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Abstract: The study was focused on the phytochemicals-mediated biosynthesis of silver nanoparticles using leaf extracts and
infusions from Cynara scolymus. To identify the antioxidant activity and total phenolic content, the 1,1-diphenyl-1-picrylhydrazyl
and Folin–Ciocalteau methods were applied, respectively. The formation and stability of the reduced silver ions were monitored
by UV–vis spectrophotometer. The particle sizes of the silver nanoparticles were characterised using the dynamic light
scattering technique and scanning electron microscope. The phase composition of the obtained silver nanoparticles was
characterised by X-ray diffraction. The silver nanoparticles suspension, artichoke infusion, and silver ions were separately tested
towards potential cytotoxicity and pro-inflammatory effect using mouse fibroblasts and human monocytes cell line, respectively.
The total phenolic content and antioxidant activity of ethanol extract and infusion were found significantly higher as compared to
aqueous extract and infusion. The UV–visible spectrophotometric analysis revealed the presence of the characteristic
absorption band of the Ag nanoparticles. Moreover, it was found that with the increasing volume of plant extract, the average
size of particles was increased. Biocompatibility results evidently showed that silver nanoparticles do not induce monocyte
activation, however in order to avoid their cytotoxicity suspension at a concentration <2 ppm should be applied.

1௑Introduction
Nanoparticles are currently an area of ardent scientific research,
due to their wide range of prospective applications in biomedical
[1–3], environmental [4–6] and electronics [7–λ] fields. Their
utilisation is caused by exceptional features of nanoparticles arising
from differences in properties between nano- and macroscale
(bulk) materials, which is the main reason for the growing interest
in nanosized structures. In particular, nanoparticles have begun to
play a major role in various fields of biomedicine, owing to their
bactericidal [10, 11], antifungal [12, 13] and anticancer [14, 15]
activity. Silver nanoparticles for the sake of their antimicrobial
properties have found numerous application in molecular
diagnostics and dentistry, as well as a component of materials
applied in burn wounds healing [16, 17]. Due to the growing
microbial resistance against metal ions, antibiotics and the
development of resistant strains, the metallic nanoparticles are
considered as one of the most promising antimicrobial agents.
Antimicrobial properties of silver nanoparticles (AgNPs) are
caused by their anchoring and penetrating to the cell wall of
bacteria resulting in modulation of cellular signalling and
disturbing cell viability and division leading to cell death [1κ]. It is
well reported that the bactericidal properties of AgNPs are
dependent on many factors including their size, shape,
concentration and crystal structure, thus extensive research devoted
to synthesising and characterising NPs has been performed. Studies
on silver nanoparticles synthesis and bactericidal effect were
mainly focused on spherical-shape NPs interaction with gram (+)
and gram (−) microorganisms [1λ]. Shape-dependent effect of
AgNPs of different morphology on their bactericidal activity
against Escherichia coli was for the first time described by Pal et
al. [20]. The authors compared antibacterial properties of spherical,

rod-shaped and truncated triangular AgNPs showing that the last
one has the strongest toxic effect against E. coli. Moreover, the
authors conclude that the differences in the observed trends in E.
coli inhibition can be favoured by high-atom-density facets such as
{111} that are the most abundant in truncated triangular AgNPs as
compared to nanoparticles of spherical and rod-shaped
morphology. Although, studies performed by Raza et al. [21]
showed that the smallest-sized spherical AgNPs revealed a stronger
antimicrobial effect against Pseudomonas aeruginosa and E. coli
strains in comparison with the triangular and larger spherical
shaped AgNPs.

