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ABSTRACT

Background: The present study was aimed at the green synthesis and characterization of
zinc oxide nanoparticles (Zn0O-NPs) derived from Aspergillus niger, and the evaluation of their
cytotoxic effects on the prostate cancer cell line (PC-3).

Method: The synthesized NPs were characterized by various analytical techniques, including
ultraviolet-visible spectroscopy (UV-Vis), atomic force microscopy (AFM), Energy Dispersive
X-ray (EDX) and Field Emission Scanning Electron Microscopy( FE-SEM). Furthermore, the
cytotoxic effects on PC-3 cells were investigated using high- content screening and caspase
- 8 and caspase -9 activity assays.

Result: The results demonstrated the ability of the ZnO-NPs to reduce cancer cell viability in
a dose-dependent manner within 1C50 of 9.712 pg/mL in comparison to an IC50 of 170. 2 g/
mL for the normal cell line (HdFn). A significant increase in caspase - 8 and caspase - 9 activity
was also observed when PC-3 cells were treated with ZnO-NPs (200 ug/mL). Furthermore,
increased mitochondrial membrane permeability, cytochrome c levels, and nuclear intensity
were observed with Zn0-NPs (200ug/mL) compared with the untreated control.
Conclusion: These findings show that ZnO-NPs synthesized from fungal extract possess
potent cytotoxic effects on human prostate cancer cell lines. as demonstrated by high-
content screening and caspase-8 and 9 activity assays.
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INTRODUCTION

Cancer is a significant burden on human health and represents the second
leading cause of death worldwide. According to the World Health Organization
(WHO), cancer - related deaths are more prevalent in developed countries than
in developing ones (1). Cancer treatment remains challenging and over the past
decade, it has become a leading cause of mortality in developing nations.
Therefore, cancer is a critical problem impacting human societies globally. At
the tissue level, cancer encompasses a variety of diseases , diagnosing it is the
primary challenge, followed by the efficacy of treatment (2). Prostate cancer
(PCa) is a leading causes of illness and death in both developing and under-
developed nations. (3). PCa is a major contributor to cancer incidence in males
globally, including in the United States, where it was expected to account for
191,930 new cases and 33,330 deaths in 2020 (4).
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Cancer has developed into one of the most
metastatic diseases , it lack a definitive cure and
frequently resists chemotherapy and radiation (5).
Therefore, there is an unmet need for more advanced
chemo-preventive substances that can stop or slow the
development of cancer (6). Anticancer drug develop-
ment research aims to identify natural and synthetic
compounds that can be used in treatment to increase
effectiveness while reducing toxicity. In recent years,
researchers have focused on the topic of nano-
technology, which has made significant great in
producing pharmaceuticals for cancer treatment. As
drug carriers, nanoparticles (NPs) deliver drugs directly
to the tumor site while preserving healthy tissue,
offering numerous advantages over traditional chemo-
therapeutic drugs (7,8). In recent years, researchers
have focused on nanotechnology, which has made
significant progress in producing pharmaceuticals for
cancer treatment. As drug carriers, nanoparticles (NPs)
deliver the drug directly to the tumor site while
preserving healthy tissue. In this context, green
nanotechnology is a developing field for producing
environmentally friendly materials that contribute
to sustainable development (9,10). Biosynthetic
techniques eliminate the use of harmful chemicals,
reduce high energy demand, and avoid the need for
high pressures and temperatures. This process involves
the use of living organisms such as bacteria, fungi,
algae, yeasts, molds, viruses, and mostly plants (11,12).

These organisms act as miniature nano-factories
where the enzymes, proteins or biomolecules they
release facilitate the selective reduction metal ions into
their respective metal or metal oxide NPs (13). Fungi
produced enzymes that can be employed to synthesize
nanoparticles of defined size and shape; Unlike other
microorganisms, fungi can endure high agitation and
flow pressure effectively (14). The endopytic fungus
Aspergillus niger has been utilized for the production
of zinc oxide nanoparticles (15). The exploration of
semiconductor nanoparticles including ZnO-NPs has
emerged as a key area of scientific research, due to
their essential role in advanced technological applica-
tions. As semiconductor material are reduced to the
nanoscale, their chemical and physical properties.
undergo substantial alteration, resulting in unique
features related with large surface area and quantum
size effects. These changes significantly impact the
optical properties of the semiconductor's such as
its refractive index and absorption coefficient and
conductivity (16)

The use of ZnO-NPs in cancer treatment has
attracted significant interest from researchers, with
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numerous studies show casing their anticancer
properties (17). The present study aimed at the
synthesis and characterization of ZnO-NPs by A. niger to
be applied for cytotoxic and anticancer activities.

