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Abstract

The present study focuses on the eco-friendly synthesis of silver (Ag-NP) and zinc oxide (ZnO-NP) nanoparticles
using Ficuscarica leaf extract as a highly efficient reducing agent. The successful formation of (Ag-NP) and (ZnO-NP) was
visually confirmed by observing the change in color or turbidity of the solutions. Additionally, characterization techniques
such as UV-Vis spectroscopy, TEM, FT-IR, and XRD were employed to further investigate the synthesized nanoparticles.
The UV-Vis spectrum exhibited a peak at 445, 380 nm, indicating the existence of Ag-NP and ZnO-NP, respectively. FT-IR
analysis confirmed the presence of various functional groups and their corresponding bonds in the fabricated nanoparticles.
Moreover, TEM analysis accurately determined the size in nanoform. The antiviral and cytotoxic activities of Ag-NP and
ZnO-NP were evaluated against the HIN1 influenza virus, adenovirus, and Herpes Simplex Virus type 2 (HSV-2). Both types
of nanoparticles showed antiviral properties against all viruses. For Adenovirus, ZnO-NP showed a CCso of 119.430ug/ml,
while Ag-NP showed a CCso of 190.18pg/ml, indicating that ZnO-NP was relatively more cytotoxic. Ag-NP had a lower ICso
of 22.585 ug/ml against HSV-2 when compared to ZnO-NP, which showed an 1Cso of (77.745 pg/ml), demonstrating the
greater efficacy of Ag nanoparticles. For HIN1, Ag-NP had a lower ICso (23.03 pg/ml) than Zn nanoparticles (33.2 pg/ml),
which displayed comparable outcomes. ZnO-NP showed better HIN1 specificity, although Ag-NP generally showed better
antiviral activity and decreased cytotoxicity.
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1. Introduction:
Throughout history, viral pandemics have had
devastating consequences, leading to significant loss
of life. The "Antonine Plague" in 165-180 CE,

can initially suppress viral infections, their long-
term[9,10] effectiveness is often compromised by the
emergence of drug-resistant strains[11]. Moreover,
conventional antiviral agents, while effective, can

potentially caused by smallpox or measles, resulted
in an estimated 5 million deaths [1,2] . The "Spanish
Flu™ of 1918-1919, caused by the HIN1 influenza A
virus, caused an estimated 50-100 million deaths
worldwide [3,4]. The ongoing HIV/AIDS, starting in
1981, has resulted in over 36 million deaths globally
[4]. The COVID-19 pandemic caused by the SARS-
CoV-2 virus has led to more than 3 million deaths
worldwide [5]. The emergence of various virus
strains poses a significant challenge in the prevention
of viral infections. In response to the rapid changes
in viral antigens, the extensive use of inactivated
viral vaccines has been considered an effective
approach [6,7]. However, the production of vaccines
may not be sufficient to meet the increased demand
during a viral pandemic[8]. While current treatments

have side effects or be toxic to normal healthy cells
and essential microbial communities [12]. To
address these challenges, researchers have explored
alternative options such as silver nanoparticles [Ag-
NP) and nano-composite as potential antiviral agents
[13-15]. Ag-NPs have demonstrated promising
antiviral properties against well-known viruses like
influenza and human immunodeficiency virus (HIV),
making them a potential avenue for combating viral
infections while minimizing the risks of side effects
and toxicity to healthy cells and beneficial
microorganisms. The development of novel antiviral
drugs, including (Ag-NP) and nano-composite, is
crucial to effectively treat viral infections [9,10,13].

One of the prerequisites of sustainable development
is the search for natural remedies, such as plant

*Corresponding author e-mail: amyoussef27 @yahoo.com (Ahmed M. Youssef).

Receive Date: 31 July 2024, Revise Date: 31 August 2024, Accept Date: 10 September 2024

DOI: 10.21608/ejchem.2024.308604.10111

©2024 National Information and Documentation Center (NIDOC)


mailto:amyoussef27@yahoo.com

848 Ahmed A. Hmed et.al.

extracts and their derivatives, as alternatives to
chemical therapies to lessen the issues caused by
human-infecting  viruses.  Nanoparticles have
garnered significant attention in recent years due to
their distinctive properties and potential applications
across various fields. Among these nanoparticles,
silver and zinc oxide nanoparticles have
demonstrated promise as effective antibacterial and
antiviral agents, displaying potent inhibitory effects
against a range of human viruses [16,17].
Furthermore, a critical area of research has evolved
around the use of safe and sustainable synthesis
methods for nanoparticle production [18].

