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Abstract

Bio-inspired synthesis of nanoparticles has received immense attention recently due to their vast applications in the biomedical field. Herein, a facile process
using aqueous extracts of Lepidium sativum was used for the synthesis of nanosilver. The phytosynthesized silver nanoparticles showed characteristic silver surface
plasmon absorption peaks at 420 and 440 nm for nanoparticles synthesized by Lepidium sativum seeds and leaves, respectively. Moreover, the spherical, non-aggregated
nanoparticles exhibited a particle size of 150 nm and a zetapotential of -15.2 mv countering 111 nm and a zeta potential of -20 mv for those phytosynthesized by Lepidium
sativum seeds and leave aqueous extract correspondingly. Both phytofabricated silver nanoparticles exhibited a potential antifungal effect against Candida albicans with
a minimum inhibitory concentration of 1.75 and 2.08 ppm and a promising cytotoxic effect against MCF-7 breast cancer cell line with an IC, of 20.1 and 9.3 ppm for
nanosilver phytosynthesized by seeds and leaves extracts respectively. The current work provided a simple, environmentally friendly approach for the green synthesis of
silver nanoparticles with a potential anticandidal and cytotoxic action against the MCF-7 breast cancer cell line. However, more investigation is required to clarify their
safety and precise mode of action.
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Abbreviations

AgNPs: Silver Nanoparticles; C. albicans: Candida albicans;
IC, : Concentration of the sample required to inhibit 50%; IZ:
Inhibition Zone; MIC: Minimum Inhibitory Concentration;
MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide; NanoZS: NanoZetasizer; SEM: Scanning Electron
Microscope; UV-vis: Ultraviolet-Visible Spectroscopy

Introduction

With the advent of nanotechnology, nanoparticles have
attained strong scientific space opening a vast spectrum of
applications and research contexts [1]. Nanoparticles exhibit
unique physico-chemical properties that are significantly
different from their bulk counterparts. Silver nanoparticles
(AgNPs), in particular, are heading the present scenario owing to
their exceptional physical, chemical, and biological properties,
which are of immense potential in various applications
including biomedical, pharmaceutical, environmental, optical,
and electronic fields [2].

Cancer and antibiotic resistance are amongst the top global
health concerns. In the recent past, silver nanoparticles have
received growing attention due to their renowned antimicrobial
properties [3]. Although the antibacterial effect of AgNPs has
been widely described in the literature, their antifungal effect
has not received comparable attention [4-6]. Simultaneously,
nanoparticles are emerging as new prospects for the detection,
diagnosis, and treatment of cancer with a special interest in the
anticancer potential of silver nanoparticles [7].

Different approaches have been employed for nanoparticle
synthesis including mainly physical and chemical methods.
Despite the fact that these methods have effective yields, they
are associated with several shortcomings. Physical methods
require costly equipment, high temperatures, and pressure
and chemical methods involve the extensive use of toxic
chemicals, non-polar solvents, and synthetic capping agents
hence limiting their application in the biomedical domain
[8]. Accordingly, research has recently turned towards bio-
inspired methods for the synthesis of nanoparticles in the
essence of the distinguished advantages they offer in terms
of simplicity, accessibility, cost, and eco-friendliness [9]. The
natural resources for the green biosynthesis of nanoparticles
include bacteria, yeast, algae, and plants. The utilization
of plants for the biosynthesis of metallic nanoparticles has
spurred numerous investigations presumably due to their
omnipresence and phytochemical versatility [10,11]. Moreover,
it is thought that phytogenic metallic nanoparticles may be
more suited to clinical approaches than those fabricated by
physical or chemical methods.

The use of plants for the biosynthesis of metallic
nanoparticles is based on the ability of plant systems to
uptake, accumulate, utilize, and recycle different mineral
species. As aforementioned, plants are known to harbor a
wide range of secondary metabolites that act as bio-reducing
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agents to produce nanoparticles from their metal salts [12].
Many researchers reported plant-based green synthesis of
silver nanoparticles using extracts of different plant parts
such as leaves, roots, stems, peels, and fruits, and the diverse
phytochemical composition of the extracts used entailed their
complex role as reducing, capping, and stabilizing agents in
the synthesis process [13-16]. Accordingly, the phytofabricated
silver nanoparticles have unique properties enhancing their
potential in biomedical applications meanwhile decreasing
their hazardous implications on human health and the
environment.

