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Abstract
Objective

In the present study, we green synthesized ZnO NPs (zinc oxide nanoparticles) from Senna occidentalis
leaf extract which were subsequently assessed for their cytotoxic and antioxidant activity on colon
cancer SW480 cell line.

Results

Zinc oxide nanoparticles were characterized by using UV-Vis spectroscopy, X-ray diffractometer (XRD),
Particle size analyzer (PSA), Fourier transform infrared spectroscopy (FTIR), Field emission scanning
electron microscopy (FE-SEM), Energy-dispersive X-ray (EDS) and atomic force microscope (AFM)
analysis. The PSA, XRD and AFM showed 20-50 nm size and nearly cuboidal and irregular shaped of the
ZnO NPs. The synthesized ZnO nanoparticles were evaluated for their anticancer activity on human colon
cancer cell line (SW480) by using MTT and neutral red uptake assay. The SW480 colon cancer cells were
treated with various concentrations of ZnO NPs in the range of 20–100 µg/ml for 2 hrs. The result
showed that ZnO NPs could reduce cell viability of SW480 cells up to 50% at the concentration of 100
µg/ml and induce membrane leakage in a concentration dependent manner.

Conclusion

The anticancer activity of zinc oxide nanoparticles has showed that these can be used as effective anti-
cancer agent against colon cancer cell lines (SW480).

Introduction
Colorectal cancer (CRC) is the third most frequently detected malignancy and the fourth major root of
cancer-allied deaths in the world which is predicted to rise by sixty percent to more than 2 million new-
fangled cases and 1 million cancer deaths by 2030. CRC caused annual death are counted around
thousands of people, accounting for 10% of cancer-allied mortality (Kuipers et al. 2016; Rampado et al.
2019). In 1950, CRC was limited, but now it has become a major cancer in Asia, Eastern Europe, India and
South America. The prevalent reasons of CRC include western lifestyle, diet, overweight, lack of physical
activity, alcohol drinking habit, smoking and especially the red meat consumption (Bisht and Rayamajhi
2016; Gnanavel et al. 2017).

An increased access to adequate medical care has significantly improved the diagnosis and medicinal
treatment of diseases. These measures have had an effect on average life expectancy in most areas of
the world. Over the previous few years, nanotechnology has arisen as a most promising technique for
several biomedical applications (Priyadharshini et al. 2014; Kuppurangan et al. 2016; Selim et al. 2020).
The small size property of NPs provides a high surface area to volume ratio, which allows increased drug
efficiency, surface contact, solubility and reactivity and other broad ranges of application (Huang et al.
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2013; Namvar et al. 2016). Nowadays, the available nanomaterials such as metal NPs have been
explored as a biomedical agent as well as new carriers for the transmission of therapeutic agents for the
various type of diseases (Herlekar et al. 2014). Several natural resources have been used for the
synthesis of nanoparticles such as plants, plant sources and microorganisms (bacteria, viruses and
yeast) (Basak et al. 2018). Plants are the most favoured source for the synthesis of NPs, due to their
promising lead to the large production of NPs with reliable stability and a variety of sizes and shapes.
There are three approaches used for nanoparticle synthesis such as physical, chemical and biological
(green synthesis) methods. In physical and chemical methods have some disadvantages such as low
yield and uses of toxic chemicals (borohydride, citrate or other organic compounds) respectively. These
methods are also not suitable for synthesis of desirable and well-defined size of nanoparticles. Whereas,
biological (green synthesis) methods usages enzymatic reduction, which better regulate the size and
shape of the NPs and easy, nontoxic, efficient and environmentally friendly, as comparison with other
methods (Namvar et al. 2015). Several researches have revealed that the size of NPs is directly
proportional to the toxicity they exhibit. Additionally, manipulation of size is important for supplying
higher EPR (Enhanced Permeation and Retention) effect to enhance intra-tumour concentration of NPs
(Singh et al. 2018). There are numerous targeting molecules and ligand that can be conjugated in the
surface of NPs, which is a major aspect of NPs mediated drug delivery. Currently, NPs drug systems are
becoming more sophisticated with the inclusion of targeting and multifunctional capabilities that could
possibly overcome drug resistance and recover the treatment of metastatic diseases (Dey et al. 2018).

