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Abstract

Background & Objective:  The green synthesis of the silver nanoparticles (AgNPs) is an eco-friendly and straightforward 
synthesis method. This study aimed to investigate the green synthesis of AgNPs using Nasturtium officinale leaf extract 
and analysis of their antibacterial activity against some nosocomial pathogens. 
Materials & Methods: The obtained AgNPs were characterized using UV-visible spectroscopy, X-ray diffraction (XRD), 
and scanning electron microscope (SEM). In addition, the antibacterial activity of synthesized AgNPs and N. officinale 
leaf extract were performed against five bacterial strains (Staphylococcus epidermidis, Escherichia coli, Staphylococcus 
aureus, Klebsiella pneumoniae and Pseudomonas aeruginosa) by agar disk diffusion assay and minimum inhibitory 
concentration test. 
Results: The green synthesized AgNPs had significant antimicrobial activity against all studied bacteria. In addition, 
greater inhibition activity was observed against E. coli and P. aeruginosa rather than other bacteria.
Conclusion: The synthesized AgNPs revealed a special antibacterial effect against selected bacteria, compared to leaf 
extract of N. officinale. Identifying new antibacterial agents with profound efficacy against antibiotic-resistant opportunistic 
pathogens is essential. These data provide an eco-friendly and rapid green approach for AgNPs synthesis and the potential 
of AgNPs for use in drug development against nosocomial infections.

Keywords:  Nosocomial pathogens, Silver nanoparticles, Nasturtium officinale

Introduction
Nosocomial infections are infections usually 

acquired after hospitalization and manifest 
48-72 hours after admission to the hospital. For 
nosocomial infections, responsible pathogens 
include bacteria, fungi, and viruses. In opportunistic 
bacterial infections, common organisms include 

Green Synthesis of Silver Nanoparticles Using Nasturtium officinale L. Extract and 
Analysis of Their Antibacterial Activity Against Nosocomial Pathogens

Staphylococcus epidermidis, Escherichia coli, 
Staphylococcus aureus, Klebsiella pneumoniae 
and Pseudomonas aeruginosa (1, 2). Studies have 
shown that 5% –10% of hospitalizations in Europe 
and North America result in nosocomial infections, 
in Asia and Africa, it increased to 40%  (3). Based on 
National Healthcare Safety Network with the Center 
for Disease Control (CDC) there are 13 types of 
nosocomial infection with 50 infection sites (4, 5). 
Antibiotic-resistant bacteria strains are considered
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a significant threat to health care systems 
worldwide. Methicillin-resistant Staphylococcus 
aureus (MRSA) is the most common resistant 
Gram-positive bacterium responsible for serious 
nosocomial infections leading to death. MRSA 
is resistant to nearly all beta-lactam antibiotics, 
due to the expression of penicillin-binding 
protein 2a (PBP2a). PBP2a is persistent in the 
action of all Beta-lactam antibiotics. MRSA is 
now considered a community-related infection 
(CA-MRSA) due to the prevalence of antibiotic 
resistance (6, 7). Recently, nanoparticle-based 
approaches such as nanoliposomes and metal 
nanoparticles have been developed to overcome 
these problems. Nanoparticles are made up of 
dozens or hundreds of atoms or molecules and 
are found in a wide range of sizes (8, 9). Silver 
nanoparticles have engrossed a great deal of 
interest due to potential advantages in various 
research areas, especially pharmaceutical 
problems and biomedical applications, such 
as antimicrobial and anticancer activities (10, 
11). Many studies have shown that surface 
active oxygen species formed on nanosilver 
are released in certain conditions and may have 
antimicrobial and antifungal activity (12, 13). 
Several techniques have been reported for the 
preparation of nanoparticles. The facet, well-
defined shapes, sizes, and controlled synthesis of 
nanoparticles are crucial in their activity (14, 15). 

Various physical and chemical processes 
have been reported for synthesizing AgNPs 
such as gamma irradiation, laser ablation, 
chemical reduction and synthetic biological 
techniques (16). Due to the growing need for 
safe, lower toxicity, environmental-friendly 

and better size controlling aspects, green 
synthesis of nanoparticles from various plant 
extracts and essential oils is the preferred 
path of nanoparticle preparation over various 
physical and chemical methods (17). Also, 
biosynthesis methods do not require high 
pressure, temperature, energy, or toxic and 
dangerous chemicals. Besides, plants represent 
highly stable nanoparticles compared to other 
techniques and are straightforward to measure 
(18). Medicinal plants have a great value for 
detecting medical drugs and people have 
been using them for various aims from the 
beginning of the history of humans (19, 20). 
Nasturtium officinale L. (Watercress) is a 
perennial herb native to Asia and Europe and 
belongs to the Brassicaceae family that can be 
grown around and in water (Figure1). The plant 
is used fresh or as an ingredient in different 
food (21). It contains vitamins especially A, 
B, and C, phenolic compounds, folic acid, 
minerals, fibers, proteins, iron, and calcium, 
and a high level of glucosinolates which is the 
highest concentration compared to all other 
vegetable plants, along with high carotenoids 
concentration, for example, beta-carotene and 
lutein (20, 21, 22). Traditionally, the plant has 
numerous medical uses, such as anti-diabetes, 
antibacterial, stopping hemorrhages, chest pain, 
purifying blood, anemia, iron deficiency, throat 
expectorant, gallbladder, bronchitis, tumors 
and tuberculosis (23, 24). Previous studies 
have displayed antioxidant, nephroprotective, 
anti-inflammatory, hepatoprotective, and anti-
hyperlipidemia features of the watercress 
in vitro and in vivo conditions (20, 23, 24).