Garden cress (Lepidium sativum), belonging to the
family Brassicaceae, is a traditional herb native to Egypt
and is presently cultivated globally. Its folk curative claims
have encouraged several pharmacological investigations.
Meanwhile, phytochemical investigations on L. sativum revealed
the presence of various constituents including flavonoids,
glycosides, polyketides, vitamins, minerals, proteins, fats,
carbohydrates, as well as, mucilage, sterols, carotene, volatile
and fixed oils. Other chemical compounds identified in L. sativum
included isorhamnetin, quercetin, kaempferol, protocatechuic
acid, and staphylionosides A [17].

Amid the cropping methods of nanosynthesis, green-
mediated synthesis of nanoparticles is evolving as one of the
active areas of current nano-biotechnological research. Hence,
the present study aims to investigate the potentiality of L.
sativum for green-mediated synthesis of silver nanoparticles
and evaluate the antifungal and anticancer potential of the
phytofabricated nanosilver.

Methods
Plant material and extract preparation

Seeds and leaves of L. sativum were purchased from the
local market, in Alexandria, Egypt. The plant was identified
by Dr. Salama Aldarier, Faculty of Science, Alexandria
University. Voucher specimens (LSS 2018/11 and LSL 2018/11)
were deposited at the Herbarium of the Department of
Pharmacognosy, Faculty of Pharmacy, Alexandria University,
Egypt. The plant material was thoroughly washed several times
with deionized water. A 10% aqueous extract was prepared and
heated at 60 °C for 15 minutes, cooled, and then filtered thrice
using Whatman filter paper No. 1. The respectively collected
filtrate of seeds/leaves extract was used for the subsequent
phytosynthesis of nanoparticles.

Phytosynthesis of silver nanoparticles

For the synthesis of silver nanoparticles, 100 ml of 1 mM
silver nitrate solution (AgNO, Sigma Aldrich®, UK) was mixed
separately with 10 ml of the aqueous extract of Lepidium sativum
seeds or leaves. The mixture was left at room temperature
and observed for color change as a preliminary indication
of nanosilver formation. The resulting nanoparticles in the
colloidal solution were characterized and the concentration
of nanosilver was determined using inductively coupled
plasma optical emission spectroscopy (ICP-OES 5100, Agilent

Technologies®, Australia).

Citation: El-Haggar MA, El-Hosseiny LS, Ghazy NM, El-Fiky FK, EI-Hawiet AM (2024) Phytomediated synthesis of silver nanoparticles using Lepidium Sativum L. and
their antifungal and cytotoxic potential. J Clin Microbiol Biochem Technol 10(1): 001-008. DOI: https://dx.doi.org/10.17352/jcmbt.000056



™ PeertechzPublications Inc.

Characterization of phytosynthesized silver nanopar-
ticles

The formation of AgNPs was scanned for characteristic
plasmon resonance by UV-Vis spectrophotometry (PG
Instruments Ltd®, UK) in the range of 300-650 nm. The
surface morphology of the phytosynthesized AgNPs was
characterized by scanning electron microscopy (JSM 5300,
JEOL®, Japan). The particle size distribution and surface charge
of the prepared nanosilver were assessed by zetapotentiometry
using a zetasizer (NanoZS Ver. 6.20, Malvern®, UK).

Assessment of the antifungal activity of phytosynthe-
sized nanosilver

The antifungal activity of phytosynthesized silver
nanoparticles was assessed against Candida albicans (ATCC
18804) using the agar diffusion method [18]. Overnight culture
of C. albicans in Potato Dextrose Broth (PDB, Ox0id®) was
adjusted to 0.5 McFarland turbidity standard and was then
surface plated onto Miiller Hinton agar (MHA, Oxoid®). Ten
pl of the respective phytosynthesized AgNPs were added into
wells of 6 mm diameter. MHA plates were incubated at 35 °C
for 24 hr. Following incubation, the zone of inhibition was
measured in mm and expressed as mean + standard error of
the triplicate set. In all tests, the aqueous extract of seeds or
leaves was used as a control.

