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Abstract

The biosynthesis of silver nanoparticles (AgNPs) is the subject of this investigation using the ethanolic extract of Echinops ritro
L., a medicinal plant from the Asteraceae family, and evaluates their antimicrobial properties. A combination of spectroscopic
methods was used to characterise the biosynthesised AgNPs. The UV-visible spectrum showed a characteristic absorption band
at 415 nm, confirming AgNPs formation investigation revealed several functional groups that contribute to the stabilisation and
reduction of AgNPs. XRD confirmed the crystalline nature of the nanoparticles with an average size of 23.36 nm. The
antimicrobial activity of the synthesized AgNPs was assessed against five bacterial strains (Escherichia coli, Enterococcus
faecalis, Proteus mirabilis, Enterococcus hirae, and Bacillus cereus) and one fungal species (Candida albicans) using the disc
diffusion method. The AgNPs exhibited significant antibacterial activity, with inhibition zones ranging from 5 to 33 mm,
depending on the concentration and bacterial strain tested. The E. coli bacteria showed the strongest antibacterial activity, with
an inhibitory zone measuring 33+12.5 mm at a concentration of 100 pg/mL. The AgNPs also demonstrated antifungal activity
against C. albicans, with a maximum inhibition zone of 21+ mm at 100 pg/mL. This research highlights the potential of
Echinops ritro L. extract for the green synthesis of AgNPs with promising antimicrobial properties, offering a sustainable
approach for developing new antimicrobial agents.
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1.Introduction

We interact instantaneously and continuously with the
microscopic world of viruses, bacteria, parasites, and

bacteria may operate as pathogenic agents and induce
ilinesses by the production of toxins, tissue invasion,
or both. Inflammation caused by specific germs can

other organisms. We have become aware of this fact
because of the recent virus outbreak. The microbes
that comprise our microbiotas reside within us [1].
Both human and animal bodies are covered in a vast
array of bacteria that do not pose a threat to health,
including those found on the skin, in the mouth,
respiratory system, digestive tract, reproductive
system. These microorganisms are referred to as
resident blooms or resident microbiomes. The
microbial population in our bodies is of comparable
magnitude to the number of human cells [2]. Humans
can benefit from several native flowers, including
those that help regulate diet or stop the spread of more
harmful germs [3, 4]. Only a few types of bacteria have
the potential to cause illnesses. In rare situations, local

