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ABSTRACT

Background Information: Osteosarcoma is the most common type of bone cancer, typically
affecting children and young adults. It primarily develops in the long bones of the arms and legs.
The banana (Musa spp) is widely popular in tropical regions around the world. One of its species,
the Cavendish banana (Musa acuminata), is a wild plant that thrives in tropical and subtropical
climates. In recent years, the health benefits of M. acuminata have gained considerable attention.
Different parts of the plant have been used in traditional medicine to treat various ailments. While
some parts of M. acuminata have demonstrated anti-cancer properties, the corm has not been
extensively studied. Objectives: This study investigates the anti-cancer effects of biosynthesized
Musa acuminata corm extract-coated zinc oxide nanoparticles on the Saos2 osteosarcoma cell
line. Materials and Methods: Zinc oxide nanoparticles coated with Musa acuminata corm extract
were described in the present study using SEM, FTIR, DLS, and UV-vis to assess their characteristics.
The cytotoxicity and cell proliferation of ZnO NPs and chemically synthesised ZnONPs at different
doses were verified using MTT and trypan blue. Phase contrast microscopy and DAPI staining were
used to examine the morphological assessment of Saos2 cells and apoptosis, respectively. Using
rhodamine 123 staining and fluorescence microscopy, the membrane integrity of mitochondria
was examined. Lipid peroxidation, glutathione, and nitric oxide levels were used to assess ZnO
NPs' antioxidant capacity. Results: Nanoparticles characterization reveals the synthesis of Musa
acuminata corm extract coated zinc oxide nanoparticles and moreover XRD patterns reveals the
hexagonal shape with an average size of 75.50 and 46.42 nm respectively. The MTT assay showed
significant suppression of Saos2 cells, with an IC, of 300 pg/mL indicating 49.36% inhibition. The
trypan blue exclusion assay exhibited a progressive decline in the percentage of viable cells, and
phase contrast microscopy revealed morphological distortions in the treated cells. The presence
of apoptotic cells was observed in DAPI staining and ROS staining. Oxidative stress biomarkers
including NO and LPO were significantly increased whereas, antioxidant biomarker such as
GSH decreased in the treated groups. Conclusion: Based on the research outlined above, the
anticancer properties of ZnO NPs coated with Musa acuminata corm extract effectively targeted
osteosarcoma cells.
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Osteosarcoma is the most prevalent type of bone cancer. This
type of cancer primarily affects children and young adults,
typically developing in the long bones of the arms and legs. It
represents the eighth most prevalent childhood cancer among
all types of pediatric malignancies. Osteosarcoma in men
is 1.4 times more common than in women and commonly
treated with high-dose regimens of methotrexate, cisplatin, and
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doxorubicin."” Chemotherapy, Radiotherapy and surgery is also
used to treat the osteosarcoma. Medication such as vincristine,
doxorubicin, and cyclophosphamide are used in substitutes
for etoposide and ifosfamide.’ Nevertheless, the risks of above
treatments cause infection, nausea, vomiting, hair loss, appetite
loss, renal damage, myelosuppression, peripheral neuropathy,
and hypomagnesemia and these side effects have an impact on
both the mental and physical health of osteosarcoma patients.*
Globally, the number of cancer cases rising year is a difficulty
despite advancements in cancer therapies such as surgery,
radiation therapy, chemotherapy, and other forms of treatment.
It follows that the present needs are for innovative anticancer
medications that are highly effective, more targeted, less toxic, and
easily accessible. Many studies have shown that eating a diet high
in plant-based medicines such as phytochemicals and bioactive
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compounds reduces the risk of cancer by causing apoptosis,
slowing cell proliferation, and disrupting the cell cycle.>®

The banana, particularly Musa spp., is a popular fruit in tropical
regions worldwide.” Musa acuminata, commonly known as the
Cavendish banana, is native to tropical and subtropical climates.
Different parts of the plant have been used in traditional medicine
to treat various health conditions.® Some components of Musa
acuminata are known to possess antidiabetic, anti-inflammatory,
antioxidant, and anticancer properties.” The corm, which is
covered by thin leaves that loosely encase its vertical, expanded,
and compact structure. The ethanolic extract was rich in tannins,
sterols, flavonoids, terpenoids, glycosides, and quinones and
shown potential antibacterial activity against eight clinically
harmful isolates."

