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Abstract 

As a result of the emergence of new virus strains and the 
synthetics, virus infections pose significant global health challenges, so the need for new therapeutic drugs rises as new vi
and bacterial infectious diseases emerge. This study aimed to synth
extract and investigate their possible antiviral and antibacterial properties. X
microscopy, and UV-Visible spectroscopy were used to validate the synthesis of 
Ag-NPs production through the shift from yellow color to dark brown color. TEM examination of Ag
nanoparticles with mean sizes ranging from 2 to 9 nm and an average particle diameter of 2.5
spectrophotometric investigation revealed an absorption peak at 
action against the four studied bacteria, with the inhibition zones for Bacillus subtilis ranging from 6 to 25 mm, 
Staphylococcus aureus from 8 to 25 mm, and Escherichia coli from 10 to 19 mm, whereas Pseudomonas aeruginosa has 
shown resistance to the AgNPs solution. The MBC varied from 22.3 to 36.8 
nanoparticles against the chosen bacterial strains ranged from 5.7 to 10.2 
concentration (MNTC) of Ag-NPs, 10.56 µg/mL, the greenly generated Ag
antiviral efficacy against HSV-1, HAV, and adenovirus
Finally, The novelty in this study is the application of silver nanoparticles as an antiviral against HSV
adenovirus because of the high mutation of viruses.

Keywords: Ag-NPs, HSV, HAV, Adenovirus, MTT assay, cytotoxicity. Antimicrobial, Gram

 

1. Introduction 

Nanotechnology, which took two decades to 
develop, piqued the curiosity of scientists everywhere 
[1]. Nanoparticles have been produced using whole 
plants, microorganisms, plant tissue and fruits, 
marine algae, and plant extracts [2-4]. The plant 
extract Nigella arvensis has been used widely as a 
reducing and capping agent for the synthesis of 
AgNPs because it contains various phytochemicals 
compounds such as phenols, flavonoids, and 
terpenoids. Also, plant enzymes like hydrogenases, 
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As a result of the emergence of new virus strains and the emergence of microorganisms resistant to various antibiotic 
synthetics, virus infections pose significant global health challenges, so the need for new therapeutic drugs rises as new vi
and bacterial infectious diseases emerge. This study aimed to synthesize silver nanoparticles from Nigella arvensis aqueous 
extract and investigate their possible antiviral and antibacterial properties. X-ray diffraction, transmission electron 

Visible spectroscopy were used to validate the synthesis of Ag-NPs. The findings are based on detecting 
NPs production through the shift from yellow color to dark brown color. TEM examination of Ag-NPs revealed spherical 

nanoparticles with mean sizes ranging from 2 to 9 nm and an average particle diameter of 2.5 nm. A UV
spectrophotometric investigation revealed an absorption peak at λ max of 424 nm. However, Ag-NPs exhibit antimicrobial 
action against the four studied bacteria, with the inhibition zones for Bacillus subtilis ranging from 6 to 25 mm, 

hylococcus aureus from 8 to 25 mm, and Escherichia coli from 10 to 19 mm, whereas Pseudomonas aeruginosa has 
shown resistance to the AgNPs solution. The MBC varied from 22.3 to 36.8 μg/mL, whereas the MIC for the produced silver 

hosen bacterial strains ranged from 5.7 to 10.2 μg/mL. According to the maximum non
NPs, 10.56 µg/mL, the greenly generated Ag-NPs of Nigella arvensis showed outstanding 
1, HAV, and adenovirus by inhibiting replication by 53.6, 86, and 17.3 correspondingly. 

Finally, The novelty in this study is the application of silver nanoparticles as an antiviral against HSV
f the high mutation of viruses. 

V, HAV, Adenovirus, MTT assay, cytotoxicity. Antimicrobial, Gram-positive, Gram-negative bacteria.

Nanotechnology, which took two decades to 
develop, piqued the curiosity of scientists everywhere 
[1]. Nanoparticles have been produced using whole 
plants, microorganisms, plant tissue and fruits, 

4]. The plant 
gella arvensis has been used widely as a 

reducing and capping agent for the synthesis of 
AgNPs because it contains various phytochemicals 
compounds such as phenols, flavonoids, and 
terpenoids. Also, plant enzymes like hydrogenases, 

reductases, and quinones act as reductants in metal 
salts [5-7]. The green plant-mediated production of 
silver nanoparticles has grown in popularity owing to 
its ease of use, low cost, and environmental 
friendliness. In addition, it is safe to handle and has 
diverse metabolites, including antioxidant and 
antibacterial properties [8-10]. Because green 
nanoparticle synthesis happens extracellularly, metal 
production of nanoparticles using plant extract has an 
advantage over microbial-mediated biosynthesis. 
Furthermore, plant extracts have the potential to 
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function as both reducing and stabilizing agents in the 
creation of nanoparticles [11, 12]. Moreover, this 
method is quick and suitable for large-scale 
production [13]. Scientists' emphasis on nanoparticles 
for their potent antiviral and antibacterial properties 
has increased due to the rising rates of antibiotic 
resistance [14, 15]. 