The utilization of plant extracts as reducing and
stabilizing agents in a process known as green
synthesis has emerged as an eco-friendly and cost-
effective approach to nanoparticle synthesis [19-21].
Ficus carica, commonly known as the Figure tree, is
a readily available plant with medicinal properties
that has been explored for its potential in
nanoparticle synthesis [22]. Silver and zinc oxide
particle production is effectively aided by a number
of bioactive compounds present in Ficus carica leaf
extract. These chemicals also inhibit the formation of
metal ions [14,23,24]. Numerous studies have
demonstrated successful green synthesis of silver
nanoparticles using Ficus carica leaf extract. For
instance,[25] reported the synthesis of silver
nanoparticles utilizing Ficus carica leaf extract and
evaluated their antiviral activity against human
respiratory syncytial virus (HRSV). The results
exhibited significant inhibition of HRSV replication,
underscoring the potential of these nanoparticles as
effective antiviral agents.

In addition to silver nanoparticles, zinc oxide
nanoparticles synthesized using Ficus carica leaf
extract have also displayed promising antiviral
properties [26,27]. [28] were created zinc oxide
nanoparticles from Ficus carica leaf extract and
examined for their ability to combat the human
immunodeficiency virus (HIV). By preventing HIV
multiplication and the virus's entrance into host cells,
these nanoparticles revealed strong antiviral
effectiveness. The application of silver and zinc
oxide nanoparticles, synthesized using Ficus carica
leaf extract, as antiviral agents extends beyond their
direct antiviral activity[2]. These nanoparticles are
attractive prospects for a range of biomedical
applications,such as drug delivery systems,
diagnostic instruments, and therapeutic agents, since
they also have other desirable qualities like
durability, biocompatibility, and low toxicity [17].
Since, the green synthesis of silver and zinc oxide
nanoparticles using Ficus carica leaf extract
provides a sustainable and environmentally friendly
approach. Our purpose was to uses these
nanoparticles as an antiviral agent against some
human viruses and hold tremendous potential in
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biomedical applications. Further research and
development in this field are warranted to explore
their comprehensive antiviral mechanisms and
optimize their efficacy for practical implementation.

2. Materials and methods

2.1. Materials

Silver nitrate  (AgNOs), sodium hydroxide
(pellet.99%) as the introduction material, and zinc
acetate dihydrate (99% purity) were the primary
components used in this study. They were all
obtained from Sigma-Aldrich, USA Chemicals.
Ficus carica fresh leaves were collected from faculty
of Agriculture, Ain Shams University and were
immediately transferred to the Laboratory for further
processing.

2.2. Methods

2.2.1 Preparation of leaves extract

The plant leaves had to be washed twice, first with
tap water and then with distilled water. Next, the
leaves were laid out on a newspaper and let to dry in
sunlight. Once dried, the leaves were finely ground
to obtain a powdered form. Next, 10 grams of the
fine leaf powder were combined with 100 milliliters
of water and boiled for 15 minutes, while stirring
constantly at 500 revolutions per minute using a
magnetic stirrer. The resulting mixture was then left
to cool for a period, filtered, and stored at a
temperature of 4 degrees Celsius [29].

2.2.2. Nanoparticles synthesis

The zinc oxide and silver nanoparticles (ZnO-NP)
and (Ag-NP), respectively were prepared according
to method described by [29]. To prepare (ZnO-NP),
6 grams of zinc acetate were added to 60 milliliters
of water. A solution of Zn (CHsCOQO),-2H,0 was
added dropwise while boiling for 10 minutes at 50
degrees Celsius. The plant extract, 20 milliliters in
volume, was also added. As a result, the color of the
plant extract started to fade, and the pH of the
solution was slightly acidic.To raise the pH, 2M
NaOH solution was added until a pH of 11.5 was
achieved. This led to a complete color change, and a
cream-colored precipitate, indicating the formation
of zinc hydroxide (Zn(OH),), started to form.The
precipitates were then washed, centrifuged at 7,000
rpm for 15 minutes, dried in an oven at 60 degrees
Celsius, ground, and stored.

