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ABSTRACT

In this work, biogenic ZnO nanoparticles (NPs) were greenly synthesized from Celosia
argentea plant extract. Structural analysis confirms the successful synthesis of biogenic Zinc
Oxide NPs from C. argentea extract and the produced NPs have average particle size 21.55 +
4.73 nm with a semispherical shape and specific surface area about 50 m*g. The biogenic
synthesized ZnO NPs showed a powerful radical scavenging activity (Ic50=91.24 pg/ml)
comparing with ascorbic acid (ASC) as standard (Icso=14.37 pg/ml). Using an agar diffusion
disk, the antibacterial efficacy was tested against both
+1 gm and -1 gm bacteria. In gram positive strains, biogenic ZnO NPs had a greater bactericidal
impact than gram negative strains in a concentration dependent manner. Anticancer activity
against HepG?2 was evaluated using MTT assay, the results reflect the concentration dependent
cytotoxic effect of biogenic ZnO NPs against HepG2 cells even at low concentrations with
Ics0=49.45 pg/ml. Using RT-PCR and flowcytometry, the cell cycle and gene expression were
analyzed to determine the potential anticancer mechanism. The results showed that biogenic
Zn0O NPs activate the apoptotic genes NF-kB, CY-C and P53, which start the apoptotic process.
These results suggested that C. argentea improved the antioxidant, antibacterial and anticancer
activities of ZnO NPs without altering its structural properties, which make it a potential
candidate in many of the biomedical applications.
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Introduction

Zinc oxide NPs is a very distinguished semiconductor in the biomedical field. The antibacterial,
anti-inflammatory antifungal antiviral and anticancer activities of ZnO NPs had been reported
by many researchers ! . According to the literature, the cytotoxicity of ZnO NPs is mostly
determined by the formation of reactive oxygen species (ROS). One of the most amazing
properties of ZnO NPs is their selectivity towards cancer cells. ZnO NPs were discovered to

46 Particle size,

be more selective towards proliferative cells than non-proliferative cells
shape, and surface area are all physiochemical features of NPs that can affect their therapeutic
efficacy. The manufacturing technique of NPs, which may be broken down into physical,
chemical, and biological categories, has a significant impact on tuning these characteristics "%
Biological methods as an eco-friendly methods attract the attention researchers due to its
advantages compared with the other methods including low cost, less toxicity and design
flexibility . Biosynthesis of NPs include the use of biomolecules such as microorganism and
plant extracts as reducing and capping agent that facilities the formation of NPs '°. These
biomolecules control particle size, shape and functionalized the surface of NPs and enhance
their biocompatibility and bioactivity .

The future of green synthesis of NPs is expanded nowadays to include several microorganisms
including viruses , bacteria, algae and yeast biosynthesis is available also form and plant
extracts 213, Plant extract is the easy, scalable, flexible and ecofriendly method '4. This
technique provide NPs functionalized with different phytochemicals, which have can enhance
the biocompatibility and bioactivity of NPs to serve efficiently in many of biomedical
applications 2.

Because it contains biomolecules such carbohydrates, lipids, amino acids, peptides, phenols,
flavonoids, terpenes, and alkaloids, the C. argentea plant, also known as cockscomb, has
hepatoprotective, antioxidant, anticancer, and antidiabetic effects '>1°,

Several ailments, including jaundice, inflammation, wound healing, eye diseases, and glandular
swellings, had long been treated with C. argentea in traditional medicine. Numerous studies on
C. argentea's anticancer mechanism have shown evidence that it causes cells to commit suicide
through apoptosis "7,

The presented study devoted to highlight the influence of green synthesis of ZnO NPs from C.
argentea extract on the physiochemical, antioxidant, antibacterial and anticancer activities of

ZnO NPs .

1. Materials and methods



2.1 Synthesis of C. argentea leaves extract

The leaves of C. argentea were obtained from the South Valley University farm and rinsed with
deionized water. The washed and dried leaves were cut into little pieces. 20 g of C. argentea
were combined with 200 mL of deionized water and heated for 30 minutes at 80 °C. After
cooling to ambient temperature, the mixture was filtered, collected, and stored in a refrigerator

at 4°C for future experiments.