One of the most widely used examples of noble 
nanoparticles is silver nanoparticles (Ag-NPs), which 
are used for therapeutic purposes such as bio-
labeling, tumor imaging, bio-sensing, and drug 
administration, as well as for food packaging, water 
filtering, cosmetics, and other uses [16-18]. 
Numerous studies have shown that Ag-NPs are a 
powerful biocidal agent against a variety of Gram-
positive and Gram-negative bacteria, including 
multidrug-resistant bacteria and fungus pathogens 
[19, 20]. In addition, there has been evidence of 
activity of Ag-NPs against Pseudomonas aeruginosa 
and Vibrio cholera, methicillin-resistant 
Staphylococcus aureus (MRSA) [21], Escherichia 
coli [22] . The growth of P. aeruginosa and E. coli 
was consistently inhibited by low amounts of Ag-NPs 
[23-25] . Silver nanoparticles showed synergistic 
antimicrobial activity against Salmonella typhi, S. 
aureus, E. coli, and Micrococcus luteus when 
combined with penicillin, amoxicillin, ampicillin, 
clindamycin, kanamycin, chloramphenicol, 
erythromycin, and vancomycin [26] . One of the 
effective mechanisms by which Ag-NPs affect 
bacteria is interacting with proteins in thiol (-SH) 
groups, where it binds to the bacterial cell wall and 
cell membrane. Damage observed in membranes that 
come into contact with Ag-NPs causes leakage of 
cellular contents and, thus, cell death. Nanoparticles 
with a smaller diameter have a larger surface area, 
and it has been observed that these particles have 
more antibacterial activity [27-30]. One of the main 
causes of illness and mortality globally is viruses. 
Viral diseases have a huge impact on the economy 
around the world as they cause diseases such as 
various herpes virus problems (shingles, chickenpox, 
infectious mononucleosis, genital herpes, viral 
encephalitis or herpes keratitis) and hepatitis viruses 
[31]. About 50% to 90% of people worldwide have 
HSV-1 infection, making it one of the most 
widespread viruses. Approximately 90% of people 
have HSV-1 seroprevalence [32]. Currently, the most 
often used anti-HSV medications in clinical practice 

are nucleoside analogs as penciclovir, famciclovir, 
acyclovir (ACV), and others. Acyclovir is regarded 
as the gold standard for the treatment of HSV-1 
infection [33]. ACV can specifically inhibit the virus' 
DNA polymerase to stop its replication and 
eventually stop the generation of HSV-1 offspring by 
being phosphorylated by viral thymidine kinase and 
cellular kinase [34, 35]. However, mounting evidence 
is that overuse of nucleoside analogs, such as ACV, 
might promote the formation of HSV-1 mutants 
resistant to treatment [36]. It has been discovered that 
the HSV-1 genome's mutations, insertions, or 
deletions might result in viral resistance, which was 
very unfriendly to conventional antiviral medications 
[37]. Therefore, a significant barrier to effectively 
curing HSV-1 infection has been established by the 
proliferation of prevalent drug-resistant HSV-1 
strains [38]. Additionally, some studies indicate that 
prolonged use of ACV may have some adverse 
effects, including skin rashes, nerve poisoning, 
nausea, vomiting, stomach discomfort, and diarrhea 
[39]. Research and development of novel and 
effective anti-HSV-1 medications are urgently 
needed due to the increasing resistance of HSV-1 to 
conventional medications and the present lack of 
availability of the HSV vaccine for the worldwide 
market. 

So many studies have used green nanotechnology 
to take advantage of both cutting-edge and useful 
nanoscale materials. In recent years, its ongoing 
development has created exceptional chances for 
creating nanoparticle drugs that are effective against 
viruses. Adenovirus, Hepatitis B virus, and Herpes 
simplex virus types I and II (HSV-I and HSV-II) are 
a few examples of the various human pathogenic 
viruses that Ag-NPs have a potent antiviral impact 
against (HBV) [40]. 