MATERIALS AND METHODS

Preparation and Standardization
of Aspergillus niger Inoculum

To ensure precision and reproducibility in antifungal
susceptibility testing, Aspergillus niger was previously
identified by PCR and obtained from the Fungi
Laboratory at the Centre for Environment, Water, and
Renewable Energy (Ministry of Higher Education and
Scientific Research, Iraq) was utilized. The fungal strain
was sub-cultured on Potato Dextrose Agar (PDA)
supplemented with 250 mg/L of chloramphenicol to
inhibit bacterial contamination and incubated at 28°C
for five days. For inoculum preparation, fungal colonies
grown for 5-7 days were transferred into sterile tubes
containing 5-10 mL of sterile distilled water or saline,
following the methodology described by (18). The
resulting mixture, consisting of conidia and small
hyphal fragments, was allowed to settle to remove
heavier debris. Subsequently, the suspension was
standardized to a final concentration of 1-5 x 103
cells/mL by direct microscopic counting using a
haemocytometer, in accordance with the CLSI M38-A2
guidelines.

Preparation of Aspergillus niger extract

To prepare the fungal biomass for NPs biosynthesis,
the A. niger was cultured aerobically of Potato Dextrose
Broth media in 1000 mL. The broth was supplemented
with chloramphenicol (250 mg/L) as an antibacterial
agent and the pH was adjusted to 6.5. The flasks
containing above media were incubated at 28 oC for 14-
21 days in shaking incubator then agitated at 150 rpm.
After the incubation, fungal mycelia were separated
from broth by filtration with sterile Whatmann filter
paper No. 1 and the settled mycelia were washed with
sterile distilled water followed by a washing step with
deionised distilled water to remove any medium
components from the biomass that might interact with
metal ions. 20 grams of fungal biomass were weighted
and inoculated in 200 mL deionized water for 72 hours
in 500 mL Erlenmeyer flask and agitated as earlier
described. After the incubation, the cell filtrate was
separated by filtration through Watmann filter paper
No. 1 the watery filtrate was dried in a hot air oven at
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55-60°C for a whole night before being used in the
biogenesis of nanoparticles (19).

Biosynthesis of the Zinc Oxide Nanoparticle

The biogenic production of ZnO-NPs was conducted
using a modified methodology (20,21). 10% fungus
extract solution (15 mL) was added conical flask
containing 1000 mL of 0.06 M into zinc sulphate
solution, when the temperature attained 60 °C on a
magnetic stirrer and was maintained for approximately
2 hours. The addition sodium hydroxide (0.1M) sub-
sequently neutralised the mixture's acidity. Under
intense agitation, the stirring was sustained for 12
hours. Following that, the mixture was kept at 60 °C for
the entire night in order to make a creamy paste. This
paste was collected and washed several times with a
solution of distilled water: Ethanol (3:1). Following its
transfer to a ceramic crucible, the paste was baked for
24 hours at 50°Cin an electric oven before being ground
into powder using an agate mortar. Finally, resultant
white powder is kept for characterisation in an airtight
container.

Characterization of ZnO-NPs

UV-Vis Spectroscopy

The absorbance spectra of nanoparticle solution
were analysed using UV-VIS double- beam spectro-
photometer (Shimadzu, Japan). All spectra were
collected in a quartz cell with a 1 cm optical path length
at ambient temperature, using as a deionised distilled
water as a control. The absorbance was measured
using the wavelength range of 200 — 800 nm, and con-
centrated samples were diluted at a ratio of 1:10 (22).

FE-SEM Analysis

The surface morphology was analysed using a field
emission scanning electron microscope FE-SEM
(Bruker, USA) (23). Samples were prepared by applying
seven drops of the nanoparticles suspension onto a
glass slide and allowing them to dry.

