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ABSTRACT 
Background: Nanoparticles have attracted significant attention from researchers due to their intriguing properties, 
such as size and shape-dependent optical, antimicrobial, and electrical characteristics. Several different preparation 
techniques have been used to synthesize nanoparticles, including laser ablation, gamma irradiation, electron 
irradiation, chemical reduction, photochemical methods, microwave processing, and biological synthetic methods. 
Objective: As part of our research, we conducted experiments involving the extraction of silver nanoparticles (AgNPs) 
from eggshell powder and explored their potential biological applications. Methodology: The synthesis of silver 
nanoparticles from eggshell was analyzed using UV-visible spectroscopy, scanning electron microscopy, X-ray 
diffraction, and Fourier transform infrared spectroscopy. The antibacterial activity and anticancer potential of the 
AgNPs were determined using MTT assay against MCF-7 breast cancer cell lines. Results: The UV-visible analysis 
detected a peak at 480 nm, indicating the crystalline structure of the nanoparticles that were synthesized biologically. 
These nanoparticles have an average size of approximately 41.68 nm and exhibit a spherical shape. The synthesized 
silver nanoparticles exhibited strong antibacterial activity against multidrug-resistant clinical bacterial isolates, including 
Gram-positive bacteria such as Staphylococcus hominis and Streptococcus mutans, and Gram-negative bacteria such 
as Klebsiella pneumoniae and Escherichia coli, which are commonly associated with nosocomial infections. Through 
the utilization of the disc diffusion approach. The activity seen can be ascribed to the distinctive biological and 
physicochemical characteristics of the AgNPs, which aid in the rupture of bacterial cell membranes. The MCF-7 cell 
line exhibited the highest decrease when exposed to a concentration of 400 µg/mL of AgNPs. The results underline 
the potential of eggshell extract as an environmentally friendly and effective biological agent for synthesizing AgNPs 
with strong antibacterial and anticancer activities. Conclusion: AgNPs can be synthesized utilizing eggshell in an 
environmentally benign manner, and these AgNPs can serve as a cost-effective antibacterial and anticancer agent. 
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1. INTRODUCTION 
 
The distinct chemical and physical features of noble 
metal nanoparticles (MNPs) have garnered significant 
interest, resulting in their utilization across various 
domains including catalysis, biology, medical im-
aging, innovative electronics, and optics. Silver 
nanoparticles (AgNPs) have garnered significant 
interest among noble metal nanoparticles due to 
their wide-ranging antibacterial properties and less 
propensity to cause bacterial resistance compared 
to antibiotics. The given text is a list containing the 
elements [1,2]. Furthermore, the production of 
AgNPs has emerged as a significant component of 
numerous scientific and technical advancements. 

Various methods have been employed to de-
crease silver precursors in order to stimulate the 
creation of AgNPs. Presently, there is significant 
interest in the utilization of microbes and plants for 
the synthesis of nanoparticles (NPs), as they 
provide environmentally friendly and energy-
efficient reactive characteristics [3–5]. Nev-
ertheless, the utilization of bio-resources in nano-
synthesis comes with certain drawbacks. Firstly, the 
identification of appropriate microorganisms is a 
complex undertaking. Secondly, the cultivation pe-
riod is lengthy. Thirdly, there is a risk of contamina-
tion by other microorganisms. Lastly, the availability 
of plants as a resource is restricted by their sea-
sonal growth [6]. 

Eggshell membrane (ESM), a natural biomaterial, 
may be easily obtained from both kitchens and the 
egg product sector as a by-product of chicken eggs. 
The ESM consists of the limiting membrane (LM), 
inner shell membrane (ISM), and outer shell mem-
brane (OSM), which span from the albumen to the 
eggshell. ESM has multiple applications, including 

its use as a bio-adsorbent for absorbing heavy 
metal ions and dyes, as a platform for immobilizing 
enzymes in biosensor design, and as high-
performance electrode materials [7–9]. ESM has re-
cently been utilized as a solid-state bio-substrate for 
the synthesis of Metal Nanoparticles (MNPs) [10-
12]. 

In recent times, there has been a growing inter-
est in using waste biomaterials for the production of 
NPs. This strategy is gaining popularity due to its 
practicality, simplicity, cost-effectiveness, and 
scalability [13]. The waste biomaterial extracts used 
for synthesis include Citrus grandis, Citrus sinesis, 
Musa paradisiacal, and others [14,15]. 

In this study, we describe the use of eggshells 
from hens, a commonly discarded household waste 
material, for the synthesis of silver (Ag) and gold-Ag 
(Au-Ag) core-shell NPs. It has been discovered that 
the outer eggshell contains a significant number of 
glycoproteins, including collagen X [16]. X collagen 
consists of 33% glycine residues, 25% amino acids, 
and elevated quantities of hydroxyproline and 
hydroxylysine [17]. These components can be used 
to effectively reduce and stabilize Ag NPs and Au-
Ag core shell NPs produced utilizing eggshell 
extract through an environmentally friendly method. 

Because of their fascinating physical-chemical 
characteristics, AgNPs are becoming more and 
more important in cancer research, demonstrating 
inherent anti-proliferative activity [18]. The research 
focused on investigating the potential of AgNPs to 
develop an advanced cancer diagnostic and ther-
apy tool for the future [19]. It is possible to create 
stable AgNPs in a simple and cost-effective way 
utilizing an environmentally friendly synthesis 
approach. Multiple in vitro and in vivo research 
studies have demonstrated that AgNPs has the 
ability to impede the proliferation and viability of 
cancer cells. AgNPs can trigger apoptosis and ne-
crosis by disrupting the ultrastructure of cancer 
cells, leading to the generation of reactive oxygen 
species (ROS) and DNA damage [20-22]. 