In this study, the safe, therapeutic, and cytotoxic 
concentrations of Ag-NPs were synthesized by the 
green nanotechnology method for determined in vitro 
with an emphasis on the inhibitory effect of Ag-NPs 
on Gram-positive (Bacillus subtilis ATCC 6633, 
Staphylococcus aureus ATCC 7984) and Gram-
negative (Escherichia coli ATCC 8739, Pseudomonas 
aeruginosa ATCC 9027,) bacterial and viral 
replication (HAV, HSV-1, and adenoviruses as a 
model). The novelty in this study is the application of 
silver nanoparticles as antiviral against HSV-1, HAV, 
and adenovirus due to the high mutation of viruses. 
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 2. Material and methods  

Plant material 
In January 2022, the Agriculture Research Center in 
Giza, Egypt, supplied the Nigella sativa seeds with 
aqueous extract. First, deionized water was used to 
wash the Nigella sativa seeds in aqueous extract. 
Next, the seeds were shade dried at room temperature 
for 24 hours to remove moisture. Finally, a clean 
electric blender was used to pulverize the seeds to 
obtain a fine powder, which was then stored in an 
amber glass bottle to prevent light exposure. 

 
Chemicals and Reagents 

This study used silver nitrate (AgNO3) purchased 
from Sigma-Aldrich, Germany, with a 99.5% purity. 

 
Preparation of seed extract 

Twenty grams of coarsely powdered Nigella sativa 
seeds aqueous extractwere cooked in 100 milliliters 
of two-fold distilled water for three minutes before 
being filtered by Whatman No 1 filter paper. The 
filtrate was stored and collected at 4 °C for later use. 
 
Green synthesis of Ag-NPs 

One mM AgNO3 and aqueous Nigella sativa seeds 
aqueous extractwere used to make Ag-NPs. 4 mL 
aqueous seed extractwas added to 96 mL AgNO3 
exposed to sunshine. The solution's color change was 
monitored regularly. As a result, the aqueous seed 
extractchanged from yellow to dark brown color, 
indicating that Ag-NPs were made from the seeds[6].  
  
Characterization of Ag-NPs by Ultraviolet-visible 

(UV-visible) analysis 

In order to display the full biological reduction of 
AgNO3 to Ag-NPs, 1 mL of the sample suspension 
was diluted with two mL of distilled water. Also, a 
UV-visible spectrophotometer (Shimadzu UV probe 
1800) was used to record the spectrum of the sample 
within a scan range of 200 to 700 nm. 
 
Characterization of Ag-NPs by X-ray diffraction 

(XRD) analysis 

Analytical XRD was applied in the present study with 
a scanning rate of 20 min1, a monochromatic filter in 
the 2 range of 10-80, and an operating voltage of 40 
kV. It was utilized to investigate phase identification 
and crystal structure characterization of 
nanoparticles. 

Characterization of Ag-NPs by Transmission 

Electron Microscopy (TEM) analysis 

The size and morphology of the fabricated Ag-NPs 
are examined using TEM. The work was conducted 
using a 200 kV ultra-high-resolution TEM (JEOL, 
JEM 2100 h with EELS). The TEM grid was created 
by spotting five μL of Ag-NPs solution onto a 
carbon-coated copper grid and drying it under a 
lamp[6]. 
 
Characterization of Ag-NPs by FTIR analysis 

Fourier transform infrared spectroscopy FTIR spectra 
were used to examine the FTIR spectra N. sativa 
seedaqueous extractAgNPs samples. The FTIR 
analysis was carried out with KBr pellets and 
recorded in the 400-4,000 cm-1 range. The various 
vibration modes were recognized and allocated to 
determine the different functional groups in the 
samples. 
 
Antiviral activity 

Utilizing the MTT test, antiviral activity was 
assessed[41]. 
 
VERO cells and viruses 

All viruses came from the microbiology department 
of the Faculty of Medicine at Al-Azhar University in 
Cairo, Egypt. VERO cells (ATCC: CCL-81) were 
acquired from Vacsera Research Foundation, Egypt. 
 
Determination of Ag-NPs cytotoxicity on VERO 

cells 

The maximum non-toxic concentration (MNTC) of 
every Ag-NPs was evaluated by two-fold dilutions in 
MEM with FCS, beginning with 169 ug/ml and 
continuing to a 10-6 dilution. 

A series of Ag-NP concentrations were prepared, 
and the growth medium from 96-well microtiter 
plates was decanted. VERO cells were twice washed 
with wash media, and double-fold dilutions of the 
tested sample were made in minimum essential media 
once the monolayer had formed. Incubation was 
conducted with 0.1 mL of each dilution in different 
wells, leaving three wells as controls. The physical 
characteristics of toxicity, such as partial or total loss 
of the monolayer, cell granulation, shrinkage, or 
rounding, were examined in the cells. 

