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ABSTRACT
KEYWORDS

The advancement of nanomedicine drugs as an outcome of nanotechnology offers tremendous potential to
enhance cancer-fighting tactics. Scientists have begun studying the role of NPs in immunotherapy, an area
that is particularly beneficial in treating malignancies. Conventional treatment of cancer uses medications
known as chemotherapy that frequently cause adverse effects on healthy tissues. Zinc is a vital
Hela cell micronutrient for the well-being of humans; therefore, nanomaterials such as zinc oxide nanoparticles (ZnO
NPs) are progressively appealing as cutting-edge medical agents with implementations like anticancer
properties. A bottom-up approach was utilized to chemically produce the ZnO NPs, which were
EDX characterized using Field Emission Scanning Electron Microscope (FESEM) and Energy Dispersive X-ray
analysis (EDX). MTT assays have been carried out to study the cell viability percentage against multiple
MTT assay ZnO NPs concentrations and durations. The white ZnO NPs displayed a diverse morphology within the
nanoscale range, featuring rod and spherical shapes. This synthesis was confirmed through EDX, which
revealed distinct peaks corresponding to zinc and oxygen, affirming the formation of pure ZnO NPs. MTT
assay data showed that ZnO NPs had a dose and time-dependent cytotoxicity against HeLa cells. This
observation suggests that the ZnO NPs possess the potential to combat cancer and may hold promise for
applications in biomedical research, particularly in the development of anticancer drugs.
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1 Introduction

Cancer is a condition of unrestricted, random cell division and
invasiveness, which is caused by environmental variables, including
radiation and pollutants exposure, unhealthy lifestyles like a poorly
balanced diet, and stress, as well as inherited genetics (Anand et al.
2008). Cancer is most commonly triggered by mutations or changes
in the expression patterns of protooncogenes, tumour suppressor
genes, and DNA repair genes. The focus of present cancer treatment
is to kill the cancerous cells with chemotherapeutic medicines,
typically administered through chemotherapy or radiation therapy.
Nevertheless, these options frequently lead to several adverse
consequences, owing to the effect on healthy neighbouring tissues
(Sztandera et al. 2019; Amjad et al. 2022).

Nanotechnology enables a novel approach to biomedical operations
at the molecular level. Nanoparticles (NPs) with sizes ranging from 1
to 100 nm show distinct properties that vary significantly from fine
particles or bulk materials (Moore and Chow 2021). NPs used in
biomedical studies are extremely diversified in size, structure,
morphology, chemical composition, hydrophobicity, electrostatic
charge, surface chemistry, and other characteristics (Sahu et al.
2021). Nanomaterials are widely used in cosmetics, sunscreens,
sporting goods, electronics, tyres, and other everyday items (Sim and
Wong 2021). Furthermore, nanotechnologies have transformed
medical advances, especially in imaging, diagnostic methods, and
drug delivery. NPs can diagnose cancer because of the leaky
characteristics of malignancy blood vessels that allow NPs to
penetrate and accumulate in cancer cells due to their minuscule size
(Gavas et al. 2021). Nanoxel, Eligard, and Onivyde are a few
examples of FDA-approved nanomedicines (Sim and Wong 2021).

Zinc oxide nanoparticles (ZnO NPs) are among the top essential
metal oxides applied in materials science on account of
their noteworthy physical, chemical, and biological characteristics
such as biocompatibility, environmental friendliness, relatively
inexpensive, and non-toxicity (Maheswaran et al. 2021). Reports
have shown that ZnO NPs also have antibacterial (Sirelkhatim et
al. 2015), antifungal (Ahmadpour Kermani et al. 2021), antiviral
(Kumar et al. 2018), wound healing (Metwally et al. 2022), and
many other notable biopotencies. Furthermore, ZnO NPs notably
impact cancer cells (Dobrucka et al. 2017; Rajeshkumar et al.
2018; Zhao et al. 2018; Motazedi et al. 2020). Zinc ion (Zn2+), a
soluble form of ZnO, is a trace element the human body requires
and participates in enzymatic reactions throughout protein and
nucleic acid production (Singh et al. 2021; Mandal et al. 2022).
The Food and Drug Administration (FDA) lists zinc oxide as one
of the harmless metal oxides that can be applied in the food
industry (Shaba et al. 2021). Thus, the application of ZnO NPs
seems to be non-toxic to normal tissues while being effective
enough to act against malignant apoptosis sensitization (Wang et
al. 2009; Hassan et al. 2017; Singh et al. 2021).
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The chromogenic MTT (dimethylthiazol-diphenyltetrazolium
bromide) assay developed by Mosmann (1983) is a redox chemical
reaction extensively used as a cell metabolic activity assay. It
quantifies metabolic activity because it is primarily based on
tetrazolium ring cleavage in active mitochondria, and therefore, the
action takes place merely in alive cells (Pintor et al. 2020).
Consequently, it is frequently utilized to evaluate cell viability or
drug cytotoxicity. Yellow tetrazolium MTT salt undergoes a redox
reaction to become formazan by a plethora of intracellular
oxidoreductase  enzymes, prominently  nicotinamide adenine
dinucleotide (NADH) reductase (Luis et al. 2019).

