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Abstract

In this investigation, zinc oxide nanoparticles (ZnO NPs) were produced by solution combustion-assisted technique utilising
aqueous leaf extract of Piper betle (betel leaf) (PB). Phase formation and the particle size of ZnO-PB-NPs were ascertained
by using X-ray diffraction. It was observed that the ZnO-PB-NPs crystallize in the hexagonal phase with an average crystallite
size of 24 nm. The morphology, shape, and size of the NPs were studied by Scanning Electron Microscope and Transmission
Electron Microscope (TEM). The elemental composition was analysed using energy-dispersive advanced X-ray spectroscopy.
Further, Fourier-Transform Infrared (FTIR) spectroscopy confirmed the formation of ZnO bonding. Anticancer activity of
ZnO-PB-NPs was evaluated in the MDA-MB-231, human breast cancer cells by MTT [3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide] assay. The study findings demonstrated that the ZnO-PB-NPs were able to induce signifi-
cant cytotoxicity in human breast cancer cells in a dose-dependent manner. ZnO-PB-NPs treatment impaired the Clonogenic
potential cells of breast cancer. Additionally, the biocompatibility with blood components of ZnO-PB-NPs was evaluated
by blood hemolysis assay. It was observed that, ZnO NPs inhibited breast cancer cell growth and increased the induction of
early apoptosis cell population.

Keywords ZnO nanoparticles - Piper betle - Solution combustion - Anticancer activity - Antioxidant - Clonogenic assay -
Apoptosis - Biocompatibility
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1 Introduction

NPs exhibit different chemical, physical, and biological
properties compared to their bulk ones [1]. Among the
transition metal oxides, ZnO is a versatile semi-conducting
material. ZnO is an inorganic antimicrobial agent which
is Generally Recognized As Safe (GRAS) under US-FDA
listings, for human beings and animals [2—4]. It has unique
properties like enormous binding energy, a wide band gap,
and high thermal stability [5]. Due to its distinctive char-
acteristics, ZnO is widely utilized in several industrial
areas such as biosensors [6], transistors [6], magnetism
[71, light emitting diodes [7], photocatalysts [8], textiles
[9], leather industries [10], antimicrobial [8], and solar
cells [11]. ZnO NPs have recently attracted a lot of atten-
tion in the discipline of cancer therapy [8]. ZnO NPs of
various shapes, including spherical, pellet, polygonal,
and rod have been prepared with varying particle sizes,
and their cytotoxicity has been studied on murine, and
cancer cells, including HepG-2, MCF-7, Colo320, HeLa,
cloudman S91, tumour U87, MCF-7, HCT-116, A-549,
PC-3, Calu-6, and DU-145 [8, 12-19]. ZnO NPs have
been demonstrated in studies to produce cytotoxicity in
a variety of cells, including human kidney cells, human
hepatocytes, embryonic kidney cells, epithelial HT29 and
Caco-2 cell lines, and glioma cells [20-22]. One of the
primary applications of ZnO NPs is as an effective drug-
delivery mechanism [23, 24]. Due to their distinct physical
and chemical characteristics, ZnO NPs are one of the most
utilised choices in DRUG delivery, cancer diagnostics, and
treatment. It has been demonstrated that these NPs can
target drugs in specific cells and tissues [23].

The biological synthesis of eco-friendly metallic NPs
with well-defined sizes and forms is made possible by
plants and their extracts. The enzyme, plant leaf extract,
and bacteria play a vital role in synthesizing ZnO NPs
[7]. Various approaches have been employed to synthe-
size ZnO nanocrystals such as solvothermal [25], sol—gel
[26], direct precipitation [4], and hydrothermal [15]. Few
of these methods require organic solvents, and reduc-
ing agents that may be toxic. These methods may have a
longer experimental duration and pose potential environ-
mental and biological risks with testing conditions. Solu-
tion Combustion Synthesis (SCS) is a fascinating process
that involves the propagation of self-sustaining exother-
mic reactions in the presence of an aqueous medium. The
advantages of SCS are that it is simple and convenient and
the products can be obtained very quickly. The combustion
approach is favored, because it ensures even distribution
and atomic-level blending of the reactant with a combus-
tible-fuel to produce of ultra-fine nanopowder [27-29].