5 mg/mL of PBS was used to make the MTT 
solution (BIO BASIC CANADA INC). Each well 
received 20 µL of the MTT solution, which was then 
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thoroughly mixed with the medium by placing each 
well on a shaking table for five minutes at 150 rpm. 
The MTT was metabolized at (37 °C, 5% CO2) for 1–
5 hrs, after which the medium was removed (if 
necessary, dry the plate on paper towels). 
Additionally, formazan is re-suspended in 200 µL of 
DMSO and shaken at 150 rpm for five minutes to 
properly combine the formazan and solvent. At 560 
nm, the optical density is calculated, and at 620 nm, 
the background is removed. Optical density and cell 
count ought to be closely connected. Each extract's 
maximum non-toxic concentration (MNTC) was 
established and utilized for further biological research 
[41, 42]. 
 MTT assay protocol 

A 96-well plate with 10,000 cells plated in 200 µL of 
medium per well was used to measure the antiviral 
activity. After incubating the virus suspension and 
equal volumes (1:1 v/v) of the tested sample for one 
hour, 100 µL of the viral/sample suspension is added. 
The mixture is shaken at 150 rpm for 5 minutes. The 
three wells for blank controls are left empty. The 
remaining wells are incubated at (5 percent CO2, 37 
°C) to allow the cells to attach to the wells overnight. 
To give the virus time to work, the viral/sample 
suspension is incubated at (5% CO2, 37°C) for one 
day. Next, 20 mL of MTT solution is added to each 
well of 96-well plates, which should have at least 2 
mL of MTT solution per well. The MTT solution 
should be completely mixed with the medium by 
shaking the plates at 150 rpm for 5 minutes. The plate 
is then incubated for 1–5 hours at (37°C, 5 percent 
CO2) to enable the MTT to be digested, after which 
the media is removed (dry plate on paper towels to 
remove residue if necessary). Next, Formazan (MTT 
metabolic product) is re-suspended in 200 µL DMSO 
and shaken at 150 rpm for five minutes to mix the 
two substances completely. At 560 nm, the optical 
density is calculated at 620 nm, and the background 
is removed. There should be a direct relationship 
between optical density and cell number [41, 42]. The 
findings of the 50% cytotoxic concentrations (CC50) 
and 50% inhibitory concentrations (IC50) were 
calculated using the GraphPad PRISM program 
(Graph-Pad Software, San Diego, USA).  

 
Antibacterial activity 

Four bacterial strains (Bacillus subtilis ATCC 6633, 
Staphylococcus aureus ATCC7984, Escherichia coli 

ATCC 8739, and Pseudomonas aeruginosa ATCC 
9027) were obtained from the American Type 
Culture Collection by Sigma-Aldrich (import 
company) were used in this study. 
 

Determination of Ag-NPs antibacterial activity 

assay using well diffusion method (WDM) 

The agar well diffusion method by Mueller Hinton 
agar (MHA) (Oxoid, UK) (2.0 g/L beef infusion 
solids, 17.5 g/L casein hydrolysate, and 1.5 g/L starch 
in 1000 mL distilled water, at pH 7.4 ± 0.2) was used 
to evaluate the antibacterial activity of Ag-NPs stock 
solution (170 μg/mL). A sterile spreader inoculated 
the agar surface by spreading a bacterial suspension 
containing approximately 1.5 X 107 CFU/mL over 
the entire surface. A hole with a diameter of 6 mm 
has punched aseptically with a sterile cork borer, and 
then the Ag-NPs solutions (100 μL) were added to 
the well using a micropipette. Three wells are made 
for saline (0.85%) solution as a negative control, 
chloramphenicol as a positive control, and Ag-NPs 
stock solution in the first plate. In the second plate, 
five different concentrations of the Ag-NPs stock 
solution were investigated, containing 170, 85, 42.5, 
21.3, and 10.6μg/mL. Agar plates were incubated for 
24 h at 37 °C, and zones of inhibition for all plates 
were determined. To determinethe MIC of Ag-NPs, 
the standard broth dilution method (Clinical and 
Laboratory Standards Institute, CLSI M07-A9) was 
used to evaluate the visible growth of 
microorganisms in the Mueller Hinton broth (MHB) 
medium. Firstly, serial two-fold dilutions of Ag-NPs 
in concentrations ranging from 170 to 10.6 µg/ml in a 
liquid growth medium were distributed in tubes 
containing about 2 mL (macrodilution). Then, each 
tube is inoculated with a microbial inoculum adjusted 
to (108 CFU/ml, 0.5 McFarland’s standard), and the 
microbial suspension was prepared in the same 
medium. One tube is considered the control tube, 
which contained only inoculated broth and was 
incubated for 24 h at 37 ᴼC. The minimum inhibitory 
concentration (MIC) endpoint is the lowest 
concentration of the tested specimens, where no 
visible growth is seen in the tubes[43]. The minimum 
bactericidal concentration (MBC) can be determined 
after broth macro dilution by sub-culturing samples 
from tubes that gave a negative microbial growth on 
the surface of plates with MHA medium. To 
determine the number of viable cells (CFU/mL) after 
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incubation for 24 h under a standardized set of 
inoculation and incubation described in document 
M26-A. The bactericidal endpoint (MBC) is defined 
as the lowest concentration; at which 99.9% of the 
final bacterial inoculum is killed. 
 