In this study, we strived to investigate the cytotoxicity of
chemically synthesized ZnO NPs at various concentrations (3.13,
6.25, 12.5, 25, 50 and 100 pg/mL) and durations (24 hrs, 48 hrs
and 72 hrs) on cervical (HeLa) cell lines using MTT Assay.

2 Materials and Methods
2.1 Synthesis of ZnO NPs

To chemically synthesize ZnO NPs, 1 mol of sodium hydroxide
(NaOH) was added dropwise into 0.5 mol of zinc nitrate
(Zn(NOs),). The solution was continuously stirred for two hours at
50 °C. After that, the white suspension was spun in a centrifuge at
a speed of 3000 revolutions per minute (rpm) for 10 minutes. The
sediment was rinsed using distilled water and centrifuged again.
The resultant pellet was transferred into a crucible and calcinated
at 400 °C for two hours.

2.2 Characterization of ZnO NPs

FESEM was employed to study the size in addition to the
morphology of the ZnO NPs. EDX was implemented to
characterize the chemical make-up of the ZnO NPs.

2.3 Cultivation of HelLa Cells

The human cervical cancer cell line (HeLa) was bought from the
American Type Culture Collection (ATCC, USA). The cells were
cultivated in a 25 mL flask with Dulbecco's Modified Eagle's
Medium (DMEM), enriched with 10% fetal bovine serum (FBS),
and incubated in a 37 °C incubator with 5% CO,. The cells were
passaged into four flasks every week using Trypsin-EDTA.

2.4 Cytotoxicity Assessment

The cytotoxic impact of ZnO NPs on cancer cells was assessed using
the MTT assay. Once the cells were about 70% confluent, they were
trypsinized and seeded in 96-well plates. After 24 hours, the cells
were treated with varying ZnO NPs concentration for 24, 48 and 72
hours. A volume of 20 uL of 5 mg/mL MTT solution was put into
each well, and the plate was kept in the dark for 4 hours. The
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supernatant was then aspirated, and 100 pL of dimethyl sulfoxide
(DMSO) was introduced to every well. At 550 nm, the absorbance
was measured using a microplate reader. The following equation was
used to quantify the percentage of cell viability using optical density
(OD), and the graph of the percentage of cellular viability against
ZnO NPs concentrations was plotted. Negative control and Cisplatin
acted as the positive control were used in the experiment.

0D of treated cells

0D of negative control

x 100
(Eq.1)

Percentage of cellular viability (%) =

3 Results
3.1 Synthesis of ZnO NPs

Chemical ZnO NPs were effectively produced through the
precipitation process. Zinc nitrate and sodium hydroxide were used
as the precursors. Figure 1 (a) shows the white suspension formed
after continuous stirring for two hours. Figures 1 (b) and 1 (c)
depict the white pellet after washing with distilled water and the
ZnO NPs powder after heat treatment at 400 °C, respectively.

Figure 1 Process of chemical synthesis of ZnO NPs (a) white suspension of zinc hydroxide (Zn(OH),), (b) Zn(OH), pellet after washing,
(c) ZnO NPs powder after calcination.
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Figure 2 FESEM imaging of chemically synthesized ZnO NPs.
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3.2 Characterization of ZnO NPs
3.2.1 Field Emission Scanning Electron Microscope (FESEM)

FESEM examination of the chemically synthesized ZnO NPs at a
magnification of 60000x was carried out. Figure 2 revealed rod
and spherical-shaped particles with smooth surfaces and some
agglomeration. The size of the ZnO NPs was within the nano scale,
ranging between 52.4 — 78.2 nm.

3.2.2 Energy dispersive X-ray (EDX)

EDX investigation of the synthesized ZnO NPs was performed to
study the chemical components. Figure 3 illustrates peak absorbance
corresponding to zinc and oxygen molecules in Spectrum 1,

Spectrum

Spectrum 1
Spectrum 2
Spectrum 3

o 1 2 3
Full Scale 883 cts Cursor: 14217 (O cts)

818

affirming the synthesis of clean ZnO. The inset image shows the
percentage of zinc, oxygen, and carbon in the ZnO NPs sample.

3.3 Cytotoxicity Assessment

HeLa cells were exposed to ZnO NPs at concentrations of 3.125,
6.25,12.5, 25, 50 and 100 pg/mL for 24, 48, and 72 hours and the
cytotoxicity was evaluated through MTT assay. The cytotoxic
consequence of ZnO NPs revealed that the growth inhibitory
activity against HeLa cells was dose and time-dependent, as noted
in Figure 4. HeLa cells were also treated with similar
concentrations and durations of Cisplatin, the positive control. All
the tested concentrations documented distinguishable elevated
cytotoxicity effects (Figure 5).

