
(25 to 100 lg/ml) they are increased accordingly. ROS production
was increased 158% to 183% in CF-NPs, whereas 126% to149% in
MCF-NPs at 50 and 100 lg/ml, respectively.
4. Discussion

Ferrites MNPs mostly used for the fabrication of valuable
devices such as powerful magnets, data storage, biosensors,
biomarkers, disks of computers etc. A number of applications of
MNPs are described in detail but limited data are available in
oncology, a discipline of cancer treatment. In this study, we have
prepared CF-NPs and MCF-NPs by biogenic method which shows
critical influence on thermal, crystallinity, optical, surface, mor-
phological, and anticancer properties because of present of phyto-
chemicals such as terpenoids and phenolic compounds. To develop
the crystal structure, thermal stability and purity of ferrites NPs,
calcination temperature and time duration are the important and
decision making factors. For this, TG-DTG analyses were applied
to investigate decomposition patters on precursors which is quite
-NPs and (c-d) MCF-NPs.



Fig. 7. Cytotoxicity of the ferrites NPs against in MCF-7. The experiments were conducted in triplicate manner (Mean ± SD triplicate).

Fig. 8. CF-NPs induced morphological changes in MCF-7 cells.
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useful technique to find out the above observations. The degree of
crystallinity and crystal size was confirmed by XRD analysis which
revealed that the fabricated ferrites are pure and nano-phase mate-
rials, 24.78 to 27.48 nm, with inverse cubic spinel type. Thus,
selected calcination temperature plays a key role for the cation dis-
tributions on both tetrahedral and octahedral sites, nucleation and
growth of crystals with striking features. FT-IR spectra are pro-
vided information about functional details and redistribution of
cations between octahedral and tetrahedral sites into the inverse
spinel structures. The optical absorption properties were examined
via UV–Vis spectroscopy. The fabricated ferrites show spectra in
visible regions and calculated band gap energy was found
2.31 eV for CF-NPs and 3.06 eV MCF-NPs. This variation may arise
due the presence of Mg2+ ion which changed the electronic state in
6

the outer orbital area, structure, and particle sizes which in turn
increased band gap energy (Tehrani et al., 2012; Casbeer et al.,
2012). Therefore, the CF-NPs is expected to improved biological
activity. By evaluating the porosity measurements, it can be found
that the surface area of the CF-NPs is greater than the MCF-NPs.
This can be accredited to the increase in crystallite size by intro-
duction Mg ion (Jaimy et al., 2012). Both are classified as a meso-
porous as pore diameter were less than 50 nm and would be
valuable for better biological activities (Naikoo et al., 2016).

Besides the basic information about the fabricated ferrites
nanostructures, the core objective of the current study was to
explore the cytotoxic properties against human breast (MCF-7)
cancer cells by MTT assay and their ROS properties. It was found
that the viability cells are dose dependent (Mosmann 1983;



Fig. 9. MCF-NPs induced morphological changes in MCF-7 cells.

Fig. 10. ROS generation by ferrites NPs against in MCF-7. The experiments were
conducted in triplicate manner (Mean ± SD triplicate).
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Hathout et al., 2017). Although there are few literatures available
on ferrites NPs cytotoxicity till date, the present cytotoxicity
results are in similar agreement with the previous findings therein
decreased of cell viability within these concentrations range by the
exposure to different kinds of NPs (Hathout et al., 2017). Based on
these observations, several hypotheses related to the entrance of
NPs towards cancer cells, geometry, size, and distinctive property
of NPs were responsible for the cell death (Mosmann 1983;
Hathout et al., 2017; Coccini et al., 2010). As per the previous study,
cell membranes exhibit small pore like passages which facilitates
to enter NPs in to cells and damaged the upper layer of cell mem-
brane (Coccini et al., 2010). In other reports, the nano structures
can be easily entered in to the cells cytoplasm and react with cell’s
organelles and diminished the growth of cancer cells. Further, mor-
phological changes in cancer cell in presence of NPs are good
7

agreement with previous findings (Siddiqui et al., 2013; Stolle
et al., 2005).

Additionally, to know cytotoxicity of cancer cells and the role of
ferrites in mechanism, also measured the reactive oxygen species
(ROS) for 24 h. It was considered that the production ROS by inter-
action of ferrites play the key role in mechanism of cytotoxicity
because they can directly disturb the many components of cells
such as DNA structure, proteins and lipids which in turn prime
cause of cell death (Oberdorster et al., 2005). Consequently, our
dose dependent finding and upsurge rate of ROS generation are
well supported by the literature (Peter et al., 2014).
5. Conclusion

This investigation demonstrated that ferrite nanoparticles were
successfully synthesized by green method using turmeric and
characterized well with sophisticated instruments. The obtained
results showed that formation of the crystalline ferrites with
spherical shape. Moreover, the MTT cytotoxicity assay was per-
formed from low (10 lg/ml) to high concentration (100 lg/ml)
and result showed concentration dependent activity against
MCF-7 human breast cancer cell lines which are agreed with the
microscopic data. The obtained results shown that the CF-NPs
induces more cytotoxicity as compare to MCF-NPs. Also these
NPs are capable to induce ROS generation in MCF-7 cells and are
accountable for cell death. The changes in the morphology of
MCF-7 cells induced by NPs clearly exhibited cell death. From the
obtained results it’s concluded that the ferrites NPs are clearly
enter into the cells and inhibit proliferation of cancer cells. Conse-
quently, the synthesized cobalt ferrite NPs can be better explored
in the near future for various biomedical, industrial and agricul-
tural applications. From the obtained results and their observa-
tions, it’s believed that the nanotechnology especially, the
nanodoped materials are the better option due to their small diam-
eter, high surface properties with enhance band gap, facilitates the
better interaction of cells and their organelles and provide good
results against cancer. These nanomaterials can be possible to
reduce to cost of the treatment of cancer and will be helpful for
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the deprived or low income families, who cannot afford the treat-
ment cost.
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