2.2 Green synthesis of ZnO NPs

In accordance with the coprecipitation approach, which was used for the synthesis of biogenic
ZnO NPs, two solutions were initially produced. The precursor solution and the reduction
solution. In a typical synthesis, 5 g of Zinc Acetate [Zn(CH3CO2)2] is dissolved in 100 ml
deionized water and stirred for 30 minutes. 10 ml of fresh C. argentea extract was added to the
precursor solution and stirred for 1 hour. Sodium hydroxide and hydrochloric acid were used
to adjust the pH of the mixture to 10.4 and the mixture was left under stirring for another 1 h.
After precipitation overnight in room temperature NPs were filtered and washed 10 times with

distilled water and one more time with ethanol and dried at 100 °C, fig. 1.
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Figure 1. Green synthesis of ZnO NPs
2.3 Characterization of biogenic ZnO NPs



X-ray diffraction (X'Pert PRO-PAN,Cu-K = 1.54056 A) at 40 kV and 30 mA and transmission
electron microscope (JEOL, JEM 2100, Japan) were used to examine the structural properties
of biogenic ZnO NPs. Infrared spectroscopy (FTIR Model 6100, Jasco-Japan) and UV-visible
spectrophotometery (SPECORD 200 PLUS, Analytik Jena, Germany) were used to measure
optical characteristics.

2.4 Antioxidant properties of biogenic ZnO NPs

Using a standardized (DPPH) assay, the free radical scavenging activity of biogenic ZnO NPs,
C. argentea extract, and ascorbic acid was determined 20,21

The stock solution of green ZnO NPs sample was generated first by dissolving 4 g in 4 ml
methanol, followed by eight serial dilutions (1000, 500, 250, 125, 62.5, 31.25, 15.625, and 7.
8125 pg/ml). Second, 3 ml of DPPH was added to each test tube and incubated in the dark for
30 minutes at room temperature. Finally, at 517 nm, the absorbance (A) of the control and
samples was measured spectrophotometrically.

The scavenging activity against DPPH free radicals was determined for each sample and

reported as a percentage relative to a standard of Ref. 2:

Abs — Abs
control sample ) % 100
Abscontrol

Free radical scavenging activity(%) = (
The ICso was plotted as a function of concentration from a graph of free radical scavenging
activity.
2.5 Antibacterial activity of biogenic ZnO NPs
Agar diffusion disks described by Mounyr Balouiri et.al **were used to test for the activity of
the antibacterial against different bacterial strains: +2 gm [Staphylococcus aureus (ATCC
29213), Bacillus subtilis (ATCC 6633)] and — 2 gm [E. coli (ATCC 25922) and Salmonella
typhimurium (ATCC14028)]. Briefly, five samples were prepared in normal saline (0.9 %
NaCl). Three samples from green ZnO NPs with ( 25, 50 and 100 pg/ml), one sample from C.
argentea extract with concentration (20 pg/ml) and one positive control sample from
Gentamycin with concentration (20 pg/ml). bacterial strains were cluttered in (Luria—Bertani)
LB broth Overnight in order to obtain tested bacterial suspensions. Sterile Whatman filter paper

discs were placed on the surface of the agar media, then proper volume containing the tested

concentration of each sample was added. After incubating the plates for 24 h at 37 degrees



Celsius, the diameters of the inhibitory zones were measured in millimeters. Each experiment
was carried out three times to ensure accuracy.

2.6 Anticancer activity of biogenic ZnO NPs

2.6.1 Cell viability measurement

Cell viability of Liver hepatocellular cells (HepG2) was screened against biogenic ZnO NPs at
different concentrations using standardized MTT assay 2. Briefly, HepG2 (10.000 cells/well in
96 well plate) were grown in complete DMEM culture media containing 10 % heat inactivated
fetal bovine serum (FBS) and 1 % penicillin- streptomycin and incubated for 24 h at 37° C, 5%
COa,. Next day, the culture medium was cleaned with phosphate buffer saline (PBS) to remove
the detached cells. The culture media containing biogenic ZnO NPs (500, 250, 125, 62.5,
31.25,15.8, 7.8, 3.91.9,1.5 and 1, pg/ml) were added to cells and incubated for 24 h at 37° C,
5% COz. At the end of the exposure time, cells were washed with PBS followed by the addition
of 80 uL of media without FBS and 20 pL of MTT reagent. The reaction time for MTT assay
was 3h then 100 pL of MTT solvent Dimethyl sulfoxide (DMSO) were added into each well
and left for 15 min in dark. the absorbance at 590 nm is recorded by Analytik Jena UV
spectrophotometer. Cell viability % is given by 23:

AControl - ASample

Cell viability% =
AControl

2.6.2 Cell cycle analysis

HepG2 Cells (control) and cells after treatment with ICso concentration of biogenic ZnO NPs
were seed in DMEM medium overnight, then fixed in 70% (v/v) ethanol in PBS at 4°C for 12
h., and re-suspended in PBS containing 40 pg/ml propidium iodide (PI), 0.1% (v/v) Triton X-
100 and 0.1 mg/ml RNase in a dark room according to Kuo, et. al. protocol >* Sub-G1 and cell
cycle analysis were performed after a 30-minute incubation at 37 degrees Celsius using a flow

cytometer with an argon ion laser (wavelength of 488 nm).

Note:
Experimental research and field studies in this work complies with relevant institutional,

national, and international guidelines and legislation.



2. Results and discussion
3.1 Characterization of biogenic ZnO NPs

Green synthesis of NPs considered as the most cost effective, biocompatible and flexible
method for NPs synthesis. Biomolecules in can serve as reducing agent of metal ions to produce
biocompatible NPs with functionalized surface. Fig. 2 showed XRD pattern of biogenic ZnO
NPs with all the characteristic peaks, which confirms the successful formation of ZnO NPs.
The diffraction peaks at 20 (31.5, 32.23, 36, 47.32, 56.42, 62.65, 67,76 and 68,86)
corresponding to the plane (100, 002, 101, 012, 110, 013, 112 and 201) respectively. This results
in contact with JCPDS card No. 36-1451 for ZnO NPs %, and with the reported results of green
ZnO NPs synthesized from different plants 2628, No additional peaks, which reflect the purity
of the prepared sample. Also, the presence of the sharp and narrow peak at 20 ~ 36° indicate
the crystallinity.

XRD pattern analysis is a method that is frequently utilized for the purpose of analyzing
the structure of materials, particularly nanomaterials. The Debye-Scherer and Williamson-Hall
techniques are two of the more common methodologies that are used in XRD investigation of
metal oxide nanomaterials. The Debye-Scherer method is used to calculate crystal size (D).
The approach presupposes that X-rays enter the material and interact with all of its crystallites.
Using the Debye-Scherer equation, the main diffraction pattern (101) is then utilized to

calculate the crystal size and microstrain :

DL = kA/BcosO
€= cos 0/4
where k is a constant, A wavelength, B diffraction peak's and 0 is the Bragg angle.

In contrast, the Williamson-Hall method considers the impact of crystal size and lattice
strain on the diffraction pattern. The approach posits that the X-rays interact with a finite
number of crystallites in the sample, and that the broadening of the diffraction peaks is caused
by both the crystallites' finite size and the presence of lattice strain. According to this model,
the average crystallite size (DL) and average micro-strain (¢) were found by taking the reciprocal
of the intercept of (B cos 0) versus (4 sin 0) (Fig. 3). The main difference between the two
approaches is that the Debye-Scherer method assumes that the diffraction pattern is solely due
to the finite size of the crystallites, whereas the Williamson-Hall method considers the effects

of both crystal size and lattice strain on the diffraction pattern.



The synthesized biogenic ZnO NPs were imaged by High resolution transmission
microscope (HRTEM), Fig. 4. The images showed that almost all the particles have
semispherical shape with a little agglomeration. The electrostatic interaction between Zn*? ions
and biomolecules of C. argentea affects the final shape of the produced green ZnO NPs to be a
semispherical with a sort of agglomeration as already shown in TEM images. Similar results
obtained for the biosynthesis of green ZnO NPs from different plants extract 2623, The particle
size as calculated from HRTEM images (n= 100 particles) was found to be 21.55 + 4.73 nm,
which support the results of XRD. As listed in Table 1, the calculated average crystal size as
calculated from Scherer's equation and (W-H) methods of green ZnO NPs were found to be

24.53 + 1.35 nm and 20.4 + 2.16 nm respectively.

The following expression can be used to calculate the specific surface area (SSA), which is
defined as the total surface area per unit mass and is applicable for adsorption and reactions that
take place on the surface of the material:

SSA =S¢/B. P

where St represents the form factor of biogenic ZnO NPs, [ is the mean particle size, and p is
the density of ZnO (5.61 g. cm ). We calculate the SSA for biogenic ZnO NPs in Table 1 using

the assumption that all particles are spherical (St = 6), where particle sizes were measured using

different methodologies.
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Figure 2. XRD pattern of biogenic ZnO NPs
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Figure 3. The W-H plot for biogenic ZnO NPs
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Figure 4. HR-TEM image (a) and particle size distribution of biogenic ZnO NPs as
determined from HRTEM image (n=100) (b).