The banana, especially Musa spp., is a common favorite in tropical
areas of the world Tropical and subtropical regions are home
to the wild plant species Musa acuminata, often known as the
Cavendish banana. In recent years, M. Acuminata health benefits
have garnered a lot of attention. The corm has not received much
attention in medicinal field. Therefore, we choose to analyze
the anticancer activity of corm. Although the compounds in
medicinal plants have anticancer capabilities, they cannot
directly target cancer cells. This might be resolved by targeted cell
delivering using nanocarriers.

However, an increasing number of researchers are now focusing
on plant-based nanomaterials and anticancer medications.'""?
Metal-based nanoparticles are becoming more and more popular
in therapeutic delivery due to their broad, targeted availability,
improved biocompatibility, extensive surface functionalization,
and controlled drug release."*'* Metal oxide nanoparticles, such as
ZnO-NPs, are known for their excellent cytotoxicity and potential
for various applications. They are less hazardous and economically
viable, and are authorized by the FDA as GRAS (Generally
Recognized as Safe) due to their enhanced biocompatible
nature. ZnO-NPs can be used as therapeutic compounds, drug
formulations, and diagnostic agents in bioimaging applications."
They are suitable for cancer detection, drug delivery, and
treatment. ZnO-NPs can be fabricated using chemical, physical,
and biological methods, but these methods have downsides like
high pressure or temperature requirements, waste generation, and
energy consumption. Biological methods offer an inexpensive
and environmentally sustainable method for synthesizing
nanoparticles, with plant extracts being a popular reducing agent
in these methods.”” Through a range of techniques, including
characterization, cytotoxicity tests, morphometric analysis, ROS
detection using the DCFH-DA method of fluorescent staining,
and biochemical tests including LPO, NO, and GSH, this work
seeks to understand the anti-proliferative effects of MACE-ZnO
NPs. The findings indicate that ZnO NPs trigger apoptosis in
Saos2 cell line and targeted drug delivery by Nps to cancer cells
can reduce the adverse effects of chemotherapy.
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MATERIALS AND METHODS

Musa acuminata corm extract preparation

The corm of Musa acuminata was carefully collected and cleaned
to get rid of any dirt and adherent soil particles. The corm was
sliced into tiny pieces and let too dry at 65°C for the whole night.
The sample was dried and then pulverized into a powder. The
extract was kept at room temperature and it was labeled MACE
(Musa acuminata corm extract).

Synthesis of MACE-ZnO NPs

To synthesize ZnO NPs method was slightly modified by G.
Yashini et al., (2019),'° 90 mL of 0.02 M zinc acetate dihydrate
(ZnC H O,) was added, and the mixture was agitated for 10 min
at 200 rpm using a magnetic stirrer. Following the addition of
10 mL of the MACE extract, 2.0 M NaOH was used to bring the
solution's pH down to 12 until a pale white aqueous solution
was created. A white precipitate appeared after 3 hr of stirring.
Centrifugation at 4,000 rpm for 25 min was used to separate the
white precipitate. The precipitate was first washed for 1 min using
5 mL of distilled water and 95% ethanol to remove impurities. To
produce pale white ZnO NPs powder, the precipitate was dried
overnight at 100°C in a drying oven.