Assessment of the cytotoxic activity of phytosynthe-
sized nanosilver

Dimethyl thiazolyltetrazolium bromide (MTT) assay was
carried out using the previously reported method by, [19] in
which cells were seeded at a density of 7 x 103 cells/well in
a 96-well culture plate and incubated at 37 °C for 24 h in a
humidified atmosphere of 95% air and 5% carbon dioxide.
Human breast MCF-7 cancer cells were treated with different
concentrations of phytosynthesized AgNPs. After 24 h, 10 pl
of MTT stock solution (5 mg/ml) were added to each well and
the cultures were further incubated for 4 h and then 100 pl
of DMSO was added to each well. There are several methods
by which tumor cells can be exposed to phytosynthesized
Silver Nanoparticles (AgNPs) extracts using L. Sativum L. for
a prolonged duration. Such as 1. Intravenous Administration:
One common method is to administer the Phytosynthesized
AgNP extracts intravenously into the animal model. This allows
the nanoparticles to circulate within the bloodstream, enabling
them to reach the tumor site and exert their effects over an
extended period. 2. Slow-Release Systems: Researchers can
develop drug delivery systems that provide a sustained release
of the Phytosynthesized AgNP extracts. This can be achieved
by encapsulating the nanoparticles within biocompatible
materials or using nanoparticles with inherent slow-release
properties. These systems can be implanted near the tumor
site, allowing a controlled and prolonged exposure of the tumor
cells to the nanoparticles. 3. Localized Administration: Another
approach is to directly administer the phytosynthesized AgNP
extracts at the tumor site. This can be done through methods
such as intratumoral injection or implantation of nanoparticles
near the tumor. By delivering the nanoparticles directly to the
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tumor, it is possible to achieve localized and sustained exposure
to the tumor cells. 4. Repetitive Dosing: Instead of a single 24-
hour exposure, we chose to administer multiple doses of the
phytosynthesized AgNP extracts over a period of time. This can
be done by administering the treatment at regular intervals,
allowing the tumor cells to experience a cumulative effect of
the nanoparticles over the study duration. The absorbance was
then measured at 490 nm with reference at 630 nm using a
plate reader. The percentage of cell cytotoxicity was calculated
with respect to control cells.

Results and discussion
Plant material and extract preparation

In the diverging fields of nanotechnology, silver
nanoparticles, in particular, gained superior interest seemingly
due to their genuine physico-chemical and biological properties
compared to their bulk forms [20]. In the present study, the
bioreduction of silver ions by aqueous Lepidium sativum extracts
was confirmed by visual color change to brown indicating that
elemental silver was formed [21].

Characterization of phytosynthesized silver nanopar-
ticles

Scanning UV-Vis spectrophotometry, which demonstrated
a narrow absorption peak at a wavelength range of 350-
450 nm (Figure 1), correlated to the characteristic surface
plasmon resonance of silver [22]. No additional peaks were
detected in the UV-Vis spectrum, conveying the purity of the
biosynthesized nanosilver.

The absorption intensity in UV-Vis spectra of AgNPs
phytosynthesized by leaves was relatively higher than that of
seeds phytofabricated nanosilver as revealed by an absorbance
of 0.913 at 440 nm vs. 0.763 at 420 nm, respectively. The
difference in the chemical composition of the respective plant
part may account for the difference in absorption intensity
where polyphenols, sterols, alkaloids, and fixed oils are
reported as the main constituents in L. sativum seeds [23,24],
countering proteins, fats, carbohydrates, and vitamins in leaves
[25]. Morphological examination of the phytosynthesized
nanoparticles demonstrated spherical, non-aggregated
nanoparticles as shown in SEM micrographs (Figure 2).
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Figure 1: UV-Visible absorption spectrum of nanosilver phytosynthesized by

Lepidium sativum aqueous extracts of (A) Seeds, (B) Leaves.
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Zeta potentiometric analysis for AgNPs phytofabricated
by L. sativum seeds and leaves revealed a zeta potential (ZP) of
-15.6 mV and -20 mV and an average size of 150 and 111 nm,
respectively (Figures 3,4).