AFM Analysis

The surface morphology of the nanoparticles was
examined using an Atomic Force Microscope (Perkin
Elme, USA) in contact mode and under normal
atmospheric conditions. A solution of the nanoparticles
was applied as drops on a glass slide (1x2 cm) and
allowed to dry, the slide was placed on the AFM sample
stage, and the analysis was conducted according to the
standard procedure (24).
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EDX Analysis

Elemental composition was determined using an
Energy Dispersive X-ray (EDX) system (Zeiss, Germany)
equipped with an Oxford Instruments INCA 350
detector, featuring a 10 mm? area and a resolution of
133 eV at manganese (Mn) (25).

Biological Activity

MTT assays, High- content screening (HCS) and
Caspase- 8 and Caspase-9 assays were performed at
the Natural Product Research and Drug Discovery
Centre, located in the Department of Pharmacology at
the Faculty of Medicine, University of Malaya, Kuala
Lumpur, Malaysia.

Cytotoxic Effect of ZnO-NPs on PC-3
Cancer Cell Line

MTT Assay

The cytotoxic effects of ZnO-NPs were evaluated on
both the PC-3 cancer cell line and the HdFn normal
fibroblast cell line (used as a control) using an MTT
assay (Bio-Rad, USA). Cells were maintained and
cultured according to established protocols. Briefly,
cells were grown in culture flasks until a confluent
monolayer was achieved. The cells were then detached
using 3 mL of trypsin-versene solution and incubated at
37°C for 1-2 minutes. Subsequently, 15 mL of RPMI
medium was added to neutralize the trypsin, and cell
density was determined using a hemocytometer. PC-3
and HdFn cells were seeded in 96-well microtiter plates
at a density of 1 x 10* cells/mL in a final volume of
200 pL per well and incubated at 37°C for 24 hours.
Following this, the medium was replaced with fresh
medium containing varying concentrations of ZnO-NPs
(25-400 pg/mL). All experimental treatments and
control groups were performed in triplicates. After 24
hours of exposure to the nanoparticles, 10 uL of MTT
solution was added to each well, and the plates were
incubated for 4 hours at 37 °Ciin a 5% CO2 atmosphere.
Finally, the medium was removed, 100 uL of the kit
solubilization solution was added, and the plates were
incubated for 5 minutes. The formation of formazan
was quantified by measuring absorbance at 570 nm
using an ELISA microplate reader (26).

High-Content Screening Assay

The cytotoxicity of ZnO-NPs on PC-3 cells was
evaluated using the Thermo Scientific Cellomics multi-
parameter cytotoxicity kit. Cells were treated with
varying concentrations of ZnO-NPs (25, 50, 100, and
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200 pg/mL), and all experimental procedures were
performed in triplicates for each concentration to
ensure statistical reliability. To detect cellular changes,
primary antibodies such as Cytochrome C and
fluorescent dyes including DyLight™ 649 and Hoechst
stain were utilized to assess parameters such as cell
membrane permeability, mitochondrial membrane
potential (MMP), and cytochrome c release. The
samples were subsequently analyzed using an
ArrayScan XTI computerized imaging microscope
(Thermo-Scientific) equipped with a Zeiss 40 x 0.75 NA
objective lens to quantify the fluorescence intensity in
treated cells compared to the untreated cell (27).

Caspase-8 and Caspase-9 Activity Assays

The activity of Caspase-8 and Caspase-9 was
measured to detect the induction of apoptosis using
the Caspase-Glo® assay (Promega, USA) according to
the manufacturer's protocols. PC-3 cells were seeded
at a density of 1 x 10* cells/mL in 96-well plates and
exposed to different concentrations of ZnO-NPs (50,
100, and 200 pg/mL) for 24 hours, with all treatments
conducted in triplicates. Following the incubation
period, 100 m L of Caspase-Glo 8 and 9 reagents were
added to each well, and the plates were incubated
at room temperature for 30 minutes. The assay
mechanism relies on the cleavage of an aminoluciferin-
labeled synthetic tetrapeptide substrate by the active
enzymes within the apoptotic cells, resulting in
luminescence that was measured using a microplate
reader (28).