The present work aimed to synthesize AgNPs 
with the assistance of an extract derived from egg-
shell powder, characterize the physicochemical 
properties of synthesized NPs, then assess antibac-
terial and anticancer potential against the human 
breast adenocarcinoma cell line MCF-7. 
 

2. MATERIALS AND METHODS 
 

2.1. Materials and bacteria 
 

The eggshell was sourced from local households 
and utilized in all of the studies. The dry biomass 
was further pulverized into a fine powder using a 
stainless-steel grinder and then filtered via a sieve. 
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All experiments utilized double distilled water. 
The bacterial isolates were diagnosed in the 
Microbiology Lab of the DNA Research Centre at 
the University of Babylon, Iraq. The confirmation 
of bacterial diagnosis was conducted using VITIK 
2, as described in reference [23]. 
 

2.1.1. Solution and media 
 
Silver nitrate salt (AgNO3), Brain Heart Infusion 
agar and broth medium, Mueller- Hinton agar, an-
tibiotics disk, and other chemical solution and rea-
gents were purchased from Merck Germany.  
 

2.2. Biosynthesis of AgNPs 
 

2.2.1. Use of AgNO3 AgNPs to initialize the 
precursors 
 
To prepare the precursors, 3.34 mg of AgNO3 was  

added to 30 mL of distilled water to get an aqueous 
suspension solution of 1 mM of AgNO3, which was 
mixed in a magnetic stirrer for 15 min and used for 
the AgNPs production. 
 

2.2.2. Biosynthesis of AgNPs from eggshell extract 
and characterization 
 

AgNPs were synthesized by combining eggshell 
extract with an AgNO3 aqueous solution in a 1:1 
ratio. The solution was agitated for 60 min using a 
magnetic stirrer at a temperature of 80°C. When the 
colour of the mixture transitioned to a dark brown 
hue, it serves as evidence indicating the reduction 
of Ag+ ions into AgNPs (Figure 1). Finally, the mix-
ture underwent centrifugation at a speed of 5,000 
revolutions per min for a duration of 20 min. The 
resulting solid particles were then subjected to 
drying at a temperature of 65°C for 20 min, creating 
a product that closely matches the substrate. 

 

 
 

Figure 1: Biosynthesis and characterization of silver nanoparticles (AgNPs) from eggshell extract. 

 
 

2.3. Application of AgNPs 
 
2.3.1. Anti-bacterial activity of AgNPs against 
multidrug resistant pathogenic bacteria 
 

Antibacterial activity of AgNPs bio-synthesized 
from eggshell extract was used to evaluate their 
ability for inhibition of the growth of MDR bacteria 
under study (Gram positive, Staphylococcus 
hominis, Streptococcus mutans, and Gram 
negative, Klebsiella pneumoniae, Escherichia 
coli). 

UV-VIS spectroscopy: An investigation was 
conducted to examine the reduction of AgNO3 to 
AgNPs using eggshell extract in its aqueous form. 
This was achieved by analysing the ultraviolet–
visible spectroscopy (UV-VIS) spectra of the re-
action composite. A small aliquot of the reaction 
was mixed with deionized water, and the data was 
recorded using a Shimadzu Dual Beam spectrom-
eter (UV-1650 PC Model) with a resolution of 1 nm 
[23]. 

FT-IR analysis: FT-IR measurements were 
done to identify the bioactive chemicals involved 
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in both the reduction of Ag+ ions and the 
encapsulation of bio-reduced AgNPs in the 
eggshell extract. This investigation employed KBr 
pellets in diffuse reflectance mode, with a resolu-
tion of 4 cm [23]. 

X-ray diffraction (XRD) studies: In order to 
examine the AgNPs that were decreased by 
eggshell, XRD was performed using a powder 
and the SEIFERT JSO DEBYEFLEX -2002 X-ray 
diffractometer. The measurement spanned an 
angular range of 10 to 70 degrees. The apparatus 
utilized CuK radiation in an a-2 arrangement, with 
a voltage of 40 KV and a current of 30 mA. The 
Debye-Scherrer formula was employed to deter-
mine the dimensions of the crystallite domain [24]. 

Scanning electron microscopy (SEM): The 
specimen was made ready by depositing a droplet 
of colloidal AgNPs solution onto a copper grid 
coated with carbon. Subsequently, it was allowed 
to air-dry prior to insertion into a microscope oper-
ating at 130 kV. (Hitachi –S 3400 N) [25]. 
 
2.3.2. Antibiotic susceptibility 
 
The antibiotic profiling of each identified bacterial 
isolate was studied using five antibiotic discs: 
Cephalothin (KF - 30 µg), Methicillin (ME - 5 µg), 
Novobiocin (NV - 5 µg), Doxycycline (DO - 30 µg), 
and Clarithromycin (CLR - 15 µg). The isolates 
were tested against different concentrations of 
AgNPs: 31.25 µL/mL, 62.5 µL/mL, 125 µL/mL, 
250 µL/mL, and 500 µg/mL. The Kirby-Bauer disk-
diffusion method was employed to conduct all 
tests. The tests were performed on plates that 
contained Mueller-Hinton agar, which was 
sourced from Carl Roth in Germany. The zones of 
inhibition surrounding each disc were evaluated 
using a Computer-Associated Electronic Zone 
Analyzer in Single-Disc Antimicrobial Susceptibility 
Testing, following the guidelines set by the 
Clinical Laboratory and Standards Institute 
(CLSI). This was done before each identified 
bacterial isolate was re-suspended and compared 
to a standard turbidity of 0.5 McFarland, which is 
equivalent to 1.5*108 colony forming units per 
millilitre (cfu/mL). 
 