Characterization of MACE-ZnO NPs

Several parameters have been used to analyze the physiochemical
characteristics of ZnO-NPs. The UV-vis spectrophotometer
was used to confirm the optical characteristics of ZnO-NPs.
The existence of functional chemicals was examined using an
FT-IR spectrometer. The stability of ZnO-NPs was assessed
by analyzing the particle size distribution. The LEO 1355 VP
with energy-dispersive SEM was used to examine the surface
characteristics. ZnO-NPs' crystallite quality was evaluated using
an X-ray diffractometer.

Cell line

In the United States, the ATCC provided the osteosarcoma cell
line Saos2. The cells were incubated at 37°C in humidified 5%
CO, after being cultivated in 10% DMEM with 2% Pen/Strep
antibiotic. Until the required confluency was reached, the fresh
DMEM was changed every two to three days.

MTT Assay

Initially, the anti-cancer potential of Corm ZnO-NPs and
chemically synthesised ZnONPs on Saos2 cells was confirmed
using the MTT test.'” Each well of a 96-well plate contained 1x105
cells. Following a confluency of 80-90%, the cells were exposed
to different NPs doses during 24 hr, including 50, 100, 150, 200,
250, 300, 350, 400, 450, and 500 pg/mL. Each well received 15 pL
of MTT solution, which was then incubated for 4 hr in the dark.
After that, 200 pL of DMSO was added to dissolve the formazan
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crystal. The percentage of inhibition was computed by reading
the plate at 490 and 630 nm using a microtiter plate reader.

Inhibition (%) = (1- {(OD Treated)490 - (OD Treated)630/ (OD
Control) 490-(OD Control)630} x 100)

Trypan blue exclusion assay

In order to confirm the cytotoxicity of ZnO-NPs, the trypan blue
exclusion test was used to assess the viability of treated cells.”®
After reaching 80% confluency, Saos2 cells were exposed to 200,
250, and 300 pg/mL of corm ZnO-NPs for 24 hr. Following that,
PBS wash was applied to both treated and untreated cells. Trypan
blue dye (0.4%) was added after the cells had been trypsinized
and resuspended in fresh DMEM. The viable and non-viable cells
were manually counted using a hemocytometer. The viability %
was computed.

The number of viable cells divided by the total number of cells x
100 is the viability percentage.

Morphometric Analysis

To confirm that corm ZnO-NPs had anti-cancer properties,
the morphometric changes of treated cells were examined in
further detail. For 24 hr, the cells were subjected to different
concentrations of corm ZnO-NPs (200, 250, and 300 pg/mL).
Following the removal of the preexisting DMEM, PBS washing
was performed on both the treated and control cells. A phase
contrast microscope (Olympus, Tokyo, Japan) was used for taking
and examining pictures of the morphometric deformations in the
treatment cells."

Wound healing Scratch Assay

In 24-well plates, Saos2 cells (3x105 cells/well) were seeded and
allowed to develop in a monolayer for 24 hr. Next, each well
was scratched with a sterile 20-200 uL pipette tip held vertically.
Following a 5-min shake at 500 rpm and a 500 pL PBS wash,
the detached cells were removed. After adding 500 pL of new
media, with diluted MACE-ZnONPs, the mixture was incubated
for 48 hr. The plate was cleaned with 500 UL of preheated PBS and
gently shook for 30 sec before to picture collection. After that,
the fresh medium was put in once more, and photos were taken.
Using an inverted microscope set to 4x magnification, the scratch
closure was observed and photographed every 24 hr.’

Staining with DAPI

The apoptotic potential of ZnO-NPs towards Saos2 cells was
examined using the DAPI staining technique.” In a 24-well
plate, 1x105 cells were seeded, and they were subjected for 24
hr to 200, 250, and 300 pg/mL. The cells were then washed in
cooled PBS and fixed for 10 min in refrigerated methanol. The
cells were permeabilized with 4% formaldehyde, stained with 0.5
pg/mL DAPI dye, and then washed for additional examination.
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Eventually, a fluorescent microscope (Nikon, Japan) was used to
capture the images.