Piper betle belongs to the Piperaceae family and is exten-
sively grown in India, Srilanka, Thailand, Malaysia, Taiwan,
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and other South Asian countries. It has been reported that
Betle leaves have a broad spectrum of therapeutic proper-
ties. The extract of the Piper betle leaves possesses anti-
mutagenic, anti-carcinogenic, anti-plaque, anti-diabetic,
anti-inflammatory, antioxidant and antibacterial activities
[30-33]. With the above background, herein we report the
synthesis of ZnO NPs by SCS using an aqueous least extract
of Piper betle as bio-fuel. Various techniques character-
ized the synthesized sample, and its anticancer activity was
evaluated by MTT assay in MDA-MB-231 cell line. Further,
its biocompatibility was examined by blood hemolysis.

2 Materials and methods
2.1 Chemicals

Zinc nitrate hexahydrate [Zn(NO;),.6H,0] (98% Sigma
Aldrich) was used as precursor (oxidant). Piper betel leaves
obtained from the plantations of Shimoga district (Karna-
taka, India) were used as fuel. Annexin V-FITC/PI (fluores-
cein isothiocyante, propidium iodide) apoptosis detection
kit was obtained from BD Bioscience, San Diego, Califor-
nia; 3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT), Dulbecco’s Modified Eagle’s Medium
(DMEM) was purchased from Gibco and Crystal violet was
bought from Himedia. All the chemicals used in this work
were of analytical grade, without further purification.

3 Experimental
3.1 Plant extract preparation

The Piper betel leaves were washed with distilled water
and air-dried. 50 g of leaves were ground with 10 mL of
distilled water using a mechanical mixer at room tempera-
ture. The ground slurry of the leaves was added to 500 mL
distilled water, boiled for 20 min, and then filtered through
Whatman No. 1 filter paper. Filtrate was used to synthesize
ZnO-PB-NPs.

3.2 Preparation of ZnO-PB-NPs

One gram of zinc nitrate was dissolved in 10 mL of double
distilled water. 35 mL of the plant extract was added to the
precursor. The mixture was stirred well using a magnetic
stirrer for 10 min. The reaction mixture was taken in a crys-
tallizing dish and placed in a preheated muffie furnace main-
tained at a temperature of 430+ 10 °C. The redox mixture,
when heated, boiled, thermally dehydrated, and ignited to
yield the voluminous product. The combustion product was
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foamy, puffy, and porous. The schematic diagram of the syn-
thesis of ZnO-PB-NPs is presented in Fig. 1.

3.3 Characterization

Various analytical techniques were adopted to charac-
terize the ZnO-PB-NPs. The Powder X-ray Diffraction
(PXRD) pattern was recorded using Panalytical X’ pert
Pro MPD powder X-ray diffractometer using Cu-Ka radia-
tion at A=1.5418 A. FTIR spectrum was recorded (Nicolet
Magna 50 FTIR spectrometer) in the wave number range
400-4000 cm™! with the KBr pellet technique. The mor-
phology of the ZnO-PB-NPs was studied on SEM (SEM,
VEGA3 TESCAN). TEM was employed to record the shape
and particle size of ZnO-PB-NPs. Using the selected area
electron diffraction (SAED) pattern from TEM (JOEL/
JEM-2100), the phase developed was once again validated.
To determine which components of the leaf extracts were
responsible for combustion, phytochemical analyses were
performed on the plant extract using established procedures
[34-39].

3.4 Cell culture

The ATCC (American Type Culture Collection) provided
the cell line of breast cancer (MDA-MB-231). The ATTC
methodology was followed to culture, expand, and main-
tain the cells in DMEM media under conventional cell
culture conditions like 100 pg/mL streptomycin and 100
units/mL penicillin; supplemented with 10% fetal brovine

serum (calf serum) (Gibco BRL, Life Technologies,
Grand-Island, NY, USA) under 5% carbon dioxide at 37 °C
(Binder, Germany).

