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There is no doubt that the risk of drug-resistant pathogens and cancer diseases is on the rise. So, the goal
of this study was to find out how effective silver nanoparticles (Ag-NPs) made by Senna alexandrina are at
fighting these threats. In this work, S. alexandrina collected from Medina, Saudi Arabia was used and the
biosynthesis method was applied to produce the Ag-NPs. The characterization of Ag-NPs was done using
different analytical techniques, including UV spectroscopy, FT-IR, TEM, and XRD analysis. The MIC, MBC,
and MTT protocols were applied to confirm the bioactivity of the Ag-NPs as antibacterial and anticancer
bioagents. The findings reported indicating that the aqueous extract of S. alexandrina leaves, grown nat-
urally in Saudi Arabia, is ideal for the production of bioactive Ag-NPs. The hydroxyl, aliphatic, alkene, N–H
bend of primary amines, C–H bonds, and C-O bonds of alcohol were detected in this product. The small,
sphere-shaped particles (4–7 nm) were the most prevalent among the bioactive Ag-NPs produced in this
work. These nanoparticles inhibited some important multidrug-resistant pathogens (MDRPs) (Escherichia
coli, Acinetobacter baumanii/haemolyticus, Staphylococcus epidermidis, and Methicillin-resistant
Staphylococcus aureus (MRSA)), as well as their ability to inhibit breast cancer cells (MCF-7 cells). The
MIC of Ag-NPs ranged from 0.03 to 0.6 mg/mL, while their MBC ranged from 0.06 to 2.5 mg/mL.
Anticancer activity test showed that IC50 of the Ag-NPs against tested breast cancer cells was 61.9 ± 3.
8 lg/mL. According to the current results, biosynthesis using S. alexandrina leaves grown naturally in
Saudi Arabia was an ideal technique for producing bioactive Ag-NPs that could be used to combat a vari-
ety of MDRPs and cancer diseases.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Infections brought on by bacteria and other microbes that can
harm humans are prevented and treated with antibiotics. One of
the most significant medical advancements was the discovery of
antibiotics (Nicolaou et al., 2018). Clinical Staphylococcus aureus
isolates with penicillin resistance have been reported shortly after
penicillin became widely available (Lobanovska et al., 2017). Sev-
eral studies have shown that the widespread administration of
antibacterial drugs has resulted in the emergence of drug-
resistant bacterial strains (Wang et al., 2017). Antibiotics are
simple to obtain and effective against many bacteria that are dan-
gerous to people. Fleming did, however, caution us not to rely too
heavily on antibiotics in the speech he made upon receiving the
Nobel Prize in 1945. He was concerned about the improper use
of penicillin and the easiness with which resistance could arise
from inadequate treatment dosages (Browne et al., 2020).

The creation, characterization, and application of formations,
devices, and systems at the nanoscale (1 nm to 100 nm) level is
referred to as nanotechnology. It is a brand-new area for creating
cutting-edge research and materials with numerous uses in science
and technology. Nanoparticles are made with distinctive proper-
ties that attract to biologists and material scientists. Among vari-
ous nanoparticles, Ag-NPs have become one of the most popular
study topics in recent years (Yin et al., 2020; Aslam et al., 2021;
Khuda et al., 2022).
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The issue of bacterial resistance is getting worse, but scientists
are investigating a few active antibiotics that might be able to com-
bat bacteria that are resistant to multi-standard drugs. Gould et al.
(2013) reported that the fact that some infections can’t be cured is
a scary sign that antibiotics are being used too much and for the
wrong reasons. The question is ‘‘Could nanoparticles replace
antibiotics in the face of the threat of antibiotic resistance?”. It is
now understood that nanotechnology can be used to treat bacterial
infections (Wang et al. 2017). Silver nanoparticles are biological
agents capable of combating pathogenic microorganisms. This
has been demonstrated. And that its application is not confined
to the medical field, but also to the environment, agriculture, food,
and industry (Das et al., 2020). The findings of Jadhav et al. (2018)
suggest that plant-mediated green synthetic silver nanoparticles
could be promising anticancer agents that avoid the drawbacks
of traditional cancer chemotherapeutic agents. Based on the con-
centrations tested, Ag-NPs have a strong anti-cancer effect.
Nanoparticles (NPs) are important in the field of prescribed drugs
due to their potent bioactivity against cancer cells. Given the sig-
nificance of this fundamental concept, there is an urgent need for
continued research, production, and characterization of these par-
ticles to combat cancer cells (Patil & Kim, 2017).