Data analysis 

The antiviral and antibacterial activity of Ag-NPs 
were analyzed using Minitab 19. A P-value < 0.05 
was considered significant. Tukey test for pairwise 
and one-way ANOVA comparisons was used for post 
hoc analysis of all group interactions. Post-hoc 
analysis results are shown as letters, with groups that 
share the same letter being non-significantly different 
and distinct letters expressing significant differences 
across various groups.Values are presented as the 
mean±SD of the three replicates of each experiment. 

 
Results  

Synthesis and characterization of Ag-NPs 

The color of the reaction media progressively 
changed from yellow to dark brown, indicating the 
success of the green production of silver 
nanoparticles utilizing Nigella Sativa Seeds aqueous 
extract (Fig. 1). 
 

 
Fig. 1. Change the color of the solution from A) yellow to B) dark 
brown. 

 
UV- visible spectroscopy characterization of the 

synthesized Ag-NPs 

UV- visible spectroscopyindicated that the silver 
nitrate in aqueous solution was reduced to surface 
plasmon vibrations in silver nanoparticles. 
Furthermore, the UV-vis spectrum analysis of 
biosynthetic Ag-NPs revealed a peak at 424 nm (Fig. 

2) within the specified range of Ag-NPs. It indicated 
their presence in the reaction mixture. 

      

  

      Fig. 2 UV-Vis spectrum of biosynthesized Ag-Nps 
 

XRD characterization of the synthesized Ag-NPs 

The XRD examination revealed four different 
diffraction peaks at 38, 45, 64, and 77, which may be 
related to the angles of the spherical Ag crystals at 
111, 200, 220, and 312. This research showed that 
orthorhombic crystals make up nanoparticles. 
Furthermore, the analysis's high peaks show an active 
silver composition with indexing (Fig. 3). As a result, 
the XRD verifies that the silver nanoparticles have 
crystallized, and it is evident that the compound's 
angle value is stable. 

 
 
Fig. 3 XRD of silver nanoparticles from N. sativa, the calculated 
average particle size of AgNPs sample is 7.48 nm. 
 
TEM characterization of the synthesized Ag-NPs 

Nanoparticles' composition and size distribution 
might be seen using a transmission electron 
microscope. The TEM and particle size distribution 
images of Ag-NPs obtained in this investigation are 
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presented in Figs.(4 A & B), with particle sizes 
ranging from 2–9 nm and an average particle 
diameter of 2.5 nm determined using published 
methods and a standard deviation of 0.73. This data 
was in good agreement with the XRD analysis result, 
which confirmed the formation of NPs. Furthermore, 
the Ag-NPs were found to have spherical forms with 
a narrow size distribution. 
 

 

 

Fig. 4 TEM photos for (A) shape and (B) size of produced Ag-    
          NPs of Nigella Sativa  
 

 

 

FTIR characterization of the synthesized Ag-NPs 

Absorption bands at 3345 cm-1 (O-H stretching, H-
bonded of alcohols and phenols, and N-H stretching 
of primary and secondary amines of plant protein), 
2924 and 2849 cm-1 (C-H stretching), 1627 cm-1 (- 
C=C stretching and N-H bend), 1440 cm-1 (C-C 
stretching), and 1034 cm-1 (C-O stretching of 
alcohols, carboxylic acids, esters, and ether were 
discovered. After bioreduction, both experiments 
showed a shift in the absorption bands from 3345 to 
3360, 2924 to 2915, 1627 to 1637, and 1440 to 1010 

cm-1, indicating that the vibrational bands that 
correspond to bonds like -C=C and -C=O are caused 
by compounds like flavonoids and alkaloids in N. 
sativa seeds (Fig 5). 
 
 

 
Fig. 5 FTIR analysis Ag-NPs of Nigella Sativa  
 
 

Antiviral Activity 

Ag-NPs was evaluated by two-fold dilutions in MEM 
with FCS, by preparing six concentrations of it, 
beginning with 169 ug/mL followed by 84.5 ug/mL, 
42.5 ug/mL, 21.13 ug/mL, 10.56 ug/mL and 5.28 
ug/mL. The cytotoxicity of nanoparticles was 
evaluated on VERO cells using the MTT assay to 
ensure that the measured Ag-NPs doses were not 
harmful. The cytotoxicity concentration (CC50) of 
Ag-NPs is 36.3, (Figs.6& 7 a - g). 
 