For the synthesis of Ag-NP, 10% (w/v) of leaf
extract was mixed with a 6 mM solution of AgNOs
in a ratio of 1:4, and constant stirring was applied.
The appearance of a brown color indicated the
reduction of Ag+ to Ag® and the subsequent
synthesis of Ag-NP. The mixture was then
autoclaved for 5 minutes at 121 degrees Celsius and
15 psi. Afterward, the mixture was dispersed in
distilled water, purified through centrifugation, dried
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at 80 degrees Celsius, and stored at room
temperature for future use.

2.3. Characterization of nanoparticles

2.3.1. UV-VIS characterization:

In this UV-Vis spectroscopy methodology, a spectral
analysis was conducted using a V-730 UV-Visible
Spectrophotometer with a high-resolution 1 nm
spectral bandwidth, covering a spectral range from
700 nm to 200 nm, with data points acquired at 1 nm
intervals. The measurements were carried out in a
quartz cell, utilizing distilled water as the reference
solvent. The instrument's linear dynamic range
extended to over 3 absorbance units (AU) throughout
the entire spectrum, ensuring accurate and precise
data acquisition for the given wavelength range.

2.3.2. Transmission electron microscope (TEM)
The morphology of (Ag/Zzn) NPs was examined
using a transmission electron microscope (TEM),
specifically the JEM-100CXIl TEM instrument
from Japan operating at 120 KV. The specimens
were freshly prepared and the visualization was
conducted by dropping the specimen solution.
2.3.4. X-ray diffraction (XRD)
The verification of Ag and Zn nanoparticles (NPs)
was conducted using an X-ray diffraction (XRD)
technique. The XRD measurements were performed
on a Bruker diffractometer model called Bruker D 8
advance target. A Cuka radiation source with a
secondary monochromator (A = 1.5405 A) was
utilized, operating at 40 kV and 40 mA. The
scanning rate for phase identification and line
broadening profile analysis was set at 0.2 min™".
2.3.5. Antiviral and cytotoxicity of Ag and Zn
nanoparticles

Nawah-Scientific in Egypt provided the
three mentioned viruses and Madin-Darby canine
kidney (MDCK) cells.The cells were grown in
DMEM medium supplemented with 10% fetal
bovine serum and 0.1% antibiotic/antimycotic
solution, which was provided by Gibco BRL from
Grand Island, NY, USA.
To evaluate antiviral activity and cytotoxicity, the
Crystal violet method was used, following the
previously reported cytopathic (CPE) inhibition
effect by [30]. MDCK cells were cultured in a 96-
well culture plate at a density of 2x10%cells/well one
day prior to infection. The next day, the culture
medium was removed, and the cells were washed
with phosphate-buffered saline. The infectivity of the
viruses was determined using the crystal violet
method, which monitored CPE and allowed
calculation of the percentage of cell viability. A
diluted virus suspension of viruses containing
CCIDsp (1.0 x 10°%) of virus stock was added to the
mammalian cells to induce desired CPEs two days
after infection. For compound treatments, a medium
containing the desired compound concentration was
added to the cells. The antiviral activity of each test
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sample was determined using 2-fold diluted
concentrations ranging from 1000 pg/ml. Virus
controls (virus-infected, non-drug-treated cells) and
cell controls (non-infected, non-drug-treated cells)
were included.

The culture plates were incubated at 37°C in 5% CO>
for 72 hours, and the development of cytopathic
effect was observed under light microscopy.The cell
monolayers were then fixed, stained with a 0.03%
crystal violet solution in 2% ethanol and 10%
formalin, and the optical density of each well was
quantified at 570/630 nm. The percentage of antiviral
activity for each test compound was calculated
according to [31] using the formula: antiviral activity
= [(mean optical density of cell controls - mean
optical density of virus controls) / (optical density of
test - mean optical density of virus controls)] x
100%. The ICso (50% CPE inhibitory dose) was
calculated based on these results. Prior to the assay,
cytotoxicity was assessed by seeding cells at a
density of 2x10* cells/well in a 96-well culture plate.
The following day, the culture medium containing
serially diluted samples was added to the cells and
incubated for 72 hours. The cells were then washed
with PBS, and the subsequent steps were carried out
following the same procedure as described above for
the antiviral activity assay. The 1Csp (50% cytotoxic
concentration) and ICsp values were determined
using GraphPad PRISM software from Graph-Pad
Software in San Diego, USA.

2.3.6. Statistical Analysis

(SPSS software version 25, Chicago, lllinois) a
program for statistical analysis, Results was analyzed
and summarized using the means * standard
deviation. Significant P-values were defined as those
less than 0.05 [32].