2.3.3. Antibacterial properties of AgNPs 
 
The antibacterial efficacy of AgNPs was evaluated 
against various human pathogens cultivated on nu-
trient agar slants. The antibacterial activity of AgNPs 
was evaluated using the guidelines established by 
the Clinical and Laboratory Standards Institute [CLSI, 
2012]. In the disc diffusion experiment, triplicates are 
used to test the sensitivity of antibiotics and AgNPs 
against the bacteria under study. Different concen-

trations of AgNPs (500, 250, 125, 62.5, and 31.25 
µg/mL) are diluted in a solvent for this assessment. 
Initially, the isolates were incubated at room tem-
perature for 15 min, followed by overnight incubation 
at 37°C after treating the bacterial isolates with 
AgNPs against the bacterial isolates being studied. A 
digital Vernier calliper is utilized to quantify the width 
of the inhibitory zone following an incubation period, 
during which the zone of inhibition may become 
evident around the well [23,24]. 
 
2.3.4. Anticancer activity and cytotoxicity evalua-
tion of Silver Nanoparticles 
 
An assessment of cell viability was conducted 
using the conventional 3-(dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) reduction 
test to evaluate the anticancer and cytotoxic 
impacts of AgNPs. The range of values of 
inhibition zones is between 18 and 20. WRL-68 
and MCF-7 cells were cultured in 100 L of cell 
culture media containing RPMI mixed with 10% 
FBS and 1% penicillin-streptomycin solution. The 
cells were cultivated at a density of 5,000 cells per 
well in 96-well plates. The cells were incubated in 
a carbon dioxide (CO2) incubator with a 
concentration of 5% for a duration of 24 h at a 
temperature of 37°C. Following a 24 h period, the 
water within the wells was substituted with a new 
solution containing different concentrations of 
AgNPs (ranging from 12.5 to 400 µg/mL). The 
samples were then placed in an incubator at a 
temperature of 37°C for an additional 24 to 48 h. 

In order to assess the cell's ability to survive, 
the previous solution was substituted with 100 L of 
new solution and 10 L of MTT solution (5 mg/mL 
in DMSO) was added to each well. The cells were 
then incubated for an additional 4 h. After 
removing the MTT solution, 100 mL of DMSO was 
added to each well, and then the wells were 
incubated in the dark for 40 min. The absorbance 
of the solution was measured at 492 nm using a 
micro-plate reader after it was pipetted (Bio-Rad 
Laboratories, Inc., Hercules, CA, USA). 

Using the following equation, the optical density 
data was statistically analyzed to determine the 
concentration of compounds needed to induce a 
50% reduction in cell viability for each cell line: 
% cell viability = [(mean absorbance of treated 
samples/mean absorbance of non-treated sample) 
×100]. 
 

2.4. Statistical analysis 
 

The data were analyzed by using SPSS version 
23.0 (IBM, Armonk, New York, USA). One-way 
t-test and chi-square test were employed to 



BIO-FRIENDLY PREPARATION AND CHARACTERIZATION OF SILVER NANOPARTICLES FROM EGGSHELL …   225 

compare the data difference. The significance 
difference was set at P<0.05 as significant 
difference and P<0.01 as very significant 
difference. 
 

3. RESULTS  
 
AgNPs were produced from a mixture of an 
aqueous solution of AgNO3 and eggshell extract 
with constant stirring and heating. The color of 
the mixture gradually changed from colourless 
to yellow to dark brownish after a few minutes 
from the beginning of the reaction (Fig. 2A). The 
presence of AgNPs was verified by obtaining a 
spectrum in the visible region of 300-800 nm us-
ing a UV-VIS spectrophotometer (Figure 2B). 
The analysis revealed an absorbance peak at 
approximately 480 nm, indicating the presence 
of AgNPs. 

 

 
 
Figure 2: A: Silver nitrate (AgNO3) 1 mM solution, b: Shell 
extract, c: Formation of silver nanoparticles (AgNPs) as a 
positive result: brownish colour. B: UV-visible spectra of 
AgNPs synthesized by the reaction of AgNO3 solution with 
aqueous solution of eggshell. C: Field emission - scanning 
electron microscopy (FE-SEM) of AgNPs synthesized by the 
reaction of AgNO3 solution with aqueous solution of 

eggshell. 

 
FE-SEM images revealed that the AgNPs 

produced by the eggshell extract tend to be 

spherical in shape with an average scale of 41.68 
nm in size (Fig. 2C) [28-30]. 

The crystal structure of synthesized AgNPs 
was determined using XRD technique. The 
XRD measurements were performed at a 
voltage of 40 KV and an electric current of 30 
mA. The scanning rate was set at 2 degrees 
per minute, and the range of 2 theta was from 
10° to 80°. Figure 3A displays the XRD pattern 
of AgNPs synthesized using biological means. 

FT-IR spectra were generated using the 
SHIMADZU instrument across the range of 
400–4000 cm–1. The results show a prominent 
peak at 3490 cm-1, which can be utilized for the 
identification of functional groups in samples 
(see Figure 3B). 