Statistics

A one-way analysis of variance ANOVA (Tukey Test)
was performed to test whether group variance was
significant or not, statistical significance was defined as
*p £ 0.05 and **p < 0.01. All experiments were
performed in triplicates and data were expressed as

meanz standard deviation and statistical significances
were carried out using Graph Pad Prism version 8
(Graph Pad Software Inc., La Jolla, Co).

RESULTS

Biosynthesis of zinc oxide nanoparticles
(ZnO-NPs)

Fig. 1 shows the synthesis of ZnO-NPs during the
formation of a white precipitate of the end of the
reaction using a reduction of aqueous zinc sulphate
solution with cell-free filtrates of fungus A.niger at 28°C
temperature. The ability of A. niger on synthesis of
nanoparticles from zinc sulfate ZnS04.7H20 and
reduced the particles from micro to nano size were
depended on the enzymes and the metabolic pathways
that needed from fungal isolate. The precipitate
was dried and used to study various charactererstic
including UV-VIs, AFM, EDX and FE-SEM.

Characterization of Synthesized Zinc Oxide
Nanoparticles

UV - Visible spectroscopy analysis of ZnO-
NPs

UV-visible spectroscopy is a essential technique for
confirming the synthesis of zinc nanoparticles
(ZnONPs). The absorbance of the ZnO-NPs was
measured, and the results illustrated in fig. 2. Table 1
displays the absorbance values at various wavelength.
the ZnONPs showed a maximum absorbance value of
3.763 at wavelength 233 and a minimum absorbance
value of 0.3 at 301 nm.

FE-SEM Analysis of ZnO - NPs

The morphology of zinc oxide nanoparticles (ZnO -
NPs) was analyzed using a field emission scanning

Figure 1 - Synthesis steps Zn0- NPs:
(a) Dried A. niger extract, (b) Mixture
reaction (ZnS04.7H20 Salt with
extract) after adding NaOH and
(c) ZnO-NPs
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Table 1 - UV-Visible spectral analysis of Zn0- NPs

1139 ; . 3
Absorbance Wavelength NO
3,000+ g 0.310 301.00 1
§ 3.763 233.00 2
S 2000+ g
2
= 1_9001 \ J Table 2 - Elemental analysis of Zn0-NPs by EDX
\v,l\u No Element W% A%
pyan - , 1 Carbon 7.43 11.52
200,00 400.00 §00.00 800.00 2 Oxygen 63.80 74.90
Wavelength (nm) 3 Sulfur 2063 11.97
Figure 2 - UV- Visible spectral analysis of Zn0-NPs 4 Zin 8.14 2.32
100.00 100.00

Figure 3 - Field emission scanning
electron microscopy (FE-SEM)
morphology of the zinc oxide
nanoparticles (Zn0-NPs) at (a) MAG
50.0 KX and (b) MAG 200 KX

electron microscope (FE-SEM), and the result s are
shown in fig. 3. The ZnO-NPs appearance spherical
shape with a diameter ranging from 23.46 to 48.1 nm,
and have a relatively uniform morphology.

EDX Analysis of ZnO -NPs

The EDX spectra of the synthesized zinc nano-
particles confirm their purity . indicating the presence
of essential zinc and oxygen phases, as shown in
table 2. The atomic percentage of zinc was 02.32%,
with a weight percentage of 8.14%. In contrast, oxygen
atomic weight was 74.20%, while its weight percent-
age was 63.80%. Additionally, the presence of minor
constituents in the ZnO- NPs s can be attributed to
the A. niger extract , as illustrated in fig. 4. The EDX
spectra exhibited three peaks for at approximately 1
keV, 8.6 keV, and 9.6 keV, along with a single peak for
oxygen at around 0.5 keV, which are characteristic
features of ZnO nanoparticles.

AFM Analysis of ZnO- NPs

Atomic force microscopy (AFM) was utilized to
evaluated the surface morphology of ZnO-NPs
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Figure 4 - Spectrum of elemental analysis of Zn0-NPs by EDX

synthesized with A. niger filtrate. Both two dimen-
sional and three-dimensional AFM images were
obtained in non-contact mode as shown in fig. 5.
These results agreed with which reported that the
resulting morphological characteristics of the zinc
nanoparticles exhibited uniform particles with an
average size ranging from 20 to 100 nm.
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Line fit 30.1 nm
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Z-Axis - Scan forward  Line fit

Figure 5 - Three and two dimensional image of Zn0 -NPs by AFM

Cytotoxic Effects of the ZnO-NPs Using
MTT Assay

The results of these parameters indicated that cell
viability was decreased in PC-3 cell viability percentage
noted by 400 pg/ml (44.48+1.34) while 25 pg/ml
represented the uppermost cell viability to be reached
(88.61+ 0.86). The IC50 rate of 9.712 pg/ml of ZnO NPs
cytotoxicity effect on cancer cells while the IC50 of 170.2
pg/ml on normal cell HdFn as shown in table 3 and fig. 6.