The green method is the best way to synthesize nanoparticles
because it is less expensive and can be used for a large amount
of nanoparticle synthesis (Elsharkawy, 2018). Another advantage
is that this biotechnology is simple, environmentally friendly,
and relatively reproducible, and the nanoparticles produced using
this method are frequently more stable (Ahmed et al., 2016b).
Senna alexandrina Mill. (Leguminosae) is found in the wild in Saudi
Arabia, Yemen, and Egypt, and it is also extensively grown in
Pakistan. This herb has been used in traditional medicine to treat
cholera, liver diseases, constipation, typhoid, and a variety of other
ailments (Ahmed et al., 2016a, 2016b).

In order to address the risks of microbial resistance to antibi-
otics and cancerous diseases, this work aimed to produce bioactive
Ag-NPs (antibacterial and anticancer agents) using biosynthesis
methods. The objectives of this work include silver nanoparticle
biosynthesis using S. alexandrina, characterization of these parti-
cles using an ultraviolet (UV) spectrophotometer, a Fourier trans-
form infrared spectrophotometer (FT-IR), a transmission electron
microscope (TEM), and X-ray diffraction analysis, and evaluation
of the biological activity of synthesized Ag-NPs as an antibacterial
and anticancer bio-product.
2. Methodology

2.1. Sample collection

S. alexandrina fresh samples were collected from the Hijaz area
(Medina) (24.470901 and 39.612236, latitude and longitude
respectively). This city is located in Saudi Arabia with the GPS coor-
dinates of 24� 280 15.24360’ N and 39� 360 44.04960’ E. according to
https://www.latlong.net/place/medina-saudi-arabia-2246.html.
The plant samples were identified by a botanist in the herbarium of
the Department of Botany and Microbiology, King Saud University
(KSU), Riyadh. The fresh leaves were thoroughly washed with tap
water, then Mili Q water, before being used in the synthesis of sil-
ver nanoparticles. The washed plants were dried in the shade,
ground into a fine powder, and stored in airtight bottles until they
were used in the biosynthesis of silver nanoparticles.
2.2. Preparation of the leaves extract

Ten grams of powdered leaves were combined into 100 mL of
deionized water and boiled for 30 min on a hot magnetic stirrer
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at 60 �C. The aqueous extract was clarified using filter paper
(Whatman No. 1) after cooling (Swarnavalli et al., 2017). The clear
supernatant obtained from the filtration stage was settled at
7 ± 1 �C for 4 h before collecting the top clear part and discarding
the sediment part. The aqueous extract was kept at 4 ± 1 �C for fur-
ther tests.

2.3. Biosynthesis of nanoparticles

Silver nitrate was used to create silver nanoparticles using the
aqueous extract of S. alexandrina leaves obtained in the preceding
stage was used. To produce the nanoparticles, different metal (sil-
ver nitrate) solutions were prepared in an Erlenmeyer flask in dif-
ferent concentrations (1,2,3,4,5,6,7,8,9 and 10 mM). To determine
the best method for producing nanoparticles, the extract was
mixed with the metals in various amounts, concentrations, RPMs,
light, dark, and temperature conditions. The primary experiments
revealed that the best conditions for producing Ag-NPs were the
extract of metal (3:7 ratio), 220 rpm, 24 ± 1 �C, and light sun for
10 min.

The colloidal suspension of the prepared nanoparticles was cen-
trifuged at 21380 � g and 4 ± 1 �C for 15 min at the end of the pro-
cess, and the products were washed three times with sterile
distilled water to remove any free metals and plant extract. A color
change indicated the production of nanoparticles (a dark brown
color indicates the completion of the chemical reduction process
and biosynthesis of silver nanoparticles) (Al-Otibi et al., 2021).