Table 1 demonstrates the antimicrobial effi-
cacy of various doses of AgNPs against 
Staphylococcus hominis, Streptococcus 
mutans, Klebsiella pneumonia, and Escherichia 
coli. This activity is being compared to the 
activity of different antibiotics. The bactericidal 
effect of AgNPs on bacterial isolates was 
enhanced as the concentration increased. S. 
mutans and E. coli are both susceptible to 
AgNPs, but K. pneumonia demonstrates 
somewhat greater susceptibility at higher 
concentrations (AgNPs-500 and AgNPs-250). 
However, Cephalothin (KF-30), Methicillin 
(ME-5), and Novobiocin (NV-5) shown 
resistance to the bacterial isolates that were 
evaluated. Doxycycline (DO-30) demonstrates 
the greatest efficacy against Strep. mutans, 
while displaying a lower level of effectiveness 
against Staph. hominis. Clarithromycin (CLR-
15) exhibits a modest level of effectiveness 
against Staphylococcus hominis, as indicated 
by inhibition zones measuring 12 mm and 13 
mm for Klebsiella pneumoniae and Escherichia 
coli, respectively. 

The cytotoxicity of silver nanoparticles 
(AgNPs) was assessed using the 3-
(dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) stain on two specific cell lines: 
MCF-7 breast cancer cell line and WRL-68 hu-
man hepatic cell line. This assay employed the 
addition of different concentrations of AgNPs to 
tumor cell lines in order to ascertain cell viability 
and inhibition rate. Cell viability was evaluated 
at each time point using MTT colorimetric 
assays. Eggshell extracts was used to synthesis 
AgNPs, which were then tested on MCF-7 and 
WRL-68 cells at various concentrations (12.5, 
25, 50, 100, 200, and 400 μg/mL). The purpose 
of this experiment was to assess the viability 
and cytotoxicity of the AgNPs, as shown in 
Table 1 and Figure 3A. 
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Figure 3: A: Include a: X-ray diffraction (XRD) results for eggshell extract without silver nitrate (AgNO3) (control), b:  XRD 
results for silver nanoparticles (AgNPs) synthesized by the reaction of AgNO3 solution with aqueous solution of eggshell. B: 
Fourier-transform infrared spectroscopy (FTIR) spectra pattern of AgNPs synthesized by the reaction of AgNO3 solution with 
aqueous solution of shell.
 

Table 1: Antibacterial activity of silver nanoparticles (AgNPs) and antibiotics by disc diffusion method against multi-drug 
resistant bacteria. 

 

 

Bacterial 
isolates 

Inhibition zone mm of AgNPs Inhibition zone mm of antibiotics 

500 
µg/mL 

250 
µg/mL 

125 
µg/mL 

62.5 

µg/mL 

31.25 

µg/mL 

500 
µg/mL 

250 
µg/mL 

125 
µg/mL 

62.5 
µg/mL 

31.25 
µg/mL 

Staph. Hominis 18 16 15 13 10 0 0 10 0 14 

Strep. Mutans 21 20 18 16 13 0 0 16 0 10 

K. pneumonia 18 16 14 13 10 0 0 11 0 13 

E. coli 20 18 17 15 11 0 0 15 0 12 

P-value 0.57 0.014* 0.026* 0.000* 0.057 0 0 0.072 0 0.072 
 

Cephalothin (KF - 30 µg), Methicillin (ME - 5 µg), Novobiocin (NV - 5 µg), Doxycycline (DO - 30 µg), and Clarithromycin 
(CLR - 15 µg), *Significant difference (P<0.05). 
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Figure 4 show that AgNPs are synthesized us-
ing shell extract at various concentrations (12.5, 
25, 50, 100, 200, and 400 μg/mL). This leads to a 
decrease in cell viability on the MCF-7 cell line, 
compared to the WRL-68 cell line used as a 
control. The decrease in cell viability is dependent 
on the dose of AgNPs. The effectiveness of differ-
ent concentrations (12.5, 25, 50, 100, and 200 
μg/mL) on the MCF-7 cell line is 96.64%, 96.22%, 
90.05%, 63.81%, and 49.42% respectively. On the 
other hand, the viability of the same AgNPs on the 
WRL-68 cell line is 87.95%, 95.18%, 95.72%, 
92.70%, 94.33%, and 92.52% respectively. The 
concentration required to record the IC50 result for 
WRL-68 was greater than 400 μg/ml, whereas the 
IC50 of MCF-7 cell lines was 91.34 μg/mL. Using 
100 L of cell culture media containing RPMI, 10% 
FBS, and 1% penicillin-streptomycin solution, we 
grew 5,000 cells per well in 96-well plates at a 
density of 5,000 cells per well. The cells were 
grown for 24 h at 37°C in an incubator with a 5% 
concentration of CO2. 
 

 
 

Figure 4: IC50 of silver nanoparticles (AgNPs) synthesized 
from shell extract activities on control WRL-68 and breast 
cancer cell line MCF-7. 

 

4. DISCUSSION 
 

The UV analysis revealed an absorbance peak at 
approximately 480 nm, indicating the presence of 
AgNPs. This was confirmed by the gradual color 
change of the mixture from colorless to yellow to 
dark brownish within a few minutes of the reaction 
in the solution. The confirmation was further 
supported by the UV-visible spectra (Figure 2). 
Several authors have conducted research on the 
impact of various bacterial strains in the production 
of AgNPs. These NPs exhibit strong peaks at 
wavelengths ranging from 420 to 480 nm, which 
can be attributed to the surface plasmon 
resonance UV-visible absorption spectrum. The 
three bacterial strains isolated from soil, namely 
Exiguobacterium aurantiacumm, Escherichia coli, 

and Brevundimonas diminuta, have been found to 
produce these AgNPs. The size of biosynthetic 
AgNPs changed depending on the different 
amounts of plant extraction [10,11,25-27]. 