ROS Assay by Staining method

The ROS found in cells were investigated using the DCFH-DA
(dichloro-dihydro-fluorescein diacetate) assay. Six-well plates
containing Saos2 cells (2 x 106 cells/well) were maintained
at 37°C with 5% CO,. After transferring the developed cells to
24-well plates, different doses of corm-Zn NPs were then added
to each well. Nanoparticles were loaded with 25 uM DCFH-DA
in DMEM for 30 min at 37°C after being exposed to Saos2 cells
and then rinsed with PBS. After being washed with DMEM, the
treated cells were exposed to spectrophotometry for 30 min at
37°C. Fluorescence was measured at 485 nm excitation and 535
nm emission every 5 min.*?

Nitric oxide Assay

Nitric oxide levels in treated and untreated cells” were measured
using the Griess reagents with a few minor modifications. 50 uL of
ZnO-NPs treated with 200, 250, and 300 pg/mL and control cell
culture supernatant were mixed with 50 pL of Griess A reagent
(1% sulphanilamide in 5% H,PO,). For 5 min, the complex was
left at ambient temperature in a dark setting. After adding 50 pL
of Griess B reagent (0.1% NEDA in 5% H,PO,), the mixture was
incubated under the same conditions as previously described. At
520 and 550 nm, the purple-colored complex was measured. The
units used to express the concentrations are M.

Lipid peroxidation Assay

Lipid peroxidation activity was estimated using the TBARS assay,
which was performed with minor adjustments as specified in the
procedure of.** We completely homogenized the corm ZnO-NPs-
treated and control cells using cooled KCI buffer. After adding
0.2 mL of 8.1% SDS, 1.5 mL of 20% acetic acid, 1.5 mL of 0.8%
TBARS, and 0.7 mL of sterile H,0 to 100 pL of final homogenate,
the mixture was allowed to boil for 1 hr. The wavelength of
the absorption was 532 nm. The units used to represent the
concentrations are pM.

GSH

The procedure outlined in was used, with minor adjustments,
to conduct the reduced glutathione test. Both the treated and
control cells underwent centrifugation and trypsinization. As
a consequence, 0.1 M potassium phosphate buffer (pH 7.4)
was used to homogenize the pellets.” A 4% sulfosalicylic acid
solution was added to 0.5 mL of homogenate, and the mixture
was incubated for 1 hr at 4°C. After centrifuging the mixture, 0.03
mL of the supernatant was taken out, and 0.066 mL of DTNB
and 0.9 mL of 0.1 M potassium phosphate buffer (pH 7.4) were
added. The absorbance at 412 nm was measured. The symbol for
the reduced glutathione was mM.
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RESULTS

Characterization study of MACE-ZnO NPs

The UV spectroscopy measurements displayed in (Figure 1A)
were used to demonstrate the production of the biosynthesized
zinc oxide nanoparticles. In the UV spectrum, ZnO-NPs displayed
high absorption bands at 265 nm, signifying the production of
ZnONPs. Figure 1B depicts images obtained using scanning
electron microscopy, which revealed the aggregated form of
nanoparticles with irregular spherical and Hexagonal shaped
particles indicating the presence of ZnO. To further understand
the distribution of the primary components in the ZnO-MACE
synthesis, energy dispersive X-ray spectroscopy was performed.
Figure 1C indicated that there was 50.37% Zn and 49.63% O,
indicating that the bonding between the zinc nanoparticles and
the corm extract was consistent (Figures 2A and 2B). Fourier
transform infrared spectroscopic analysis represented the
spectrum of MACE alone and Figure 5 representing MACE mixed
with ZnONPs. Figure 4 shows a peak at 1021.99, which denotes
the stretching vibration of the C-O group, whereas in Figure 5,
3264.96 and 1591.11 peaks correspond to the -NH and -OH,
H-O-H stretching vibrations, respectively, 1307.27 indicates the
stretching vibration of C-H bonding, and 512.07 clearly indicates
the synthesis of metal oxide nanoparticles. The peaks at 3264.96
confirmed the existence of MACE, which are active chemicals
that cap with nanoparticles. The average zeta potential value
found in this investigation was -0.0122 V, as seen in Figure 1E.
The polydispersity index of the green-fabricated ZnO-NPs was
28.3%, and the particle size distribution was determined to be
0.4144 micrometers (Figure 1F). XRD analysis uses the following