Zinc oxide nanoparticles are the important member of the metal oxide NPs family, which has ultraviolet
rays absorbing property and pellucidity for visible light, producing these NPs excellent sunscreen agents
(Rambabu et al. 2021). Other goods, such as their anticancer and antibacterial activities, have also been
explored, which consequence of their ability to stimulate the production of reactive oxygen species (ROS)
(Sharma et al. 2015; Bandeira et al. 2020). ZnO NPs have the great ability to generate oxidative stress in
cancerous cells, which has shown the mechanism of cytotoxicity of ZnO NPs against cancer cells
(Shamasi et al. 2021). This quality is due to the semiconductor nature of zinc oxide. Additionally, the
generated ROS, leads to oxidative stress and finally cell death when the anti-oxidative activity of the cell
is exceeded. The application of nanomaterials in the cancer treatment found that it can selectively kill
cancer cells with astonishingly less toxicity against normal cells. Several studies have manifested that
zinc oxide NPs exhibit selective cytotoxicity against cancer cells and kill cancerous cells by interpreting
selective localization and cell cytotoxicity against them (Sivaraj et al. 2014). Hanley et al. (2008)
recommended that ZnO NPs exhibit 28 to 35 times selective toxicity against cancer cells as compared to
normal cells. Besides, the US Food and Drug Administration (FDA) have accepted bulk ZnO as a generally
recognized as safe (GRAS) element, and the size of ZnO nanoparticles is less than 100 nm is determined
to be relatively biocompatible and easily absorbed by the body, which making them effective choices for
drug delivery (Akbarian et al. 2018).

Zinc oxide is normally considered as a material with low toxicity and show a strong property in enhancing
the biomedical research (Jiang et al. 2018). Zn is an essential co-factor in several cellular mechanisms
and play an essential role in managing cellular homeostasis as well as it plays an important role in
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protein synthesis, nucleic acid and metabolism. The most prominent property of ZnO NPs is eco-friendly
and biodegradability (Saravanan et al. 2018). In addition, plant constituents, including carbohydrates,
proteins and enzymes are used to formulate NPs that can easily make interaction with biomolecules.
Plants contain secondary metabolites such as lignin, hemicellulose, pectin, flavonoids and antioxidant
polyphenolic compounds which possess cytotoxic activity, leads towards the development of effective
drugs (Singh et al. 2019). Few studies have been reported showing the cytotoxicity of ZnO NPs (Vidya et
al. 2013), yet till now no study has been reported showing the anti-cancer potential of ZnO NPs on SW480
colon cancer cell line. Hence the aim of this study is to synthesize ZnO NPs using an eco-friendly route
and then subsequent evaluation of the in vitro cytotoxic effect of the prepared ZnO NPs on SW480 colon
cancer cell lines.

Materials And Methods
Plant Materials

The fresh leaves of Senna occidentalis were collected from the MNNIT campus (Allahabad) Prayagraj
District of U.P., India. All aqueous solutions were prepared by using distilled water. Zinc acetate [Zn
(O2CCH3)2 (H2O)2] and NaOH were obtained from Sigma Aldrich Chemicals Ltd. India. Double distilled
water was also utilized in this experiment.

Plant extract preparation

10 g of fresh and healthy leaves were cleaned with running water, sterilized with distilled water then cut
into small pieces and soaked in a beaker containing 200 ml distilled water The aqueous solution was
heated at 60 °C for 2 hrs. The Senna occidentalis leaf extract was left to cool at room temperature, filtered
by Whatman filter paper Number 1 and the filtrate was kept at 4°C used for further experiments.

Biosynthesis of ZnO NPs

The 1mM of Zinc acetate [Zn (O2CCH3)2 (H2O)2] was dissolved in 50 ml double distilled water and placed
at magnetic stirrer for 20 min respectively. Then 25 ml of sodium hydroxide solution was gradually added
into zinc acetate solution and 25 ml of Senna occidentalis plant leaf extract was dropwise added. After
one hours of incubation, the colour of the reaction mixture was transformed. The reaction mixture was
left in a magnetic stirrer for two hours, milky white color developed after the incubation that confirmed the
biosynthesis of zinc oxide nanoparticles. The resulting precipitate was separated from the reaction
mixture through centrifugation at 6000 rpm, 60 °C for 15 minutes and then pellet was accumulated, dried
by hot air oven (working at 80 °C, 2 hrs) and kept at 4 °C for further analysis.