With the use of SEM, the size and shape of the 
AgNPs were carefully investigated. A well-defined 
spherical shape with an approximate cross-
sectional diameter of 41.68 nm was shown by the 
synthesized NPs, as demonstrated. The acquired 
results are consistent, as these observations are 
in line with other studies in the scientific literature. 
Through the use of SEM, the structural properties 
of the NPs could be thoroughly evaluated and 
visually assessed. This provided for important 
insights into the form and size of the particles, 
which may be useful for future study and 
applications. 

The XRD pattern reveals four distinct peaks, 
which correspond to the diffraction from the 111, 
200, 220, and 311 planes of the metallic AgNPs. 
These NPs possess a crystal structure [12,28,29]. 

The observed results in Fourier-transform 
infrared spectroscopy (FTIR) test indicate an 
increase in the stretching of the O-H bond in 
alcohols and phenols due to the presence of a 
hydroxyl group. The stretching vibrations of the N-
H bond at 3398.34, 3365.55, 3336.62, 3301.91, 
3284.55, 3176.54, and 3114.82 cm-1 are observed 
in various compounds such as primary amines, 
amides, and other compounds. The stretching 
vibrations of the C-N bond at 2356.85, 1220.86, 
1137.92, and 1068.49 cm-1 are observed in 
amines or amides. The stretching vibrations at 
628.75 and 594.03 cm-1 are observed in thio-ether 
functional groups. Based on prior observations, it 
is believed that the hydroxyl groups and primary 
amines are the functional groups that can 
contribute to the reduction of AgNO3 to AgNPs 
[30,31]. 

The research indicates that AgNPs have the 
potential to be a powerful antimicrobial agent, 
potentially surpassing certain conventional antibiotics 
in effectiveness against the bacterial strains 
studied. Multiple studies have shown that AgNPs 
are useful as antimicrobial agents, and in certain 
instances, they have proven to be more potent 
than traditional antibiotics against specific 
bacterial strains [13,14,32,33]. 

Konwarh et al. [14] discovered that AgNPs 
exhibited rapid killing activity against all tested 
Gram-negative bacteria, lowering the bacterial 
population by over 99.9% within 1-2 h. This shows 
that AgNPs might be developed as a novel form of 
antibacterial agent, especially for treating 
multidrug-resistant bacterial infections [16,37]. 
observed that AgNPs demonstrated substantially 
higher antibacterial activity against a broad 
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spectrum of both Gram-negative and Gram-
positive bacterial strains compared to the plant 
extracts utilized for their manufacture [17,38]. 
confirmed that biogenically synthesized AgNPs 
exhibited a more significant antibacterial activity 
while preserving minimal cytotoxicity compared to 
chemically produced AgNPs [18,34-38]. noted that 
the combination of antibiotics and AgNPs 
exhibited notable antimicrobial effects, even when 
the antibiotics were used at concentrations that 
were not lethal. The statistical analysis 
demonstrated significant difference in the AgNPs 
application as antimicrobial activity (P<0.05) in 
comparison with using the antibiotic under study 
(Table 1), based on t-test analysis. The mecha-
nism of the effect of AgNPs is not well understood. 
But it has been proposed the effect occur because 
AgNPs enhances the attachment to the bacterial 
cells and increase the release of Ag+ ions to the 
bacterial cells [39]. 

The toxicity of NPs against cancer cells was 
assessed using the dose-dependent MTT assay. 
This colorimetric assay relies on the presence of 
the active enzyme mitochondrial dehydrogenase, 
which is naturally occurring in living cells [27]. The 
results of the MTT experiment, which entailed 
exposing MCF-7 cells to different concentrations 
of AgNPs (ranging from 12.5 μg/mL to 400 μg/mL) 
for a duration of 24 h. The results demonstrated a 
robust or remarkable correlation between the 
percentages of cell viability and cell inhibition in 
MCF-7 cells subjected to varying treatments with 
AgNPs. The anti-carcinogenic properties of these 
AgNPs, which are produced through the synthesis 
of shell extract, are supported by the observed 
absence of cell viability (mortality data) [28-29,23]. 
The presence of numerous evidence 
substantiating the detrimental influence of the 
generated AgNPs on cells, as documented by R. 
Vivek et al., offered robust validation for the 
present discoveries. Annona squamosa leaf 
extract was employed to target the MCF-7 breast 
cancer cell line. Jacob et al. utilized leaf extracts 
of Piper longum against the Hep-2 cancer cell line 
and extracts of Morinda citrifolia against different 
HeLa cell lines. All of these experiments were 
conducted using an in vitro methodology [31]. Prior 
research conducted by Apalangya et al. utilized 
the MTT test to assess the extent of cell viability 
loss [36]. The study found that at concentrations of 
10, 25, 50, and 100 μg/mL of ND-AgNPs, the final 
reduction in cell viability against human cervical 
cancer cells (HeLA) was 9% [32]. Furthermore, 
Castro-Mayorga et al. documented that the 
incorporation of detrimental consequences via a 
small concentration of biosynthesized AgNPs 
could be attributed to certain constituents present 

in mushrooms that adhere to AgNPs. A primary 
goal of several studies in the pharmaceutical and 
immunological sciences is to identify a new 
alternative therapy for cancer that has minimal 
negative impact on the immune system. A 
separate study examined the effectiveness of 
AgNPs by analysing their impact at the molecular 
level. The study discovered that the varying levels 
of concentration were solely responsible for the 
regulated destruction of cells [34]. Exclusively 
focusing on cancer cells is a fundamental and 
crucial approach, as achieving the most effective 
cancer treatment is the primary goal of several 
research studies. The statistical analysis shown a 
non-significant difference in the AgNPs anticancer 
activity (P<0.05) between WRL-68 and MCF-7, 
based on chi-square analysis [37-39]. 
 