lattice planes and related angles: 31.70° (100), 34.43° (002),
36.23° (101), 47.66° (102), 57.66° (110), 62.93° (103), 66.56°
(200), 68.02° (112), and 69.21° (201) (Figure 1D). The findings
demonstrate that the ZnO has a spherical and hexagonal shaped
crystal structure.

Cytotoxicity analysis

The MTT reagent was used to investigate the cytotoxic effects
of ZnO-NPs mediated by MACE on Saos2 cells. The high-dose
of 500 ug/mL showed 90.07% inhibition. At 250 pg/mL, the
IC,, indicated 49.11% inhibition, while at 200 pg/mL, it showed
12.12% (Figure 3A). The doses of 5, 10, 15, 20, and 25 pg/mL,
on the other hand, showed viability in a higher proportion.
chemically synthesised nanoparticles 50 pug/mL concentration
showed 42.32% inhibition and 80 to 90 ug/mL showed an IC_
value of chemically synthesised nanoparticles Figure 3B.

Viability assay

In the viability experiment, dosages of 200, 250, and 300 pg/mL
were chosen based on the MTT results (Figure 3C). At 300 ug/
mL, the viability was 18.17%, while at 200 and 250 pg/mL, the
viability was 88.44% and 54.13%, respectively. MACE ZnO-NPs
have anti-cancer effects on Saos2 cells, as demonstrated by the
correlation between the results of the MTT assay and the trypan
blue exclusion experiment.

Morphological analysis

Another consideration is the

examination of the treated cells to assess the antiproliferation

important morphological

impact of corm ZnO-NPs and Chemically synthesised ZnONPs

T T )
400 600 800
Wavelength (nm)

g

Distribution [96]

00+
000010

I \ |
\\A\J d Lo AN
= el MR N o
5 :

T T
o ) » a 5 L} n [

000100

Rel. frequency [%]

e
B R 1 O ' Y ¥

Ieta potential distribution V]

001000 040000 100000  10.00000

Particle diameter [um]

Figure 1: Characterization study of MACE-ZnONPs. A) UV-Spectrometer; B) SEM; C) EDAX; D) XRD; E) Particle size analyzer and F) Zeta
potential.
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(200,250, and 300 ug/mL) on Saos2 cells. Compared to the control
cells, the treated cells showed more detachment. Additionally,
as seen in (Figure 3D), there are noticeable morphological
alterations, including cell blebbing, disoriented cells, and

shrinkage and rupture.

ROS analysis by DCFH-DA

The DCFH-DA staining method is used to evaluate ROS.
Following treatment with the fluorescent dye DCFH-DA, the
cells were seen under a microscope. ROS deposition takes place
inside saos2 cells upon the addition of MACE-ZnO NPs. As seen
in Figure 3E, the fluorescence intensity increased dose-wise as
observed in Figure 3D. There is a strong correlation between the
levels of ROS and the intensity of fluorescence.

DAPI staining

The nuclear abnormalities of Saos2 cells were investigated using
DAPI staining at 200, 250, and 300 pg/mL concentrations.
The arrows in Figure 3F indicates apoptotic cells. ZnO-NPs
had antiproliferative effect by increasing the number of blue
fluorescence cells in a dose-response manner. Condensed nuclei
and chromatin disruption were seen in the treated cells. Untreated
cells, on the other hand, displayed their natural structure devoid

of any abnormalities.