In stats. o}

31.86
39.55
4298

Yes
Yes
Yes

40.93

Figure 3 EDX of chemically synthesized ZnO NPs.
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Figure 4 Percentages of cell viability on HeLa cancer cells upon treatment with ZnO NPs.
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Figure 5 Percentages of cell viability on HeLa cancer cells upon treatment with Cisplatin.

4 Discussion

The chemical synthesis of ZnO NPs is depicted in Figure 1. Zinc
nitrate was the precursor salt, and sodium hydroxide was the
reducing agent. Once both the chemicals were mixed, a white
suspension (Namasivayam et al. 2020) of Zn(OH), formed, which
was rinsed with distilled water to eliminate any residues from the
synthesis (Norouzi Jobie et al. 2021). During calcination, the water
evaporates; consequently, Zn(OH), was transformed into ZnO
(Biron et al. 2020).

The SEM micrograph of the chemically synthesized ZnO NPs
showed a mixture of rod and spherical-shaped particles, as
observed in Figure 2. The NPs have an estimated size range of 52.4
— 78.2 nm in diameter, proving that the ZnO NPs are in the nano
range. It was also observed that there was some form of
agglomeration between the ZnO NPs. This could be because the
synthesis did not include capping agents to regulate the size of the
ZnO NPs (Biron et al. 2020). The EDX spectrum of the
synthesized ZnO NPs shown in Figure 3 visualized a singular peak
of an oxygen molecule at 0.5 keV, and triple peaks of a zinc
molecule were noted at 1.00, 8.65 and 9.60 keV. The elemental
composition of ZnO NPs from the EDX spectrum inset indicated
zinc and oxygen elements with a weight percentage of 68.14% and
31.86% of Spectrum 1, respectively. Similar EDX results were
previously reported by Norouzi Jobie et al. (2021). Minimal carbon
traces were noticed, which could be due to the contribution of
carbon tape used during the EDX analysis (Taheraslani and
Gardeniers 2019).

Viability assays such as MTT, a sensitive colourimetric assay,
determine the cellular response to a toxicant. This study aimed to
study the cytotoxic impact of ZnO NPs against HeLa cells at 24,

48 and 72 hrs, as evidenced in Figure 4. There was a notable
decrease in cell viability at the highest concentration in 48 and 72
hrs, where the maximum cell death was 57.36% and 65.61%,
respectively. ICsp of about 50 ug/mL and 25 pg/mL were recorded
at 48 and 72 hrs. Although no 1Cso was noted at 24 hrs, the cell
viability decreased to 62.39% at 100 pg/mL. The data showed a
predictable concentration and time-dependent cell viability loss of
the HeLa cell line upon interaction with ZnO NPs. ZnO NPs
showed considerable killing effects on the HelLa cell line. Figure 5
displays the percentage of cell viability on HelLa cancer cells upon
treatment with the positive control, Cisplatin. The 1Cs value of
Cisplatin at 24 hrs was about 3.13 pg/mL; at 48 hrs and 72 hrs, it
was lower than that. This indicated that Cisplatin is a good
measure of positive control due to the cell mortality it brings about.

The cytotoxicity of the HeLa cell line against ZnO NPs increased
with higher concentration and longer duration. The possible
toxicity mechanism of ZnO NPs is that they generate ROS, which
causes mitochondrial damage, lipid peroxidation and DNA
damage. There is a possibility of membrane rupture and
cytotoxicity when ZnO NPs enter the cell membrane (Ali et al.
2018). The action mechanism of ZnO NPs on cancerous cells
could also most likely be based on the discharge of solubilized
Zn®* ions within the cells, which consequently destroyed the
electron transport chain in the mitochondria by releasing a massive
sum of ROS. This then causes mitochondrial dysfunction, protein
activity imbalance, and the inevitable death of cancer cells by
apoptosis signalling pathways (Khashan et al. 2020).

Conclusion

ZnO NPs were chemically synthesized using Zn(NOgs), as the
precursor. The synthesized ZnO NPs were analyzed using SEM
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and EDX. SEM visualized that the ZnO NPs were a combination
of rod and spherical-shaped particles with 52.4 — 78.2 nm in
diameter. EDX analysis confirmed the yield of pure ZnO NPs. The
cytotoxicity study of ZnO NPs on the HeLa cell line was studied
using an MTT assay, which showed a typical cytotoxicity pattern.
The study revealed a duration-dependent loss in the survival of the
cells in tandem with increasing the dose of the ZnO NPs.
Maximum cell death of 65.61% was observed at the highest
concentration in 72 hrs on HeLa cells. This reveals that the
synthesized ZnO NPs have cancer-killing potential and can be
helpful in biomedical research for anticancer drug development.
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