Cytotoxic Effects of ZnO-NPs on PC-3 Cells
Using HCS

The cytotoxicity of ZnO-NPs in PC-3 cells for 24 h
was evaluated by HCS. Four ZnO-NPs concentrations
(25,50,100 and 200 pg/mL) were used to detect
changes in PC-3 cell viability, nuclear intensity,
membrane permeability, mitochondrial membrane
potential, and cytochrome C. The significant alterations
in such parameters were investigated in comparison
with untreated cells as control results in fig. 7, hardly
confirm MTT results, in which the viability of PC-3
decreased by increasing the concentration of ZnO-NPs

Table 3 - The cytotoxic effect of Zn0-NPs on HdFn and PC-3 cell lines
Mean viability(%) = SD

Concentration pg / ml

HdFn PC-3
400 79.20+1.57 44.48+1.34
200 84.14+2.23 51.35:1.44
100 89.89:2.18 64.50+1.77
50 93.40:0.53 73.99:4.16
25 94.25+1.14 88.61:0.86
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Figure 6 - Cytotoxicity effect of of ZnO - NPs on HdFn and PC-3 cell
lines

compared with untreated cells. No significant alteration
in viability was detected in cells treated with 25 and

VCC

8000—
—
2
= - * %
£ 6000 R
= —
]
&
g 4000=
)
2
Z 2000
i
[:+]
=
=T

= T T
Untreated 200 100 50 25
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Figure 7 - Cytotoxicity effect of Zn0-NPs on viable cell count of PC-3
cell line on multipara system High Content screening at 37°C. Data
expressed as (meanx SD) **,,*** p < 0.05, SD: Standard Deviation,
(n=3)
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Table 4 - Cytotoxic effects Concentration

HCS Parameters

of Zn0- NPs on cellular  (pg/ml) (Mean + SD)
parameters by HCS vce I cmP MMP cc
Untreated 5688+ 94.75°  458+4.24° 237:565°  768:4.24° 460+989°
200 4401:107.48°  6815:9.19° 257+848°  5575:636°  679:565"
0 4983+ 164.04°  566:424°  2325:1202°  646:183°  5785:4.94°
50 54215+4879° 474519197  2325:070°  765:565° 456:282°
25 5667 + 22.62 * 4645 +14.84°¢ 229 +£9.89° 7705+919° 455+9.89°

VCC: Viable Cell Count; TNI: Total Nuclear Intensity; MMP: Mitochondrial MembranePotential; CMP: Cell Membrane
Permeability; CC: Cytochrome C. Letters (a, b and c) are significant at p < 0.05, (n = 3)

50 pg/mL However, the viability of PC-3 cells was
significantly decreased at 200 pg/ mL (4401 +107.48)
compared to the untreated cells as seen in table 4.

Similarly, the total nuclear intensity (TNI) increased
significantly at 200 pg/mL-1 (681.5 = 9.19) and 100
pg/ml (566 + 4.24), indicating enhanced nuclear
damag. In contrast lower ZnO-NPs concentrations (25
and 50 pg/ml) showed no significant difference in
nuclear intensity, compared to the untreated control
fig. 8.

On the other hand, no significant differences were
recorded to cell membrane permeability between
untreated cell and ZnO-NPs treatment at all concentra-
tions fig. 9.