2.4. Characterization of the biosynthesized nanoparticles

Various analytical procedures were applied to characterize the
nanoparticles biosynthesized in this work. The UV-analysis was
done to approve the formation and stability of produced nanopar-
ticles. The absorbance (O.D) spectrum (202 to 800 nm) of the col-
loidal product was analyzed using Ultraviolet–Visible spectroscopy
(Shimadzu UV-2600). The FT-IR was used to characterize surface
chemistry and detect organic functional groups (e.g., carbonyls,
hydroxyls). The wavelength (4000 to 400 cm-1) and spectra of
emission were rescored using FTIR Spectrophotometer (VERTEX
70/70v). The powder XRD analytical technique was used to identify
the phase and crystalline material of the nanoparticles. The diffrac-
tion of X-ray was done using X’Pert PRO diffractometers (Cu X-ray
emitter with a wavelength of 1.5406 A� and a voltage of 40 kV). The
TEM was applied to distinguish the morphology of the produced
nanoparticles. The solution of Ag-NPs was diluted, and a drop of
this dilution was added to the gird of TEM. The dehydration was
performed, and then the TEM analysis was done using Mic, HV,
and Mag JEM 1011, 80 kV, and 40000, respectively (Mittal et al.,
2013; Barbhuiya et al., 2022).

2.5. Antibacterial activity

The bioactivity of the biosynthesized nanoparticles as antibac-
terial agents was evaluated using multidrug-resistant human
pathogenic bacteria (Escherichia coli, Acinetobacter baumanii/
haemolyticus, Staphylococcus epidermidis, and MRSA). All of these
microbes are reference strains available at Microbiological Labora-
tory, Botany and Microbiology Department, College of Science,
King Saud University. Susceptible testing for all these microbial
strains using the Vitek System (bioMérieux) showed that these
microbial strains were resistant to multidrug (Tables 1 and 2).
The standard macro-broth dilution assay was applied to calculate
the minimum inhibitory concentration (MIC) and minimum bacte-
ricidal concentration (MBC). MIC is the lowest concentration of the
antibacterial agent that inhibits visible bacterial growth, whereas
MBC is the lowest concentration at which bacteria can no longer
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Table 1
MIC of standard antibiotics against S. epidermidis and MRSA strains tested in this work using Vitek System (Biomerieux, France).

S. epidermidis MRSA

Antibiotics MIC* Antibiotics MIC*

Gentamicin-Syn ˃ 500 Amox/k Clav <=4/2 R
Gentamicin ˃ 8 R Ampicillin 8 BLAC
Imipenem ˃ 8 R Cefoxitin Screen ˃ 4 POS
Cefoxitin ˃ 8 R Ciprofloxacin <=1 S
Cefotaxime ˃ 32 R Clindamycin 0.5
Ampicillin X R Erythromycin ˃ 4
Penicillin G ˃ 0.25 R Fosfomycin <=32 S
Oxacillin ˃ 2 R Fusidic Acid 16 I
Amoxicillin-clavulanate ˃ 4/2 R Gentamicin <=1 S
Daptomycin <=1 S Imipenem <=4 R
Trimethoprim-sulfamethoxazole Apr-76 R Levofloxacin <=1 S
Teicoplanin <=2 S Linezolid <=2 S
Vancomycin 1 S Mupirocin <=4 S
Clindamycin ˃ 2 R Nitrofurantoin <=32 S
Erythromycin ˃ 4 R Oxacillin ˃ 2 R
Fusidic Acid 8 Penicillin 8 BLAC
Linezolid 2 S Tetracycline <=4 S
Mupirocin High Level ˃ 256 R Trimeth/Sulfa <=2/38 S
Nitrofurantoin 32 S Vancomycin 4 I
Ciprofloxacin ˃ 2 R
Moxifloxacin 2 S
Rifampin <=0.5 S
Tetracycline 8 I

* I = Intermediate, R = Resistant, MIC = mcg/ml (mg/l), POS = Positive, NEG = Negative and Blac = Beta-lactamase positive.

Table 2
MIC of standard antibiotics against E. coli and A. baumannii/haemolyticus strains tested in this work using Vitek System (Biomerieux, France).