Characterization of zinc oxide nanoparticles

The UV-Vis spectroscopy of the ZnO solution was recorded by double beam UV-Vis spectrophotometer.
For the extracellular, optical density (OD) ranges measured from 200-800 nm. Based on the OD values,
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the peak was represented as an optimum NP synthesis. The shape and size of the NPs could also be
predicted via UV-Vis spectroscopy (Gnanavel et al. 2017). The structural analysis of the biosynthesized
ZnO NPs was done through a powder X-ray diffractometer (XRD) (Rigaku Smart Lab) technique. The
crystalline phase was calculated by 2θ values obtained from X-ray diffractometer analysis using Debye-
Scherrer's equation. Thus, XRD technique is used for the determination of size, crystalline structure and
purity of the NPs. Particle size analyzer (PSA) technique used for the determination of the size
distribution profile of nano particles in the solution. Fourier transform infrared spectroscopy (FTIR)
(PerkinElmer), used to identify the ZnO NPs associated biomolecules and the FTIR spectroscopy
spectrum analysis was recorded in the range of 4000-400 cm−1 (Bajpai et al. 2016). Several vibration
stretches were detected in the FTIR spectrum analysis to determine various functional groups associated
with the ZnO NPs. The surface morphology of ZnO NPs was determined by Field emission scanning
electron microscopy (FE-SEM) (Nova NanoSEM 450). Elemental compositions of the biosynthesized NPs
were determined by Energy-dispersive X-ray spectroscopy (EDS) (Wang et al. 2016). The surface
topological studies of the NPs were carried out by atomic force microscope (AFM). The AFM technique
was carried out by drop coating the dispersion containing the particles onto a microscopic glass slide
after required scanning and reaction time. The shape and size of the ZnO NPs were also determined
through the AFM (Gupta and Gupta 2005; Satyavani et al. 2011).

Cell cultures

Human colon cancer cell lines SW480 were procured from the National Centre for Cell Science (NCCS)
Pune, Maharashtra, DMEM medium supplemented with 2 mM L-glutamine and 10% FBS with
streptomycin 100 µg/ml and penicillin 100 U/ml (Sigma-Aldrich, USA). According to NCCS protocol, cell
was cultured in 25 cm2 cell culture flasks at 37 °C in a 5 % CO2 humidified incubator. The cell cultures
were regularly studied under an inverted microscope for viability and confluency.

Cytotoxicity Assay

The cytotoxicity or viability assays are significant for detecting the toxicity that shows the cellular effect
of a toxic chemical and provides information on metabolic activities, survival and cell death (Chunyan
and Valiyaveettil 2013). The concentration and time dependent research were done to find out the effect
of zinc oxide nanoparticles on cell viability.

MTT assay

Human colon cell lines SW480 were seeded onto the 96 well cell culture plates at a density of 10,000
cells/ well and incubated for overnight at 37 °C in 5 % CO2 atmosphere. The cellular mechanism of
reduction of MTT into formazan involves reaction with a mitochondrial enzyme (mitochondrial lactate
dehydrogenase) for live/ viable cells. Dimethyl sulfoxide (DMSO) is a solubilizing buffer, which added for
dissolution of MTT formazan crystal afterward, this crystal develops a purple color and act as a marker
of the viable cells (Gurunathan et al. 2013). The color intensity is recorded in spectrophotometrically and
it is proportional to the number of live cells. The colon cancer cells were plated with different
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concentrations of ZnO NPs (20, 40, 60, 80 and 100 μg/ml). Untreated cells and ZnO nanoparticles
controls were involved in each assay to compare with the complete cell viability assessments. All cultures
were incubated at 37 °C for 2 hrs in a CO2 humidified incubator. After the incubation (5% CO2 in a humid
atmosphere, 37 °C), 100μl of MTT (0.5 mg/ ml dissolved in phosphate buffer saline) was added to each
well, and the culture plate was incubated for further 4 hrs at 37 °C followed by formation of purple color
crystals. The resulting formazan was solubilized by addition of 100μl Dimethyl sulfoxide (DMSO) with
gentle shaking at 37 °C, and the absorbance (OD) was recorded at 570 nm with an ELISA plate reader.
The cell viability (%) was calculated by the following formula:

Cell viability (%) = OD of experimental samples/ OD value of experimental controls ×100

Neutral red uptake assay

The principle of the neutral red assay (NRU) is depending on the recognition of live/ viable cells through
the uptake of dye. Viable cells have ability to uptake neutral red through active transport, incorporate and
bind the dye into their lysosomes whereas non-viable or dead cells are unable to absorb this
chromophore. Subsequently washing the cells, the viable cells can discharge the incorporated dye during
acidified extracted conditions. The quantity of releasing dye can be used to estimate the total no. of
viable cells. The NRU assay to determine the cytotoxic effect of the zinc oxide NPs at different
concentrations. The SW480 cells were plated in 96-well culture plates with different concentrations of
zinc oxide NPs (20, 40, 60, 80 and 100 μg/ ml). All cell cultures were incubated at 37°C for 2 hours in a
CO2 humidified incubator. Neutral red dye was prepared by diluting the stock (4 mg/ ml) concentration by
adding PBS in 1:100 ratio. After 2 hrs of incubation (37 °C, 5 % CO2 in a humid condition), 100μl of
neutral red was added to well and the culture plate was incubated for an extra 4 hours at 37 °C. After the
4 hrs neutral red dye incubation, extra neutral red dye is decanted and 150μl solvent is added to each
well. The solvent extracts the neutral red contained within the colon cancer cells. Gently stir in a shaker to
completely extract the neutral red dye and absorbance was taken at 540 nm with an ELISA plate reader
(Uzar et al. 2015).

Results And Discussion
Biosynthesis and characterization of ZnO Nanoparticles

ZnO NPs have attracted great attention due to their optical abilities. Visual color change is the initial test
for NP synthesis (Afzal et al. 2019; Alrubaie and Kadhim 2019). When the plant leaf extract was added in
ZnO solution, the white solution converted into milky white color, which is the strong indication of the
synthesis of ZnO NPs in the reaction solution. The color change shows that the Senna occidentalis leaf
extract could be act as a stabilizing and reducing agent for ZnO NPs synthesis.

UV-Vis spectroscopy analysis
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UV-Vis spectroscopy is a principal technique for the characterization of ZnO NPs. The optical properties
of a metal NPs depends primarily on its surface plasmon resonance, which refers to the collective free
electron oscillation within the metal NPs (Singh et al. 2016). Conducting free electrons begin oscillating
at a particular wavelength range due to SPR effect. The UV-Vis absorption spectra of the ZnO
nanoparticles were measured in the ranging from 358 to 375 nm, (Fig. 1) shows, the UV-Vis spectra of
freshly synthesized zinc oxide NPs. The absorption peak found at 390 nm clearly indicate the formation
of zinc oxide NPs. This result is similar with other reported results (Elumalai and Velmurugan 2015).

X-ray diffraction analysis

The crystallinity and structural information of ZnO NPs prepared using Senna occidentalis fresh leaf
extract is studied by X-ray diffraction pattern as shown in (Fig. 2). The intense, strong and sharp peaks of
ZnO NPs clearly showed that the resulting products are highly crystalline. The size of the NPs was
calculated by the Debye-Scherrer equation. The Bragg reflections were observed at 2θ = 31.86°, 34.72°,
36.57°, 47.66°, 56.89°, 61.74°, 68.69°, 69.60° associated with the lattice planes of (100), (002), (101),
(102), (110), (103), (112), (201) for the fcc crystal structure of zinc oxide NPs. Similar results have also
been reported (Moos et al. 2010). The JCPDS was work as a reference to assign the lattice planes on the
basis of peaks obtained. The Average crystalline size of the biosynthesize ZnO NPs was estimated to be
37 nm.

D = Kλ/βcosθ

where, D- nanoparticle size in nm, λ- X-ray wavelength, β- FWHM, θ- Bragg’s angle of reflection.

Particle size analyzer analysis

The hydrodynamic size distribution of biosynthesized ZnO nanoparticles was determined using PSA and
the size was found to be 46.3 nm. PSA results showed the size distribution of bio-synthesized ZnO NPs
ranged from 15 to 100 nm; the maximum proportion of the synthesized NPs was detected to be in the
range of 30 to 80 nm (Fig. 3). Similar results have also been reported (Santhoshkumar et al. 2017).