Scratch assay

We investigated effect of MACE-ZnONPs on cell migration
in response to the mechanical scratch wound shown in Figure
4. Tt shows scratch regions at time periods 0, 24, and 48 hr for
different concentration. The representative control at each time
point showed scratch was half closed in 48 hr whereas on NPs
administered in a concentration-dependent manner effectively
inhibited cell migration in Saos2 cell lines. After 48 hr of
incubation, ZnONPs significantly decreased cell migration in
saos2 cells at 300 ug/mL as compared to control.
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Oxidative stress markers of LPO and NO

By examining redox imbalance, the primary actor in the
cell signaling pathways, the secondary level confirmation of
MACE-ZnONPs' anti-cancer effectiveness was investigated
by Lipid peroxidation and nitric oxide was determined. Nitric
oxide and lipid peroxidation were calculated for the treated and
control groups. Figure 5A demonstrated the markedly increased
level of LPO generation, whereas Figure 5B demonstrated the
elevated level of NO production. The one-way ANOVA was
used to examine the results. A significant difference between the
treatment and control groups was found using Dunnett's multiple
comparison test. Compared to the control cells, the treated cells
showed greater significance (p<0.0001).

Antioxidant Assay of GSH

Glutathione is a tripeptide that exists in both reduced and oxidized
forms. In Saos2 cells treated with developed MACE-ZnO NPs
showed a dose-dependent decrease in GSH levels (Figure 5C). The
investigation results revealed that the nanoparticles significantly
affected glutathione levels. Treated cells showed a significantly
greater effect compared to the control cells.

DISCUSSION

Cancer is a global health concern due to its environmental,
genetic, and viral causes, affecting 3.4 million people annually.
Osteosarcoma is particularly aggressive and often requires
intensive treatment such as surgery, chemotherapy, and
radiation therapy. However, there are a number of adverse
effects and a relatively low success rate with above treatments.?%’
Nanoparticle-based strategies are being investigated, nevertheless,
in an effort to reduce the adverse effects of traditional therapies.
Potential therapy options for cancer are being presented
by the "phytonano-oncology” field, which blends oncology,
nanotechnology, and medicinal plants. Medicinal plants can
produce metal or metal oxide nanoparticles and medicinal
compounds.”* Zinc oxide nanoparticles (ZnONPs) are gaining
attention in nanomedicine due to their potential in cancer
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Figure 2: FTIR analysis A) Musa Acuminata Corm extract and B) synthesised MACE-ZnONPs.
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Figure 3: Anti-Cancer activity of MACE-ZnONPs. A) MTT Assay; B)Chemically synthesised ZnONPs; C) Trypan Blue Assay; D)
Morphometric analysis; E) ROS by Staining method and F) DAPI Staining.

therapy, as they have been found to induce cytotoxic effects in
various cancer cell lines, including breast and ovarian cancer.

Musa acuminata is a very nutrient-dense vegetable that has
been shown to have anti-cancer and therapeutic benefits.”
Organic compounds such as acetate,
4-epicyclomusalenone, and Chlorogenic Acid (CA) are found in

cycloeucalenol

banana corm, an agricultural waste from tropical banana farms.
These substances limit microbiological growth and platelet
aggregation, among other biological actions. The culinary and
pharmaceutical sectors can benefit greatly from the utilization of
banana corms as a source of multipurpose bioactive chemicals.*
CA is the major compound in corm extract because it has good
anticancer property and it is a phenolic category. It encourages
the production of the topoisomerase I and II-DNA complex,
which is essential for apoptosis, as well as intracellular DNA
damage.”* ZnO NPs have strong anti-cancer properties because
of their exceptional capacity to selectively target developing
cells. Combining all of these possibilities, the current work
examined the anticancer effects of MACE-synthesised zinc oxide
nanoparticles on Saos2 cancer cell lines.