5. CONCLUSION 
 
As an overall view, the present study proposed 
more antibacterial, as well as anticancer effects for 
AgNPs made by shell extract. Moreover, it re-
vealed a dose-dependent biocompatibility along 
with slightly more antibacterial effects for AgNPs 
compared with traditional antibiotics. The produc-
tion of alternative environmentally friendly-
mediated AgNPs may be an efficient substitution 
for the traditional antibiotics-based medicines with 
fewer side effects. 

 
ACKNOWLEDGEMENTS 
The authors would like to express our gratitude to 
all members of the research team, particularly the 
Dean of Al-Mustaqbal University, represented by 
Assist. Prof. Dr. Hassan Shakir Majdy, for the 
financial assistance offered to finish this study. 
This research was funded by the authors 
themselves and there were no government or 
private agencies fund this research. 
 
CONFLICT OF INTEREST STATEMENT 
The authors declare no conflicts of interest. 
 

REFERENCES 
 

1. Chaloupka K., Malam Y., Seifalian A. M.: Na-
nosilver as a new generation of nanoproduct in bi-
omedical applications. Trends Biotechnol. 28(11): 
580-588 (2010). 
DOI: 10-1016/j.tibtech.2010.07.006 
 

2. Taglietti A., Arciola C. R., Agostino A. D., 
Dacarro G., Montanaro L., Campoccia D., et al.: 
Antibiofilm activity of a monolayer of silver nano-
particles anchored to an amino-silanized glass 
surface. Biomaterials 35(6): 1779-1788 (2014). 

https://doi.org/10.1016/j.tibtech.2010.07.006


BIO-FRIENDLY PREPARATION AND CHARACTERIZATION OF SILVER NANOPARTICLES FROM EGGSHELL …   229 

DOI: 10.1016/j.biomaterials.2013.11.047 
 

3. Narayanan K. B., Sakthivel N.: Biological 
synthesis of metal nanoparticles by microbes. 
Adv. Colloid Interface Sci. 156(1): 1-13 (2010). 
DOI: 10.1016/j.cis.2010.02.001 
 

4. Iravani S.: Green synthesis of metal nanoparti-
cles using plants. Green Chem. 13(10): 2638-
2650 (2011). 
DOI: 10.1039/C1GC15386B 
 

5. Makarov V.V., Love A. J., Sinitsyna O. V., 
Makarova S. S., Yaminsky I. V., Taliansky M. E., 
et al.: Green nanotechnologies: synthesis of metal 
nanoparticles using plants. Acta Naturae 6(1): 35-
44 (2014). 
DOI: 10.32607/20758251-2014-6-1-35-44 
 

6. Tan C. K., Chen T. W., Chan H. L., Ng L. S.: 
Photochemical synthesis of silver nanoparti-
cles/eggshell membrane composite, its charac-
terization and antibacterial activity. Histol. Histo-
path. 8(8): 1641-1647 (1992). 
DOI: 10.1166/sam.2016.2777 
 

7. Ishikawa S., Kyozo S., Arihara K., Itoh M.: Appli-
cation of an efficient nonconventional heteroge-
neous catalyst for biodiesel synthesis from 
Pongamia pinnata oil. Bioresour. Technol. 24(5): 
3223-3231 (2010). 
DOI: 10.1021/ef901514a 
 

8. Arami M., Limaee N. Y., Mahmoodi N. M.: Inves-
tigation on the adsorption capability of eggshell 
membrane towards model textile dyes. Chemo-
sphere 65(10): 1999-2008 (2006). 
DOI: 10.1016/j.chemosphere.2006.06.074 
 

9. Li Z., Zhang L., Amirkhiz B. S., Tan X. H., Xu Z. 
W., Wang H. L., et al.: Carbonized chicken 
eggshell membranes with 3D architectures as 
high-performance electrode materials for 
supercapacitors. Adv. Energy Mater. 2(4): 431-
437 (2012). 
DOI: 10.1002/aenm.201290018 
 

10. Zheng B. Z., Qian L., Yuan H. Y., Xiao D., Yang 
X. P., Paau M. C., et al.: Silver-doped biphasic 
calcium phosphate/alginate microclusters with 
antibacterial property and controlled doxorubicin 
delivery. Talanta 138(19): 50433-50446 (2020). 
DOI: 10.1002/app.50433 
 

11. Devi P. S., Banerjee S., Chowdhury R., Kumar 
G. S.: Eggshell membrane: a natural biotemplate 
to synthesize fluorescent gold nanoparticles.  RSC 
Adv. 2(30): 11578-11585 (2012). 

DOI: 10.1039/C2RA21053C 
 

12. Bankar A., Joshi B., Kumar A.R., Zinjarde S.: 
Banana peel extract mediated novel route or the 
synthesis of silver nanoparticles. Colloids Surf. A 
Physicochem. Eng. Asp. 368(3): 58-63 (2010). 
DOI: 10.1016/j.colsurfa.2010.07.024 
 
13. Abdulazeem, L., Alasmari , A.F., Alharbi , M., 
Alshammari, A. Muhseen, Z. T.: Utilization of 
aqueous broccoli florets extract for green synthe-
sis and characterization of silver nanoparticles, 
with potential biological applications. Heliyon 9: 
e19723-e19735 (2023). 
DOI: 10.1016/j.heliyon.2023.e19723 
 
14. Konwarh R., Gogoi B., Philip R., Laskar M.A., 
Karak N.: Biomimetic preparation of polymer-sup-
ported free radical scavenging, cytocompatible 
and antimicrobial “green” silver nanoparticles us-
ing aqueous extract of Citrus sinensis peel. 
Colloids Surf. B Biointerfaces 84(2): 338-345 
(2011). 
DOI: 10.1016/j.colsurfb.2011.01.024 
 