Many methods have been devised to produce metallic
nanoparticles. The silver nanocrystals are usually fabricated from
Ag+ containing solutions, derived from salt like silver nitrate
(AgNO3). Initially, metal ions are reduced to atoms by reaction
with reducing agent. Subsequently, atoms form small clusters that
nucleate to particles. The size and shape of the nanoparticles can be
easily controlled by the silver ions to reducing agent concentration
ratio [22]. Methods of synthesis of AgNPs can be broadly
categorised as chemical methods, physical methods, and biological
methods. However, considering the intensive use of synthetic
reactants and energy consumption in chemical and physical
methods, there is a fundamental need to amplify environmentally
harmless and inexpensive procedures for the metallic nanoparticles
‘green’ synthesis that use eco-friendly reactants. The development
of biologically inspired methods for the syntheses of AgNPs is
evolving into an important field of nanotechnology. Silver
nanoparticles produced by green chemistry methods are extremely
promising agents in application to the biological system. For this
purpose, extracts of various plants have been examined as a
reducing and stabilising agent because of their antioxidant or
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reducing properties typically responsible for the reduction of metal
ions [23–25].

The use of plants, especially as the source of reducing and
stabilising agents in AgNPs production has accrued utmost interest,
owing to its facile, eco-friendly, non-pathogenic and economical
character that make plant extracts an excellent choice for AgNPs
synthesis. It is proved that the source of the plant extract can
influence the characteristics of the NPs, because of variable
concentrations and combinations of organic reducing agents,
involving various plant metabolites such as alkaloids, phenolic
compounds, terpenoids, and coenzymes as well [26]. The main
mechanism of NPs formation in biological methods considered for
the process is phytochemicals-assisted reduction caused by the
presence of water-soluble phytochemicals in plants extracts
resulting in the immediate reduction of the Ag ions upon contact of
the extract with the ions solution. Additionally, the great
advantages of plant extracts employment in AgNPs preparation are
the availability of abroad variety of plant species and safety of their
metabolites in most cases. Reagents used for AgNPs production
applied as an active substance in disease treatment cannot induce
any toxic side effect on tissues, therefore plants extracts and
infusions are especially suited for the production of nanoparticles
intended to use as therapeutic agents in medical application [22].

In fact, an interesting approach to give an added value to
AgNPs therapeutic activity is the use of health-promoting plants
extracts as a reducing and stabilising agents in NPs preparation. An
attractive plant material for potential use in preparation of metal
nanoparticles is artichoke (Cynara scolymus). Various reports
related to artichoke composition have revealed its health-protective
potential especially in cancer treatment, hepatoprotective and
hypocholesterolemic activity [27–2λ]. Antioxidant activity of
artichoke extracts is associated with the high content of caffeic acid
and its derivatives with chlorogenic acid as the most important of
these derivatives. Also, other phenolic compounds such as the
flavonoids (apigenin and luteolin) as well as different cyanidin
caffeoylglucoside derivatives have been identified [30–32].
Moreover, it is well proved that bioactive substances, e.g. caffeic
acid, chlorogenic acid, cynarin and luteolin that are found in
artichoke extract can decrease the production of reactive oxygen
species (ROS) and reduce cytotoxicity induced by AgNPs in
normal cells [33].

Considering the vast potential of plants as a source of health-
promoting substances with antioxidative potential, this work aims
to apply a phytochemical-mediated green technique for the
synthesis of silver nanoparticles as an alternative to chemical and
physical methods. In this regard, water and ethanol extracts and
infusions of leaves of C. scolymus a species of family Compositeae
(Asteraceae) were used for the bioconversion of Ag ions to AgNPs.
Silver nanoparticles suspensions were produced at various
concentrations of leaf extracts and infusions in order to optimise
route to AgNPs obtaining. The proposed method is facile, cost-
effective and sustainable. The silver nanoparticles preparation with
the use of C. scolymus was previously investigated by Sampaio and
Viana [34]. This paper was focused on AgNPs obtaining with the
use of an aqueous extract of artichoke flower petals under various
pH conditions. The purpose of this paper was to give a
characterisation of electrical conductivity of such-prepared AgNPs.
Green synthesis of AgNPs with artichoke was also performed by
Erci et al. [35]. The authors presented research on AgNPs
preparation by using the aqueous brew of C. scolymus leaves. This
paper includes characteristic of the morphology of the obtained
AgNPs and their cytotoxicity assessment, as well as size
characteristic performed with DLS technique. In comparison with
these reports, our studies introduce some additional information
regarding antioxidant properties of artichoke leaves extracts and
infusions, and cytotoxicity and inflammatory assessment of
infusion and AgNPs as well. Moreover, we showed the effect of an
additional polymeric stabilising agent on the formation of
nanosized silver structure.