Fourier Transforms Infrared Spectroscopy analysis

These figures (Fig. 4A, B) show the functional groups in Senna occidentalis leaf extract and determine
their role in ZnO NPs synthesis. The FTIR spectrum of the ZnO NPs prepared using Senna occidentalis
fresh leaf extract with absorption peaks situated between 4000 cm-1 and 400 cm-1. Bands detected at
3425.21 cm-1 allocated to O-H phenol group stretching. The bands identified at 1636.3 cm-1 could be
allocated to C=O ketone group stretching. The bands detected at 1561.78 cm-1 assigned to the stretching
amide group vibrations. The bands detected at 1411.32-1021.41 cm-1 could be allocated to the C–C
stretches of aromatic rings. The bands 830.29 cm-1 can be allocated to amide group vibrations. The C-H
stretching alkanes could be allocated to the bands at (645.80, 568.75, 422.30) cm-1. The bands shift to
significantly lesser frequency give the sign for the depositions of these compounds in the zinc oxide
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nanoparticle synthesis, such as 3321.57 cm-1 reduced to 3425.21 cm-1, 1380.83 cm-1 to 1411.32 cm-1,
1086.21 cm-1 to 1021.41 cm-1 and 880.39 cm-1 to 830.29 cm-1. This is similar to the ZnO NPs and
phytochemicals on the surface (Arora 2015; Khyade et al. 2015). Additionally, a substantial band acted at
568.75 cm-1, owned by zinc oxide vibrational stretching, which more detected on zinc oxide nanoparticle
formation. Thus, from the FTIR spectrum, it can be observed that Senna occidentalis sample is rich in
polyphenols, polysaccharide, amino acid, carboxylic acid and proteins. These biomolecules play a major
role in the defence of cells against the harmful effect of ROS by neutralizing free radical production. Plant
polyphenols have a greater antioxidant property and phytochemicals acted as reducing, capping, and
stabilizing agent that evident from the FTIR spectrum of the synthesized ZnO NPs (Siddiquah et al.
2018).

Field emission scanning electron microscopy and Energy-dispersive X-ray spectroscopy analysis

The crystalline shape, surface morphology and size of the synthesized ZnO NPs are investigated through
using FE-SEM as shown in (Fig. 5A, B). The images of individual ZnO nanoparticles show a number of
aggregates and the particle shape was nearly cuboidal and irregular (Balraj et al. 2017). Synthesis of ZnO
NPs from the fresh leaf extract of Senna occidentalis and the size of NPs was found to be within 20-50
nm. The FE-SEM analysis was also used to assess the structure of the products that produced. The
synthesized ZnO NPs was further confirmed by EDS as shown in (Fig. 6). The elemental compositional
analysis attained, could accurately quantify the Zn and O contents. The EDS spectrum exhibited Zn and
O absorption peaks and showed the presence of ZnO phase without any impurity. This analysis, were
59% zinc and 40% oxides, which shows the elemental composition of zinc oxide NPs. Almost similar
peaks were shows with Euphorbia prostrata fresh leaves extract in ZnO NPs synthesis (Elkader 2012;
Chung et al. 2015).

Atomic force microscopy (AFM) Analysis

The AFM technique is performed to study the size and topological appearance, giving a 3-dimensional
profile in nanoscale (Aysa and Salman 2016). The nanoparticles size shows a significant role in the
process of cell membrane diffusion. The smaller the nanoparticle size the larger the surface area which
enhances the penetration ability of NPs with effective cytotoxicity and adsorption of biomolecules on
ZnO NPs (Ezhilarasi et al. 2016). In the present analysis (Fig. 7), the NPs size was found about 37.3 nm
based on AFM and the result were in accordance with XRD and PSA studies. The result also exhibits the
polycrystalline nature of ZnO NPs.

Cytotoxicity analysis of zinc oxide NPs on colon cancer cell lines

Metabolically active cells were converted by MTT reagent into a purple formazan with maximum
absorbance at 570 nm. Only the viable cells are able to convert MTT into formazan crystal. The in vitro
cytotoxic effects of biosynthesized zinc oxide NPs at concentrations 20, 40, 60, 80 and 100 μg/ ml was
assessed with the MTT assay (Fig. 8A). Dimethyl sulfoxide was also used as a control for the activity
(Gurunathan et al. 2013; Palanisamy et al. 2017). The results obtained from MTT assay showed that
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colon cancer cells after the treatment with 100 μg/ml of ZnO NPs 50% of cells remained viable. The
antioxidant activity and cytotoxicity of zinc oxide NPs was enhanced by increasing the concentration of
nanoparticles.