In the context of the shape, size, and surface charge
characteristics of nanoparticles, it is reported that the
variation in functional structure and bioreducing potential of
phytochemical compounds in different parts of plant system
attributes for the morphological variation and polydispersity
amongst phytofabricated nanoparticles [26]. Zetapotential
and Polydispersity Index (PDI) are crucial indicative criteria
for nanoparticle stability and particle size distribution. In
this context, it is reported that ZP values ranging from + 0-10
mV show a highly unstable colloid, whereas a ZP value of *
10 - 20 mV, + 20 - 30 mV, and > + 30 mV shows relatively,
moderately, and highly stable colloid in the respective order
[27]. Accordingly, nanoparticles phytosynthesized by either
L. sativum seeds or leaves aqueous extracts are stable in terms
of their ZP values. Furthermore, a nanoparticle system with
a PDI value < 0.1 is considered highly monodisperse, while
that with PDI values in the range of 0.1 - 0.4 and > 0.4 is a
moderately and highly polydisperse system respectively [28].
The presently phytosynthesized nanoparticles assumed PDI
values of 0.347 and 0.206 respectively, indicating moderate
dispersity. Countering the use of both reducing and capping
agents in chemical nanosilver synthesis, L. sativum extracts
exhibited a dual role as reducing and capping agents which
grants green methods simplicity and uniqueness compared to
physico-chemical routes of synthesis.

Assessment of the antifungal activity of phytosynthe-
sized nanosilver

Candida albicans has been cited as the most common
pathogenic candida species in several epidemiological surveys
with a growing prevalence of resistance to conventional
antifungal agents [29]. Albeit the documented reports on the
antibacterial activity of nanosilver, its antifungal effect has
received marginal attention [3,30,31]. In the present study,
the antifungal activity of phytosynthesized nanosilver was
evaluated against Candida albicans (ATCC 18804). As shown
in Table 1, AgNPs synthesized using L. sativum seeds extract
exhibited a relatively higher antifungal effect with an inhibition
zone of 14 + 0.57 mm and an MIC of 1.75 ppm versus an IZ of 11.7
+ 0.33 mm and an MIC of 2.08 ppm for nanosilver fabricated by
L. sativum leaves extract.

Figure 2: SEM micrograph of AgNPs phytosynthesized by Lepidium sativum

aqueous extract of (A) Seeds, (B) Leaves showing spherical, non-aggregated
nanoparticles (Mag. 20000X).
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Figure 3: Zeta potential micrograph of AgNPs phytosynthesized by Lepidium
sativum aqueous extract of (A) Seeds, (B) Leaves.
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Figure 4: Particle size distribution of nanosilver phytofabricated by Lepidium
sativum aqueous extract of (A) Seeds, (B) Leaves.

Table 1: Antifungal inhibitory effect of Lepidium sativum phytosynthesized AgNPs

against Candida albicans (ATCC 18804).

1Z* (mm)  MIC (ppm)

AgNPs phytosynthesized by aq. L. sativum seeds
extract

14 +£0.57 1.75

AgNPs phytosynthesized by aq. L. sativum leaves
extract

11.7+0.33 2.03

*|Z is the inhibition zone diameter (mm) of the triplicate set expressed as mean +
standard error.

Meanwhile, neither the aqueous extracts of L. sativum leaves
nor seeds displayed any antifungal activity implying that the
detected significant inhibitory effect is attributed to nanosilver.
Few studies assessed the antifungal effect of nanosilver
on Candida albicans. In one study, nanosilver prepared by

Citation: El-Haggar MA, El-Hosseiny LS, Ghazy NM, El-Fiky FK, EI-Hawiet AM (2024) Phytomediated synthesis of silver nanoparticles using Lepidium Sativum L. and
their antifungal and cytotoxic potential. J Clin Microbiol Biochem Technol 10(1): 001-008. DOI: https://dx.doi.org/10.17352/jcmbt.000056



™ PeertechzPublications Inc.

chemical methods, exhibited a potent inhibitory effect, against
pathogenic Candida spp. as compared to conventional antifungal
agents [30,32]. Moreover, nanosilver-based drug combinations
were found to inhibit multidrug-resistant fungal strains
[33]. The cellular and molecular mechanisms of nanosilver
against fungal pathogens have not been fully elucidated; its
activity is postulated to occur via disruption of cell membrane
integrity, inhibition of normal budding process, altering lipid
composition, and induction of apoptosis due to increased
production of reactive oxygen species [33-35].