 
 

Fig. 6. Cell viability and cytotoxicity of Ag-NPs concentrations on 
Vero cell 
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Fig. 7.  Morphological changes of Vero cells treated with Ag-NPs 
at different concentrations (x 10 magnification). (A) Control Vero 
cell, (B) 5.28 ug/ml Ag-Nps, (C) 10.56 ug/ml Ag-Nps, (D) 121.13 
ug/ml Ag-Nps, (E) 42.25 ug/ml Ag-Nps, (F) 84.5 ug/ml Ag-Nps, 
(G) 169 ug/ml Ag-Np 
 

.  The antiviral and cytotoxicity of the materials 
against HAV, HSV-1, and adenovirus viruses were 
investigated using the MTT antiviral test 
methodology. The results revealed that the different 
concentrations of Ag-NPs have activity against three 
viruses. The dose of 10.56 ug/mL of Ag-NPs was 
promising, inhibited replication of HAV with 86%, 
moderately inhibited replication of HSV-1 with 
53.6%, and mildly inhibited replication of adenovirus 
with 17.3%. On the other hand, the dose of 5.28 
ug/mL of Ag-NPs has mildly inhibited replication of 
HSV-1, HAV, and adenovirus with 31.53%, 37.99%, 
and 8.33%, respectively (Fig. 8).  

 
On the other hand, the finding that Ag-NPs had a 

cytotoxic concentration (CC 50) of 52.17ug/mL and 
IC 50 of 6.45, 11.67, and 4.05 for HSV-1, HAV, and 
adenovirus, respectively,and a selective index (SI) of 
12.1 (Table 1). 

 
Table 1.  

Antiviral activity of Ag-NPs against HSV-1, HAV, and adenovirus 
Compound 

name 

Virus name CC50 

(ug/ml) 

IC50 

(ug/ml) 

SI 

 

Ag-NPs 

HSV-1  

52.17 

8.22 6.45 

HAV 4.47 11.67 

adenovirus 12.89 4.05 

CC50:cytotoxic concentration, IC50: half maximal inhibitory 
concentration, SI: selective index 

 
Fig. 8. The Vero cell line was used to study the 
antiviral activity of free silver nanoparticles (Ag-NPs) against the 
hepatitis A virus (HAV), the herpes simplex virus type 1 (HSV-1), 
and the adenovirus (Adeno). Ag-NPs' antiviral activity was 
quantified as a percentage compared to untreated (control) infected 
Vero cells in the MNTC range. Figures that show significance have 
a p-value < 0.05, and (a, b, c, and d letters mention significant 
when they are different and non-significant in similar). 

 
Antibacterial activity 

Evaluation of the antibacterial activity of Ag-NPs 

(In-vitro): 

The antimicrobial activity using the well diffusion 
method against B. subtilis, S. aureus, E. coli, and P. 
aeruginosa is presented in Figs( 9, 10) and Table ( 
2).After a Twenty-four-hour incubation, Gram-
positive strains (B. subtilis and S. aureus) showed 
good inhibition zone (IZ) for both tested samples and 
positive control. In contrast, in E. coli the tested 
sample had little effect compared to the positive 
control. The negative control has no effect on the 
tested isolates (Fig. 8).Based on the data obtained 
from the plates (MHA), the inhibition zone for B. 
subtilis ranged from 6 to 25 mm, S. aureus from 8 to 
25 mm, E. coli from 10 to 19 mm. At the same 
time,P.aeruginosa showed resistance to Ag-
NPssolution. For MIC and MBC determination, and 
according to the results acquired from the in vitro 
antimicrobial assays, the MIC for the synthesized 
silver nanoparticles (Ag-NPs) against the selected 
bacterial strains ranged from 5.7 to 10.2μg/mL. In 
contrast, MBC ranged from 22.3 to 36.8μg/mL, as 
shown in Table (3). 
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Fig. 9. Antimicrobial susceptibility well diffusion method. Zones 
of inhibition of positive control (P), negative control (N), and Ag-
NPs (S) against the pathogenic strains B. subtilis (1), S.aureus (2), 
E. coli (3), and P. aeruginosa (4). 

 
Fig. 10.  Antimicrobial susceptibility well diffusion method. Zones 
of inhibition of silver nanoparticles against the pathogenic strains 
B. subtilis (1), S.aureus (2), E. coli (3), and P. aeruginosa (4) 
 

Discussion 

Recently, biological or green chemistrysynthesis of 
NPs received enormous attention over the physical 
and chemical synthesis, as it is environment-friendly 
solvents, biocompatible and non-toxic reagents. 
Microorganisms, whole plants, plant tissue and fruits, 
plant extracts, and marine algae have been used to 
produce nanoparticles[44]. However, plant extract 
mediated synthesis of metal nanoparticles has 
theedge over microbial mediated biosynthesis of 
nanoparticles because the green synthesis of 

nanoparticles takes place extracellular. In addition, 
plant extracts may act both as reducing agents and 
stabilizing agents in the synthesis of 
nanoparticles[45]. Further, this process is quick and 
suitable for large-scale synthesis[46]. 