2௑Experimental

2.1 Preparation of plant extracts and infusions

Cynara scolymus leaf extracts and infusions were utilised to
prepare silver nanoparticles suspensions on the basis of cost-
effectiveness, antioxidant properties, and availability. Artichoke
heads were purchased from local greengrocer shop. Plant leaves
were separated, cleaned with running tap water, followed by
distilled water and air dried at room temperature. Dry leaves were
subsequently cut into small pieces with knife mill. Around 10 g of
finely cut leaves were used to prepare water and ethanol extracts
and infusions. Extraction was carried out in Soxhlet apparatus for
10 h with 150 mL of water or ethanol (λ6%, POCh SA). In order to
obtain infusions, 10 g of dry artichoke leaves were extracted in
150 mL of water or ethanol at the solvents boiling point. The
beakers with mixtures were covered with a watch glass and
allowed to infuse for 30 min. Such-obtained extracts were
subsequently filtered through filter paper. The filtrates were cooled
down, stored at 4°C and used after 1 day.

2.2 Preparation of silver nanoparticles suspensions

As a source of silver ions in AgNPs synthesis silver nitrate solution
was used. Then, 5, 10 and 15 mL of extract were added separately
to 45, 40 and 35 mL of silver nitrate water or ethanol solutions.
The final mixtures contained 500 ppm of Ag+. Simultaneously, in
order to access the effect of an additional stabilising agent on
AgNPs formation, the identical silver nitrate mixtures in the
solution of poly(N-vinylpyrrolidone) (PVP, MW κ000, Acros
Organics) were prepared. The final mixtures contained 500 ppm of
Ag+ in 3% PVP solution. Synthesis of nanoparticles was carried
out under constant stirring using a magnetic stirrer. The colour
change of solutions from colourless to brown suggested a
successful reduction of Ag+ to Ag0. Such-prepared nanoparticles
suspensions were stored at 4°C.

2.3 Characterisation of extracts

In order to examine antioxidation activity of prepared plant extracts
and infusion measurement of total antioxidant capacity using 1,1-
diphenyl-1-picrylhydrazyl (DPPH) radical and total content of
phenolic compounds using the Folin–Ciocalteau (F–C) method was
utilised. The antioxidant activity of artichoke leaves extracts and
infusions was assessed using DPPH assay. In this method, DPPH
reagent which is a stable free radical is reduced by phytochemicals
extracted from plants possessing antioxidative properties. The
DPPH ethanol solution has a deep purple colour and has a
maximum absorption value at 517 nm. The presence of antioxidant
substances results in DPPH reduction which in turn causes colour
changing from deep purple to yellow or colourless. These changes
can be recorded by spectrophotometry technique. The decrease in
absorption is proportional to the amount of the reduce indicator in
the mixture [36]. Around 0.5 mM ethanol solution of DPPH was
prepared by dissolving 1λ.71 mg of DPPH (Sigma-Aldrich) in 100 
mL of ethanol. Subsequently, the such-prepared solution was
diluted with ethanol to the absorbance signal of ∼ 0.λ. At first, the
absorbance of the free radical solution was recorded. The control
sample was prepared by adding to cuvette 2 mL of diluted DPPH
ethanol solution, and 60 ȝL of ethanol (λ6%) and subsequent
absorbance measurement (A0) was carried out. Tested samples
were prepared by adding 2 mL of diluted DPPH solution and 60 ȝL
of infusion or extract. Absorbance measurement was recorded after
10 min at room temperature at 517 nm. For each specimen, the
measurement was carried out three times and the average value (A)
was calculated. Such obtained results were expressed as percent
inhibition and were calculated in accordance with the equation

Inhibition (%) =
A0 − A

A0

× 100 (1)