3.1. UV-VIS characterization of Ag-NP and ZnO -
NPs

The UV-Vis spectroscopic analysis of Ag
nanoparticles produced through green synthesis
Figure (1a) revealed the presence of an absorbance
peak at 445 nm [33]. This finding closely resembles
the results reported in the study conducted by [34
providing strong evidence for the formation of silver
nanoparticles (Ag-NP).

3.2. TEM characterization of Ag and Zn
nanoparticles

The TEM analysis of (Ag-NP) and (ZnO-NP)
showed that the nanoparticles with mean size ranges
between 10.2 and 39.15 nm, and 22.86 and 44.47 nm
respectively as shown in (Figurer 2).
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Figurel.UV-Vis graph of a, (Ag-NP) and b, (Zn-NP)
The UV-Vis absorbance spectrum of ZnO
nanoparticles suspended in water is depicted in
Figurer (1b). Within this spectrum, an absorption
peak centered around 380 nm is observed, and this
peak is recognized as a characteristic feature of
hexagonal wurtzite ZnO, as reported by [35]. It's
worth noting that this absorption peak exhibits a red
shift of approximately 35 nm in comparison to bulk
Zn0O, as documented by[2,36]. This red shift can be
attributed to the emergence of shallow energy levels
within the band gap, a phenomenon likely induced
by the presence of foreign atoms within the ZnO
lattice. The shift of the absorption peak toward
longer wavelengths signifies a reduction in the
optical band gap, corresponding to the first bright
exciting energy, as discussed by[37].

Figure2: TEM image of (A) Ag-NP and (B) ZnO-
NP
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3.3. FT-IR of the green synthesized Ag and ZnO
nanoparticles

The FTIR peak analysis of the green-synthesized
Ag-NP revealed several unique peaks. As shown by
the existence of peaks connected to O-H stretching
vibrations, alcohols or phenols may be present as a
result of the use of the green synthesis process
[ ]. It is possible that the stabilizing or reducing
agents utilized in the green synthesis process are
connected to the carbonyl groups present in
aldehydes or ketones, as indicated by the observed
peaks  corresponding to C=0O  stretching
vibrations[40]. Moreover, the peaks associated with
C-H stretching vibrations indicate the presence of
methyl groups or alkanes, which may be related to
the stabilizers or capping agents utilized during the
synthesis [41]

These metabolites prevent the nanoparticles from
wrapping and aggregating [42].The spectra show a
strong similarity with only minor differences in peak
positions, indicating a strong possibility that the
sample contains residual plant extract that serves as a
capping agent for the nanoparticles [43].
Consequently, it can be deduced that these
biomolecules play a crucial role in both capping and
effectively stabilizing the synthesized
nanoparticles[38,44].Green synthesized
nanoparticles can additionally improve the
therapeutic potential of plants and can be a source of
new antiviral agents[45].

The FT-IR spectrum of ZnO nanoparticles Figure
(3B) showed less peaks comparing with those related
to the Ag nanoparticles. A strong absorption at
1820.45 cmlindicated the presence of C=0
stretching vibrations, typically associated with
carbonyl groups found in carboxylic acids or
anhydrides. Another strong absorption at 1776.92
cmsuggested C=0 stretching vibrations in carbonyl
groups, commonly found in aldehydes, ketones, or
esters. A medium absorption at 1427.29 cm-
lindicated C-H bending vibrations in alkane groups,
while a medium absorption at 1166.40 cmsuggested
the presence of C-O stretching vibrations in ethers or
esters. Additionally, a medium absorption at 879.60
cm?suggested the bending vibrations of C-H bonds
in aromatic compounds.
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Figure 3: FT-IR spectra of nanoparticles synthesized
by extract of Ficus carica A) Ag nanoparticles, B)
ZnO nanoparticles

Several peaks displayed weak absorptions: 700.17
cmlindicated C-H bending vibrations in alkanes or
alkyl groups, 561.49 cmsuggested the bending
vibrations of C-H bonds in alkanes or alkyl groups,
and 504.39 cm-lindicated similar bending vibrations
in alkane or alkyl groups.Overall, the FT-IR peak
analysis of both the green synthesized (Ag-NP) and
(ZnO-NP) provides valuable insights into their
chemical composition and potential functional
groups [2,46,47].The synthesis of nanoparticles was
successfully completed, and the surface properties of
the nanoparticles' organic moieties are revealed by
these observations.The green synthesis approach
ensures the use of environmentally friendly methods
and natural resources, making these nanoparticles
promising candidates for biomedical applications
[48,49].