3.5 Cell growth inhibition assay

MDA-MB-231 cells were tested for the antiproliferative
effect of ZnO-PB-NPs. At a density of 5x 10° cells/mL, the
cancer cells were plated in a 96-well microplate. Different
concentrations of ZnO-PB-NPs were used to treat each well
and then incubated for further 24 h in a 5% CO, humidi-
fied environment at 37 °C. 20 pL. of MTT solution was then
added to each well after the initial incubation, and the cells
were then incubated again for additional 4 h at 37 °C in
dark. In order to dissolve, water insoluble formazan crystals,
100 pL of dimethyl sulfoxide (DMSO) was used. Using an
ELISA (Tecan, Austria) reader, the cytotoxicity against can-
cer cells was assessed at 590 nm by measuring the absorb-
ance. The negative control was the untreated medium with
0.1% vehicle DMSO. The percentage growth inhibition was
calculated using the following formula:

(OD of control — OD of sample) x 100

Percent inhibition =
OD of control

The concentration of ZnO-PB-NPs required to inhibit
the cell growth by 50% (IC50, the concentration at which
cell growth is 50% inhibited) value was derived from the
dose-response curve [40-44].

Fig. 1 Schematic representation
of synthetic route of ZnO-PB-
NPs
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3.6 Clonogenic survival assay

The clonogenic assay was performed as described in the lit-
erature with few modifications [45, 46]. MDA-MB-231 cells
were seeded at 3 x 10° cells into a six-well tissue culture
plate and incubated in 5% CO, at 37 °C. After 24 h of incu-
bation, the cells were treated with ZnO-PB-NPs of 10 pg/
mL and 20 pg/mL. After 24 h of treatment, the medium was
replaced with a complete growth medium, and cells were
grown for 21 days to produce colonies with the intermittent
medium replacement every 3 days. After 21 days, colonies
were fixed with 4% paraformaldehyde in Phosphate Buffer
Saline (PBS) for 30 min and then stained with 0.25% crystal
violet. The dishes were rinsed with PBS and air-dried three
times, and the number of colonies formed was visualized
under an inverted microscope (Olympus). The colony is
defined to consist of at least 50 cells.

(Absorbance of control — Absorbance of sample) 9

States) in less than an hour. Cell Quest Pro software was
used to analyse the data and find the apoptosis ratio [47].

3.8 Biocompatibility assay

Hemolysis assay was carried out as reported in the literature
with certain modifications [48, 49]. About 5 mL of fresh
human blood was obtained from a healthy volunteer and
centrifuged at 1000 rpm for 10 min. The red blood cells
(RBCs) were separated, washed twice with PBS, and diluted
to a 1:4 ratio. PBS was used as a negative control, and 1%
sodium dodecyl sulfate (SDS) was used as a positive control.
Different concentrations of ZnO-PB-NPs were mixed with
diluted erythrocytes suspension and incubated at 37 °C for
1 h. The tubes were centrifuged at 300 rpm for 5 min, the
supernatant was collected, and absorbance was measured
at 540 nm using a microplate reader (Tecan, Austria). The
percentage of hemolysis was calculated as follows:

100.

% of hemolysis =
o O hemolysis Absorbance of control

3.7 Annexin V-FITC/PI detection for cell apoptosis

ZnO-PB-NPs were applied to the MDA-MB-231 cells at a
concentration of 10 pg/mL and 20 ug/mL for 24 h per well
of 1x 10° cells. Control cells were untreated. Apoptosis was
measured using the Annexin V-FITC/PI apoptosis detection
kit (from BD Bioscience in San Diego, California). Follow-
ing 15 min of dark incubation, the reaction was allowed to
continue at room temperature with the addition of 5 pL. of
Annexin V-FITC and 5 pL of PI. The treated cells were then
collected, washed twice with PBS, and suspended in the
Annexin-V-binding solution. The cells were examined by
flow cytometry using the Becton Drive fluorescence-acti-
vated cell sorting (BD FACS Calibre flow cytometer, United

The samples were referred to be hemocompatible if the
hemolysis rate is less than 5% and thus would be considered
biocompatible [49].

