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The zinc oxide (ZnO) nanostructures are highly influential material and exhibit numerous properties.
Numerous physicochemical applications for instance electronic, catalyst, solar cells, hydrogen fuels and
energy evolution. Besides the large application in various directions very few reports are available for
the cytotoxic evaluations and their compression with nano particles (NPs) and nanrorods (NRs) against
the breast (MCF-7) cancer cells. The ZnO-NPs and NRs were produced through solution process in a short
time span and were well characterized. The cells viability was tested with MTT and NRU assays. A series
of different concentrations (2 lg/mL, 5 lg/mL, 10 lg/mL, 25 lg/ mL, 50 lg/mL, 100 lg/mL and 200 lg/
mL) of NRs and NPs were employed against cancer cells for to evaluate the % activity of sustained and
non-sustained cells. The morphology of treated and control cells were observed via microscopy respec-
tively. Including this, the genetic studies were also scrutinized, cell-cycle analysis express the upsurge
in the apoptotic peak after a 24-h. Quantitative PCR (qPCR) data revealed that the mRNA levels of apop-
totic genes such as p53, bax, and caspase-3 were upregulated, whereas bcl-2, an anti-apoptotic gene, was
downregulated; therefore, apoptosis was mediated through the p53, bax, caspase-3, and bcl-2 pathways.
� 2021 The Author. 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

The size of nanostructures is an important parameter, which
influences several characteristics such as physical, chemical, elec-
tronic, magnetic, quantum and various other properties. The
nanostructures (NSs) are classified based to their dimensional (D)
structures as 0D, 1D, 2D, where several types of structures can be
formed by various physicochemical methods (Saleh, 2020, Khan
et al., 2019). A number of different structures with shape and sizes
are formed from different ways for instance, quantum dots (QDs),
nanoparticles (NPs), nanorods (NRs), nanoflowers (NFs),
microflowers (MFs), spheres, sea urchins and various others types
were fabricated (Kim et al., 2019). These nano and micro structural
(MSs) materials exhibit numerous properties, which enhanced
their electronic, magnetic, chemical, optical and surface character-
istics. It also fundamentally different from their corresponding
atoms, molecules, catalysts, ferrofluids, storage, markers, chemical
and biological sensors, imaging, pigments etc (Baek and Khang,
2020). A number of physical and chemical ways had been adopted
to prepare different shaped structures such as plasma chemical
vapor deposition, chemical vapor deposition, high temperature
chemical vapor deposition, microwave, sputtering, flame assisted,
Atomic layer deposition approach etc (Wahab et al., 2011a,b;
Saeed et al., 2020., Beaudette et al., 2020, Gürsoy, 2020). The phys-
ical means are costly and it requires extensive care and infrastruc-
tures. Over various ways of preparation, solution process such as
co-precipitation, hydrothermal, sol–gel etc; provides easier and
cost effective ways, which needs less infrastructures and can pro-
duce a bulk amount with high thermal stability, durable and bio-
compatible property (Wahab et al., 2008) etc. With an ample
oxides based nano and microstructures, the zinc oxide (ZnO) pro-
vides numerous structures and that’s why it’s so called bucket of
nano and microstructures (Wahab et al., 2007). It’s well docu-
mented that ZnO exhibit plentiful properties for instance enhanced
surface area, high band gap energy (3.37 eV), thermodynamically
stable with good mechanical strength (Wahab et al., 2007b). Due
to versatile nature, it’s largely applied in innumerable fields for
instance catalyst, sensors, storage, lasers, detectors, solar cells,
LEDs, optoelectronics (Ahamed et al., 2021a,b, Wibowo et al.,
2020, Theerthagiri et al., 2019) etc. Additionally, the chemically
synthesized ZnO also exhibit a biocompatible nature for biological
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materials (Rajashekara et al., 2020). The ZnO allows in different
biological objects such as DNA (Wahab et al., 2009), drug delivery
(Martínez-Carmona et al., 2018), cancer, bacterial and others stud-
ies etc (Wiesmann et al., 2020). Although, a number of applications
of nanostructures but limited studies are available in the area of
cancer research with nanostructure and have many rooms to do
more and more work (Ijaz et al., 2020). As it’s well-known that
the cancer is a denying disease, which spreads with the abnormal
growth of normal cells. Towards to this direction, the NSs toxicity
with ZnO was studies with different cell lines such as yeast accha-
romyces cerevisiae with defined mechanism of mechanical dam-
age (Márquez et al., 2018) were studied. In other work, the
dissimilar geometrical nanostructures were utilized as a dose
dependent against brain tumor (U87), cervical (HeLa) and normal
HEK cells, which showed the effectiveness of NSs (Wahab et al.,
2013). It’s well documented that oxide based NSs and MSs exhibit
good effect on various cells and related entities but the cost is again
a matter to handle these issues (Wahab et al., 2013). Although a
number of research work published to this direction and shows
the applicability of NPs with different cell lines but very limited
reports are available which show the application of altered shaped
structures against cancer cells (Ijaz et al., 2020, Wahab et al., 2013).