E. coli A. baumannii/haemolyticus

Antibiotic MIC* Antibiotic MIC*

Amikacin <=16 S Amikacin ˃ 32 R
Amox/k Clav ˃ 16/8 R Amox/k Clav ˃ 16/8
Ampicillin ˃ 16 R Ampicillin ˃ 16
Cefazolin ˃ 16 R Cefazolin ˃ 16
Cefepime <=8 S Cefepime ˃ 16 R
Cefotaxime ˃ 32 R Cefotaxime ˃ 32 R
Cefoxitin ˃ 8 R Cefoxitin ˃ 8
Ceftazidime ˃ 16 R Ceftazidime ˃ 16 R
Cefuroxime ˃ 16 R Cefuroxime ˃ 16
Ciprofloxacin ˃ 2 R Clprofloxacin ˃ 2 R
Collstin <=2 Colistin <=2 S
Fosfomycin <=32 S Fosfomycin ˃ 32
Gentamicin <=4 S Gentamicin ˃ 8 R
Imipenem <=4 S Imipenem ˃ 8 R
Levofloxacin ˃ 4 R Levofloxacin ˃ 4 R
Meropenem <=1 S Meropenem ˃ 8 R
Nitrofurantoin <=32 Nitrofurantoin ˃ 64
Norfloxacin ˃ 8 Norfloxacin ˃ 8
Pip/Tazo 64 I Tetracycline ˃ 8 R
Tetracycline ˃ 8 R Tobramycin ˃ 8 R
Tigecycline <=1 S Trimeth/Sulfa <=2/38 S
Tobramycin ˃ 8 R Tigecycline S
Trimeth/Sulfa ˃ 2/38 R
*S = Susceptible,, I = Intermediate, R = Resistant, MIC = mcg/ml (mg/l), POS = Positive, NEG = Negative and Blac = Beta-lactamase positive
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grow at all (Elshikh et al., 2016; Ghaedi et al., 2015). Control groups
in this experiment were chloramphenicol as the positive control
group and sterile normal saline as the negative control group. This
method used sterile distilled water to create a stock solution con-
taining 1.3 mg/mL of Ag-NPs. Ten test tubes were prepared for each
microbe, with each receiving 900 lL of sterile nutrient broth
(Oxoid, UK) and 100 lL of microbial suspension (105 microbial
cell/mL). The microbial suspension was made from pure colonies
and had an optical density of 0.60 at 550 nm. The first of eight test
tubes received 1 mL of Ag-NPs solution and was thoroughly mixed;
1 mL was then transferred from this test tube to the following tube.
This procedure was repeated until the eighth test tube was
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reached, at which point 1 mL of the last test tube was discarded.
The standard antibiotic was subjected to the same procedures.
The ninth and tenth test tubes were treated with sterile normal
saline and leaven, respectively. The incubation of the test tubes
was done aerobically at 37 ± 1 �C for 20 h, and the absence of
microbial growth was confirmed using turbidity measurements
at 550 nm and the sub-cultivation method.

2.6. Anticancer activity of nanoparticles

The cultivation of human breast cancer cells (MCF-7) (Thermo
Fisher Scientific Inc. UK) was performed at 37 ± 1 �C and 5% CO2
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using anaerobic incubator. The medium used in this test contained
10% fetal bovine serum (FBS). For 24 h, the cells (5X104 cells/well)
were plated onto 24-well plates. The cancer cells were then
exposed to the nanoparticles at concentrations of 100, 50, 25,
and 12.5 mg/ml and incubated for 48 h. After that, each well was
treated with 100 lL of chemical reagent (5 mg/ml of MTT) and
incubated for 2 h at 37 ± 1 �C using the CO2 incubator. According
to Sankar et al. (2013), the formazan that formed during the previ-
ous treatment was dissolved in 1 mL of acidified isopropanol. Then,
the optical density (OD) was measured at 540 nm with a micro-
plate reader (BioTek, USA). The percentage of cell viability was
determined as follows:

% Viable cells = [Average OD of treated MCF-7/ Average OD of
untreated MCF-7] � 100.

The concentration of nanoparticles that caused 50% inhibition
(IC50) was determined using the dose response curve of the per-
centage of living cells.

2.7. Design of the experiment and statistical analysis

The present investigation used a completely randomized design
(CRD). This design tested all extractions and products equally
likely. The results’ means and standard deviations were calculated,
and the data was analyzed in SPSS using post hoc test in one-way
ANOVA (IBM SPSS Statistics, version 25, USA).
3. Results

The main goals of this study were to synthesize Ag-NPs from
the leaves of S. alexandrina grown in Saudi Arabia and evaluate
their biological activity as antibacterial and anticancer agents.