4 Results and discussion

4.1 Qualitative phytochemical analysis
of the aqueous leaf extracts of Piper betle

The results of qualitative phytochemical studies on Piper
betle aqueous leaf extract are presented in Table 1. These
findings support the presence of several phytocomponents

Table 1 Results of phytochemical screening of aqueous leaf extract of Piper betle

Constituent Test Result Constituent Test Result

Alkaloids Mayer’s reagent test + Tannins and Lead acetate test +
Wagner’s reagent test + Phenolic Killer-Killiani test -
Hager’s reagent test + compounds Ferric chloride test -

Carbohydrates Molish’s test + Saponins Froth test +
Barfoed’s test + Proteins and Ninhydrin test +

Reducing sugars Fehling’s test + Amino acids Biuret test +
Benedict’s test - Triterpenoids Salwonski test -

Flavanoids Alkaline reagent test + and Libermann and Burchard’s test -
Lead acetate test + Steroids

Glycoside Legal’s test + Carboxylic acids Sodium bicarbonate test +

Bomtrager’s test

Ester test

+1is present, —is absent

@ Springer
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Fig. 2 Plausible mechanism of
formation of ZnO-PB-NPs
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Fig.3 PXRD of ZnO-PB-NPs

in the aqueous extract of the leaves. The findings are nearly
identical to those seen in the literature [50-52].

4.2 Mechanism of product formation

Plant leaf extracts contain phytochemicals that have an
extraordinary ability to reduce metal ions in a much shorter
time than fungus and bacteria, which require a longer incu-
bation time [53]. As a result, plant leaf extracts are regarded
as a good and safe source for the production of metal and
metal oxide nanoparticles. Furthermore, plant leaf extract
serves a dual purpose in the nanoparticle synthesis process
by acting as both a reducing and a stabilizing agent. The
compounds found in Piper betel leaf may be responsible for
combustion. The following is the plausible mechanism for
the development of ZnO-PB-NPs (Fig. 2).

4.3 Physico-chemical analysis

4.3.1 X-ray diffraction studies

The PXRD pattern shows that only a cubic phase was
formed for the synthesized ZnO-PB-NPS as shown in

Fig. 3. The ZnO-PB-NPs demonstrated crystallinity, with
20 peaks located at 31.750°, (100); 34.440°, (002);

36.252°, (101); 47.543°, (102); 56.555°, (110); 62.870°,
(103); 66.388°, (200); 67.917°, (112); 69.057°, (201);
72.610°, (004); and 76.95°, (202). Moreover, the desired
orientation (101) that corresponds to the plane was
noticed. The peak at 20 at 23.5° might be related to the
orthorhombic Zn(OH), phase [54]. This pattern is in
accordance with the standard peaks displayed by the Inter-
national Centre for Diffraction Data (ICDD card No.
80-0074). The indexation confirmed the standard hexago-
nal wurtzite structure. The obtained form is a hexagonal
wurtzite structure. The wurtzite structure is most stable at
ambient conditions and, thus, most common.
Debye—Scherrer equation was followed to estimate the
average crystallite %igﬁ of the ZnO-PB-NPs, the formula

expressed as D = Seosd” where D =size of crystallite;

0.94 = shape factor; A=1.54 A° (CuKa radiation);
f=FWHM (full width at half maxima) to (101) plane and
0 =Bragg angle. The diameter of the crystallite was found
to be 24 nm.

4.3.2 FTIR analysis

Utilizing FTIR spectrometer, the purity of the sample and
the formation of ZnO bonding were confirmed. A typical
FTIR spectrum of ZnO-PB-NPs is revealed in Fig. 4. The
broad absorption peak at 3119.6 cm™! was attributable to
the typical absorption of the hydroxyl group. The band
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located at 457.6 cm™~! was assigned to the stretch vibration
of the Zn—O bond. These findings are in consistent with
the reports available in the literature [18, 55].

4.3.3 Morphological studies and compositional analysis

4.3.3.1 SEM studies SEM was utilized to analyse the mor-
phology of ZnO-PB-NPs. The surface morphology of ZnO-
PB-NPs is depicted in Fig. 5a and b at various magnifica-
tions. The shape of the particles in the SEM micrograph was
found to be spherical. The SEM scan could reveal that the
majority of NPs were dispersed within a sizable matrix that
resembles a frothy mass after the combustion process. The
formation of ZnO-PB-NPs has an increased surface area and
activity as a result of the numerous voids that were seen as
a result of different gases escaping during the combustion
phenomenon.