Assessment of the cytotoxic activity of phytosynthe-
sized nanosilver

Upon investigating the cytotoxic effect of Lepidium sativum
phytosynthesized nanosilver on MCF-7 cell line using MTT
assay, the cytotoxicity of the cells was found to decrease upon
increasing the concentration of silver nanoparticles (Figure
5). The relevant IC,, values were 20.1 ppm and 9.3 ppm for
nanoparticles synthesized by aqueous extract of L. sativum seeds
and leaves, respectively. Interestingly, the extract itself merely
had no effect on the cells. The current cytotoxic results are in
accordance with studies reporting that the in vitro cytotoxic
effect of biosynthesized nanosilver against different cancer cell
lines responded positively with different AgNP concentrations
in a dose-response manner [36,37]. The biological role of
silver nanoparticles on cancer cells could be related to their
capacity to induce DNA damage, oxidative stress, apoptosis,
and mitochondrial damage [7].

The anticandidal and cytotoxic effects are attributed
to the presence of unique chemical constituents including
apigenin, quercetin, kaempferol, luteolin, 7-hydroxy-
4’,5,6-trimethoxyisoflavone, sinapic acid, chlorogenic
acid, p-coumaric acid, ascorbic acid, a-tocopherol and
6-prenylnaringenin [38]. All these constituents along with
colloidal silver are responsible for the effects observed. The
variation in the percentage of the previously mentioned
chemical composition of each plant part could explain the
difference in biological effects. The observed effects in
L. sativum can be attributed to its chemical constituents,
which have implications in the fields of nanotechnology and
biomedical applications.

L. sativum polyphenols have been of interest in
nanotechnology due to their potential as natural antioxidants
and their ability to stabilize nanoparticles and enhance their
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Figure 5: MTT cytotoxicity of AgNPs phytosynthesized by Lepidium sativum

L. aqueous extract of A: Seed, B: Leaf on MCF-7 cells using different
concentrations.
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stability and bioavailability in drug delivery systems. They
can serve as surface modifiers for nanoparticles, improving
their biocompatibility and enhancing therapeutic efficacy [39].
Sterols, another important constituent of L. sativum, have been
studied for their potential in nanotechnology and biomedical
applications. These natural compounds have shown promise as
biomaterials for drug delivery systems and tissue engineering
due to their biocompatibility, biodegradability, and unique
physicochemical properties. Sterols can be incorporated into
nanocarriers to enhance their stability, solubility, and drug-
loading capacity, thereby improving their performance as
therapeutic delivery systems [40].

Alkaloids, which are present in L. sativum, have been of
interest in both nanotechnology and biomedical research.
Some alkaloids exhibit antimicrobial, anticancer, and anti-
inflammatory properties, making them potential candidates for
developing novel nanomedicines and drug-delivery systems.
Additionally, alkaloids can be utilized as building blocks for
the synthesis of nanomaterials with specific properties and
functions, such as nanoparticles with controlled size, shape,
and surface properties. Fixed oils, also known as vegetable oils,
are another significant constituent of L. sativum seeds. These
oils are rich in essential fatty acids, such as omega-3 and
omega-6 fatty acids, which have been extensively studied for
their health benefits. In the field of nanotechnology, vegetable
oils have been used as carriers for the encapsulation and delivery
of hydrophobic drugs. They can form stable nanoemulsions
and lipid-based nanoparticles, providing a biocompatible and
biodegradable platform for drug delivery applications [41].

The relevance of these chemical constituents of L.
sativum to nanotechnology and biomedical applications lies
in their potential to be utilized as natural materials, surface
modifiers, and building blocks for the development of
nanocarriers, nanomedicines, and drug delivery systems. Their
biocompatibility, bioactivity, and unique physicochemical
properties make them attractive candidates for various
applications in these fields. Furthermore, the use of natural
compounds from L. sativum aligns with the growing interest
in green and sustainable approaches in nanotechnology and
biomedicine.

The synthesized nanoparticles demonstrate potential
mechanisms of action in both antifungal and cytotoxic
activities.