3.1. Biosynthesis of silver nanoparticles

The results shown in Fig. 1 demonstrate an alteration in the
color of the reaction mixture, which contained S. alexandrina leaves
extract and silver nitrate. After 10 min of exposure to sunlight, the
color of the reaction mixture changed from golden yellow to dark
brown, indicating that the silver salts were reduced into silver ions.

3.2. UV–spectrophotometer

UV–visible spectral analysis confirmed the formation of Ag-NPs.
The spectral analysis revealed the highest absorbance at 490 nm,
indicating that silver nitrate (Ag + ) was successfully converted
Fig. 1. S. alexandrina leaves extract treated with silver nitrate after 10 min of exposure t
been completed.
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to silver nanoparticles. Fig. 2 shows that the wavelength range
extends from 426 to 668 nm, with 490 nm being the optimum.
3.3. FT-IR analysis

The FT-IR spectrum analysis of Ag-NPs biosynthesized using S.
alexandrina aqueous leaves extract revealed eight peaks (Fig. 3),
including a broad peak at around 3205.79 cm-1, most likely for
hydroxyl groups O–H stretch vibration. The aliphatic C–H symme-
try stretching vibration was most likely represented by a weak
peak at 2918.79 cm-1. A strong peak at 1630.80 cm-1 was most
likely caused by C = C stretching and N–H bending of primary ami-
nes, and two other peaks at 1450.48 cm-1 and 1385.34 cm-1 were
also caused by C–H bending. Some peaks in the finger print region
at 1260.29 cm-1 and 1069.92 cm-1 could be attributed to alcohol
C-O stretching. The last broad peak was at 599.73 cm-1, which is
attributed to the Ag-NPs indicated by the arrow.

Table 3 displays the different characteristic functional groups of
S. alexandrina extract as determined by the FT-IR spectrum. The
data reported that the extract produced from S. alexandrina con-
tains several functional groups, including normal ‘‘polymeric”
OH, Methylene C–H, Alkenyl C = C, Methyl C–H, Trimethyl or
‘‘tert-butyl”, Aromatic ethers, aryl -O, Alkyl-substituted ether, C-
O, Aromatic ethers, aryl -O, Alkyl-substituted ether, and C-O. The
stretching vibration was recorded for four functional groups
(normal‘‘polymeric” OH, Alkenyl C = C, Aromatic ethers, aryl -O,
Alkyl-substituted ether, C-O, Aromatic ethers, aryl -O, Alkyl-
substituted ether, C-O, Aromatic ethers, aryl -O, Alkyl-substituted
ether, C (Methylene CH and Methyl CH).
3.4. XRD analysis

The crystalline structure of silver nanoparticles was revealed by
XRD analysis of powdered Ag-NPs biosynthesized using S. alexan-
drina leaves extract. Fig. 4 shows four intense peaks at angles
(2h) 32.01, 38.1, 46.08, and 64.3�, corresponding to the planes
(101), (111), (200), and (220), respectively.
3.5. TEM analysis

According to TEM analysis, the Ag-NPs biosynthesized using S.
alexandrina leaves extract have a spherical shape with sizes rang-
ing from 4 to 20 nm, as shown in Fig. 5. Small particles with sizes
ranging from 4 to 7 nm had the greatest distribution and
frequency.
o sunlight. The dark brown color indicates that the chemical reduction process has



Fig. 2. UV–spectrophotometer analysis of Ag-NPs biosynthesized using aqueous leaves extract of S. alexandrina.

Fig. 3. FT-IR analysis of the biosynthesized Ag-NPs using aqueous leaves extract of S. alexandrina.

Table 3
The FT-IR spectrum used to identify the various functional groups of aqueous leaves
extract of S. alexandrina.