affect the heart, lungs, neurological system, kidney, or
digestive tract. Specific forms of bacteria, including H.
pylori, can raise the risk of cancer [5]. After coronary
heart disease, Bacterial infections rank as the second
leading cause of mortality worldwide [6].
Pneumococcus and Staphylococcus aureus are the two
most lethal bacteria. The increasing body of research
on biofilm-associated illnesses and multiresistant
bacteria calls for developing further bactericidal
strategies [7]1. The advancement of
nanobiotechnologies, particularly the ability to
manufacture nanomaterials based on certain metal
oxides in size and shape, may contribute to new
antibacterial and antifungal agents. It is the sizes of
nanoparticles that mostly determine their functional
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activities [8-11]. Except from the chemical and
thermal stability of inorganic materials, the occurrence
of interesting phenomena like quantum confinement
effects, a notable increase in the surface-volume ratio,
and a change in the surface energy when metal oxides
are reduced to the nanoscale makes their use at the
nanoscale very significant. [11-14]. Given that
nanoparticles' principal mode of action is direct
interaction with the bacterial cell wall, most resistance
mechanisms observed with antibiotics, for example,
are irrelevant until they need to penetrate the cell wall.
It means that nanoparticles (NPs) may be less
susceptible to prompting resistance in bacteria
compared to antibiotics [7—15]. Silver has been known
since ancient times for its therapeutic uses. Until the
1940s, when the first modern antibiotics were
discovered and developed and proved to be noticeably
more efficient, silver was commonly employed in
medicine to treat bacterial infections in the late 19th
and early 20th centuries. There are now three ways that
silver affects microorganisms that are understood.
First, Silver cations can induce cavities and penetrate
the bacterial cell wall by their interaction with the
peptidoglycan component. [16]. Second, silver ions
can penetrate bacterial cells, disrupting metabolic
pathways and inhibiting cellular respiration, which
produces reactive oxygen species [17]. Finally, silver
can disrupt DNA replication [18]. Silver is re-
emerging as a viable treatment option in the form of
nanoparticles. Silver nanoparticles are produced by a
variety of organisms, including higher plants, lichens,
bacteria, and fungi. Various plants are used as
"factories” to make silver nanoparticles, including
medicinal botanicals [19]. Research findings indicate
that by combining mineral salts with plant extracts,
silver ions establish chemical interactions with
proteins and water-soluble compounds by binding to -
OH and -COOH substituents. Conformational changes
in the protein molecule are induced, which in turn
facilitate the conversion of the trapped metal ion into
silver [20-21]. Furthermore, the cysteine residues and
amino groups of proteins contribute to the reduction of
silver and the formation of AgNPs. [22-23]. Alkanes,
amines, phenols, polyphenols, arabinose, galactose,
aldehydes, ketones, alcohols, alkaloids, lignans,
terpenoids, and flavonoids can all serve as "capping”
agents in the creation of silver nanoparticles [24-
30].The objective of this work is to assess the
antibacterial and antifungal characteristics of AgNPs,
biosynthetized from an ethanolic extract of the foliage
of Echinops ritro L., a medicinal plant Belonging to
the Asteraceae family. Echinops plants have been
reported to contain a chemical belonging to several
classes, such as alkaloids, flavonoids, terpenoids,
lipids, steroids, and polyacetylenes [31]. Echinops
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ritro L has been wused traditionally to treat
inflammation and pain, respiratory and infectious
illnesses, skin issues, kidney stones, facial paralysis,
and neuritis. In traditional medicine, this plant is
utilized for its abortifacient qualities that expedite the
ejection of the placenta [32].

2.Materials and methods
2.1. Plant material

In February 2023, Echinops ritro L was collected from
the Oued Rhio area in Relizane Province, western
Algeria. The obtained plant material was dried in the
shade. The dried plant mass was crushed and stored in
dark, airtight containers until needed.

2.2. Biosynthesis of Silver Nanoparticle

The biosynthesis of AgNPs was carried out using
Echinops ritro L materiel plant. About 10g of plant
material were suspended in 100 mL of 70° ethanol. To
ensure the maximum extraction of bioactive
compounds from the plant material, the mixture was
subjected to a reflux extraction process lasting 45
minutes at a temperature of 80°C. After the extraction,
any solid residues in the liquid were removed through
filtration, and the resulting transparent liquid, referred
to as solution 1, was transferred to a separate flask for
future purposes.

In parallel, a mass of 1.7 grams of silver nitrate
(AgNO3) was added to a 100 ml volumetric flask and
distilled water was added to completely dissolve the
silver nitrate with continuous stirring (solution 2). The
ethanolic extract (solution 1) was slowly combined
with the silver nitrate solution (solution 2) using a
burette to ensure precise measurement. To ensure even
distribution and interaction between the components,
the final mixture was vigorously stirred. The
completed mixture was spun in a centrifuge for 30
minutes at 4000 revolutions per minute (rpm) to clean
the silver nanoparticles, and the remaining substance
was cautiously gathered and dehydrated in an oven at
70°C for 12 hours. This approach guaranteed the
effective production and retrieval of AgNPs from the
plant extract.

2.3. Silver nanoparticles characterization
2.3.1. UV-visible spectroscopy

The formation of AgNPs was analyzed using surface
plasmon resonance band spectroscopy with UV-
Visible  spectrophotometry.  Spectrophotometric
measurements were performed using a double-beam
UV-Visible spectrophotometer (Thermo UV-1601)



INVESTIGATION OF THE BIOLOGICAL ACTIVITY OF SILVER NANOPARTICLES BIOSYNTHESIZED FROM ECHINOPS ....1623

within the 200-800 nm range, with a 10 nm resolution.
Baseline correction was conducted using a blank
reference. The reduction of Ag* ions in the solution
was monitored by periodically sampling the aqueous
component and measuring its UV-Vis spectra. The
spectrophotometer chamber was maintained at a
constant temperature of 25°C.