Figure 1. Nasturtium officinale.
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In the present study, a simple and rapid 
approach was applied for the green synthesis 
of AgNPs using Nasturtium officinale L. leaf 
extract. Furthermore, the antimicrobial activity 
of N. officinale leaf extracts and nanoparticles 
synthesized via leaf extracts were evaluated 
against common nosocomial pathogens.

Materials & Methods
Source of chemicals and bacteria

Ethanol, Antibiotics, Dimethylsulfoxide 
(DMSO), Silver nitrate (AgNO3) were taken 
from Sigma-Aldrich (St Louis, MO, USA). 
Mueller Hinton broth (MHB) was obtained from 
Oxoid, Basingstoke, United Kingdom. Mueller-
Hinton agar (MHA) was purchased from Merck, 
Germany. All other reagents were of analytical 
grade and used as received. All strains of bacteria 
were obtained from the Pasteur Institute of Iran.

Preparation of plant samples
Nasturtium officinale L. (Watercress) was 

collected from the mountains of Mako city in 
the West Azerbaijan province, Iran. Botanists 
identified the plant parts at the biology 
department, Islamic Azad University. Plant 
materials were washed thoroughly with distilled 
water to remove any earthy matter or remove 
the dirt and any other contaminations. The 
plant leaves were dried at room temperature 
under shade to retain their fresh green color 
and prevent the loss of active compounds. Dried 
leaves of N. officinale were powdered by a grain 
mill and kept in glass containers for further use.

Preparation of plant extract
The powder of N. officinale leaves was 

subjected to ethanol extraction whereby 30g 
of powder leaves were macerated in 300 ml 
of ethanol 80% for 72h at room temperature. 
The resulting mixture was filtered (Whatman 
No. 2) and then evaporated at 33°C using a 
rotary evaporator with an 80 rpm rotation 
speed. The stock solution is prepared in 10% 
dimethylsulfoxide (DMSO) and was stored at 4°C.

Synthesis of silver nanoparticles 
6 ml of the plant extract and 40 ml of 10 

mM aqueous silver nitrate solution were mixed 
with continuous stirring for 5 minutes at room 
temperature to synthesize silver nanoparticles. 
The colorless silver nitrate solution turns to brown 
color that reveals the formation of AgNPs. Silver 
nanoparticles were collected by centrifugation 
(13,000 rpm for 20 min) and dried at 40°C for 
two h, before evaluation of the characterization.

Characterization of silver nanoparticles
UV–visible spectroscopic characterization of 
AgNPs

Silver ions (Ag+) reduction to metallic 
particles (Ag0) and formation of AgNPs 
were identified by measuring the UV-Vis 
spectrum using UV–visible spectrophotometer 
(JASCO V-670 Spectrophotometer) within 
the wavelength ranges of 300–700 nm (25).

X-ray diffraction analysis
The X-ray diffraction (XRD) analyses 

were recorded for AgNPs to evaluate the 
crystal and nano-structural of AgNPs. The 
spectra were obtained on a Philips PW-1730 
X-ray diffractometer (XRD) in the range of 
2θ = 0°–110°, using Copper Kα radiation.

Scanning electron microscopy 
The surface characteristics and morphology 

of the prepared AgNPs were investigated 
by scanning electron microscopy (SEM) 
(XL30, Philips, Eindhoven, Holland).

Bacterial strains
For further use, all organisms were maintained 

on Mueller Hinton broth (MHB) containing 
30% (v/v) glycerol at -20°C for further use. 
The antibacterial properties of ethanolic 
extracts of N. officinale leaves were evaluated 
using the following strains of bacteria, Gram-
negative bacteria: Pseudomonas aeruginosa 
(ATCC 27853), Escherichia coli (ATCC 
25922), Klebsiella pneumoniae (ATCC 700603),
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and Gram-positive bacteria: Staphylococcus 
aureus (ATCC 25923) and Staphylococcus 
epidermidis (ATCC 12228). 

Antibacterial Activity Assay
Bacterial suspensions equivalent to 0.5 

McFarland (1.5×108 CFU/ml) were made in 
sterile normal saline solution. A sterile cotton 
swab was dipped into a test tube containing 
bacterial suspensions and then was cultured on 
the Mueller-Hinton agar (MHA). These plates 
were incubated for 24 h at 37°C.

Determination of Minimum Inhibitory 
Concentration (MIC) and Minimum 
Bactericidal Concentration (MBC)

Briefly, The extract and green synthesized 
nanoparticles MICs, separately, were determined 
using the broth microdilution assay following 
recommendations of the CLSI guidelines 2018 
(26). The MIC test was carried out using the 
standard broth microdilution method. It was 
done in a sterile 96-well round bottom microtitre 
plate.

A total of 95 μl of MHB and 5 μl of every 
bacterial strain suspension were added to the 
96 wells.100 μl of plant extract (800 mg/ml 
DMSO) was then added into the first wells of 
each column and serial dilution was prepared. A 
sterility control well and a growth control well 
were also studied for each strain. The same was 
done for green synthesized AgNPs (2000μg/ml 
MBH). The plate was incubated for 24 h at 37 
◦C. The last well which had no bacterial growth 
was defined as the MIC. 

MBC values were determined using 
sub-culturing of bacterial suspension (108 CFU/
mL) from the MIC tubes into Mueller-Hinton 
agar plates and then incubated at 37°C for 24h. 
The diameter of the growth inhibition zone (mm) 
surrounding the disks for plant extracts, AgNPs 
and antibiotics showed the inhibitory effect.