4.3.3.2 EDAX analysis The Energy Dispersive X-ray Analy-
sis (EDAX) as shown in Fig. 6, reveals the ZnO-PB-NPs
elemental composition and validates the zinc and oxygen
signals of ZnO NPs. This investigation indicates that ZnO-
PB-NPs were synthesised in their purest possible form
possible; as evidenced by the elemental analysis, which
revealed 69.97% zinc and 30.03% oxygen. The elemental
analysis indicated that the ZnO sample formed was highly
pure.

4.3.3.3 TEM and SAED analysis The surface morphology of
ZnO-PB-NPs was affirmed through TEM. Figure 7a depicts
the TEM of ZnO-PB-NPs. This image confirmed the spheri-
cal morphology of NPs. The ZnO-PB-NPs had particles in

SEM WV 2504V WO! 497 mim ! VEGA) TESCAN

J
SEM MAG: 5.00 kx Dot 38 10 pm
View feld 41 5pm  Date(midy) 01418 Coll BMS Cotege of Engineering

Fig.5 aand b SEM Images of ZnO-PB-NPs at different magnifications
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Fig.6 EDAX image and elemental analysis of ZnO-PB-NPs

a diameter ranging between 25 and 35 nm. From Fig. 7a, it
was evident that the sample had moderate particle aggrega-
tion which is consistent with the SEM results as shown in
Fig. 4a and b.

From Fig. 7a, spacing of the lattice plane was determined
to be 0.246 nm, which corresponds to the interspacing of the
(101) plane of wurtzite ZnO. Figure 7b depicts the particles
SAED pattern. The crystalline rings in SAED pattern could
be indexed to the hexagonal wurtzite phase of ZnO.

4.4 Anti-cancer studies
4.4.1 ZnO-PB-NPs inhibited MDA-MB-231 cell proliferation
To investigate the effect of ZnO-PB-NPs on cancer cells,

MTT assay was performed with their different concentra-
tions (0, 0.3, 0.6, 1.25, 2.5, 5, 10, and 20 ug/mL) for 24 h.

4

SN WY 00NV WO 487 mn
SEM MAG: 200 hx Dot 88

View feld: 652 pm  Dsteimudly) W14 Coll BMS Cottage of Engineernyg
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(a)

(b)

Fig.7 a TEM image and, b SAED pattern of ZnO-PB-NPs
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Fig.8 IC50 determination of ZnO-PB-NPs in MDA-MB-231 cells
(Data represent + standard deviation)

It was observed that, upon ZnO-PB-NPs treatment, cell
proliferation was inhibited in a concentration-dependent
manner, and the maximum proliferation inhibition of
67% occurred at 20 pg/mL. The IC50 value of ZnO-PB-
NPs on MDA-MB-231 was determined to be 1.89 pg/
mL by non-linear regression with Graphpad prism 5.0
(Graph Pad Software Inc., San Diego, USA) as presented
in Fig. 8. These antiproliferative experiments show that
ZnO-PB NP therapies sensitize cancer cells. Cell viability
was found to diminish in a dose-dependent manner. The
findings demonstrate that ZnO-PB-NPs achieved 67%
cell viability at their highest concentration of 20 pg/mL
tested in our tests. According to the literature, ZnO-PB-
NPs cause cytotoxicity in a cell-specific and prolifera-
tion-dependent way, with quiescent cells being the least

80

60

40

20

Percent of inhibition

=]

Concentration of ZnO-PB-NPs (ug/mL)

Fig. 9 Cytotoxic effect of ZnO-PB-NPs on MDA-MB-231 cells.
Cells were treated with various concentrations (0 pg/mL, 0.3 pg/mL,
0.6 pg/mL, 1.25 pg/mL, 2.5 pg/mL, 5 pg/mL) of ZnO-PB-NPs. The
percentage of cell death induced was determined using MTT assay

sensitive and rapidly dividing cancer cells being the most
susceptible [56, 57].