2.3.2. Fourier transform infrared spectroscopy
(FTIR) analysis

Functional groups potentially involved in the synthesis
and stabilization of AgNPs were identified using FTIR
spectroscopy. The FTIR spectrum was obtained in the
400-4000 cm™ range with a Bruker alpha (Thermo
Scientific, Waltham, MA).

2.3.3.X-Ray Diffraction (XRD) Characterization

It is the most widely employed method for analyzing
chemical compounds and assessing the crystal
structure and size of AgNPs using Cu-Ka radiation
with a wavelength of 1.5406 A. The structure of the
synthesized nanoparticles was investigated through X-
ray diffraction (XRD).

The AgNPs were ascertained by X-ray diffraction
(XRD) using a Shimadzu-XRD 6000 diffractometer,
featuring Bragg Brentano geometry and a CuKa
source (40 kV, 30 mA) at an incidence angle of 2°. The
mean crystallite sizes were calculated using the Debey
Scherrer equation.: D = 0.94A/B cos 6. Here, D
represents the average crystallite domain size
perpendicular to the reflecting planes, A is the X-ray
wavelength, g is the full width at half maximum
(FWHM) of the peak, and @ is the diffraction angle.

2.4. Assessment of biological activity
2.4.1. Antibacterial activity

The antibacterial action was studied using five
different types of bacteria of Escherichia coli (ATCC
8739), Enterococcus faecalis (ATCC 45452), Proteus
mirabilis (ATCC 783Cl), Enterococcus hirae (ATCC
10541), Bacillus cereus (ATCC 10870) bacterial
species were provided by undergraduate biology
laboratory of Tahri Mohamed, Bechar University. The
microorganisms studied are clinically important ones
causing several infections, food-borne diseases,
spoilages, skin infection and it is essential to overcome
them through some active therapeutic agents.

To investigate the antibacterial characteristics of silver
nanoparticles, a dispersed system must be created. The
nanoparticles are first dispersed in a suitable solvent
and then exposed to ultrasonic waves under regulated
conditions. A series of DMSO (Dimethyl sulfoxide)
dilutions of the synthesized compounds were made.
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Five solutions were created by diluting masses of (2.5
mg, 5 mg, 10 mg, 50 mg, and 100 mg) into 10 mL of
DMSO. The solutions underwent ultrasonic treatment
for 30 minutes.

The inoculum was created from a young culture aged
18 to 24 hours on non-selective nutrient agar plates
and then incubated at 37°C for 24 hours to maximize
growth.

The agar-disc diffusion method was employed to
evaluate the antibacterial effectiveness of AgNPs.
Bacterial suspensions at a 0.5 McFarland standard
were prepared, and a sterile cotton swab was used to
create a uniform bacterial lawn on freshly prepared
Muller-Hinton agar plates. Five-millimeters discs
made from Whatman filter paper were sterilized, and
10 pL of different concentrations (2.5ug/mL,5 pg/ml,
10 pg/mL, 50pg/mL, and 100 pg/mL) of AgNPs were
applied to the sterile discs under aseptic conditions
before placing them on the agar surface. Hémi-
synthétique Lincosamide Spécifque(clindamycin)
served as the positive control, while DMSO was used
as the negative control. After incubating the plates for
24 hours at 37°C, the effectiveness of AgNPs was
assessed by measuring the inhibition zones in
millimeters. Each experiment was conducted three
times, and the average inhibition zones were recorded
for all trials [33].