Table 1: Crystallite size (D), microstrain (g) and specific surface area (SSA) of biogenic

7Zn0 NPs calculated from XRD and HR-TEM analysis.

XRD analysis by Debye- XRD analysis by HR-TEM analysis
Scherer equation Williamson-Hall method
DL £ (103 SSA DL £(10%) | SSA (m? | DL (nm) | SSA (m?
(nm) (m?g') | (nm) gl gl
24.53 2.7 43.6 20.4 2.8 524 21.55 49.6

The antioxidant, antibacterial, and anticancer capabilities of ZnO NPs can be
improved by increasing their specific surface area and decreasing their particle size value. It
has been found that increasing the specific surface area of the ZnO NPs and decreasing the
particle size distribution both have a good impact on the aforementioned endeavors.

To begin, a larger number of reactive sites on the surface of ZnO NPs can enhance
their ability to scavenge free radicals and their antioxidant activity. The increased surface
area of the NPs prevents oxidative damage to cells and tissues by efficiently adsorbing free
radicals. This has a promise for treating a wide range of medical issues, including
cardiovascular illness, neurological disease, and even cancer. High specific surface area ZnO
nanoparticles (NPs) have a greater surface area relative to their volume, which can increase
the amount of interaction between the NPs and bacterial cells and lead to greater antibacterial
activity. This improved connection has the potential to increase the NPs' antibacterial
activity by facilitating their penetration of the bacterial cell wall and disruption of cellular
processes. This has applications in the development of antibacterial coatings for use on
medical equipment and surfaces and in the management of bacterial infections. To generate
reactive oxygen species (ROS) and cause cellular damage in cancer cells, ZnO NPs with a
high specific surface area can induce apoptosis (programmed cell death). The high surface
area of the NPs allows for more efficient ROS generation, which improves their anticancer
effect. Because of their larger surface area, NPs can more easily penetrate the tumor
microenvironment and home in on cancer cells while avoiding collateral damage to healthy

tissue. This may help in the development of more precise tumor-targeting cancer medicines.



Fourier transformation Infrared spectroscopy (FTIR) was employed in order to
investigate the possibility of Zn ions reduction and formation of ZnO NPs. Several absorption
bands were observed due to the presence of Zn O NPs and the organic molecules of C. argentea
Fig. 5-a. Vibrational bands observed at 452 and 526 cm’! corresponding to Zn-O stretching
vibration. The absorption bands appeared at 698, 1410 and 2384 cm™! are due to C-H bending
vibrations, while the band at 890 cm™ can be attributed to N-H stretching. C=C stretching
vibration appeared at 1620 cm ™! , while C=0 appeared at 2508 cm™'. Finally ,the broad band
observed approximately between 3000 to 3500 cm™! corresponding to OH vibration of hydroxyl
group. The formation of ZnO NPs was confirmed by the presence of Zn-O vibrational bands
at 452 and 526 cm™! in the FTIR spectra, which considered as the fingerprint of inorganic NPs
2628 Some functional groups were detected due to the interaction of Zn*? ions with the
biomolecules of C. argentea leaves and suggesting the successful reduction of ZnO and
formation of ZnO NPs . Fig. 5-b showed the absorption spectrum of biogenic ZnO NPs with

absorption peak at 342 nm, which is the characteristic peak for ZnO NPs *.
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Figure 5: optical spectroscopy of biogenic ZnO NPs, FTIR spectrum (a) and Uv-vis
spectrum (b).

3.2 Antioxidant activity of biogenic ZnO NPs

The antioxidant activity of biogenic ZnO NPs is attributed to the ability to donate hydrogen.
The formation of electron- hole pair in the surface of ZnO NPs has a great potential on the
reduction of H2O molecules, which can work as scavenger of DPPH molecules ' However, the
biogenic synthesis of ZnO NPs can contribute to modulate the scavenging ability due to the
presence of phytochemicals such as phenolics and polyphenolic compounds in the plant extract
3!, Theses phytochemical has their antioxidant ability, which contribute to inhibition of free

radical scavenging.