15. Sinha T., Ahmaruzzaman M.: High-value 
utilization of eggshell to synthesize silver and 
gold–silver core shell nanoparticles and their 
application for the degradation of hazardous dyes 
from aqueous phase - A green approach. J. 
Colloid Interface S. 453: 115-131 (2015). 
DOI: 10.1016/j.jcis.2015.04.053 
 
16. An B., Yu-Shan L., Barbara B.: Collagen 
interactions: drug design and delivery. Adv. Drug 
Deliv. Rev. 97: 69-84 (2016). 
DOI: 10.1016/j.addr.2015.11.013 
 

17. Ahmed M. J., Murtaza G., Rashid F., Iqbal J.: 
Eco-friendly green synthesis of silver nanoparti-
cles and their potential applications as antioxidant 
and anticancer agents. Drug Dev. Ind. Pharm. 
45(10): 1682-1694 (2019). 
DOI: 10.1080/03639045.2019.1656224 

 
18. Huy T. Q., Huyen P. T. M., Le A. T., Tonezzer 
M.: Recent advances of silver nanoparticles in 
cancer diagnosis and treatment. Anti-Cancer 
Agents Med. Chem. 20(11): 1276-1287 (2020). 
 DOI: 10.2174/1871520619666190710121727 

 
19. Rohde M. M., Snyder C. M., Sloop J., Solst S. 
R., Donati G. L., Spitz D. R., et al.: The mechanism 
of cell death induced by silver nanoparticles is 
distinct from silver cations. Part. Fibre Toxicol. 18: 
37-61 (2021). 
DOI: 10.1186/s12989-021-00430-1 

https://doi.org/10.1016/j.biomaterials.2013.11.047
https://doi.org/10.1016/j.cis.2010.02.001
https://pubs.rsc.org/en/content/articlelanding/2011/gc/c1gc15386b/unauth
http://dx.doi.org/10.32607/20758251-2014-6-1-35-44
https://doi.org/10.1166/sam.2016.2777
http://dx.doi.org/10.1021/ef901514a
https://doi.org/10.1016/j.chemosphere.2006.06.074
https://doi.org/10.1002/aenm.201290018
http://dx.doi.org/10.1002/app.50433
https://pubs.rsc.org/en/content/articlelanding/2012/ra/c2ra21053c
https://doi.org/10.1016/j.colsurfa.2010.07.024
https://doi.org/10.1016/j.heliyon.2023.e19723
https://doi.org/10.1016/j.colsurfb.2011.01.024
https://doi.org/10.1016/j.jcis.2015.04.053
https://doi.org/10.1016/j.addr.2015.11.013
https://doi.org/10.1080/03639045.2019.1656224
https://doi.org/10.2174/1871520619666190710121727
https://doi.org/10.1186/s12989-021-00430-1


230     REVIEW OF CLINICAL PHARMACOLOGY AND PHARMACOKINETICS, INTERNATIONAL EDITION  2024 

 

20. Li L., Cui J., Liu Z., Zhou X., Li Z., Yu Y., et al.: 
Silver nanoparticles induce SH-SY5Y cell 
apoptosis via endoplasmic reticulum- and 
mitochondrial pathways that lengthen endo-
plasmic reticulum-mitochondria contact sites and 
alter inositol-3-phosphate receptor function. 
Toxicol. Lett. 285: 156-167 (2018). 
DOI: 10.1016/j.toxlet.2018.01.004 
 
21. Muhamad M., Rahim N., Wan Omar W. A., Nik 
Mohamed Kamal N. N. S.: Cytotoxicity and geno-
toxicity of biogenic silver nanoparticles in A549 
and BEAS-2B cell lines. Bioinorg. Chem. Appl. 1: 
8546079- 8546103 (2022).  
DOI: 10.1155/2022/8546079 
 
22. Gurunathan S.: Biologically synthesized silver 
nanoparticles enhance antibiotic activity against 
Gram-negative bacteria. J. Ind. Eng. Chem. 29: 
217-226 (2015). 
DOI: 10.1016/J.JIEC.2015.04.005 
 
23. CLSI: Clinical and Laboratory Standards Insti-
tute: Performance Standards for Antimicrobial 
Susceptibility Testing. 30th Edition. Suppl M100 
(2020). 
 
24. Hassan D., Abd F., Albayati L.: Evaluation of 
antibacterial, antibiofilm activity of biosynthesis 
MgONPs and cellular immunity in rabbit. J. Adv. 
Biotechnol. Exp. Ther. 5(2): 381-393 (2022). 
DOI: 10.5455/jabet.2022.d122 
 
25. Pillai Z. S., Kamat P. V.: What factors control 
the size and shape of silver nanoparticles in the 
citrate ion reduction method? J. Phys. Chem B. 
108: 945-951 (2003).  
DOI: 10.1021/jp037018r 
 
26. Arif M. S., Ulfiya R., Erwin A., Panggabean A. 
S.: Synthesis silver nanoparticles using trisodium 
citrate and development in analysis method. AIP 
Conf. Proc. 2360: 050007 (2021).  
DOI: 10.1063/5.0059493 
 
27. Ranoszek-Soliwoda K., Tomaszewska E., 
Socha E., Krzyczmonik P., Ignaczak A., Orlowski 
P., et al.: The role of tannic acid and sodium citrate 
in the synthesis of silver nanoparticles. J. 
Nanopart. 19: 273-280 (2017). 
DOI: 10.1007/s11051-017-3973-9 
 