Wavenumber (CM-1) Functional group

3400–3200 (3205.79) Normal ‘‘polymeric’’ OH stretch
2935–2915 (2918.79) Methylene C–H asym.
1680–1630 (1630.80) Alkenyl C = C stretch
1470–1430 (1450.48) Methyl C–H asym.
1395–1385 (1385.34) Trimethyl or ‘‘tert-butyl’’ (multiplet)
1270–1230 (1260.29) Aromatic ethers, aryl -O stretch
1150–1050 (1069.92) Alkyl-substituted ether, C-O stretch
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3.6. MIC and MBC results

Ag-NPs obtained in this experiment were tested for antibacte-
rial activity against MDRPs (MRSA, S. epidermidis, E. coli, and A. bau-
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manii/haemolyticus). The findings were compared to those obtained
with the standard antibiotic (Chloramphenicol). Figs. 6 and 7 show
that the MIC of Ag-NPs was between 0.3 and 0.6 mg/mL, while the
MBC of Ag-NPs was between 0.6 and 2.5 mg/mL. Except for Acine-
tobacter sp., which showed high resistance to the antibiotic when
compared to Ag-NPs, the MICs of Ag-NPs against all tested micro-
bial pathogens were higher than the MICs of the standard antibi-
otic. When compared to all other treatments, the MBC of Ag-NPs
against MRSA was significantly different (P < 0.05). According to
the one-way ANOVA analysis, the MBCs of Ag-NPs and the antibi-
otic are significantly different (P < 0.05).

3.7. Anticancer activity of nanoparticles

To assess the cytotoxic activity of Ag-NPs synthesized in this
study using S. alexandrina leaves extract, MCF-7 cells were given
various doses (0, 12.5, 25, 50, and 100 lg/mL). Lower doses of
Ag-NPs (12.5 and 25 lg/mL) did not show significant cytotoxicity



Fig. 4. XRD analysis of Ag-NPs produced using S. alexandrina leaves extract.
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against MCF-7, according to the findings. However, at the highest
concentration of 100 lg/mL, Ag-NPs demonstrated exceptional
cytotoxicity (Fig. 8). The IC50 value of Ag-NPs was calculated to
be 61.93.8 lg/mL when tested against MCF-7.
Fig. 5. TEM image of Ag-NPs shows that the size of biosynthesized A
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4. Discussion

Many studies have shown that the spread and misuse of
antibacterial drugs has resulted in the rise of bacterial strains that
are resistant to many standard drugs since the discovery of the first
antibiotic. Many studies were conducted on this topic when
antibiotic-resistant microbes became prevalent and a threat to
human society. Ag-NPs are created for a variety of reasons, one
of which is that numerous scientific studies on Ag-NPs have
revealed that they have powerful antibacterial and anticancer
properties. The current research aimed to biosynthesize Ag-NPs
from aqueous leaves extract of S. alexandrina grown in Saudi Ara-
bia. Analytical techniques such as FT-IR, UV spectrophotometer,
XRD, and TEM were used to characterize biosynthesized Ag-NPs.
This product’s biological activity as an antibacterial and anticancer
agent was also assessed.

Green synthesis of nanoparticles is widely accepted as the best
method for producing nanoparticles because it is environmentally
friendly and uses naturally renewable resources. Actually, this is
one of the few agreed-upon facts about nanoparticle production.
Initially, the method was developed to produce more biocompati-
ble Ag-NPs than those produced chemically and to avoid cytotoxi-
city tests, which are required in chemical assay production
(Agarwal et al., 2017; Kaur & Sidhu, 2021).
g-NPs using S. alexandrina extract ranged between 4 and 20 nm.



Fig. 6. Minimum inhibitory concentration (MIC) of Ag-NPs and standard antibiotics (Chloramphenicol) against against E. coli, Acinetobacter sp, MRSA and S. epidermidis.
EAg = E. coli treated with Ag-NPs, AAg = Acinetobacter treated with Ag-NPs, MAg = MRSA treated with Ag-NPs, SAg = S. epidermidis treated with Ag-NPs, EA = E. coli treated with
antibiotic, AA = Acinetobacter treated with antibiotic, MA = MRSA treated with antibiotic, and SA = S. epidermidis treated antibiotic. * Standard error was zero where the three
replicates of MICs had the same value.