RESULTS

Figure 10 showed a dose-dependent decline in
MMP intensity by increasing ZnO-NPs concentration
with (557.5 * 6.36) at 200 pg/ ml, comparing to
untreated control. Regarding cell compactness (CC),
elevated values were detected at 200 pg/ml (679 +

CMP
300 ns
o
"‘ﬁ ——
S - -
=
- 200
=
-]
=
3
S
2 100+
-]
=
)
2
= 0=
L) | L)
Untreated 200 100 50 25

Cone. (¢g/ml)

Figure 9 - Cytotoxicity effect of Zn0 -NPs on cell membrane
permeability of PC-3 cell line on multipara system High Content
Screening at 37°C. Data expressed as (mean + SD),

SD: Standard Deviation. (n = 3),NS: non-significant.
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Figure 8 - Cytotoxicity effect of ZnO -NPs on the nuclear intensity
of PC-3 cell line on multipara system High Content Screening
at 37°C. Data expressed as (mean = SD) *** **** p < 0.05,

SD: Standard Deviation.

5.65) and 100 pg/ml (578.5 + 4.94), indicating
alterations in cellular structure, possibly due to
apoptotic progression. In contrast, lower concentrations
(25 and 50 pg/ml) showed no significant differences
compared to the untreated cell in most parameters

fig. 11.

1000 MMP
=
E 800 *k ok
= * ok kK —
= 600- —
(=]
-
= 400
=
S 2004
<
= 0- T T T
Untreated 200 100 50 25

Conc. (xg/ml)

Figure 10 - Cytotoxicity effect of Zn0- NPs on mitochondrial membrane
permeability of PC-3 cell line on multipara system High Content
Screening at 37°C. Data expressed as (mean = SD) ***, ****

p < 0.05, SD: Standard Deviation. (n = 3). .
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Figure 11 - Cytotoxicity effect of Zn0 -NPs on cytochrome C of PC-3
cell line on multipara system High Content Screening at 37°C. Data
expressed as (mean + SD)* *** * *** p < 0.05, SD: Standard
Deviation. (n = 3).

Caspase-8 and Caspase-9 Induction

Caspase-8 and caspase-9 are cysteine protease
initiators that regulate the activation of series of
effector caspases and mediate programmed cell death.
The induction and activity levels of caspase 8 and 9
were detected in PC-3cells treated with ZnO-NPs. As
shown in fig. 12 a significantly dose dependent
increasing in caspase 8 activity was detected in PC-3
treated with ZnO-NPs at concentrations 100 pg/ml
(32972 + 2971.75) and 200 pg/ml (48466 + 3580.018)
compared with the untreated cell table 5.

On the other hand, the activity of caspase-9 was
also determined by examining PC-3 cells treated with
increasing concentrations of ZnO-NPs for 24 hrs.
Results in fig. 13, illustrates that the activity of caspase
-9 significantly increased at ZnO-NPs concentration 200
pg/ ml with (27903 + 3065.134) increase, comparing
with untreated cells after 24-hour table 6.

DISCUSSION

Biosynthesis of Zinc Oxide Nanoparticles
(ZnO-NPs)

Nanoparticles have gained significant attention due
to their unique physicochemical properties, which
enable them to conjugate with other functional groups
owing to their charged surfaces (29). Among these,
zinc oxide nanoparticles (ZnO-NPs) have attracted
considerable interest in recent years due to their small
size and high surface-to-volume ratio, making them
ideal candidates for diverse applications, including
biomedicine, electronics, and agriculture (30) The
biosynthesis of ZnO-NPs using endophytic fungi has
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Figure 12 - Activation of caspase -8 activity by Zn0-NPs.
Results were increase compared with untreated cell.
Data represents mean = SD of three independently

repeated experiments

Table 5 - Comparison of caspase-8 activity in luminescence
(Mean= SD) in PC3 treated cells with 50, 100 and 200 pg/mi
Zn0-NPs for 24 hrs compared with untreated cells.

Concentration (pg/ml) Mean activity + SD Sig P Value
Untreated Cells 16216 + 114963 0000 0000
100 - 32972 £2971.75 0.0006
200 48466+3580.018 e <0.0001
e A
I 1
40000- ns
o
S5 30000 T
g
=2 20000 __
SE
s= 10000
0 T T
control 100 200

Cone. (xg/ml)

Figure 13 - Activation of caspase-9 activity by Zn0-NPs.
Results were increase compared with untreated cell.
Data represents mean = SD of three independently

repeated experiments

Table 6 - Comparison of caspase-9 activity in luminescence
(Mean = SD) in PC3 treated cells with 50, 100 and 200 pg/ml
Zn0-NPs for 24 hours compared with untreated cells.