The present work described the utility of NPs and compared it
with the NRs against toxicity studies processed via solution pro-
cess. The synthesized powder were analyzed via several instru-
ments such as XRD, FESEM and FTIR respectively. The cells
interactions with NSs were examined via microscope whereas
the cancer cells viability with and without NSs were confirmed
from the MTT and NRU. The apoptosis in cells were observed via
mRNA expression with genes including control with NPs and NRs.
2. Experimental

2.1. Material and methods

2.1.1. Synthesis of NPs and NRs through solution process
2.1.1.1. Nanoparticles (NPs). The production of zinc oxide nanopar-
ticles (NPs) were accomplished with the use of zinc nitrate hexa
hydrate (Zn(NO3)2�6H2O), which act as a precursor material,
whereas sodium hydroxide and propyl amine were used as reduc-
ing agent (Wahab et al., 2011b) with small modification. For the
synthesis of NPs, zinc salt (Zn(NO3)2�6H2O), 0.35 M) were dissolved
in methanol (MeOH) under constant starring. Once the zinc salt
completely dissolved, � 20–25 mL of propyl amine was added
slowly slowly and observes the colour of the solution, which shows
no change in the solution. A small amount of sodium hydroxide
(NaOH, 0.1 M) was added to this solution and examined the pH
value, which exceeds up to 12.5. A small flocculation was appeared
in the beaker for a few seconds (s) and disappeared. The mixture
was transferred in a refluxing pot and refluxed it at 65 �C for 6 h.
Initially, no precipitation was observed, whereas once the refluxing
temperature reaches to their optimized value, the initial nuclei of
particles were form at the bottom of refluxing pot. When the
refluxing time was completed, white colored precipitate was col-
lected and washed via centrifugation at 3000 rpm/3min (Eppen-
dorf, 5430R, Centrifuge, Germany) and dried. The recovered
powder was further analysed via various characterizations tools.
2.1.1.2. Nanorods (NRs). The NRs were synthesised with as per the
previously reported work with slight alternation (Wahab et al.,
2011a). For the synthesis of NRs, zinc acetate dihydrate (Zn(Ac)2-
�2H2O) was applied as a prime precursor and NaOH was utilized
as a directing agent. A small amount of Zn(Ac)2�2H2O (0.3 M)
was dissolved in 100 mL of double distilled water under constant
stirring. Afterword’s, in this solution NaOH (0.2 M) was mixed
2

gently and pH (Cole Parmer U.S.A) of the solution was measured
and its upsurge to 12.7. The solution was moved to refluxing pot
and heated to the solution for 60 min at 90 �C. The powdery solu-
tion was collected in a refluxing pot, washed with alcohol and cen-
trifuged at 3000 rpm/3 min and dried.