Fig. 7. The minimum bactericidal concentration (MBC) of Ag-NPs and standard antibiotics (Chloramphenicol) against against E. coli, Acinetobacter sp, MRSA and S. epidermidis.
EAg = E. coli treated with Ag-NPs, AAg = Acinetobacter treated with Ag-NPs, MAg = MRSA treated with Ag-NPs, SAg = S. epidermidis treated with Ag-NPs, EA = E. coli treated with
antibiotic, AA = Acinetobacter treated with antibiotic, MA = MRSA treated with antibiotic, and SA = S. epidermidis treated antibiotic.
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Fig. 8. The effect of Ag-NPs biosynthesized using S. alexandrina leaves extract on the
viability of MCF-7 cells. The MTT assay was used to calculate the biological activity
of different concentrations of Ag-NPs on cell generation. The various Ag-NP
concentrations were prepared and used to treat MCF-7 for 48 h. For triplicates,
values were expressed as means ± SD.
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The green synthesis of Ag-NPs is quickly demonstrated by the
solution’s obvious color shift to dark brown (Nahar et al., 2021).
That shift in color was clearly visible in our current work. Accord-
ing to previous research, the biomolecules of this mixture reaction
are the result of rapid silver ion reduction and Ag-NP stabilization.
The current study’s findings are consistent with many previous
studies that produced Ag-NPs using green synthesis methods, such
as Citrus sinensis (navel orange) peel (Khabeeri et al., 2020). Despite
claims that the color change from clear to dark brown is reliable
primary evidence for the biosynthesis of Ag-NPs using plant
extracts, the color does not change in some production conditions,
such as when Ag-NPs are made using Hagenia abyssinica leaf
extract (Melkamu & Bitew, 2021).

UV–Vis spectroscopy was used in this study to track the evolu-
tion of Ag-NPs. At 490 nm, the absorption peak of Ag-NPs in solu-
tion was observed. The majority of the UV–Vis spectra observed
were sharp, with a single peak of surface plasmon resonance
(SPR) absorption, indicating a small size distribution of spherical
Ag-NPs. This study backs up previous findings that the absorption
spectra at 490 nm clearly characterize the appearance of Ag-NPs
(Manukumar & Kumar 2017; Balachandar et al., 2019). Further-
more, the UV–Vis spectrum of Ag-NPs formation has been con-
firmed to be between 350 and 490 nm, with sharp peaks at 350,
380, 420, and 490 nm (Dong et al., 2021). Kuppusamy et al.
(2022) reported that a spectrophotometer with visible and ultravi-
olet rays confirmed the composite samples, with peaks close to
490 nm recorded at 535 nm and 456 nm for gold and silver parti-
cles, respectively. In our research, we found that the wavelength
range extends from 426 to 668 nm, with 490 nm being the optimal
wavelength for obtaining the highest possible absorbency.

The functional groups in the leaves extract of S. alexandrina that
could be responsible for the bioformation of Ag-NPs from silver
ions were identified using FTIR analysis. The presence of functional
groups such as hydroxyl, aliphatic, an alkene (C = C double bonds
that are known alkenes), the N–H bend of primary amines, C–H
bonds, and alcohol C-O bonds was confirmed by this analysis.
According to AbdelRahim et al. (2017), the crbonyl group of amino
acid residues and protein peptides may play a biochemical role in
preventing Ag-NP agglomeration and stabilizing the biosynthe-
sized Ag-NPs in the extract. It has been established that the
presence of aliphatic amines in the production medium results in
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Ag-NPs and that this process can be carried out in the absence of
carboxylic acid and amine molecules. Furthermore, Uznanski
et al. (2017) reported that the stabilization of Ag-NPs is primarily
dependent on the strong interaction between carboxylate and a
very small amount of amine produced by the silver precursor that
interacted with the carboxylic acids.

The biosynthesized Ag-NPs produced in our investigation using
S. alexandrina extract have a spherical shape and sizes ranging from
4 to 20 nm. Small particles with sizes ranging from 4 to 7 nm were
the most common and prevalent. It has been reported that one of
the most important characteristics that play a significant role in
cellular bio-transportation is the size of the Ag-NPs, with small
Ag-NPs having a high ability to pass through the cell membrane
(Mohanta et al., 2017). The size of the Ag-NPs produced by the
biosynthesis assay is clearly affected by the method of preparation
and the nature of the extract. Mohanta et al. (2017), for example,
produced Ag-NPs using the aqueous leaves extract of Protium ser-
ratum, with average sizes of 74.56 0.46 nm, whereas Liu et al.,
(2021) produced spherical Ag-NPs ranging in size from 50 to
100 nm using yeast extracts.