1. Antifungal activity [42]:

The antifungal activity of nanoparticles can be attributed to
various mechanisms:

a. Disruption of fungal cell membrane: Nanoparticles
can interact with the fungal cell membrane, leading to
its disruption. This disruption can result in increased
permeability and leakage of cellular components,
ultimately leading to cell death. The small size and high
surface area of nanoparticles facilitate their interaction
with the cell membrane, enhancing their antifungal

efficacy.
[T ]

Citation: El-Haggar MA, El-Hosseiny LS, Ghazy NM, El-Fiky FK, EI-Hawiet AM (2024) Phytomediated synthesis of silver nanoparticles using Lepidium Sativum L. and
their antifungal and cytotoxic potential. J Clin Microbiol Biochem Technol 10(1): 001-008. DOI: https://dx.doi.org/10.17352/jcmbt.000056



™ PeertechzPublications Inc.

b. Reactive Oxygen Species (ROS) generation: Some
nanoparticles have the ability to generate reactive
oxygen species, such as superoxide radicals and
hydrogen peroxide, upon interaction with fungal cells.
ROS can induce oxidative stress, causing damage to
cellular components like proteins, lipids, and DNA.
This oxidative stress can lead to fungal cell death and
inhibition of fungal growth.

c. Interference with fungal enzymes and proteins:
Nanoparticles may interact with specific fungal enzymes
or proteins, disrupting their normal function and
inhibiting essential metabolic pathways. For example,
nanoparticles can inhibit key enzymes involved in cell
wall synthesis or disrupt fungal biofilm formation,
impairing the ability of fungi to establish and maintain
an infection.

d. Metal ion release: Certain nanoparticles, particularly
those containing metal ions like silver or copper,
can release these ions in the presence of fungi. Metal
ions have inherent antimicrobial properties and can
interfere with crucial cellular processes within fungal
cells, resulting in growth inhibition and cell death.

2. Cytotoxic activity [43]:

Nanoparticles can exhibit cytotoxic activity against cancer
cells through multiple mechanisms:

a. Induction of apoptosis: Nanoparticles can trigger
apoptotic cell death in cancer cells. They can modulate
signaling pathways involved in apoptosis, leading to
the activation of apoptotic cascades and subsequent
cell death. This can involve the upregulation of pro-
apoptotic factors or downregulation of anti-apoptotic
factors, ultimately promoting programmed cell death in
cancer cells.

b. Reactive Oxygen Species (ROS) generation: Similar to
their antifungal activity, nanoparticles can generate
ROS in cancer cells, causing oxidative stress-induced
cytotoxicity. ROS can damage cellular components,
disrupt mitochondrial function, and trigger cell death
pathways specific to cancer cells.

c. Targeted drug delivery: Nanoparticles can be
functionalized to carry anticancer drugs specifically
to tumor sites, enhancing drug delivery efficiency and
reducing systemic toxicity. This targeted approach
allows for higher drug concentrations at the tumor site,
leading to increased cytotoxicity against cancer cells
while minimizing adverse effects on healthy tissues.

d. Enhanced cellular uptake: The small size and surface
properties of nanoparticles can facilitate their
internalization by cancer cells. This increased cellular
uptake enhances the intracellular concentration of
nanoparticles and associated therapeutic agents,
leading to enhanced cytotoxic effects.
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e. Photothermal or photodynamic therapy: Nanoparticles
can be designed to possess photothermal or
photodynamic properties. Photothermal nanoparticles
can convert absorbed light energy into heat, causing
localized hyperthermia and thermal ablation of cancer
cells. Photodynamic nanoparticles can generate reactive
oxygen species upon activation by specific wavelengths
of light, leading to cytotoxic effects in cancer cells.

It is important to note that the exact mechanisms of action
may vary depending on the nature, composition, and surface
characteristics of the synthesized nanoparticles. Further
research and characterization are necessary to fully understand
and optimize the antifungal and cytotoxic activities of these
nanoparticles for potential therapeutic applications.

All these mechanisms justify the role of colloidal silver
along with the attributed active constituents present in L.
sativum seeds and leaves.

Conclusion

In the context of the present results, the current study
offered a facile and environment-friendly method for the
phytogenic synthesis of silver nanoparticles with promising
anticandidal and cytotoxic effects against the MCF-7 breast
cancer cell line. Nevertheless, further research is needed to
elucidate their safety and exact mechanism of action. This
is the first comparative work to report the anticandidal and
cytotoxic activities against human MCF-7 breast cancer cells
of AgNPs synthesized using the extract of Lepidium sativum L.
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