Disk Diffusion Assay
The antibacterial activities of both ethanolic 

extract and green silver nanoparticles synthesized
were tested for antibacterial properties 
against bacterial strains and then compared 
with antibiotics (Tetracycline, Erythromycin, 
Chloramphenicol, and Ciprofloxacin) using 
the agar disk diffusion techniques according 
to Clinical and Laboratory Standards Institute 
(CLSI) guidelines 2018 (26). They are the most 
common antibiotics in treating nosocomial 
infections (27-29). Briefly, each strain was spread 
on a sterile Mueller-Hinton agar plate using a 
sterile cotton swab. For testing the antibacterial 
properties of extract, the sterile 6 mm blank 
paper disks (Padtan Teb Inc., Tehran, Iran) 
were loaded with 50 µL of filter-sterilized plant 
extracts and four disks with antibiotics as the 
positive control, and the corresponding volume 
of ethanol was used as the negative control (30, 
31). For evaluation of the antimicrobial property 
of synthesized nanoparticles, the sterile paper 
disks were impregnated with 50 µL of AgNPs 
(62.5µg/ml), and four disks with antibiotics 
and one disk were as negative control. After 
24 h of incubation at 37°C, the inhibitory 
zone was measured for extract, AgNPs, and 
antibiotics. For each sample, three replicate 
trials were conducted against each organism.

Statistical Analysis
The statistical analyses were conducted using 

SPSS statistics applying the student’s t-test and 
presented as mean ± SD. A p-value less than 
0.05 was considered statistically significant.

Result
Synthesis of AgNPs

The formation of AgNPs was visually 
indicated by color change (from light yellow 
to dark brown) in the mixtures of silver nitrate 
solution and leaf extract (Figure 2). The 
confirmation of NPs synthesis was characterized 
by UV-vis spectroscopy, XRD, and SEM.
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UV-visible Spectroscopy
The UV–visible spectroscopic analysis is 

one of the valuable and reliable techniques 
to confirm the formation of nanoparticle 
synthesis (18). A broad absorption peak at 
around 421.5 nm confirmed AgNPs were 
successfully gained by plant extract (Figure 3, A)

X-ray diffraction analysis
X-ray diffraction (XRD) proved the crystalline 

nature of silver nanoparticles. The XRD patterns 
for synthesized AgNPs revealed diffraction 
peaks at 2θ degrees = 38.31, 44.43, 64.73, and 
77.74 corresponding to (111), (200), (220), and 
(311) reflections, respectively (Figure 3, B).

Figure 2. Visual observation of synthesis of AgNPs. A) N. officinale leaf extract, B) N. officinale 
leaf extract treated 

Figure 3A. UV-visible absorption spectrum of AgNPs synthesized using N. officinale leaf extract 
treated with 10mM AgNo3.

B. XRD pattern of AgNPs synthesized by N. officinale leaf extract
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Scanning electron microscopy analysis of 
silver nanoparticles 

The morphology and particle size of the 
AgNPs were evaluated by scanning electron 
microscopy. This technique magnifies the 
image by using electrons instead of light. The 
high-density AgNPs synthesized by treating N. 
officinale extract are observed in the SEM image. 
The average silver nanoparticle size was 22.64 
nm and had a spherical shape (Figure 4,  A).

Antibacterial Activity

 Disk Diffusion Assay 
A disk diffusion test was performed to evaluate 

the sensitivity of standard strains to plant ethanolic 
extracts and synthesized silver nanoparticles. For 
assessing the antibacterial activity of extract 
of N. officinale leaves, biosynthesis AgNPs, 
and antibiotics (Tetracycline, Erythromycin, 
Chloramphenicol, and Ciprofloxacin) on bacteria 
strains, diameters of inhibition growth zones 
were measured and the results are presented 
as shown in Table 1, Figure 4, B. and Chart 1. 

Figure 4. A SEM micrograph showed the morphology of synthesized AgNPs using N. officinale leaf extract.
B. Antibacterial activities of silver nanoparticles Escherichia coli, Pseudomonas aeruginosa, Klebsiella        
pneumoniae,   Staphylococcus aureus and Staphylococcus epidermidis compared with antibiotics (Tetracycline, 

Erythromycin, Chloramphenicol, and Ciprofloxacin)
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The disc diffusion assay showed N.officinale 
extract has antibacterial activities against all 
the tested bacteria. The highest activity of the 
plant extract was found against Gram-negative 
bacteria P. aeruginosa (11± 0.37 mm) and 
E.coli (10 ± 0.22 mm). The growth inhibition 
was moderately active against bacteria S. 
aureus (9 ± 0.34 mm), K. pneumoniae (9 ± 
0.23 mm) and S. epidermidis (8  ± 0.16 mm).

The in vitro test for antibacterial activity 
revealed that AgNPs synthesis by N. officinale 
leaf extract inhibited all of the growth of 
Gram-negative and Gram-positive, with an 
inhibition zone of 13 ± 0.36 mm to 16 ± 0.32 
mm. The positive control (Tetracycline, 
E r y t h r o m y c i n ,  C h l o r a m p h e n i c o l , 
Ciprofloxacin) showed different inhibition 
zone depending on Bacteria strains (Table 1).