3.4. Cytotoxicity and antiviral activity of ZnO
/Ag-NP nanoparticles

Nanoparticles of zinc oxide (ZnO) and silver (Ag)
have shown potential as medications for viral
infection because of their distinct characteristics and
possible modes of action [16,26].These nanoparticles
exhibit broad-spectrum antiviral activity against a
range of viruses. The exact mechanisms by which
Ag and ZnO nanoparticles exert their antiviral
effects are still under investigation, but several
potential mechanisms have been proposed. It has
been reported also that NPs exhibit antiviral activity
against numerous viruses, such as herpes simplex
virus [50], hepatitis B[51] and HIN1[52].
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3.4.1. Against Adenovirus

The results indicate that both ZnO/Ag nanoparticles
exhibit antiviral activity against Adenovirus 40. ZnO
nanoparticles have a CCsy 0f119.430 pg/ml, while
Ag nanoparticles have a CCsp 0f190.18 pg/ml. This
suggests that ZnO nanoparticles are relatively more
cytotoxic to cells at higher concentrations compared
to Ag nanoparticles.In terms of inhibitory
concentration (ICsg) against Adenovirus 40, ZnO
nanoparticles have an 1Cspof 40.817 pug/ml, while Ag
nanoparticles have an ICso of 40.41 pg/ml . These
values indicate that both types of nanoparticles
require a similar concentration to effectively inhibit
the virus.The selectivity index (SI) provides insights
into the relative safety and selectivity of the
nanoparticles towards the virus. ZnO nanoparticles
have an Sl of 2.9, while Ag nanoparticles have an Sl
of 4.7. This suggests that Ag nanoparticles exhibit a
higher selectivity towards Adenovirus 40 compared
to ZnO nanoparticles as revealed in (Figure 4 and
Figure 5).
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Figure 4: Cytotoxicity and antiviral activity of green
synthesized nanoparticles of Ag and ZnO against
adenovirus. CCso was the concentration that showed
viability of 50% of the host cells. 1Cso was the
concentration that inhibited 50% of ADV activity in
direct anti- viral activity assay. Values are expressed
as Mean + S.D *significantly different from the
positive control group at p<0.05.

A B

|~ SO,

Figure 5: A) Cytotoxicity of Ag-NP, B) Viral
control of Ag-NP, C)Cell control of Ag-NP and D)
inhibitory effect of Ag-NP against adenovirusin
MTT assay and the CPE method.
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3.4.2. Against Human Herpes simplex virus type-
2

The results designate that both Ag/ZnO nanoparticles
exhibit antiviral activity against Human Herpes
simplex virus type-2 (HSV-2). Ag nanoparticles
have a CCsp of 187.076pg/ml, while ZnO
nanoparticles have a CCsp of 339.962 pg/ml.
According to these data, ZnO nanoparticles appear to
be less cytotoxic to cells than Ag nanoparticles
with higher concentrations. In terms of inhibitory
concentration  (ICsp)  against HSV-2, Ag
nanoparticles have an ICspof 22.585 pg/ml, while
ZnO nanoparticles have an ICsq of 77.745 pug/ml.
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Figure 6: Cytotoxicity and antiviral activity of green
synthesized nanoparticles of Ag and ZnO
againstHuman Herpes simplex virus type-2. CCsg
was the concentration that showed viability of 50%
of the host cells. IC50 was the concentration that
inhibited 50% of HSV activity in direct anti- viral
activity assay. Values are expressed as Mean = S.D
*significantly different from the positive control
group at p<0.05.

By comparing Ag and Zn nanoparticles, these values
show that Ag nanoparticles need a lower
concentration to effectively inhibit HSV-2.The
selectivity index (SI) provides insights into the
relative safety and selectivity of the nanoparticles
towards the virus. Ag nanoparticles have an Sl of
8.3, while Zn nanoparticles have an Sl of 4.4. This
suggests that Ag nanoparticles exhibit a higher
selectivity towards HSV-2 compared to ZnO
nanoparticles.These results suggest that Ag
nanoparticles possess stronger antiviral activity
against HSV-2 compared to ZnO nanoparticles. Ag
nanoparticles exhibit a lower cytotoxicity to cells
and a higher selectivity towards the virus. On the
other hand, while ZnO nanoparticles also
demonstrate antiviral activity, they exhibit a higher
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cytotoxicity to cells and a slightly lower selectivity
as shown in (Figure 6 and Figure7)

A B c

Figure 7:A) Cytotoxicity of 1000 of ZNO, B) Cell
control of Ag-NP, C) Inhibitory effect off of Ag-NP
on Herpes, D) Cell Control for ZNO, E) Viral
control for Ag-NP and F) Cytotoxicity of 1000 of
Ag-NP against Herpes 2 virus in MTT assay and the
CPE method.