Cytotoxic effect of ZnO-PB-NPs on MDA-MB-231
cells at various concentrations is presented in Fig. 9. Sta-
tistical analysis of the data was carried out by two-way
ANOVA using Graphpad prism 5.0 (Graph Pad Software
Inc., San Diego, USA). P-values 0.05 were assumed to
be significant. ZnO-PB-NPs showed significant (p < 0.05)
cytotoxicity. The activity was found to be significant with
67% (average of three trials) inhibition at a concentration
of 20 pg/mL.
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Fig. 10 Clonogenic assay
performed in 35 mm dish/
six-well plate: a Untreated con-
trolled cells, b Positive control
Colchicine-20 uM, ¢ ZnO-PB-
NPs-10 pg/mL, and d ZnO-PB-
NPs 20 pg/mL

4.4.2 Clonogenic assay

The Clonogenic assay has shown positive results in stop-
ping the aggregations/agglomerations and growth of the
cancer cell (MDA-MB-231). Clones were not seen in the
20 ug/mL as in the case of the positive control Colchicine
at 20 uM [as shown in Fig. 10a—d].

4.4.3 ZnO-PB-NPs-induced apoptosis in MDA-MB-231 cells

As it is well known, flow cytometry determines the amount
of Deoxyribonucleic Acid (DNA) present in a cell based on
its capacity to stain it most efficiently in a stoichiometric
manner. Depending on the dye type, different locations on
the DNA molecule are where these dyes bond. The blue-
excited dye Propidium Iodide (PI) is the most widely used
DNA-binding dye nowadays. Intercalating dye PI binds
to double-stranded Ribonucleic Acid (RNA) and DNA.
Restricted distribution of fluorescence intensities is found
when diploid cells dyed with a dye that stoichiometrically
binds to DNA are subjected to flow cytometric analysis.
Apoptosis is clearly demonstrated by the translocation of
phosphatidylserine molecules to the cell membrane's exte-
rior due to phospholipid asymmetry. PI and Annexin V-FITC
double staining were employed to establish the mechanism
of cell death. The necrotic cells having membrane disruption
allowed the dyes to link with the DNA. Still, early apoptotic
cells excluded the DNA-binding dyes. ZnO-PB-NPs induced
apoptosis on the MDA-MB-231 cell line was studied by the

@ Springer

MACSQuant analyzer and with the help of the MACSQuan-
tify software [58, 59].

The flow cytometric analysis graphs showed the percent-
age of apoptosis and necrosis cells. LL1 stands for lower left
quadrant cells (representing live cells) in the flow cytomet-
ric analysis histograms, LR1 for lower right quadrant early
apoptotic cells, UR1 for upper right quadrant late apoptotic
cells, and UL1 for upper left quadrant necrotic cells. The
total apoptotic cell percentage was expressed by combining
early and late apoptotic cells (LR1 and URI regions), the
size and surface morphology, and the nanomaterial shape.
The size of the NPs is also very important due to cause the
particular biological status in terms of the cross the cell and
its therapeutic values can be found out the biological tests
through precise methods and materials and cure the cancer-
ous cells and also no damage to the cell of any point and can
cure the particular cancer cell lines are utilized for the test.
Flow cytometry was used to encounter each cell, and what is
the status of the cell and its shape and size. In MDA-MB-231
cells, ZnO-PB-NPs caused apoptosis. MDA-MB-231 cells
underwent dose-dependent apoptotic induction by ZnO-PB-
NPs. Following 10 pg/mL for 48 h, apoptotic cells were
24.63% in MDA-MB-231 cells, and after 20 pg/mL for
48 h, it was 35.01%, compared to 0% in untreated cells. The
results showed that after ZnO-PB-NPs therapy, apoptosis
was the main cause of cell death (Figs. 11, 12 and 13). These
findings implied that there was a significant programmed
cell death and hence ZnO-PB-NPs could be considered and
subjected to further anticancer studies.
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Fig. 11 Non-treated MDA-MB-231 cells

4.4.4 Cell cycle studies

As analysed by flow cytometry, the effect of control, ZnO-PB-
NPs and cochicine on the cell cycle in MDA-MB-231 cells
is presented in Figs. 14, 15, 16 and 17. This data of cell cycle
studies revealed how the test samples affected the cell cycle
steps and it is given about the all, sub Go, Go/G1, S and G2M
phases of the cell cycle by the left, Right events, % gated, %
total, Mean and CV by columns wise of, Fig. 14; Cytometry
plots of MDA-MB-231 cells treated with 1% DMSO as Con-
trol, Fig. 15; 10 pg/mL, Fig. 16; 20 pg/mL of ZnO-PB-NPs
on MDA-MB-231 cancer cell lines and 20 uM of Colchicine
extract along with the histogram statistics data [60].