Table 1. Inhibition zone (IZ) of leaf extract of Nasturtium officinale and biosynthesized silver nanoparticles 
(AgNPs) against five pathogenic bacteria

Chart 1. Comparative antibacterial analysis of Nasturtium officinale L. extracts with some common antibiotics based 
on the disk diffusion method

Bacteria Antibiotics
IZ of antibiotics(mm)

(mean ± SD)
IZ of AgNPs (mm)

(mean ± SD)
IZ of extract (mm)

(mean ± SD)

Escherichia coli

TE
ER
CH
CI

22 ±  0.23
8 ±  0.31
24 ±  0.44
40 ±  0.19

13 ±  0.36 10 ±  0.22

Staphylococcus 
epidermidis

TE
ER
CH
CI

18  ± 0.41
12  ±  0.18
23  ±  0.43
30  ±  0.31

14  ±  0.25 8  ±  0.16
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MIC and MBC of ethanolic extract and silver 
nanoparticles 

MIC and MBC of each strain were specified 
for both biosynthesis AgNPs and N. officinale 
extract. MIC and MBC of the plant extracts 
were assessed against all the experimented 
bacteria (Table 2). To compare the effect of the 
plant extract and green synthesis nanoparticles, 

the MIC and MBC were remarkable. Table 
3 showed that AgNPs exhibited the lowest 
MIC and MBC against S. aureus (62.5µg/
ml), and plant extract had the lowest value 
for MIC against S. aureus and S. epidermidis 
(25mg/ml). Also, the highest MBC was 
related to E. coli with a concentration 
of 250 µg/ml for biosynthesis AgNPs.

Table 2. MIC and MBC (mg/ml) values of Nasturtium officinale ethanolic extract against studied bacteria

Bacteria MIC(mg/ml) MBC(mg/ml)

Escherichia coli 50 200

Klebsiella pneumoniae 50 100

Pseudomonas aeruginosa 50 100

Staphylococcus aureus 25 100

Staphylococcus epidermidis 25 200

  *TE: Tetracycline, ER: Erythromycin, CH: Chloramphenicol. CI: Ciprofloxacin

Staphylococcus 
aureus

TE
ER
CH
CI

20  ±  0.24
10  ±  0.41
28  ±  0.47
34  ±  0.34

15  ±  0.47 9  ±  0.34

Klebsiella 
pneumoniae

TE
ER
CH
CI

28  ±  0.32
11  ±  0.37
31  ±  0.23
33  ±  0.25

15  ±  0.25 9  ±  0.23

Pseudomonas 
aeruginosa

TE
ER
CH
CI

20  ±  0.21
10  ±  0.26
17  ±  0.36
39  ±  0.26

16  ±  0.32 11  ±  0.37
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Discussion
Recently, the increase in opportunistic 

bacterial infections and the development 
of antibiotic-resistant infections associated 
with high mortality are becoming worrisome. 
Therefore, detecting novel antibacterial agents 
against opportunistic pathogens is urgently 
required (32). Advances in nanobiotechnology, 
novel applications of nanoparticles, and research 
on natural products toward detecting affective 
antibacterial agents have become extensive 
attention to the synthesis of nanoparticles 
using plants (18, 16). The chemical synthesis 
of AgNPs requires the use of harmful 
chemicals that may affect the environment and 
human health. The synthesis of nanoparticles 
using plants offers several advantages. It 
presents the best manner to synthesize silver 
nanoparticles due to the numerous active 
biomolecules such as alkaloids, phenolic acids, 
polyphenols, terpenoids found in plants (33, 34). 

This study assayed the silver nanoparticles 
produced by,N. officinale leaf extract and 
their antibacterial effects. AgNPs from N. 
officinale were successfully synthesized. 
Silver nanoparticles display a brown color in 
an aqueous solution due to a surface plasmon 
excitation in AgNPs that agrees with previous 
studies (35, 36). Similar color changes have also 
been observed in different studies, confirming 
the chemical reaction between leaf extract 
and silver nitrate. Also, UV–Vis spectroscopy, 
SEM, and XRD analysis were carried out to 
characterize the nanoparticles. Following 
previous studies, the maximum absorption peak 
in the UV-Vis spectra around 421.5 nm confirms 
the formation of Ag nanoparticles (36, 37). The 
XRD pattern revealed the purity of synthesized 
AgNPs without additional diffraction peaks. The 
crystalline structure of synthesized AgNPs was

Table 3. MIC and MBC (µg/ml) of the AgNPs against selected bacteria

Bacteria MIC(mg/ml) MBC(mg/ml)

Escherichia coli 125 250

Klebsiella pneumoniae 125 125

Pseudomonas aeruginosa 125 125

Staphylococcus aureus 62.5 62.5

Staphylococcus epidermidis 125 125
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characterized through X-Ray comparison 
to standards. The spherical shape of silver 
nanoparticles was displayed by SEM image. The 
bioactive compounds found in plant extracts can 
be helpful for reducing metal ions and resulting 
in the synthesis of silver nanoparticles (38, 39). 
The SEM image displayed that the size of AgNPs 
synthesized was 16 - 35 nm. A similar result of 
the size of the biosynthesized silver nanoparticles 
by N. officinale extract has been reported in 
Sadeghi, (2014) study (40). The disk diffusion 
test and MIC / MBC assays were performed 
against both Gram-positive and Gram-negative 
bacteria to assess the potential of green nanosilver 
bactericidal effects. It should be attended that the 
antibacterial properties of AgNPs depend on their 
structure including the size, shape, colloidal state, 
preparation method, and the bacteria with which 
they interact (37, 38, 41). The exact mechanisms 
by which nanosilver performs antibacterial 
efficacy are still under verification. It was 
considered that AgNPs form pits on the bacterial 
cell wall surface leading to the demolition of 
the cell structures and damaging cell function 
(42-44). Besides, it seems ionic Adhesion of the 
AgNPs onto the bacteria cell wall and plasma 
membrane, owing to the interaction between 
positively charged Ag ions and negative surface 
charge of the cell membrane, causes structural 
variations in the membrane and the disorder 
of proton motive force and thus destruction of 
membrane. Moreover, silver nanoparticles by 
manufacturing free radicals upon contact with 
bacteria harm the membrane (45-48). The large 
sizes of zones growth inhibition produced by N. 
officinale extract, AgNps, and the four antibiotics 
(Tetracycline, Erythromycin, Chloramphenicol, 
and Ciprofloxacin) against all bacteria indicated 
the potency of the active constituents in N. 
officinale, silver nanoparticles, and antibiotics. 
Ethanolic extract of N. officinale revealed the 
highest zone of inhibition in P. aeruginosa and 
E. coli. The Gram-negative bacteria have extra 
tolerant against a broad range of antibiotics.