Figure 6 shows DPPH radical scavenging activity of green ZnO NPs in comparison with C.
argentea and ascorbic acid (ASC) as standard. These results reflect a dose dependent behavior
in the scavenge activity of green ZnO NPs with Icso = 91.24 pg/ml compared with Icso =58.76
pg/ml and 14.37 pg/ml for C. argentea and ascorbic acid respectively. Similar results were
reported for green ZnO NPs synthesized using DPPH assay represented in Table 2. The Icso of
aqueous extract of C. argentea was 30 pg/ml, which attributed to its phenolic content as
reported by Rukhsana Abdul Rub et.al. ** Hence, the biosynthesis of ZnO NPs using C. argentea

extract enriched its surface with biomolecules and improved it scavenge activity.

Table 2. Maximum savaging activity of biosynthesized ZnO NPs from different plants using

DPPH assay.

Plant Name Maximum activity Reference
Knoxia sumatrensis 95.8 % 33
Azadirachta indica 92 % 31
Rosa canina >90 % 34
L. pruinosum 86.5 % 35
Eucalyptus globulus 82 % 36
Trianthema portulacastrum 75 % 37
Costus igneus 75 % 38
Tecoma castanifolia 67 % 39
Andrographis paniculata 61.32 % 40

Ceropegia candelabrum 55.43% 41
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Figure 6. Savaging activity of biosynthesized ZnO NPs from C. argentea , C. argentea
aqueous extract of C. argentea and Ascorbic acid as evaluated from DPPH assay.

3.3 Antibacterial activity

Several mechanisms were reported for the antibacterial activity of green ZnO NPs, the main

three possible mechanisms were illustrated in Fig. 7 “****. The proposed mechanisms include:

e The release of Zn*? due to the interaction of ZnO NPs with the bacterial cell. The negatively
charged bacterial membrane attracted the released Zn*> via Van der Waals forces leading
to defragmentation of cell membrane, inhibition of cell growth and finally cell death.

e The generation of reactive oxygen species (ROS) including hydrogen peroxide, radical
hydroxyl, and peroxide from the surface of ZnO NPs. The generated ROS causes oxidative
stress by damaging the cell membrane, DNA and protein and subsequent cell death.

e Direct contact with the bacterial cell membrane is another mechanism for antibacterial
action of ZnO NPs. according to Heinlaan et al. and Brayner et al. the contact of bacterial
cell with ZnO NPs can cause changing in the contact area of cell membrane increasing the
membrane permeability leading to subsequent internalization of ZnO NPs and cell damage.

The physiochemical properties such as size, shape and surface chemistry side by side with the

high surface to volume ratio are the main responsible parameters for the antibacterial action of

green ZnO NPs to different bacterial strains, Table 3.

Table 3. Antibacterial activity of green ZnO NPs from different plants against different types

of bacterial strains.



Antibacterial

Plant source Bacterial strain activity Refrence
(ng/mL)
Cassia fistula Escherichia coli 20 45
Plectranthus
Staphylococcus aureus 8-10 46
amboinicus

Staphylococcus aureus,

Vitex negunda  Staphylococcusparatyphi, 15-17 43

Escherichia coli

Staphylococcus aureus,

Ceropegia Bacillus subtilis,
0.25 4
candelabrum Escherichia coli,
Salmonella typhi
Celosia Escherichia coli,
3.1 41
argentea Salmonella, Acetobacter
Bacillus cereus,
Klebsiella pneumonia,
Couroupita
Escherichia coli, 0.05-0.25 48
Guianensis
Mycobacterium luteus,
V. cholera
Caulerpa
Staphylococcus aureus,
peltata,
Streptococcus mutans,
Hypnea
Vibrio cholerae, 0.10 49
valencia,
Neisseria gonorrhoeae,
Sargassum
Klebsiella pneumonia
myriocystum

In this study, the antibacterial activity of biogenic ZnO NPs from C. argentea extract against
four types of bacterial strains; two gram positive [Staphylococcus aureus (ATCC 29213),
Bacillus subtilis (ATCC 6633)] and two gram negative [E. coli (ATCC 25922) and Salmonella
typhimurium (ATCC14028)]. The diameter of inhibition zone of green ZnO NPs , C. argentea
extract and Gentamycin as a positive control was determined using agar diffusion disk and
presented in Fig. 8. Biogenic ZnO NPs showed a significant antibacterial activity against the

four bacterial strains compared with the positive control . Similar activity had been reported for



green synthesized ZnO NPs from different plants, table 1. Moreover, the inhibition zone of C.
argentea extract against the four bacterial strains was significantly larger than that of
Gentamycin, which due to the presence of the bioactive compounds such as Alkaloids,

Flavonoids, Phenols, Terpenoids, Starch, Cellulose '>1°.