The aqueous extracts of Nigella arvensis were 
used to create the Ag-NPs, and the reaction mixture's 
color shift proved that Ag-NPs had been produced. 
After incubation at room temperature, the emergence 
of a dark brown hue indicated the synthesis of Ag-
NPs[47, 48]. In the UV-visible spectrum, Ag+ ions 
were shown to be reduced. Ag-NPs' size and shape 
might reflect the absorption peak. The peak intensity 
and the size of the nanoparticles are linearly 
correlated. The current study's findings support the 
creation of spherical nanoparticles with an average 
size range of 2–9 nm and an estimated average 
particle diameter of 2.5 nm calculated using TEM. 

The probable biomolecules in N. sativa seed that 
may be responsible for reducing and capping the 
reduced silver nanoparticles were identified using 
FTIR analyses. In addition, their potential roles in the 
synthesis of silver nanoparticles were also predicted. 
To do this, the band intensities for the control and test 
materials (before and after the reaction with silver 
nitrate, respectively) were examined in various 
spectral areas, as shown in(Fig. 5) According to the 
findings, absorption bands at 3345 cm-1 (O-H 
stretching, H-bonded of alcohols and phenols, and N-
H stretching of primary and secondary amines of 
plant protein), 2924 and 2849 cm-1 (C-H stretching), 
1627 cm-1 (- C=C stretching and N-H bend), 1440 
cm-1 (C-C stretching), and 1034 cm-1 (C-O stretching 
of alcohols, carboxylic acids, esters, and ether[49, 50] 

After bioreduction, both experiments 
demonstrated a shift in the absorption bands from 
3345 to 3360, 2924 to 2915, 1627 to 1637, and 1440 
to 1010 cm-1, indicating that the compounds like 
flavonoids and alkaloids in N. sativa seeds are what 
cause the vibrational bands that correspond to bonds 
like -C=C and -C=O. Inferring from this, it is 
believed that these biomolecules, along with a few 
proteins, are in charge of capping, stabilizing, and 
reducing Ag+ to Ag NPs[50]. The FTIR analysis 
revealed that the synthesized Ag NPs contained 
amides, alkanes, carboxyls, alcohols, and phenols 

The current work describes the environmentally 
friendly production of Ag-NPs utilizing Nigella 
arvensis aqueous and their use in preventing the 
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spread of adenovirus, HAV, and HSV-1 infections. 
According to the data, the Nigella arvensis 
biosynthesized Ag-NPs improved the antiviral 
activity against the three tested viruses. Although the 
antiviral mode of action of green-produced Ag-NPs 
has not been identified, Ag-NPs' antiviral efficacy 
against some viruses is most likely owing to their 
ability to bind to viral envelope glycoproteins, 
inhibiting viral entry into the host cell[51, 52]. 
Additionally, Ag-NPs may enter the viral cell and 
exert their antiviral activity by interacting with the 
viral genome (DNA or RNA) or obstructing the 
pathways necessary for viral replication. It has also 
been reported that SNPs have antiviral activity 
against a variety of viruses, including the herpes 
simplex virus[53] and hepatitis virus[52]. 

Additionally, Ag-NPs may decrease viral 
replications in host cells by blocking viral attachment 
to or replication on host cells. However, it has been 
proposed that the antiviral action of silver 
nanoparticles is caused by two different processes 
that prevent viral replication: 1- Ag-NPs may interact 
with viral components and double-strand breaks 
when they traverse cell membranes[54, 55] . 2- Ag-
NPs have the ability to attach to sulfur-containing 
residues on the surface glycoproteins of viruses, 
preventing viral-host penetration and cell binding, 
and leaving the virus in the extracellular space where 
it cannot spread.2- Ag-NPs have the ability to attach 
to sulfur-containing residues on the surface 
glycoproteins of viruses, preventing viral-host 
penetration and cell binding, and leaving the virus in 
the extracellular space where it cannot spread[56, 
57]. 

Due to the emergence of resistance of 
microorganisms to various antibiotic synthetics, new 
antimicrobial agents have been developed to prevent 
infections caused by pathogenic microorganisms. 
So,one of the goals of this work was to determine the 
antibacterial effect of silver nanoparticles against four 
bacterial strains (S. aureus, B. subtilis,E. coli, and P. 
aeruginosa). The antimicrobial effects of silver are 
mostly attributed to silver ions[58, 59]. Silver 
nanoparticles provide a greater and better bactericidal 
action due to their larger surface area[60, 61]. 
Minimum inhibitory concentration values of Ag-NPs 
against the four bacterial strains showed differences 
from strain to other. The major reason supporting this 
difference in the sensitivity to Ag-NPs is the variation 
in cell wall composition between Gram-positive and 