0.00 e ee
0.00 as en
100.00 1.13 1.18
0000 e e

The tables corresponding to Figs. 14, 15, 16 and 17 show
the % gated, % total explained by all and the left and right,
events and mean, and CV explains the histogram statistics
of all phases of the cell at the different dosages of the ZnO-
PB-NPs at 10 pg/mL, 20 ug/mL and the cytometry plot of
MDA-MB-231 cells treated with 1% DMSO as control, flow
cytometry plots of MDA-MB-231 NPs treated with 20 uM
of Colchicine extract [61].

The ZnO-PB-NPs treatment at 10 ug/mL and 20 ug/mL
has arrested 14.04% and 13.23% of MDA-MB-231 cells,
respectively, at the G2M phase of the cell cycle, the increas-
ing dose amount shows the saturation of concentration on
further adding the sample of the concentration, therefore,
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Fig. 12 Treatment of MDA-MB-231 cells with 10 pg/mL of ZnO-PB-NPs

10 pg/mL is the ideal for the 14.04% arresting the MDA-
MB-231 cancer cell line and damages the cell cycle path,
similarly, compared to untreated MDA-MB-231 cells
(6.25%). This result suggests that at both these concentra-
tions of ZnO-PB-NPs, efficient cell cycle arrest at the G2M
phase and a lower concentration of 10 ug/mL also seemed
to be good.
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4.5 ZnO-PB-NPs are biocompatible

Biocompatibility testing is a prerequisite for applying
ZnO-PB-NPs in a biological system. The hemolysis of
erythrocytes in PBS, 1% SDS, and upon ZnO-PB-NPs
treatment was examined by measuring their turbidity
and lysis of erythrocytes at 540 nm. The hemolysis rate
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Fig. 13 Treatment of MDA-MB-231 cells with 20 ug/mL of ZnO-PB-NPs

at various concentrations of ZnO-PB-NPs treatment (10,
20, 40, 80, 160, and 320 pg/mL) showed significantly less
hemolysis of 1.83, 3.05, 4.22, 6.29, 7.90, and 10.81%,
respectively, compared to the negative control (2%) and
positive control (100%). This study suggests that the ZnO-
PB-NPs were biocompatible with no detectable hemolysis
at the concentrations tested in our current studies for their
anti-carcinogenic activity.

5 Conclusion

In conclusion, utilizing plant-assisted SCS, extremely
porous ZnO-PB-NPs were produced. The sample was
investigated extensively for its crystallinity, composition,
and morphology. ZnO-PB-NPs exhibited anti-carcinogenic
activity at very low concentrations. ZnO-PB-NPs treatment
of MDA-MB-231 cells caused considerable dose-dependent
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Fig. 14 Cytometry and histogram statistics of MDA-MB-231 cells (treated with 1% DMSO as control)

cell death due to cytotoxicity. ZnO-PB-NPs boosted the
generation of early apoptotic cell populations while decreas-
ing breast cancer cell proliferation. ZnO-PB-NPs treatment
impaired the clonogenic potential of breast cancer cells.
The hemolytic assay revealed that ZnO-PB-NPs had an

@ Springer

insignificant effect on erythrocytes at low concentrations.
This indicates the higher therapeutic potential of ZnO-PB-
NPs. The findings of these studies will be significant for
developing a potential anticancer therapeutic agent, a plau-
sible alternative to conventional chemotherapy.
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Fig. 15 Flow cytometry plots of MDA-MB-231 cells treated with ZnO-PB-NPs (10 pg/mL), along with the histogram statistics
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