The neutral red uptake dye is also a cytotoxicity test assay that used to analyse cell viability. In vitro
cytotoxic effects of biosynthesized ZnO nanoparticles at the concentrations 20, 40, 60, 80 and 100 μg/ml
was evaluated using the Neutral red assay (Fig. 8B). The antioxidant activity and cytotoxicity of zinc
oxide NPs was enhanced by increasing the concentration of nanoparticles. Thus, the administered
nanoparticles concentration plays a significant role in the anti-cancerous property. Nanoparticles may
enter the cell membrane via ion channels located on cell membranes and interact with intracellular
proteins and nitrogenous bases of DNA.

Similar results were reported in a study that zinc oxide nanoparticles showed strong cytotoxicity against
(MCF-7) breast cancer cell lines at the concentration of 50 µg/ ml (Boroumand Moghaddam et al. 2017).
The cell viability of breast cancer cell lines decreases with an enhances in zinc oxide nanoparticles
concentration. In another study, HA/ZnO nanocomposite prevent the proliferation of cancer cell lines in a
time and concentration dependent manner (Malaikozhundan et al. 2017). The zinc oxide was not toxic to
normal MRC-5 human lung cells.

According to Li et al. (2017), 1000 µg/ ml ZnO NPs showed cytotoxicity against cervical cancer lines,
where 98.9 % of cancer cells died. ZnO NPs indicate the effective preferential cell cytotoxicity the
concentration ranging from 25 to 100 μg/ ml with improved preferential cytotoxicity presented by the
Triton X-100 modification (Namvar et al. 2014). In a study, the cytotoxicity effect of ZnO NPs showed
their capability for tumour reduction which suggests the biosynthesized zinc oxide nanoparticles can be
used as novel anticancer agents for the liver cancer treatment (Chung et al. 2015).

Conclusion
Green synthesis of ZnO NPs used in the current study is found to be cost-effective, environment-friendly,
simple and less use of chemicals in comparison to chemical and physical method. In this experiment, the
ZnO NPs were successfully synthesized using the Senna occidentalis leaf extract and characterized by
UV–vis spectroscopy, XRD, PSA, FTIR, FE-SEM, EDS and AFM pattern. The XRD technique showed the
crystalline nature of the ZnO NPs. The phytoconstituents present in the plant leaf extract were involved in
the biosynthesis of ZnO NPs by generating oxidation-reduction (redox) reaction. The functional groups
present in NPs synthesis were mainly amide and alkanes. The FE-SEM analysis confirmed that the
synthesized ZnO NPs were nearly cuboidal and irregular in shape with size ranging from 20-50 nm.
Moreover, the EDS examination confirmed the purity of synthesized NPs with evidenced occurrence of
zinc and oxide ions in the NPs. The anticancer activity of zinc oxide nanoparticles has showed that these
can be used as effective anti-cancer agent against colon cancer cell lines (SW480). Our study requires
more in vivo experiments such as immunofluorescence analysis, cell cycle assay, caspase assay and
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DNA fragmentation etc. to better understand zinc oxide nanoparticles cytotoxicity and future biomedical
applications.
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Figure 1

UV–Vis spectrum of the synthesized ZnO NPs.
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Figure 2

XRD pattern of synthesized ZnO NPs.
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Figure 3

Size distribution of ZnO NPs with maximum intensity at 46.3 nm.
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Figure 4

FTIR Spectrum of ZnO NPs (A) Plant extract (B) ZnO NPs 
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Figure 5

FE-SEM Images of ZnO NPs in different magnification ranges (A) 400nm (B) 500nm FE-SEM of ZnO NPs
in different magnification ranges.
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Figure 6

EDS Spectrum of ZnO NPs.
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Figure 7

AFM of ZnO NPs synthesized by plant extract.

Figure 8

Cytotoxicity analysis of ZnO NPs on human colon cancer line (SW-480) (A) MTT assay\ (B) NRU assay
activity.