3.4.3. Against HIN1 virus

The results indicate that both Ag/ZnO
nanoparticles exhibit antiviral activity against HIN1
influenza virus. Ag nanoparticles have a CCso of
58.23 pg/ml , while ZnO nanoparticles have a CCso
of 129.52 pg/ml . These values suggest that Ag
nanoparticles are relatively more cytotoxic to cells at
higher ~ concentrations  compared to  ZnO
nanoparticles.In terms of inhibitory concentration
(ICs0) against HIN1, Ag nanoparticles have an ICsg
of 23.03 pg/ml , while ZnO nanoparticles have an
ICs00f 33.2 pg/ml . These values indicate that Ag
nanoparticles require a lower concentration to
effectively inhibit HIN1 compared to ZnO
nanoparticles.The selectivity index (SI) indicates the
relative safety and selectivity of the nanoparticles
against the virus. Ag nanoparticles have a Sl of 2.5,
but ZnO nanoparticles have 3.9.This suggests that
ZnO nanoparticles exhibit a higher selectivity
towards H1IN1 compared to Ag nanoparticles.These
results suggest that ZnO nanoparticles possess
relatively stronger antiviral activity against HIN1
compared to Ag nanoparticles. ZnO nanoparticles
exhibit a lower cytotoxicity to cells and a higher
selectivity towards the virus. On the other hand,
while Ag nanoparticles also demonstrate antiviral
activity, they exhibit a higher cytotoxicity to cells
and a lower selectivity as demonstrated in (Figure 8
and Figure 9).
Ag nanoparticles with lower IC50 values and higher
selectivity indices consistently show stronger
antiviral activity against the three human viruses
when compared to ZnO nanoparticles.They exhibit
greater efficacy against Adenovirus 40 and Human
Herpes simplex virus type-2 (HSV-2) compared to
Zn nanoparticles. However, Ag nanoparticles also
display  higher  cytotoxicity = towards cells.
Conversely, zinc nanoparticles show a moderate
degree of antiviral activity and reduced cytotoxicity,
despite having slightly higher IC50 values and lower
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selectivity indices. These findings suggest that while
Ag nanoparticles show stronger antiviral potential,
Zn nanoparticles offer a balance between antiviral
efficacy and reduced cytotoxicity. Further research is
needed to explore their mechanisms of action and
determine their optimal applications for combating
these human viruses.
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Figure 8: Cytotoxicity and antiviral activity of green
synthesized nanoparticles of Ag and ZnO
againstH1N1 virus. CCso was the concentration that
showed viability of 50% of the host cells. 1Csp was
the concentration that inhibited 50% of H1N1
activity in direct anti- viral activity assay. Values are
expressed as Mean £ S.D *significantly different
from

The results indicate variations in the response of the
three viruses, Adenovirus 40, Human herpes simplex
virus type-2 (HSV-2), and H1N1 influenza virus, to
the tested nanoparticles, Ag and ZnQO. The antiviral
activity of Ag nanoparticles was consistently higher
than that of ZnO nanoparticles against all three
viruses. Ag nanoparticles demonstrated increased
selectivity indices (SI) and lower inhibitory
concentrations (IC50), indicating greater potency and
selectivity against HSV-2 and  Adenovirus
40.However, ZnOnanoparticles demonstrated a
lower cytotoxicity towards cells.Interestingly, while
Ag nanoparticles demonstrated higher antiviral
efficacy against Adenovirus 40 and HSV-2, their
potency against HLN1 influenza virus was relatively
lower compared to ZnO nanoparticles. ZnO
nanoparticles exhibited a moderate antiviral activity
against HIN1 with a higher Sl, indicating better
selectivity, despite having slightly higher 1Csq
values. the positive control group at p<0.05