Concentration(pg/ml) ~ Mean activity = SD Sig P Value
Untreated Cells 14664.33 + 1306.5 0000 0000
100 B 1767633103831  Ns 01945
200 27903 + 3065.134 0.0004
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emerged as a promising, eco-friendly, and cost-
effective alternative to conventional physical and
chemical synthesis methods (31). Several studies have
reported the biosynthesis of ZnO-NPs using endophytic
fungi, such as Fusarium oxysporum, Aspergillus
fumigatus, and Trichoderma viride. In this process,
metal ions are reduced to their corresponding
nanoparticles, which are subsequently stabilized
by various biomolecules, including proteins, poly-
saccharides, and enzymes secreted by the fungi (32). In
the present study, ZnO-NPs were synthesized using the
biomass of Aspergillus niger via an extracellular
process. The formation of ZnO-NPs was confirmed by
the appearance of a white precipitate at the end of the
reaction. This phenomenon is attributed to the
surface plasmon resonance (SPR) effect, following the
reduction of Zn* ions from zinc sulfate in an aqueous
medium. The fungal filtrate acts as both a reducing and
a capping agent, facilitated by the presence of various
extracellular proteins and enzymes (33,34).

Characterization of Synthesized Zinc Oxide
Nanoparticles

The UV-Vis absorption spectrum provides critical
insights into the electronic changes occurring in the
produced nanoparticles. The detected absorption
bands correspond to specific electronic transitions and
can provide information about the nanoparticles’ size,
structure, and optical properties (35). This analysis
showed an absorbance peak at 301 and 233, which was
specific for the zinc oxide nanoparticles (36). The shift
of the absorbance peak towards higher wavelengths
indicate a transition from bulk materials to the
nanoscale. This change is likely due to electron
transitions, where an electron absorbs energy and
moves from a lower energy state to a higher one (37).
The diameter ranging of the spherical ZnO-NPS from
23.46 to 48.1 nm, the presence of larger particles may
be result from unwanted aggregation occurring during
the drying process. Agglomeration initiates as the liquid
evaporates, resulting in an increased concentration of
particles. The rising concentration of dissolved ions due
to evaporation can reduced the electrostatic repulsive
forces, thereby promoting agglomeration (38). The
EDX analysis showed the presence of the expected
constituent elements with minimal impurities, indicating
the high purity of the sample and the effectiveness of
the biological synthesis process. While AFM analysis
revealed that the synthesized particles exhibited a
uniform size distribution with an average size of
approximately 73.99 nm. This indicates the efficiency of
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the synthesis method in controlling nanoparticle size
and minimizing agglomeration. The results of EDX and
AFM agreed with (39,40), respectively.

Cytotoxic Effects of the ZnO-NPs Using
MTT Assay

Cancer is typically treated by conventional therapies
such as chemotherapy, radiotherapy, and surgery.
Although all these therapies are very effective in killing
cancer cells, but they also result in many serious side
effects. Recently, nanotechnology-based nanosystems,
which exhibt biocompatibility, easy surface functionali-
zation, cancer targeting and drug delivery capacity, have
demonstrated the potential to overcome these side
effects. ZnO NPs as nanomaterials can effectively
improve the stability of clinical drugs and improve
patients' drug absorption capacity. ZnO NPs have an
important anticancer role in a variety of cancer types
(41,42).

The anticancer effects of zinc oxide nanoparticles
(ZnO-NPs) on cancer cells can be explained during
several mechanism. One of the primary mechanisms is
the increased accumulation of reactive oxygen species
(ROS) within cancer cells, as demonstrated in various
studies. ROS are highly reactive molecules that can
induce oxidative stress, disrupt cellular processes, and
ultimately result in DNA damage and cell death (43).
Our cytotoxicity results are in agreement with recent
studies showing that ZnO -NPs significantly induce cyto-
toxicity effects cancer cells while showing minimal
effects on normal cells (44). For example, research has
shown that ZnO-NPs exerted cytotoxic effects on
several human glioma cell lines, including A172, U87,
LNZ308, LN18, and LN229, (A172, U87, LNZ308 LN18,
and LN229), and no cytotoxic effect was observed on
normal human astrocytes. ZnO-NPs displayed a strong
capacity to induce cell death in human myeloblastic
leukemia cells (HL60) in comparison to normal periph-
eral blood mononuclear cells. (45).