2.1.2. Characterizations
The X-ray diffraction pattern (XRD) was utilized to observe

the crystallinity of the prepared powder, particle size, phases
etc. The powder samples were examined between 20 and 80�
with using CuKa radiation (k = 1.54178 Å) at 6�/min scanning
speed with 40 kV voltage and 30 mA current. The morphological
characteristics were examined with FESEM (Hitachi, Japan). The
chemical characteristics of powder samples were accessed via
FTIR ranges from 400 to 4000 cm�1 using potassium bromide
powder (KBr) pellets, fixed it with sample holder and character-
ized the material.

2.2. Cell culture (MCF-7 cells) and exposure with NPs and NRs

The breast cancer cells (MCF-7) was grown in a medium DMEM
with 10% fetal bovine serum (FBS), 0.2% sodium bicarbonate, and
antibiotic–antimycotic solution (100 X, 1mL/100 mL) with moist
environment (5% CO2 & 95% O2) at 37 �C. Earlier for the experi-
ments, the cells viability were evaluated by trypan blue dye as
per the protocol (Siddiqui et al., 2008) and shown 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
NSs. The NPs and NRs were used at high concentration and then
subsequently diluted at desired different concentrations for the
exposure of cells. The cells were plated 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 recovered from Sigma Chem.Co.USA and
castoff without any further modification except dilution, besides
this the Dulbecco’s Modified Eagle Medium (DMEM) and MEM cul-
ture medium, antibiotics-antimycotic and FBS were bought from
Invitrogen, USA. The plastic wares and other consumables products
for cells culture were used from Nunc, Denmark.

2.4. MTT assay

Cancer cells viability with (treated) and without NPs and NRs
(control) were accessed via MTT assay as per the previous followed
protocol (Mosmann 1983). Initially, cells were cultured in a spe-
cialized 96 well plates (rate of 1 � 104/well) with permissible to
follow for 24 h at 37 �C with humidified environment. The cells
were intermingled with NPs and NRs from 2 to 200 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 amalgamated with
rate of 10 lL/well in 100 lL of cell suspension and further incu-
bated 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 formazan
product and assorted gently. The optical characteristic of the solu-
tion was analyzed 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 level of viability of cells % was cal-
culated as per the equations mentioned below:

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

The cytotoxic assessment was also confirmed with and without
NPs and NRs via NRU assay as per the previously described proce-
dure (Siddiqui et al., 2010, Borenfreund and Puerner, 1985). 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 (2–200 lg/mL) of NPs and NRs and kept
for 24 h in an incubator. When the exposure was completed, cells
were further incubated in NRs medium (100 mg/mL) for 3 h. There-
after, cells were cleaned and dye was extracted in 1% acetic acid
and 50% ethanol solution. The develop color was read at 540 nm.
2.6. RNA isolation and qPCR analysis of apoptotic marker genes

The RNA isolation was performed with cultured cells of MCF-7
cells in a 6-well plates control and treated sample of NPs and
NRs at concentration of 50 mg/mL for 24 h. The RNA was mined
from RNeasy mini Kit (Qiagen) as according to manufacturer’s pro-
tocol. The cDNA was synthesized from treated and untreated cells
taking 1 mg of RNA by Reverse Transcriptase kit using MLV reverse
transcriptase (GE Health Care, UK) as per the manufactures’ proto-
col. 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
reaction mixture (Ahmad et al., 2020).
3. Results and discussion

3.1. X-ray diffraction pattern (XRD)

The synthesized white powders were examined through XRD,
and it defines the crystallite size, phases and crystallinity of the
processed powder. The obtained spectra’s (Fig. 1.) of both powder
shows that the indexed and assign peaks with their related posi-
tions such as h100i (31.65), h002i (34.35), h101i (36.30), h102i
(47.40), h110i (56.50), h103i (62.80), h200 i (66.15), h112i
(67.85), h201i (69.01), h004i (72.25) and h202i (77.05), which
are very closely represents the formation of ZnO with their lattice
constants a = 3.249 Å and c = 5.206 Å, and very close to the Joint
Committee on Powder Diffraction Standards (JCPDS 36–1451) data.
The assign peaks such as h100i (31.65), h002i (34.35), h101i
(36.30) in the spectrum illustrates that the dimension and phase
of ZnO is wurtzite phase. From the XRD, phases, peaks positions,
FWHM, crystallite size (nm) and average diameter of crystallite
Fig. 1. Shows the X-ray diffraction pattern of NPs (a) and NRs (b).
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size (nm) were also calculated with well-known scherrer formula
(Wahab et al., 2007a,b).