The viruses' susceptibility to specific routes of action
or nanoparticle interactions may explain these
responses. Every virus has distinct properties that
can affect how it reacts to antiviral medications, such
as its replication cycle, target host cells, and viral
structure. Overall, the variations in response

Egypt. J. Chem. Vol. 67, SI: M. R. Mahran (2024)

highlight the complexity of virus-nanoparticle
interactions and the importance of considering the
specific characteristics of each virus when evaluating
the potential of nanoparticles as antiviral agents.
Further research is needed to gain a deeper
understanding of these interactions and optimize the
application of nanoparticles for effective antiviral
strategies against different viral infections.The
majority of the previous studies on (ZnO-NP) have
focused on their ability to inhibit the growth
thedifferent kinds of bacteria [46,53]. As a result,
little is known about how (ZnO-NP) affects viruses
in the literature that is currently in publication. Using
alkaline zinc oxide to hydrolyze and neutralize virus
particles is one possible antiviral method.

Figure 9:A) Cytotoxicity of ZnO-NP, B) Viral
control of ZnO-NP, C) Cell control of ZnO-NP and
D) inhibitory effect of ZnO-NP E)Inhibitory effect of
Ag-NP on Virus and F) Cytotoxicity of Ag-NP
against HIN1 virus in MTT assay and the CPE
method.

5

In the case of the HIN1 influenza virus, both
uncoated and PE-Gylated (ZnO-NP) were observed
to impede the virus's replication within cells
subsequent to infection. This inhibition might stem
from the discharge of Zn?* ions [2,26,54]. A
comparable mechanism was also proposed by [55
for SARS-CoV-2. While analogous outcomes
haven't been recorded for HSV or ADV, it is
plausible to anticipate a similar process, which
necessitates further investigation. The effectiveness
of (ZnO-NP) against SARS-CoV-2 had been shown
by tests conducted on VeroE6 cells, which revealed a
significant reduction in the virus's protective
envelope due to free radical activity producing
oxidative stress [56,57]. Reactive oxygen species
(ROS) generated by photocatalysis have the capacity
to dismantle proteins, lipids, carbohydrates, and
nucleic acids, ultimately leading to the deactivation
of the virus [58] as revealed in (Figure 8).

Viral particles, such as glycoproteins found in the
viral envelope, can directly interact with Ag and Zn
nanoparticles, preventing their binding and entry into
host cells [56,59]. This interaction, which disrupts
the viral envelope or inhibits the virus's surface
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proteins, may block the virus from reproducing and
spreading [59,60].Consequently, these nanoparticles
can produce reactive oxygen species (ROS) like
hydrogen peroxide, which can cause viruses to
exhibit oxidative stress. Viral inactivation can occur
in response to nucleic acids, proteins, and structures
caused by elevated ROS levels [61].

Furthermore, Ag and ZnO nanoparticles may
interfere with essential viral enzymes, such as
proteases and polymerases, thereby disrupting viral
replication and protein synthesis [15,33,62].They can
also modulate the host immune response by
stimulating the production of antiviral cytokines and
activating immune cells, enhancing the overall
antiviral  defense mechanisms [38]. Another
proposed mechanism involves the interaction of Ag
and ZnO nanoparticles with viral genetic material,
such as RNA or DNA, hindering viral replication
and transcription processes [15,63].

4. Conclusion

This study achieved the eco-friendly synthesis of
silver (Ag-NP) and zinc oxide (ZnO-NP)
nanoparticles through Ficus carica leaf extract. The
investigation into antiviral and cytotoxic effects
demonstrated both (Ag-NP) and (ZnO-NP) had
antiviral properties, with (Ag-NP) showing superior
efficacy and lower cytotoxicity against Adenovirus,
HSV-2, and HIN1. These findings emphasize the
potential of (Ag-NP) as potent antiviral agents and
suggest their suitability for antiviral applications,
offering promising avenues in the Figurant against
viral infections. Further research and optimization

could enhance their antiviral capabilities and
selectivity, expanding their utility in antiviral
therapies.In  summary, the findings provides

evidence that silver and zinc nanoparticles have
efficient inhibitory activity on ADV, H1N1 and HSV
viruses. Synthesized nanoparticles can also reduce
the induced apoptosis toward cell lines cells
according to TEM analysis. Further investigations
are needed to clarify the mechanism of antiviral
potential of the green synthesized Ag and Zn
nanoparticles. Also, the application of Ag and ZnO
nanoparticles as an effective drug against human
viruses should be considered.
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