28. Mavani K., Shah M.: Synthesis of silver nano-
particles by using sodium borohydride as a reduc-
ing agent. Int. J. Eng. Res. Technol. 2(11): 1-5 
(2013).  
DOI: 10.13140/2.1.3116.8648 

29. Ahari H., Karim G., Anvar A. A., Pooyamanesh 
M., Sajadi A., Mostaghim A., et al.: Synthesis of 
the silver nanoparticle by chemical reduction 
method and preparation of nanocomposite based 
on AgNPs. In Proceedings of the 4th World 
Congress on Mechanical, Chemical, and Material 

Engineering (MCM' 18). Madrid, Spain. 16–18 
(2018). 
DOI: 10.11159/iccpe18.125 
 
30. Apalangya V., Rangari V., Tiimob B., Jeelani 
S., Samuel T.: Development of antimicrobial water 
filtration hybrid material from bio source calcium 
carbonate and silver nanoparticles. Appl. Surf. Sci. 
295: 108-114 (2014).  
DOI: 10.1016/j. apsusc.2014.01.012 
 
31. Jacob S. J. P., Finub J. S., Narayanan A.:  Syn-
thesis of silver nanoparticles using Piper longum 
leaf extracts and its cytotoxic activity against Hep-
2 cell line. Colloids Surf. B Biointerfaces 91: 212-
214 (2012). 
DOI: 10.1016/j.onano.2018.04.001 
 
32. Bannea S. V., Patil M. S., Kulkarni R. M., Patil 
S. J.: Synthesis and characterization of silver nano 
particles for EDM applications. Mater. Today Proc. 
4(11): 12054-12060 (2017).  
DOI: 10.1016/j.matpr.2017.09.130  
 
33. Echegoyen Y., Nerín C.: Nanoparticle release 
from nano-silver antimicrobial food containers. 
Food Chem. Toxicol. 62: 16-22 (2013).  
DOI: 10.1016/j. fct.2013.08.014 
 
34.Castro-Mayorga J. L., Martínez-Abad A., 
FabraM J., Olivera C., Reis M., Lagarón J. M.: Sta-
bilization of antimicrobial silver nanoparticles by a 
polyhydroxyalkanoate obtained from mixed bacte-
rial culture. Int. J. Biol. Macromol. 71: 103-110 
(2014).  
DOI: 10.1016/j.ijbiomac.2014.06.059 
 
35. Lee S. M., Song K. C., Lee B. S.: Antibacterial 
activity of silver nanoparticles prepared by a chem-
ical reduction method. Korean J. Chem. Eng. 
27(2): 688-692 (2010).  
DOI: 10.2478/s11814-010- 0067-0 
 

36. Apalangya V., Rangari V., Tiimob B., Jeelani 
S., Samuel T.: Development of antimicrobial water 
filtration hybrid material from bio source calcium 
carbonate and silver nanoparticles. Appl. Surf. Sci. 
295: 108-114 (2014).  
DOI: 10.1016/j. apsusc.2014.01.012 
 
37. Parvekar P., Palaskar J., Metgud S., Maria R., 

https://doi.org/10.1016/j.toxlet.2018.01.004
https://doi.org/10.1155/2022/8546079
https://doi.org/10.1016/j.jiec.2015.04.005
https://www.ejmanager.com/mnstemps/178/178-1647620861.pdf?t=1723532960
https://pubs.acs.org/doi/abs/10.1021/jp037018r
https://doi.org/10.1063/5.0059493
https://link.springer.com/article/10.1007/s11051-017-3973-9
http://dx.doi.org/10.13140/2.1.3116.8648
https://avestia.com/MCM2018_Proceedings/files/paper/ICCPE/ICCPE_125.pdf
https://doi.org/10.1016/j.apsusc.2014.01.012
https://doi.org/10.1016/j.colsurfb.2011.11.001
https://doi.org/10.1016/j.matpr.2017.09.130
https://doi.org/10.1016/j.fct.2013.08.014
https://doi.org/10.1016/j.ijbiomac.2014.06.059
http://dx.doi.org/10.2478/s11814-010-0067-0
https://doi.org/10.1016/j.apsusc.2014.01.012


BIO-FRIENDLY PREPARATION AND CHARACTERIZATION OF SILVER NANOPARTICLES FROM EGGSHELL …   231 

Dutta S.: The minimum inhibitory concentration 
(MIC) and minimum bactericidal concentration 
(MBC) of silver nanoparticles against Staphylo-
coccus aureus. Biomater. Investig. Dent. 7(1): 105-
109 (2020). 
DOI: 10.1080/26415275.2020.1796674 
 
38. Barabadi H., Mohammadzadeh A., Vahidi H., 
Rashedi M., Saravanan M., Talank N., et al.: 
Penicillium chrysogenum-derived silver nanoparti-
cles: exploration of their antibacterial and biofilm 
inhibitory activity against the standard and patho-
genic Acinetobacter baumannii compared to tetra-
cycline. J. Cluster Sci. 33: 1929-1942 (2021). 
DOI: 10. 1007/s10876-021-02121-5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

39. Talank N., Morad H., Barabadi H., Mojab F., 
Amidi S., Kobarfard F., et al.: Bioengineering of 
green-synthesized silver nanoparticles: in vitro 
physicochemical, antibacterial, biofilm inhibitory, 
anticoagulant, and antioxidant performance. 
Talanta 243: 123374 (2022).  
DOI: 10.1016/j.talanta.2022.123374 
 
 

 

 

https://doi.org/10.1080/26415275.2020.1796674
https://link.springer.com/article/10.1007/s10876-021-02121-5
https://doi.org/10.1016/j.talanta.2022.123374