D ¼ 0:9k
bcosh

ð1Þ

In this equation k is the wavelength of X-ray radiation source, b
is full-width at half-maximum in [FWHM] radians, h is Bragg’s
diffraction angle. The average value of particle size is �12 nm.
The major sharp and intense peaks indicate that the synthesized
powder particles exhibit good crystallinity, whereas FWHM
defined that the size of each crystallite is very small. The rod
shaped structures exhibit the average value of particle size is
�25 nm. In the spectrum, no any chemical impurities were seen,
again confirm that the powders are pure and wurtzite phase of
ZnO nanosized material.
3.2. Morphological assessment

The morphological examination for the synthesized powders
was accessed via FESEM and recovered images are displayed as
Fig. 2(a-b). The received image (Fig. 2a) shows that number of
spherical shaped structures are seen, which are in grouped. The
shapes of the grown particles are in spherical, very minute in size,
connected with other particles. The average particle diameter
ranges from 12 to 15 nm (Wahab et al., 2008). Another image
(Fig. 2b), represent the formation of perfectally grown rod shaped
hexagonal structures. The surfaces are very clean, smooth and
aligned. Once checked in detail the average diameter of each rod
is in the range of 175–200 nm whereas the length of each rod exhi-
Fig. 2. Displayed FESEM images of synthesized NPs (a) and NRs (b) respectively.
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bit about 1.5–2 lm range. The rods are gathered together and form
a bunched of nanostructures.
3.3. FTIR spectroscopy

The details of chemical functional groups in processed nano
structural material were examined via FTIR spectroscopy and
graphs are shown as Fig. 3. The major peak obtained in the FTIR
spectrum between 3200 and 3600 cm�1 resembles to the H2O
Fig. 4. The cells structural morphology of MCF-7 cells, exposed to different concentratio
20x magnification. Scale bar = 1 mm.
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whereas the asymmetric stretching mode of O–H water molecules
are centered at 1576 and 1546 cm�1 (Fig. 3a-b) respectively. The
peak at 2340 cm�1 is related to the CO2 in the spectrum. The sharp
peak is associated at 1384 and 1450 cm�1 related to the nitrate and
acetate molecule (-C=O) (Wahab et al., 2008, Wahab et al., 2007a,b)
respectively. Besides these, the sharp peak centered at 1035 cm�1

and 1042 cm�1 are the stretching and bending mode of (-C-O) and
(NO3

2�) correspondingly, whereas the 538 and 466 cm�1 represent
the formation of ZnO in FTIR spectrum. The FTIR authenticates the
formation of powder of NPs and NRs, and are closely consistent
with the XRD pattern and FESEM.

3.4. Microscopic observations of cancer cells (MCF-7) with NPs and
NRs

The breast cancer (MCF-7) cells were cultured as detailed in the
material and method section and their morphological evaluation
was examined via microscopy at 24 h incubation periods with a
varied range of concentrations of NPs (Fig. 4a) and NRs (Fig. 4b)
(2 mg/mL, 5 mg/mL, 10 mg/mL, 25 mg/mL, 50 mg/mL, 100 mg/mL
and 200 mg/mL) with control (Fig. 4). From the recovered images,
it’s seems that there is no noteworthy change was observed at ini-
tial range of concentration (2 mg/mL, 5 mg/mL, 10 mg/mL) of NPs and
NRs, but as the concentration was rises to 100 mg/mL, the cells
growth was much influenced. At highest concentration of NPs
and NRs (100 mg/mL and 200 mg/mL) the cells growth was much
affected and morphology of cells was destroyed (Fig. 4). The images
displayed that the cells (MCF-7) were damaged with the processed
NPs and NRs (Fig. 4a and b). In this condition it also shows that the
NPs damaged more cancer cells as compared with NRs.
ns (2–200 mg/ml) of NPs (Panel A) and NRs (Panel B) for 24 h. Images were taken at