Figure 7. The possible antibacterial mechanism of ZnO NPs

Regarding the bacterial strain type, green ZnO NPs showed a higher bactericidal effect in gram
positive (S. aureus and B. subtilis) compared with gram negative strains ( E. coli and
Salmonella typhimurium). The explanation of this result was investigated by Vijayakumar et al.
and attributed to the different on the structure and components of gram-positive bacteria such
as peptidoglycan layer, which facilities the attachment and internalization of ZnO NPs to the
cell wall.

Additionally, the inhibition zone of biogenic ZnO NPs increased dramatically with
concentration increment from 25 to 100 pg/ml in the four bacterial strains. This behavior due
to the increased number of ZnO NPs diffused in the agar medium, which in contact with

reported results 7240,
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Figure 8. diameter of inhibition zone (mm) of green ZnO NPs with different concentrations (
100, 50 and 25 pg/ml), C. argentea extract and Gentamycin against gram positive bacteria (S.
aureus and B. subtilis) and gram-negative bacteria ( E. coli and Salmonella typhimurium).
3.4 Anticancer activity
One of the main advantages of ZnO NPs as an anticancer agent is their selectivity to cancer
cells. The ability of NPs to kill cancer cells varies depending on their intrinsic properties such
as their ability to produce ROS. These ROS interact with the cellular components and initiate
apoptosis. From the genetic point of view, apoptotic induction can occur through intrinsic or
extrinsic pathways due activation of caspases. Despite the fact that a large number of genes can
induce apoptosis, p53 is the master guardian of the cell, maintaining genomic stability through
activated cell-cycle checkpoints, DNA repair, and apoptosis. >'°2 . Cell cycle arrest is induced
by DNA damage and the p53 gene to allow for either self-mediated apoptosis or damage repair.
5334 The Bcl-2 level reduces resistance to apoptotic stimuli, resulting in apoptosis. *. intrinsic
pathways of apoptosis are the source of the mitochondria integrate signals. The cell death
resistance is motivated due to the activation of NF-xB that leads to downstream target gene
expression %, The NF-kB activation in the mitochondria leads to cytochrome c release, thus
triggering caspase cascades and programed cell death.

3.4.1 Cytotoxicity of green ZnO NPs against HepG2 cells



MTT assay was used to determine cytotoxicity of biogenic ZnO NPs with different
concentrations (500, 250, 125, 62.5, 31.25,15.8, 7.8, 3.91.9,1.5 and 1, pg/ml) against HepG2
cells, Fig. 9. Cell viability were decreased in a concentration dependent reduction from 100%
to 14.9 % with increasing the biogenic ZnO NPs concentrations from 0.5 to 500 pg/ml.
However, cell viability reduction was slightly small in the small concentrations from 0.5 to 15.8
pg/ml, while it increased in the higher concentrations from 15.8 to 500 pg/ml. The calculated
ICso was found to be 49.45 pg/ml, which demonstrate the anticancer potential of biogenic ZnO
NPs. These results supported the previous studies for anticancer activity of biogenic ZnO NPs
and reveals that C. argentea extract can be used as a reducing agent for ZnO NPs synthesis with

high selectivity to cancer cells and improved anticancer activity 13633,
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Figure 9. Cytotoxicity of biogenic ZnO NPs against HepG2 cells as screened with MTT
assay.

3.4.2 Cell Cycle Analysis

In order to determine the possible mechanism for anticancer activity of biogenic ZnO NPs
flowcytometry was used to analyze the cell cycle of HepG2 cells. Apoptotic rate of treated
cells with biogenic ZnO NPs elevated for S phase 39.28 %, G1/G0O was 52.68 %, 8.04 % for
the G2/M phase and 52.6 for Pre-G1 compared with cell control values 52.78 %, 42.58 %, 6.8
%, 0.58 %, respectively, Fig. 10. Also, there was a significatly elevated (P < 0.05) necrotic cells
% compared with control value (11.61 % / 6.84 %).