Cytotoxic Effects of (ZnO-NPs) on PC-3
Cells Using HCS

High- content screening assay are powerful
predictive assays for assessing morphological changes
in cells resulting from toxic effects providing quantita-
tive assessments of various parameters related to
toxicity (46). Cell viability is an important toxicity assay
parameter and is directly associated with the toxic
effects of a drug (47). is a fundamental parameter in
toxicity assay and is directly correlated with the
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harmful effects of drugs. Research has shown that zinc
oxide nanoparticles (ZnO-NPs) lead to a decrease in cell
viability in PC-3 cells, with this reduction being
influenced by both the concentration of ZnO -NPs and
the density of the cells. Such effects may be due
to cytostatic and cytotoxic mechanism that could
potentially reduce telomerase activity (48).

The intensity of mitochondrial membrane
permeability in PC-3 cells increases with higher concen-
tration of ZnO-NPs, a result of necrosis or apoptosis,
which disrupt mitochondria function. These changes
can lead to a loss of mitochondrial membrane potential
and the release of cytochrome c from the mitochondria.
(49). Changes in cell membrane permeability are often
associated with a toxic or apoptotic response and cyto-
toxicity can damage membrane integrity (50). ZnO-NPs
can alter the lipid composition and structural arrange-
ment within both intracellular and plasma membranes,
resulting in changes to plasma membrane permeability
during the activation of second messenger pathway via
the phospholipase pathway and sustained protein
kinase C activation. This increased membrane
permeability, along with extended protein kinase C
activity, can also affect the binding of rod outer
segments (51).

Mitochondrial membrane potential is a crucial
indicator of functional mitochondria and treatment
with ZnO- NPs at different concentrations reduces this
potential in PC-3 cells in a dose-dependent manner. It
was suggested that ZnO-NPs may disrupt the
permeability transition pores of mitochondrial mem-
brane, allowing the transition of molecules and ions
that interrupts the respiratory chain, facilitates the
release of cytochrome C and triggering apoptosis (52).

Caspase-8 and Caspase-9 Induction

The discovery of novel and effective antitumor drug
that specifically target tumor cells by activation of
apoptosis become a vital concern in cancer treatment
(53). The molecular mechanism of ZnO-NPs contains
apoptosis during the activation of effector caspase-8
and 9 was investigated. The treatment of PC-3 cells
with ZnONPs significantly stimulated the cleavage of
caspases- 8 and 9 precursors in dose dependent
pattern, resulting in increased activation of both
enzyme and thus induced intrinsic and extrinsic
pathway of cell apoptosis.

The increased level of caspase 8 strongly indicate
that treatment with ZnO-NPs activates this caspase.
The activation of caspase-8 is directly associates to
series of cellular event leads to apoptosis, starting with
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the truncation of the Bid protein by caspase-8 into its
active pro apoptotic form (tBid) which connects the
receptors mediated activation of caspase-8 to mito-
chondrial cell death events (54,55). Additionally, the
activation of caspase-9 by ZnO-NPs, suggests that likely
mediate the mitochondrial cell death pathway in PC-3
cell confirmed by the observation of mitochondrial
membrane disruption, cytochrome C release into the
cytoplasm and subsequent elevation in caspase-9 level
Moreover, ZnO-NPs considered as natural inhibitor
of 5-lipoxygenase, a proinflammatory enzyme that
catalyzes the biosynthesis of leukotrienes that
accountable for many diseases (56).

CONCLUSION

The A. niger extract-derived ZnO nanoparticles
(ZnO-NPs) were studied for their anticancer properties.
The high cost and adverse side effects associated
with conventional chemotherapeutic agents have
necessitated the exploration of natural products as
potential alternatives or adjuvants to conventional
anticancer drug. The results demonstrated that zinc
oxide nanoparticles (ZnO-NPs) of A. niger extract
promising anticancer properties. However, further
research is needed to determine the precise
mechanism of action against the prostate cancer, so
that this novel (ZnO-NPs) formulation can be verified in
a specific in vivo model and further utilized for the good
of global society.
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