2.4.2. Antifungal activity

Candida albicans fungi were obtained from the
Department of Biology, Ahmed Ben Bella University.
The antifungal effectiveness of AgNPs against
Candida albicans was assessed using a disc diffusion
assay. Fungal strain was spread on Sabouraud dextrose
agar to create a uniform lawn using the spread plate
technique. Sterile filter discs containing various
concentrations (2.5pg/mL, 5 pg/mL, 10 pg/mL,
50pg/mL, and 100 pg/mL) of AgNPs were placed on
the agar surface under sterile conditions. The plates
were then incubated 18 hours at 35°C. After
incubation, the zones of inhibition around each disc
were measured in millimetres. Amphotericin B served
as a positive control, while DMSO was used as a
negative control. All tests were conducted in triplicate,
and average inhibition zones were calculated for each
trial [34].

2.5. Statistical analysis

Statistical analysis was performed with IBM SPSS
statistics 25.0. Data were expressed as means *
standard deviation (SD). Comparisons between groups
were performed with analysis of non-parametric test.
A value of P < 0.05 was considered statistically
significant (table 1).
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3.Results and discussion
3.1. Characterization of silver nanoparticles
3.1.1. UV-Visible spectrophotometer analysis

The first indication of the formation of AgNPs is the
visual color change in the reaction mixture [35].
Nanoparticle formation started when the extract was
combined with the silver nitrate solution. The visible
colour of the solution shifted from bright yellow to
dark brown. The characteristic absorption band of
AgNPs was observed at 415 nm for Echinops ritro
L(Fig.1) due to localized plasmon resonance (LSPR).
This property appears on the surface of certain metals
and results from the collective movement of free
electrons in the nanoparticle when light falls on it [36].
Similar visual observation was found in AgNPs
synthesized from Prosopis juliflora extract [37].

(B)
Figure .1 Colour change in the reaction mixture indicate formation
of AgNPs (A). UV-Visible spectrum of AgNPs (B).

3.1.2. Fourier Transform Infra-Red Spectroscopy

The Fourier Transform Infrared (FTIR) technique was
developed to detect potential biomolecules involved in
silver ion reduction and bio-reduced silver
nanoparticle capping.

The comparison between the FTIR spectrum of the
Echinops ritro L ethanolic extract (Fig.2) and the
curve of the silver nanoparticles (Fig.3) formed reveals
variations in intensity at several peaks in various
spectrum regions.

The AgNPs sample shows peaks (Fig.3) at 3300, 2999,
1651, 1400, 1053, 887 and 555 cm™*. The band seen at
3300 cm™* corresponds to the O—H functional groups
found in phenols and flavonoids. The bands observed

Transmittance
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at 2999 cm™ may be attributed to the existence of
aliphatic C—H functional groups. The absorption peak
corresponding to C=C stretching vibration appeared at
1651 cm™. The characteristic of a strong peak of the
C—0 band can be seen at 1053 cm™
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Figure 2. Fourier Transform Infra-red spectroscopy
(FTIR) spectrum of the ethanolic extract.

The appearance of a broad characteristic band on the
spectrum of nanoparticles observed at 555 cm™ !
attributed to the formation of salts and probably in our
spectrum indicates the formation of Ag NPs bonds
[38]. The comparison of the two spectra (Fig.2)
revealed that after encapsulation, the peaks are
narrower and shifted, which indicates that the groups
are converted to reduce Ag+ ions to Ag® present in
ethanolic extract.
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Figure3. Fourier Transform Infra-red spectroscopy (FTIR)
spectrum of the biosynthesized AgNPs.

3.1.3.X-ray diffractometry

XRD performed a structural analysis of silver
nanoparticles prepared from the sample (fig.4). They
are considering the angular positions of the Bragg
peaks. Seven prominent characteristic diffraction
peaks for silver were observed at 27.7°,
32.2°,38°,46°,54.8°,57.5°,76.8° of 26 values due to
reflection from the crystal facetof (1 11) (200) (11
1)(220)(311)(222)(311) respectively, which
may be indexed based on the face-centered cubic
structure of AgNPs .XRD confirms the crystalline



ey | counle

INVESTIGATION OF THE BIOLOGICAL ACTIVITY OF SILVER NANOPARTICLES BIOSYNTHESIZED FROM ECHINOPS ....1625

nature of the nanoparticles. The comparison of the
results on the nanometric scale indicates that the size
of the silver nanoparticles formed in part of the extract
of Echinops ritro L is 23.36 nm. The AgNPs
synthesized from Streblus asper leaves exhibited
similar diffraction peaks, suggesting they have a face-
centered cubic (FCC) crystal structure [39].
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Figure 4. X-ray diffraction pattern of of AgNPs
3.2. Antimicrobial activity