The presence of lipopolysaccharides, mutations 
in porins and changing the hydrophobic 
properties in the outer membrane can cause 
this resistance (49-51). The extract gives a 
robust inhibitory effect against Gram-negative 
bacteria; this may demonstrate the more function 
of N. officinale extract specifically against the 
Gram-negative cell membrane and cell wall.

Synthesized AgNPs are effective against 
Gram-negative and Gram-positive bacteria 
with the highest inhibitory zone in P. aeruginosa 
(Chart 1). Some studies have shown that the 
formed AgNPs using plant extract were effective 
against negative and positive pathogens. Silver 
nanoparticles synthesis by N. officinale had 
appreciable antibacterial activity and the 
higher concentration was essential for growth 
inhibition of E. coli. (52-54). Compared to 
the antibiotics, the plant extract was more 
effective than Erythromycin on P. aeruginosa 
and E. coli. In contrast, synthesized AgNPs 
demonstrated a greater effect on all five bacteria 
strains than Erythromycin. Ciprofloxacin and 
Chloramphenicol had the greatest and lowest 
effect on all bacteria. The lowest MIC value 
was achieved for S. aureus exhibiting that both 
extract and AgNPs have the maximum toxicity 
to this bacteria (25mg/mL and 62.5 μg/mL, 
respectively). S. epidermidis is another sensitive 
Gram-positive microorganism to plant extract its 
MIC value was 25mg/ml. The results indicated 
AgNPs have considerably higher antibacterial 
activity than plant extract and 62.5 μg/ml was 
sufficient to inhibit S. aureus growth. Different 
amounts in MIC of extracts may be due to 
various chemical components and the volatile 
temper of the constituents (55). Several studies 
have shown the inhibitory effects of synthesized 
AgNPs on the Staphylococcus aureus, which was 
consistent with the present study’s findings (56, 
57). Mahdavi et al. (2019) showed that E. coli 
had a high resistance to N. officinale essential 
oil as this study revealed resistance E. coli to 
leaf extract (58). Also, another study revealed 
that natural hexanol in the plant extracts, 

 [
 D

O
I:

 1
0.

18
50

2/
ja

bs
.v

12
i2

.9
87

5 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
85

10
5.

20
22

.1
2.

2.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

bs
.f

um
s.

ac
.ir

 o
n 

20
26

-0
5-

13
 ]

 

                            10 / 13

http://dx.doi.org/10.18502/jabs.v12i2.9875
https://dor.isc.ac/dor/20.1001.1.22285105.2022.12.2.5.1
https://jabs.fums.ac.ir/article-1-2736-en.html


jabs.fums.ac.ir 129

Journal of Advanced Biomedical Sciences | Spring 2022 | Vol 12 | 2   https://doi.org/10.18502/jabs.v12i2.9875

Green Synthesis of Silver Nanoparticles by Nasturtium Officinale Extract

including N. officinale, affected bacteria such 
as S. aureus and E. coli (59). This is one 
of the components in N. officinale extract 
that causes inhibiting the growth of bacteria.

Conclusion
The presence of adverse microorganisms in 

uman health has become a significant concern, 
due to the variety of infections and diseases. 
Thus, there is a need for better effective 
and nontoxic treatment options with more 
antimicrobial activity against infectious diseases, 
incredibly opportunistic bacterial infections and 
resistant strains. Plant-based silver nanoparticles 
(AgNPs) have specified antimicrobial properties 
that deem them fit for use as an alternative to 
antibiotics and have many advantages like 
cost-effectiveness, efficiency, safety and less 
toxicity to living organisms. The antimicrobial 
properties shown by the AgNPs reported here 
represent a great alternative to achieving this 
objective. The synthesis reported here provides 
a green and eco-friendly method to rapidly 
synthesize AgNPs through implementing 
Nasturtium officinale leaf extract at ambient 
temperature. The study’s findings propose that 
the leaf extract of N. officinale is an appropriate 
reducing and capping agent for the biosynthesis 
of AgNPs. Initially, the observation of changing 
the color of Ag + solution from colorless to 
dark brown confirmed the formation of AgNPs. 
The synthesized AgNPs were characterized 
using UV-Visible, XRD and SEM analysis. In 
addition, the antibacterial properties of both 
ethanolic extract and nanoparticles obtained by 
extract were assessed against five tested bacteria 
by disc-diffusion and MIC/MBC methods. The 
results suggest the synthesized AgNPs are more 
effective than extract and low concentrations 
are required to kill both Gram-negative and 
Gram-positive bacteria. Thus, this rapid, 
environmentally friendly, and cost-effective 
method and significant antibacterial activity may 
potentially suggest using such nanoparticles in 
future drug development and the food industry. 
Nevertheless, research in pharmacological and 
toxicological studies, especially in vivo, is

needed to develop and design future antimicrobial 
therapeutic agents for in vivo application.