Fig. 6. The cytotoxicity assessment of NRs in MCF-7 cell line by MTT (A) and NRU
(B) assays. Cells were exposed to different concentrations (2–200 mg/ml) of NRs for
24 h. Results are expressed as the mean ± S.D. of three independent experiments
with statistical standard error (p < 0.05 for each).
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3.5. The cytotoxicity assessment (MTT and NRU Assay) with NPs and
NRs

The cytotoxicity (MCF-7 cells) was examined via MTT assay as
detailed above with NPs and NRs from 2 to 100 mg/ml for 24 h incu-
bation. The achieved result shows that viability of cancer cells were
diminished with NPs and NRs and the data were dose-dependent.
The MCF-7 cells viability for NPs, with MTT assay was diminutions
at 24 h, 110%, 105%, 90%, 68%, 63%, 50% and 20% (Fig. 5A) at concen-
trations of 2, 5, 10, 25, 50 100 and 200 lg/mL respectively (p < 0.05
for each). The results were obtained with three independent exper-
iments and expressed as the mean ± S.D.

Including the MTT assay the very similar observations were also
observed in NRU assays of with NPs of cancer cells as described
above. At initial concentration with cancer cells not much affected,
whereas once the concentration or doses of NPs increases, cells
were dimini-shed. The NPs were exposed with MCF-7, the NRU
assay was decreases at 24 h, 108%, 109%, 102%, 98%, 88%, 60%
and 24% (Fig. 5B) for the concentrations of 2, 5, 10, 25, 50, 100
and 200 lg/mL respectively (p < 0.05 for each). The results were
obtained with three independent experiments and expressed as
the mean ± S.D.

In case of NRs, the viability accessed with MTT assay was
decreases at 24 h, 103%, 94%, 84%, 65%, 56%, 50% and 47%
(Fig. 6A) for the concentrations of 2, 5, 10, 25, 50 100 and
200 lg/mL with control (100%) respectively (p < 0.05 for each). It
reveals from the obtained data that initially NRs not affected
whereas once the concentration raises the cytotoxicity of cancer
cells were much influenced. In case of NRs exposed with MCF-7,
the NRU assay was decreases at 24 h, 101%, 100%, 98%, 90%, 68%,
59% and 54% (Fig. 6B) for the concentrations of 2, 5, 10, 25, 50,
100, 200 lg/mL with control (100%) respectively (p < 0.05 for
Fig. 5. The cytotoxicity assessment of NPs in MCF-7 cell line by MTT (A) and NRU
(B) assays. Cells were exposed to different concentrations (2–200 mg/ml) of NPs for
24 h. Results are expressed as the mean ± S.D. of three independent experiments
with statistical standard error (p < 0.05 for each).
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each). From the obtained data it reveals that the NPs are more
effective as compared with NRs for the longer concentration range.
The results were obtained and expressed as the mean ± S.D. of
three independent experiments.

3.6. Real time PCR induced by NPs and NRs

The mRNA levels for genes were also studied with using the
qPCR. For this the breast cancer cells were treated to NPs
(Fig. 7A) and NRs (Fig. 7B) for 24 h at a concentration of 100 lg/
mL and qPCR was performed to evaluate the mRNA level of genes
(p53, bax, casp3, and bcl-2). Significant changes were observed for
the apoptotic genes in MCF-7 cells (p < 0.05 for each gene). The
mRNA levels of tumor suppressor gene p53 and pro-apoptotic gene
bax were upregulated. Additionally, it’s also examined that the
caspase-3 gene express higher in NPs treated with cells. The
expression of bcl-2, an anti-apoptotic gene, was downregulated
in cells treated with NRs (Fig. 7).