Five microbial strains and one fungus strain were
selected for antimicrobial activity of our compounds at
different concentrations by measuring the diameter of
inhibition zones or the absence thereof according to
National Committee for Clinical Laboratories
Standard rules [40], indicating either inhibition or lack
of inhibition of bacterial growth. The presence of
antibacterial activity is marked by clear zones
appearing around the paper discs impregnated with
different test products. The absence of inhibition is
indicated by the lack of clear zones (halos) around the
discs. The diameter of these inhibition zones varies
depending on the bacterial strain being tested. In this
study, the products are tested against five bacterial
strains belonging to the American Type Culture
Collection ATCC.

This approach allows for assessing the synthesized
nanoparticles effectiveness in inhibiting the growth of
specific bacterial strains, providing insights into their
potential as antimicrobial agents. Our results revealed
zones of inhibition greater than 5mm, varying across
different strains (Table 1). The results obtained
demonstrated that the biological efficacy of the AgNPs
against all strains is directly proportional to the
increase in concentrations, indicating that the
concentration of the extract used had an influence on
their susceptibility or resistance. Meaning that the
higher the concentration, the more the AgNPs inhibits
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bacteria growth [41]. The highest antibacterial activity
was observed against E. coli with inhibition zone of
33mm for 100pg/ml of AgNPs at followed by
Enterococcus hirae with inhibition zone of 30 mm for
100pg/ml, Proteus species, Enterococcus faecalis, and
Bacillus cereus, and least inhibition zone was observed
against Staphylococcus aureus (5 mm) at 2.5 (pg/mL),
(Fig.5; Fig.6).

This sensitivity may be related to structural variations
in the cell walls of Gram-positive and Gram-negative
bacteria [41].

Our findings contrast those of Fleurette et al. (1995)
[42], who argue that Gram-positive bacteria are more
resistant to antimicrobial agent due to the unique
chemical composition of their cell walls. Gram-
negative bacteria have a wall that allows lipophilic
molecules to penetrate, and the presence of negatively
charged lipopolysaccharides  (LPS)  promotes
nanoparticle adherence. Gram-positive bacteria, on the
other hand, are predominantly made up of
peptidoglycans, which facilitate the passage of
hydrophilic molecules [43.44].

However, according to all published work regarding
the effectiveness of silver nanoparticles against the
Candida fungus, it was weak compared to the
biological effectiveness against bacteria, the value did
not exceed 21mm at the highest concentration, which
is estimated at100ug/mL. Studies suggest that silver
ions' antimicrobial activity stems from their positive
charge, which allows them to interact electrostatically
with the negatively charged cell membranes of
microorganisms [45]

The antimicrobial effectiveness of AgNPs may be
linked to their size, enabling interaction with bacterial
cells via transmembrane proteins. Upon binding,
structural changes occur, blocking transport channels
[46]. This process hinges on NP size, with smaller NPs
(250 times smaller than bacteria) proving more
efficient. They attach to wall proteins' (-SH) groups,
penetrate membranes, alter permeability, and induce
cell lysis [47-49]. Conversely, larger NPs with greater
absolute surface area enhance adhesion via van der
Waals forces, leading to internalization, ionization
inside cells, structural damage, and ultimately, cell
death [50]. In addition, the interaction of silver
particles with thiol group molecules prevalent in
bacterial respiratory enzymes is responsible for their
antibacterial activity. Silver attaches to the bacterial
cell wall and membrane, inhibiting the respiration
process. AgNPs preferentially target the respiratory
chain. [51].
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Table 1. The average diameter of the silver nanoparticles' zone of inhibition (measured in millimetres) against

bacterial and fungal species.