The biological activity of Ag-NPs produced using S. alexandrina
leaves extract as an antibacterial agent against MRSA, S. epider-
midis, E. coli, and A. baumanii/haemolyticus varied depending on
the microbial pathogens tested in this study. These nanoparticles’
bioactivity against MRSA was the least effective of all the microbial
pathogens tested in this work. According to numerous scientific
reports, Ag-NPs are gaining traction as an alternative therapy
against drug-resistant pathogens, particularly MRSA (Nanda and
Saravanan, 2009; Masimen et al., 2022). MRSA strains were found
to be more sensitive to biosynthesized Ag-NPs using S. aureus
extract than methicillin-resistant S. epidermidis, S. pyogenes, Sal-
monella typhi, and Klebsiella pneumoniae. These differences in our
findings and those studies are acceptable because the methods of
production and microbial strains used in the two investigations
were different. According to Hamida et al. (2020), the MICs and
MBCs of D-SNPs (Ag-NPs produced using Desertifilum sp.) were
1.2 and 1.5 for E. coli and MRSA, respectively (MIC/MBC was 0.8
for both E. coli and MRSA). Our findings show that Ag-NPs biosyn-
thesized from S. alexandrina leaves have higher biological activity
as antibacterials against E. coli and MRSA than D-SNPs produced
from Desertifilum sp. The scientific findings from this study and
others have confirmed that biosynthesized Ag-NPs are broad-
spectrum antibacterial agents because they can act on both
Gram-positive and Gram-negative bacteria.

Mikhailova (2020) summarized the proposed biomechanics of
Ag-NPs’ influence on Gram-positive and Gram-negative bacteria.
These mechanisms include influencing cell wall activity (cell-wall
leakage), genetic material (interfere with DNA functioning), ribo-
somes (ribosome subunit destabilization), enzymes (enzyme
denaturation), and the generation of reactive oxygen species. In
fact, we did not investigate the mechanism of action of biosynthe-
sized Ag-NPs using the aqueous extract of S. alexandrina in our cur-
rent study, and we expect that the bio-mechanism is primarily
acting on the microbial plasma membrane, and even though we
recommend more research on this topic. In addition to antibacte-
rial activity, the biosynthesized Ag-NPs using S. alexandrina leaves
extract demonstrated remarkable cytotoxicity against MCF-7 cells
(a human breast cancer cell line). This is not the first study to show
that Ag-NPs are effective against cancer cells in laboratory experi-
ments, but it is a confirmation of many previous studies, such as
Igaz and colleagues’ study (Igaz et al., 2016), which found that
the synergistic action of Ag-NPs and some histone deacetylase
inhibitors has potential benefits in cancer treatment protocols. Fur-
thermore, it has been reported that several Ag-NPs biosynthesized
using plant and microbial extracts have bioactivity to inhibit a
variety of cancer cells, including Ag-NPs produced using Abel-
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moschus esculentus (L.) pulp extract (Mollick et al., 2019) and
Cleome viscosa L. fruit extract (Lakshmanan et al., 2018).

5. Conclusion

This study aimed to produce silver nanoparticles using safe nur-
ture extract and apply it in the control of pathogens in laboratory
experiments. This study aimed to produce silver nanoparticles
using a safe nurture extract and apply them to the control of patho-
gens in laboratory experiments. The study achieved all its objec-
tives as it produced the silver nanoparticles using an aqueous
extract obtained from the leaves of S. alexandrinawhich grows nat-
urally in Saudi Arabia. This source is a local renewable resource
with a high bio-efficiency in producing Ag-NPs using the green
synthesis method, which is regarded as a rapid, low-cost, and envi-
ronmentally friendly method. The silver nanoparticles produced in
this work demonstrated significant biological activity against
MDRPs (E. coli, A. baumanii/haemolyticus, S. epidermidis, and MRSA)
and cancer cells (MCF-7 cells). The current study concluded that
the Saudi Arabian environment is a source of natural plants that
could be renewable resources for extracts that could be used to
produce nanoparticles using green synthesis. Aside from their
numerous applications, these nanoparticles may have antibacterial
and anticancer properties that could be used to combat
drug-resistant pathogens and cancer diseases. In conclusion, we
recommend future studies to evaluate the different extracts of S.
alexandrina (root, stem, and flower extracts) in terms of their
efficiency in producing different nanoparticles and testing these
particles as antibacterial, antifungal, and antiviral, as well as
against different types of cancer cells in vivo and vitro studies.
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