3.7. Discussion

In this study, we have prepared two different shaped nanostruc-
tures (NPs and NRs) of ZnO with a defined size 12–15 nm (NPs),
whereas the NRs structures exhibit 200 nm diameter and length
goes to 1.5–2 lm. The main objective of current study was to
examine the cytotoxic responses of NPs and NRs against breast
(MCF-7) cancer cells. The MTT assay was employed to check the
cytotoxicity against cancer cells at 24 h with NPs and NRs. For
the assessment of the viability of cancer (MCF-7) cells against
the processed material a long range (2, 5, 10, 25, 50, 100 and
200 lg/mL) of NPs and NRs chosen and exposed for 24 h, which



Fig. 7. mRNA quantification levels, fold change of apoptotic genes (p53, bax, and
casp3) and anti-apoptotic gene (bcl-2) was analyzed. Cells treated 100 lg/mL of NPs
(A)) and NRs (B) for 24 h. For the normalization an internal control of GAPDH used.
The values are mean ± SE of three independent experiments with statistical
standard error (p < 0.05 for each).
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shows that viability cells were in concentration/dose dependent
(Siddiqui et al., 2015). It’s evident from the MTT assay that the via-
bility of cells with NPs is much effective as compared with NRs. At
initial not much effect was evident but as the concentration or
doses of nanostructures were increase, the cytotoxicity was much
affected. It’s evident from the previous literature (Olejnik et al.,
2020) that the shape and size of the nanostructures have possibil-
ity to produce reactive oxygen species (ROS) in cells suspension,
which is an important factor and are responsible to form the free
radicals (FRs) (Singh et al.,2020). The FRs in cells with NSs produces
an enzymatic change, which resulted a disorder of the cells also to
their contents and suggests that its extreme ROS generation
reduces cells antioxidant capacity (Wahab et al., 2014, Hussain
et al., 2009). The study summarizes that the cell death was induced
with interaction of NPs, NRs and enhanced ROS generation, once
treated with nanostructures. The obtained results are in accor-
dance with the previously published literature on cytotoxic activ-
ity (Hussain et al., 2009). Also hypothesize that the cytotoxic
activity of cancer cells were much influenced upon their unique
structural geometry, distinctive property; functions are well
responsible for the cell death. The data’s showed that the nanos-
tructures (NPs and NRs) exhibit potential against cancer cells
growth inhibition, the results are based to their different concen-
trations, geometry of the NSs and are being able to enter easily
to cells structures. The literature document reveals that research-
ers had employed NSs either for selected concentrations or opted
6

at high concentrations for toxicity studies, may be damaging for
human exposure (Hussain and Schlager, 2009; Hussain et al.,
2009). Its consider that the NSs such as NPs and NRs and exhibit
bio compatible materials that at lower conc. would be more and
more obliging to control the growth of cancer cells and doesn’t
leave any hostile effect on the body.

4. Conclusion

The present work summarizes that the two different shaped
ZnO nanostructures were processed and applied for to know the
efficacy against breast cancer cells and characterized. The NPs
and NRs were employed against breast cancer cells to check their
efficacy of the material at different doses/ concentrations. The cells
morphology of cancer cells (MCF-7) was studied via microscopy,
which reveals that NPs and NRs express an effective dose depen-
dent effect on cancer cells. The cells viabilities were measured
via MTT and NRU assays and the results showed that NPs are much
effective against cancer cells as compared to the NRs. The NPs and
NRs exhibit enough capability to enter easily in cells and damaged
their internal structures. It provides outstanding results to eradi-
cate cancer cells as equated to the current technologies without
any harmful effects. The NPs and NRs have possibility to make a
passage to enter easily and quickly to the internal structures of
cancer cells reduces the rate of growth of cancer cells as compared
to other organic based drugs for cancer cells.
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