Conflicts of interest
We declare that we have no conflict of interest.

Acknowledgment
The authors acknowledge support provided 

for this project by Central Tehran Branch, 
Islamic Azad University, Tehran, Iran.(Thesis 
code: 10160205932008)

References
1. Hemeg HA. Nanomaterials for alternative antibacterial 
therapy. Int J Nanomedicine. 2017; 12:8211-8225.
2. Monegro AF, Muppidi V, Regunath H. Hospital-
acquired infections. StatPearls. Available from: https://
www.coursehero.com/file/67681574/Discussiondocx. 
2020.
3. McFee RB. Nosocomial or hospital-acquired infections: 
an overview. Dis Mon. 2009; 55(7):422-438. 
4. Khan HA, Ahmad A, Mehboob R. Nosocomial 
infections and their control strategies. Asian Pac J Trop 
Biomed. 2015; 5(7):509-514.
5. Sharma S, Shabir S. The Menace of nosocomial 
infections. Glob J. Oto. 2017,7(4):555717.
6. Kateete DP, Bwanga F, Seni J, Mayanja R, Kigozi E, 
Mujuni B, et al. CA-MRSA and HA-MRSA coexist in 
community and hospital settings in Uganda. Antimicrob 
Resist Infect Control. 2019; 8(1):1–9. 
7. Siddiqui AH, Koirala J. Methicillin Resistant 
Staphylococcus aureus. [Updated 2021 Jul 19]. In: 
StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2022 Jan-. Available from: https://www.ncbi.
nlm.nih.gov/books/NBK482221/
8. Eid KA, Azzazy HM. Sustained broad-spectrum 
antibacterial effects of nanoliposomes loaded with silver 
nanoparticles. Nanomedicine. 2014; 9(9):1301-1310.
9. Roy I, Ohulchanskyy TY, Pudavar HE, Bergey EJ, 
Oseroff AR, Morgan J, et al. Ceramic-based nanoparticles 
entrapping water-insoluble photosensitizing anticancer 
drugs: a novel drug-carrier system for photodynamic 
therapy. J Am Chem Soc. 2003; 125(26):7860-7865.
10. Savithramma N, Rao ML, Rukmini K, Suvarnalatha 
Dp. Antimicrobial activity of silver nanoparticles 
synthesized by using medicinal plants. Int J Chemtech 
Res. 2011; 3(3):1394-1402.
11. Tran QH, Le AT. Silver nanoparticles: synthesis, 
properties, toxicology, applications and perspectives. 
Adv  Nat Sci Nanosci  Nanotechnol. 2013; 4(3):033001.
12. Levard C, Hotze EM, Lowry GV, Brown 
GE Jr. Environmental transformations of silver 
nanoparticles: impact on stability and toxicity. 
Environ Sci Technol. 2012; 46(13):6900-6914. 

 [
 D

O
I:

 1
0.

18
50

2/
ja

bs
.v

12
i2

.9
87

5 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
85

10
5.

20
22

.1
2.

2.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

bs
.f

um
s.

ac
.ir

 o
n 

20
26

-0
5-

13
 ]

 

                            11 / 13

http://dx.doi.org/10.18502/jabs.v12i2.9875
https://dor.isc.ac/dor/20.1001.1.22285105.2022.12.2.5.1
https://jabs.fums.ac.ir/article-1-2736-en.html


jabs.fums.ac.ir 130

Journal of Advanced Biomedical Sciences | Spring 2022 | Vol 12 | 2   https://doi.org/10.18502/jabs.v12i2.9875

Shajareh M, et al.

13. Prabhu S, Poulose EK. Silver nanoparticles: mechanism 
of antimicrobial action, synthesis, medical applications, 
and toxicity effects. Int Nano Lett. 2012; 2(1):1-10.
14. Khan I, Saeed K, Khan I. Nanoparticles: Properties, 
applications and toxicities. Arab J Chem. 2019; 
12(7):908-931.
15. Pugazhenthiran N, Anandan S, Kathiravan G, Prakash 
NKU, Crawford S, Ashokkumar M. Microbial synthesis of 
silver nanoparticles by Bacillus sp. J Nanopart Res.2009; 
11(7):1811–1815.
16. Iravani S, Korbekandi H, Mirmohammadi SV, 
Zolfaghari B. Synthesis of silver nanoparticles: chemical, 
physical and biological methods. Res Pharm Sci. 2014; 
9(6):385-406. 
17. Bhardwaj B, Singh P, Kumar A, Kumar S, Budwar 
V. Eco-friendly greener synthesis of nanoparticles. Adv 
Pharm Bull. 2020; 10(4):566–576.
18. Devatha CP, Thalla AK. Green synthesis of 
nanomaterials. Synthesis of inorganic nanomaterials. UK: 
Woodhead Publishing. 2018.
19. Farnsworth NR. The role of ethnopharmacology in 
drug development. Ciba Found Symp. 1990; 154:2-11.
20. Faizy HS, Esmail LS, Mahdi HS. Phytochemicals 
Analysis in Watercress (Nasturtium officinale) Plant 
Extracts, IOP Conference Series: Earth and Environmental 
Science. 2021; 761: 012042 
21. Hassandokht M, Jafari S, Ebrahimi R. Watercress 
(Nasturtium officinale R. Br.) Breeding. In: Al-Khayri 
J.M., Jain S.M., Johnson D.V. (eds) Advances in Plant 
Breeding Strategies: Vegetable Crops. Springer. Cham. 
Available from: https://doi.org/10.1007/978-3-030-66969-
0_6. 2021.
22. O’Neill ME, Carroll Y, Corridan B, Olmedilla B, 
Granado F, Blanco I, et al. A European carotenoid database 
to assess carotenoid intakes and its use in a five-country 
comparative study. Br. J. Nutr. 2001; 85(4):499-507
23. Alqahtani MA, Al Othman MR, Mohammed AE. 
Bio fabrication of silver nanoparticles with antibacterial 
and cytotoxic abilities using lichens. Sci Rep. 2020; 
10(1):16781 
24. Sedaghattalab M, Razazan M, Sadeghi H, Hossein 
Doustimotlagh A, Akbartabar Toori M, Abbasi Larki R, et 
al. Effects of Nasturtium officinale Extract on Antioxidant 
and Biochemical Parameters in Hemodialysis Patients: 
A Randomized Double-Blind Clinical Trial. Evid Based 
Complementary Altern. Med. 2021; 2021: 1-8.
25. Kumari J, Baunthiyal M, Singh A. Characterization of 
silver nanoparticles synthesized using Urtica dioica leaves 
and their synergistic effects with antibiotics. J Radiat Res 
Appl Sci. 2016;9(3):217-227.
26. Weinstein MP, Patel JB, Burnham CA, Campeau S, 
Conville PS, Doern C, et al. Clinical and Laboratory Standards 
Institute (CLSI). Performance standards for antimicrobial 
disk susceptibility tests. CLSI Standard M02, Clinical 
and Laboratory Standards Institute. 13th ed. USA;2018.