Concentration of AgNPs (ug/mL)
Bacterial species 25 5 10 50 100 Positive Negative
Control control
(DMSO)
Inhibition zones (mm)
E. coli 09+0.57 17+3.51 20+5.00 24+6.00 33+125 35+0.00 0
Proteus mirabilis 06+0.00 11+3.60 16+2.00 18+1.52 27+6.50 33+0.00 0
Enterococcus faecalis 12+0.00 17+1.15 19+0.00 20+0.00 20+0.00 41+0.00 0
Enterococcus hirae 05+0.00 16+1.15 25+0.00 30+0.00 30+0.00 46+0.00 0
Bacillus cereus 6+0.00 11+0.00 16+0.00 17+0.0. 19+0.00 37+0.00 0
Fungal species Inhibition zones (mm)
Candida albicans 11+0.57 ‘ 13+2.08 ‘ 15+1.52 15+0.57 21+1.00 0 33+1.52

Values are expressed as Mean * SE (n =3)

The generation of reactive oxygen species (ROS) by
metal NPs is identified as a potential mechanism for
their bactericidal action, damaging peptidoglycans,
cell membranes, DNA, mRNA, ribosomes, and
proteins [49]. ROS also hinders transcription,
translation, and enzymatic functions and disrupts the
electron transport chain, particularly in metal oxide
NPs where ROS production is a primary toxicity
mechanism [52, 53]. Metal oxide NPs can deactivate
proteins and harm DNA by binding metal ions to
enzyme thiol groups, disrupting hydrogen bonds
between pyrimidine and purine base pairs and
ultimately damaging the DNA molecule [54].

BEcoli

207 1 Enterococcus faecalis
Proteus mirabilis

1 Enterococcus hirea

W Bacillus cereus

5 10

Figure 5. Inhibition zone of AgNPs of Echinops ritro L

4.Conclusion

Antimicrobial agents are increasingly becoming
resistant to a wide range of antibiotics, creating an
urgent need for alternative strategies to combat drug-
resistant microorganisms. Silver ions and silver salts
have long been used as antimicrobial agents across
various fields due to their ability to inhibit microbial
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growth. However, their use comes with limitations,
such as interference from salts, which can reduce their
effectiveness. These challenges can be overcome by
utilizing silver in nanoparticle form. The nano size
increases the surface area, enhancing the interaction
between Ag (0) and microorganisms. To apply AgNPs
in diverse fields, it is essential to develop
environmentally friendly synthesis methods, does not
contain toxic components, and is suitable for
pharmaceutical and biological applications [55].

In this study, we present a green, cost-effective
approach to prepare AgNPs that is both eco-friendly
and efficient using an ethanolic extract of the Echinops
ritro L. These biosynthetized AgNPs were then used
to demonstrate antimicrobial activity.

The results confirmed the crystalline nature of the
silver nanoparticles synthesized by ethanolic extract
from the aerial part of Echinopsritro L, with an average
particle size of 23 nm, and were primarily spherical in
shape.

A significant zone of inhibition for E. coli was
achieved using AgNPs (33 mm) at a concentration of
100 pg/mL of silver nanoparticles. Nanoparticles at
different concentrations showed antibacterial activity
against all the strains of bacteria tested. The AgNPs
exhibited antifungal properties against Candida
albicans. The highest zone of inhibition diameter
obtained was 17 mm when 100 pg/mL of the
nanoparticles (AgNP3) was used. It was concluded
that nanoparticles have bacteriostatic characteristics at
low concentrations. Therefore, these nanoparticles are
considered  effective in preventing bacterial
contamination.
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Figure 6. Antimicrobial activity of AgNPs synthesized by Echinops ritro L extract (a) .E.Coli ,(b). Proteus mirabilis .(c). Enterococcus
hirea.(d). Bacillus cereus.(e) Candida albicans. Control DMSO(f)
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