An observed accrual of arrested cells in the G2/M phase with increase in the apoptotic cells as

appeared in the higher number of cells in PreG1 phase, Fig. 11. Moreover, the apoptotic cells



slowed a significant elevation in the ealy and late apoptosis (22.45 %, 18.54 %) compared with
control values (0.25 %,0.158 %).

According to literature the cytotoxic effect of ZnO NPs can attributed to two main mechanisms;
necrosis and apoptosis. The exposure to ZnO NPs can induce the production of ROS or mediate
the protein activity disequilibrium. The generated oxidative stress can lead to necrosis or DNA

damage. As a result of DNA damage, mitochondrial apoptotic ( pS3 gene) pathway will

activated causing cell death by apoptosis %7
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Figure 10. Flow cytometry. Cell cycle of HepG2 cells after treatment with biogenic

ZnO NPs for 24 h. HepG?2 cells in normal phases were represented by SubGl1, S, and

G2/M, while cells undergo apoptosis/necrosis represented in G phase. (a), Analysis of



necrosis and apoptosis percentage (Total, Early and Late) of HepG2 cell before and
after treatment with biogenic ZnO NPs (b),
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Figure 11: (a) Flow cytometry for evaluation of cell cycle profile using PI and annexin V.
stains on HepG?2 cells. (b) post-treatment with green ZnO NPs on HepG2 cells.

3.4.2 RT-qPCR analysis

The mRNA expression levels showed a significant increase in Cy-c, p53 and NF-KB genes,
while the expression of antiapoptotic gene bcl-2 was significantly decreased compared with its
values in untreated control HepG?2 cells, Fig. 12.

Our study exhibited the expressions of the proapoptotic NF-KB —Cy-c genes, the master
guardian of the cell p53 gene, and antiapoptotic Bcl2 gene; suggesting that biogenic ZnO NPs
enter the cell by changing the mitochondrial membrane potential and activating the expression

of important tumor suppressor gene p53 leadingg to increasing its value 378,



6 EE Control
% 22 ZnO NPs

Gene Fold Change

CyC P53 NF-KB Bcl-2
Target gene

Figure 12. mRNA levels of pro-apoptotic and anti-apoptotic genes HepG2 cells treated
with biogenic ZnO NPs.
Similar results were reported for apoptotic induction after treatment with biogenic ZnO NPs.
Line M. et al. *® investigated the apoptotic induction of biogenic ZnO NPs, they observed the
downregulating of antiapoptotic genes of Bcl-2, AKTI1, and JERK/2 and upregulating of
proapoptotic genes of p21, p53, JNK, and Bax in Pichia kudriavzevii GY1 yeast after treatment
with biogenic ZnO NPs. Moreover, Alrokayan et al.® reported the upregulating of p53 and bax
genes and downregulating of antiapoptotic gene Bcl-2 in HepG2 cells after treatment with ZnO
NPs. In another study ZnO NPs synthesized form E. prostrata were found to promote
autophagy, upregulate the expression of p53 and Caspase3, and trigger the apoptosis °°. While
ZnO NPs synthesized form Artemisia scoparia extract caused upregulated pro-apoptotic genes
while downregulating anti-apoptotic genes®.
According to the obtained results, the anticancer activity of biogenic ZnO NPs caused by
activation of apoptotic protease activator, decomposes DNA polymerase, and damages cell
DNA, which in contact with the reported results 2>6162,
Conclusion
Biogenic synthesis of NPs is a powerful technique to produce NPs with unique properties. The
reduction of Zn ions was assessed by the biomolecules of C. argentea extract. The reduction

process didn’t affect the structure of the formed ZnO NPs, on the contrary a significant

enhancement on its bioactivity was observed. The possible mechanisms of antioxidant,



antibacterial and anticancer activities were investigated in order to figure out the role of C.
argentea extract on the bioactivity of ZnO NPs. The biogenic synthesis of ZnO NPs can
contribute to modulate the scavenging ability due to the presence of phytochemicals such as
phenolics and polyphenolic compounds in the plant extract. The physiochemical properties
such as size, shape and surface chemistry side by side with the high surface to volume ratio are
the main responsible parameters for the antibacterial action of biogenic ZnO NPs to different
bacterial strains. The anticancer property of biogenic ZnO NPs due to the generation of ROS or
mediate the protein activity disequilibrium. The generated oxidative stress can lead to necrosis
or DNA damage. As a result of DNA damage, mitochondrial apoptotic ( p53 gene) pathway
will activated causing cell death by apoptosis.
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