negative bacteria[62]. Bacteria of both the gram-
positive and gram-negative types are killed by silver 
nanoparticles[63-65]. Among the different 
concentrations tested, the Ag-NPs showed a lower 
MIC for E. coli where the MIC values were 10.2, 
6.31, and 5.72 μg/mL for S. aureus, B. subtilis, and E. 
coli, respectively. The MIC recorded for B. subtilis in 
this study was lower than those reported inHuang, et 
al. [66] and lower than in other studies[67, 68]. Also, 
the MIC recorded for S. aureus results in this study 
were higher than those reported inGaribo, et al. [69] 
but in a lower concentration compared to other 
findings[67]. The lowest inhibitory concentration for 
E. coli was similar to that reported by Huang, et al. 
[66]. Still, it was higher than those found inGaribo, et 
al. [69] and lower than those found in other 
studies[70-72]. The preparation process and size of 
the silver nanoparticles utilized might be to blame for 
the variations in the effective concentrations of Ag-
NPs across studies. At lesser doses, the ultrafine 
particle size induces its activity[73, 74]. Also, in this 
study, P. aeruginosa showed resistance to silver 
nanoparticles even at high concentrations. This 
resistance of P. aeruginosa to Ag-NPs was reported in 
several studies, as[75, 76] concluded that P. 
aeruginosa was able to develop resistance to silver 
nanoparticles, andHosny, et al. [77] plasmid-
mediated silver resistance in clinical bacteria, such as 
P. aeruginosa isolates, has been discovered. 
Previous studies indicated the antibacterial activity of 
AgNPs by attachment to the bacterial cell wall or the 
formation of free radicals[78, 79]. In addition, the 
silver ions released from AgNPs may play a vital role 
inantibacterial activity due to the interaction of silver 
ions with the thiol groups of enzymes [80]. 
Furthermore, it was shown that the antibacterial 
activity of AgNPs was size and shape-dependent. 
AgNPs (1–10 nm) attach to the surface of the cell 
membrane and drastically disturb its proper function, 
like respiration and permeability [81]. 
 
Conclusion 

The green synthesis of silver Nanoparticles with 
Nigella arvensis Aqueous Extractwas verified by 
examining the reaction mixture's color change. UV-
visible, RXD, and TEM characterized the produced 
Ag-NPs, and their diameters vary from 2 to 9 nm, 
with an average particle diameter of 2.5 nm. At the 
suggested dose of 10.56 g/mL, Ag-NPs may be 
utilized in vitro safely to shield the cellular culture 
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against viral replications. When given prior to viral infection, Ag-NPs could suppress HAV and HAS-1 at non-
toxic quantities. Gram-negative and Gram-positive strains were used to evaluate the antimicrobial activity, and 
the findings indicated that both the qualitative diffusion in wells test and the quantitative MIC and MBC test 
significantly inhibited the growth of bacteria. The fact that P. aeruginosais resistant to silver nanoparticles is a 
significant research restriction. Further research is needed to evaluate the antibacterial impact of silver 
nanoparticles on various bacterial strains. 
 
Table 2.  

The diameter of the inhibition zone (mm) of AgNPs against the selected bacterial strains 

Bacterial strains 

Concentration (μg/mL) 

170 85 42.5 21.3 10.6 

B. subtilis 

In
hi

bi
ti

on
 z

on
e 

(m
m

) 29±0.4 a 29±0.2 a 26±0.3 a 19±0.1 a 10±0.0 a 

S. aureus 29±0.2 a 27±0.2 a 27±0.3 a 22±0.2 a 12±0.0 a 

E. coli 23±0.2 b 23±0.1 b 21±0.2 b 21±0.2 a 14±0.0 a 

P. aeruginosa 
0.0±0 c 0.0±0 c 0.0±0 c 0.0±0 b 0.0±0 b 

 
* Values in a column assigned with different letters denote significant difference (p < 0.05) 
 
Table 3.  

MIC and MBC (μg/mL) of Ag-NPs against the selected bacterial strains 

Clinical bacterial strains 
Concentration (μg/mL) 

MIC MBC 
B. subtilis 10.2±0.41 36.8±0.76 

S. aureus 6.31±0.22 24.5±0.67 

E. coli 5.72±0.23 22.3±0.60 

 
Bacillus subtilis (B. subtilis), Staphylococcus aureus (S. aureus), Escherichia coli (E. coli), Minimum inhibitory concentration (MIC), 
Minimum bactericidal concentration (MBC) 
 
Abbreviations: 

Abbreviation Full name Abbreviation Full name 

Ag-NPs Silver nanoparticles M. luteus Micrococcus luteus 

TEM Transmission electron microscope ACV acyclovir 

MNTC Minimal non-toxic concentration  WDM well diffusion method 

HSV-1 Herpes 1 virus  MHA Mueller Hinton agar 

HAV Hepatitis A virus MBC The minimum bactericidal 

concentration 

S. aureus Salmonella typhi IC50 Inhibition concentration 50% 

E. coli Escherichia coli SI Selective index 
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