Green synthesised ZnO NPs were produced and confirmed using
various kinds of characterization techniques. The optical property
was characterized and the production of ZnO NPs was confirmed
using the UV-vis spectroscopy technique.”? The reduction of
metal oxide and the formation of ZnO NPs from zinc acetate were
suggested by the peak absorption seen at 265 nm. The UV spectra
of the ZnO NPs are displayed in Figure 1, and the distinctive peak
at 265 nm in the UV region proved that the produced NPs are
pure ZnO with wurtzite hexagonal phase. The UV analysis found
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in this investigation is also consistent with previous findings.*
FT-IR investigation revealed absorption peaks attributed to O-H
stretching vibrations (3264 cm), indicating the presence of
adsorbed water or hydroxyl groups. C-H stretching and bending
vibrations cause peaks around 1307 cm™, which may indicate the
presence of surface-adsorbed hydrocarbons or organic residues.
The major component was confirmed to be ZnO by the peaks
at 512.07 cm™, which are typical of Zn-O stretching vibrations.*
The presence of secondary metabolites in the MACE extract is
primarily responsible for the spherical and hexagonal-like shapes
as well as the unequal aggregation of ZnO-NPs shown in SEM
examination.” The purity of ZnO-NPs was shown by the EDAX
pattern, which showed peaks of zinc in the main form coupled
with oxygen.**”” ZnO-NPs had a zeta potential of -0.0122 V, which
indicates superior coagulation ability and increased stability. The
ZnO NPs are said to have high stability since the negative sign
of the zeta potential value guarantees the repulsion between the
particles.’® Zeta potential and particle size distribution results
showed a strong correlation.” The XRD peaks that were found
match the JCPDS card number 75-0576, which shows that ZnO
has a hexagonal wurtzite phase. The ZnO-NPs' crystalline nature
and phase purity are further confirmed by the detected peaks at
certain 26 angles, which correlate to specific lattice planes.**!

MACE-ZnO NPs-treated cells decreased the survival of the
saos2 cell line in a dose-dependent manner, with an acceptable
value (LC,) 49.11% at 250 pg/ml of synthesized NPs, which
is consistent with the previous data published by Ruangtong
in 2020.* To further verify the MTT data, a trypan blue dye
cell viability experiment was conducted. The dose-response
anti-cancer activity of ZnO-NPs was demonstrated by the
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decreasing number of viable cells in the treated groups as dosage
increased. Chemically synthesized nanoparticles are more toxic
and shows lower IC,  due to smaller size, lack of protective coating,
higher ROS generation whereas plant based ZnONps possesses
high IC, | with less toxicity due to natural capping agent which
reduces oxidative stress and enhance the biocompatibility. Phase
contrast microscopic studies, Saos2 cells treated with ZnO-NPs
showed detached cells with disoriented architecture as well as
rounding and shrinking of the cells. The cytotoxicity of ZnO-NPs
was confirmed by the treated cells with damaged cell membranes
when compared to the control morphology.*® Cancer has a
unique ability to spread to other organs by cell-to-cell movement,
or metastasis, in addition to unchecked divisions. By using the
scratch assay on saos2 cell lines, we were able to demonstrate the
concentration-dependent and efficient cell migration-inhibiting
capacity of biologically synthesized ZnONPs (Figure 4). After
48 hr of incubation, nanoparticles significantly decreased cell
migration in saos2 cells at 300 pg/mL in comparison to the
control. NPs capacity to disrupt the cytoskeleton of the cell may

0 HR

CONTROL

200 pg/ml

250 pg/ml

300 pg/ml

be the cause of their suppression of saos2 migration. Cytoskeleton
rearrangement is necessary for cell division and migration, and
disruption of one or both processes has a significant impact on
these activities. Our findings are consistent with those of previous
research.**