27. Eliakim-Raz N, Lador A, Leibovici-Weissman 
Y, Elbaz M, Paul M, Leibovici L. Efficacy and 
safety of chloramphenicol: joining the revival of old 
antibiotics? Systematic review and meta-analysis of 
randomized controlled trials. J Antimicrob Chemother. 
2015;70(4):979-996.
28. Hansen S, Sohr D, Piening B, Pena Diaz L, Gropmann 
A, Leistner R, et al. Antibiotic usage in German hospitals: 
results of the second national prevalence study. J 
Antimicrob Chemother. 2013; 68(12):2934-2939.
29. Hassan MM .Scenario of Antibiotic Resistance 
in Developing Countries. In: Mareș,M, Lim S, Lai K , 
Cristina R, editors. Antimicrobial Resistance - A One 
Health Perspective [Internet]. London: IntechOpen; 
2020. Available from: https://www.intechopen.com/
chapters/74593 doi: 10.5772/intechopen.94957
30. Azarmehr N, Afshar P, Moradi M, Sadeghi H, Alipoor 
B, Khalvati B, et al. Hepatoprotective and antioxidant 
activity of watercress extract on acetaminophen-induced 
hepatotoxicity in rats, Heliyon. 2019; 5(7): e02072.
31- Moyo M, Gomba M, Nharingo T. Afzelia quanzensis 
bark extract for green synthesis of silver nanoparticles 
and study of their antibacterial activity. Int J Ind Chem. 
2015;6:329–338.
32. Frieri M, Kumar K, Boutin A. Antibiotic resistance. J 
Infect Public Health. 2017; 10(4):369-378.
33. Das VL, Thomas R, Varghese RT, Soniya EV, Mathew 
J, Radhakrishnan EK. Extracellular synthesis of silver 
nanoparticles by the Bacillus strain CS 11 isolated from 
industrialized area. 3 Biotech. 2014;4(2):121-126.
34. He Y, Du Z, Lv H, Jia Q, Tang Z, Zheng X, et al. Green 
synthesis of silver nanoparticles by Chrysanthemum 
morifolium Ramat. extract and their application in clinical 
ultrasound gel. Int J Nanomedicine. 2013; 8:1809-1815.
35. Amendola V, Bakr OM, Stellacci F. A Study of the 
surface plasmon resonance of silver nanoparticles by the 
discrete dipole approximation method: Effect of shape, 
size, structure, and assembly. Plasmonics. 2010; 5:85-97.
36. Praba PS, Vasantha, V, Jeyasundari J, Jacob YBA. 
Synthesis of plant-mediated silver nanoparticles using 
Ficus microcarpa leaf extract and evaluation of their 
antibacterial activities. Eur Chem Bull. 2015; 4(1):117-120.
37. Akintelu SA, Bo Y, Folorunso AS. A Review on 
synthesis, optimization, mechanism, characterization, 
and antibacterial application of silver nanoparticles 
synthesized from plants. J Chem. 2020;2020:1-12.
38. Benakashani F, Allafchian AR, Jalali SAH. 
Biosynthesis of silver nanoparticles using Capparis 
spinosa L. leaf extract and their antibacterial activity. 
Karbala Int J Mod Sci. 2016; 2(4):251-258.
39. Jemal K, Sandeep BV, Pola S. Synthesis, characterization, 
and evaluation of the antibacterial activity of Allophylus 
serratus leaf and leaf derived callus extracts mediated 
silver nanoparticles. J Nanomater. 2017; 2017: 1-11.

 [
 D

O
I:

 1
0.

18
50

2/
ja

bs
.v

12
i2

.9
87

5 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
85

10
5.

20
22

.1
2.