To get rid of cells without harming other cells, apoptosis a planned
sequence of events that coordinates cell death is essential. It is
crucial to maintain the balance between cell division and cell
death, which supports healthy tissue homeostasis. Numerous
NPs have been shown to cause cancer cells to undergo apoptosis,
which suggests that they may be used as anticancer treatments.*
In DAPI staining, the dye binds to cells with blue fluorescence,
and the intensity increased with higher doses, indicating a
condensed nucleus with apoptotic signs like cell shrinkage,
nuclear condensation, and detachment from the surface.*” ROS is
essential for pathogenic activities, such as cell division, oxidative
defense, and the destruction of invading pathogens. ROS was
confirmed by DCFH-DA's assessment of fluorescence intensity.
Saos2 cells, which represent intact cells and early apoptotic cells,

24 HR 48 HR

Figure 4: Wound healing Assay (scratch assay).
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Figure 5: Oxidative stress markers. A) LPO Assay B) NO Assay and C) GSH Assay.

experienced concentration-dependent apoptosis in response to
MACE-ZnONPs at lower nanoparticle concentrations. We saw
very few late apoptotic cells. At the medium dosage, a greater
proportion of cells underwent both early and late apoptosis.
On the other hand, a higher concentration of NPs led to more
apoptotic cells. One of the negative effects of unregulated ROS
is lipid peroxidation. The general structure of the cell may be
impacted by lipid membrane peroxidation, which also makes
the lipid membrane less fluid, ultimately leading to the loss of
cellular integrity.*** Significant lipid peroxidation can trigger
the death process and in our study dose-dependent increase was
seen on NP exposure (Figure 5A). Nitric oxide has the potential
to negatively affect apoptosis.® As a result, the amount of nitric
oxide produced by Saos2 cells in response to NPs coated with
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corm extract was measured. NO levels, along with other key
markers of oxidative stress, were elevated in the treated groups.
The findings of the study suggest that MACE ZnO NPs induce
oxidative stress in a manner similar to what was described in.*

Glutathione is a naturally occurring antioxidant that shields
cells from oxidative damage.”” Following a 24-hr exposure to
MACE-coated ZnO NPs, cancer cells showed reduced glutathione
levels. This weakens the cellular antioxidant defense mechanism,
which damages and ultimately induces apoptosis.”® Since
we synthesized the ZnO-NPs through a phytogenic process
using Musa acuminata corm extract, which also contains
phytocompounds with notable anti-cancer properties, the ability
of ZnO-NPs to inhibit Saos2 cell growth is further amplified.
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Opverall, biogenically produced ZnO-NPs exhibit a potent
anti-cancer effect on Saos2 cells.

CONCLUSION

In conclusion, we successfully green synthesized ZnO NPs and
demonstrated their anticancer activity against Saos2 cells. The
characterization of the ZnO NPs was performed using FT-IR,
DLS, SEM, XRD, and UV analysis. ROS staining confirmed the
occurrence of apoptosis, supported with cytotoxicity and DAPI
staining in Saos2 cells in dose-dependent manner. Further
assessment through antioxidant and oxidative stress markers
revealed reduction in GSH activity, along with an increase in LPO
and NO levels. This study suggests that ZnO NPs with MACE
could be promising for targeted delivery applications, preventing
cancer cell growth by inducing apoptosis.
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SUMMARY

This study explores the anticancer potential of green-synthesized
zinc oxide nanoparticles (ZnO NPs) coated with Musa acuminata
corm extract (MACE) against Saos2 osteosarcoma cells.
Characterized using UV-Vis, SEM, FTIR, DLS, and XRD, the NPs
displayed a hexagonal structure, high purity (50.37% Zn, 49.63%
0), and stability (zeta potential -0.0122 V). Cytotoxicity assays
(MTT, trypan blue) revealed significant cell inhibition (IC50 300
pg/mL, 49.36% inhibition), with morphological distortions and
reduced viability (18.17% at 300 pg/mL). DAPI and ROS staining
confirmed dose-dependent apoptosis, while increased LPO and
NO and decreased GSH levels indicated oxidative stress. Scratch
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assays showed inhibited cell migration, suggesting MACE-ZnO
NPs as a biocompatible, targeted therapy for osteosarcoma.
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