2.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

bs
.f

um
s.

ac
.ir

 o
n 

20
26

-0
5-

13
 ]

 

                            12 / 13

http://dx.doi.org/10.18502/jabs.v12i2.9875
https://dor.isc.ac/dor/20.1001.1.22285105.2022.12.2.5.1
https://jabs.fums.ac.ir/article-1-2736-en.html


jabs.fums.ac.ir 131

Journal of Advanced Biomedical Sciences | Spring 2022 | Vol 12 | 2   https://doi.org/10.18502/jabs.v12i2.9875

Green Synthesis of Silver Nanoparticles by Nasturtium Officinale Extract

40. Sadeghi B. Synthesis of silver nanoparticles using 
leaves aqueous extract of Nasturtium officinale (NO) and 
its antibacterial activity. Int J Mol Clin Microbio. 2014; 
4(2):428-434.
41. Gonzalez-Fernandez S, Lozano-Iturbe V, Garcia 
B, Andres LJ, Menendez MF, Rodriguez D, et al. 
Antibacterial effect of silver nanorings, BMC. Microbiol. 
2020; 20(1):172-187
42. Ayala-Núñez NV, Villegas HHL, Turrent L, Padilla CR. 
Silver nanoparticles toxicity and bactericidal effect against 
Methicillin-Resistant Staphylococcus aureus: Nanoscale 
does matter. Nanobiotechnol., 2009; 5:2-9.
43. Korshed P, Li L, Liu Z, Wang T. The Molecular 
mechanisms of the antibacterial effect of picosecond laser 
generated silver nanoparticles and their toxicity to human 
cells. PLoS One. 2016; 11(8):0160078. 
44. Nalwade AR, Jadhav A. Biosynthesis of silver 
nanoparticles using leaf extract of Datura alba Nees. and 
evaluation of their antibacterial activity. Arch Appl Sci 
Res. 2013; 5(3): 45-49.
45. Kędziora A, Speruda M, Krzyżewska E, Rybka 
J, Łukowiak A, Bugla-Płoskońska G. Similarities and 
differences between silver ions and silver in nanoforms 
as antibacterial agents. Int J Mol Sci. 2018; 19(2):444.
46. Kvítek L, Panáček A, Soukupová J, Kolář M, Večeřová 
R, Prucek R, et al. Effect of surfactants and polymers on 
stability and antibacterial activity of silver nanoparticles 
(NPs). J Phys Chem. 2008; 112(15):5825-5834.
47. Mikhailova EO. Silver Nanoparticles: Mechanism of 
Action and Probable Bio-Application, J. Funct. Biomater. 
2020; 11(4):84.
48. Tamboli DP, Lee DS. Mechanistic antimicrobial 
approach of extracellularly synthesized silver nanoparticles 
against gram positive and gram negative bacteria. J Hazard 
Mater. 2013; 260:878-884.
49. Breijyeh Z, Jubeh B, Karaman R. Resistance of gram-
Negative bacteria to current antibacterial agents and 
approaches to resolve it. Molecules. 2020; 25(6):1340.
50. Sheldon A. Antibiotic mechanisms of action and 

resistance. In: Textbook of diagnostic microbiology, In: 
Mahon CR, Lehman DC, Manuselis G. editors. 3nd ed. St. 
Louis: Saunders ;2007.
51. Razmavar S, Abdulla MA, Ismail SB, Hassandarvish 
P. Antibacterial activity of leaf extracts of Baeckea 
frutescens against methicillin-resistant Staphylococcus 
aureus.Biomed Res Int. 2014; 2014:521287.
52. Awwad AM, Salem NM, Aqarbeh MM, Abdulaziz 
FM. Green synthesis, characterization of silver sulfide 
nanoparticles and antibacterial activity evaluation. Chem. 
Int. 2020; 6(1):42-48.
53. Gupta A, Saleh NM, Das R, Landis RF, Bigdeli A, 
Motamedchaboki K, et al. Synergistic antimicrobial 
therapy using nanoparticles and antibiotics for the 
treatment of multidrug-resistant bacterial infection. IOP.
science., 2017; 1(1): 15004.
54. Lee JH, Lim JM, Velmurugan P, Park YJ, Park YJ, 
Bang KS, Oh BT. Photobiologic-mediated fabrication 
of silver nanoparticles with antibacterial activity. J 
Photochem Photobiol B. 2016;162:93-99.
55. Gonelimali FD, Lin J, Miao W, Xuan J, Charles F, 
Chen M, et al. Antimicrobial properties and mechanism 
of action of some plant extracts against food pathogens 
and spoilage microorganisms. Front Microbiol. 2018; 
24(9):1639.
56. Chaloupka K, Malam Y, Seifalian AM. Nanosilver as a 
new generation of nanoproduct in biomedical applications. 
Trends biotechnol. 2010;28(11):580-588.
57. Sadeghi BA. Green synthesis of silver nanoparticles 
using seed aqueous extract of Olea europaea. Int J 
Nanodimens. 2014; 5(6):575-581.
58. Mahdavi S, Kheyrollahi M, Sheikhloei H, Isazadeh 
A. Antibacterial and antioxidant activities of essential 
oil on food borne bacteria’, Open. Microbiol. J. 2019; 
13(1):81-85.
59. Cha JD, Jeong MR, Jeong SI, Moon SE, Kim JY, 
Kil BS, et al. Chemical composition and antimicrobial 
activity of the essential oils of Artemisia scoparia 
and A. capillaris. Planta Med. 2005; 71(2):186-190. 

 [
 D

O
I:

 1
0.

18
50

2/
ja

bs
.v

12
i2

.9
87

5 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
85

10
5.

20
22

.1
2.

2.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

bs
.f

um
s.

ac
.ir

 o
n 

20
26

-0
5-

13
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

http://dx.doi.org/10.18502/jabs.v12i2.9875
https://dor.isc.ac/dor/20.1001.1.22285105.2022.12.2.5.1
https://jabs.fums.ac.ir/article-1-2736-en.html
http://www.tcpdf.org