To determine total phenolic content (TPC) the colourimetric F–C
assay was employed. This method is based on electron transfer
between phenolic compounds and F–C reagent (POCh SA) (in an
alkaline solution as a result of which blue colour formation is
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observed). The colour change is proportional to the concentration
of phenols and can be analysed by measuring the absorbance of the
solution with a spectrophotometer at 765 nm. As a standard for
absorbance measurement gallic acid (Acros Organics) was utilised
and the TPC was expressed as gallic acid equivalents (GAE, mg g
−1). As a working solution the gallic acid aqueous solution of the
concentration of 5 mg mL−1 was used and exploited to prepare
calibration standard at concentrations of 0.05; 0.15; 0.25; 0.35; 0.5 
mg mL−1. At first, the absorbance of calibration solutions was
recorded by adding to cuvette 20 µL of calibration standards, 1.5κ 
mL of double distilled water and 100 µL of F–C reagent.
Subsequently, after 3 min, 300 µL of saturated sodium carbonate
(POCh SA) solution was added. Standards were kept in the
thermostat set at 40°C for 30 min. The tested samples were
prepared in the manner identical to the calibration curve solutions.
The measurements were carried out at 765 nm against blank
sample without gallic acid in triplicates.

2.4 Characterisation of silver nanoparticles

UV–vis spectral analysis was done by using Evolution 220
spectrophotometer (Thermo Scientific) with a resolution of 1 nm
between 300 and 700 nm in cuvettes with an optical path length of
10 mm. An analysis was carried out at room temperature. UV–vis
spectral analysis was used to examine long-term stability of the
obtained silver suspensions. In order to determine the average
particle size and size distribution of AgNPs dynamic light
scattering method (DLS) was employed. The measurement was
carried out at room temperature with Zetasizer Nano ZS apparatus
(Malvern Instruments Ltd) and average diameter was determined
by taking an arithmetic average of five runs. Qualitative phase
analysis of AgNPs was performed using X-ray diffractometry
employing XRD-Philips X'Pert diffractometer with Cu Kα
radiation (Ȝ = 0.1541κ nm), equipped with graphite monochromator
PW 1752/00 operating at 40 kV and 30 mA in 2θ range of 10°–60°.
The SEM studies were performed with SEM Zeiss Ultra Plus
microscope equipped with EDS microanalysis system Quantax
400 V (Bruker) with ultra-fast detector with 127 eV energy
resolution.

2.4.1 Direct contact cytotoxicity assay: For risk assessment
purposes, it is essential to evaluate the biosafety of AgNPs on the
in vitro level. This step enables to exclude potentially cytotoxic
doses and help to determine the concentrations of AgNPs that
remain safe and most relevant for the further investigation.
Cytotoxicity evaluation of the selected infusion, AgNPs
suspension, and AgNO3 solution used for AgNPs preparation were
carried out in accordance with the international standard protocol
for cytotoxicity evaluation of medical devices (ISO 10λλ3-200λ-5).

As target cells in MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) reduction assay mice Lλ2λ
fibroblasts (NCTC clone λ2λμ CCL 1) were utilised. Prior the
experiments the viability and morphology was confirmed by trypan
blue exclusion assay and light microscopy, respectively. Cellular
suspension of a density of 2 × 105 cells/mL was distributed in a
volume of 100 µL/well into λ6 well-culture microtiter plate. In
order to avoid the influence of the medium evaporation on the cell
viability, 100 µL of medium was distributed into the peripheral
wells and incubated for 24 h (37°C, 5% CO2). Subsequently, all
wells with semi-confluent monolayer were checked with a phase
contrast microscope to affirm that cell growth is relatively even

across the microtitre plate. Serial twofold dilutions were made
from aqueous artichoke extract and its nanoparticles suspension to
give working concentrations of 100–0.003% for artichoke infusion
and 500–0.015 ppm Ag for AgNPs suspension. Next, cells were
incubated with 100 ȝL of various concentrations of test solutions in
cell culture medium, in sextuplicate under standard conditions for
24 h. The positive control (PC) of cells viability was performed
using cell suspension in growth medium alone instead of plant
extract or AgNPs. Following the 24 h incubation, the cell viability
was evaluated microscopically for the presence or otherwise of
potential cellular alterations, the medium was replaced with fresh
one and 20 µL of MTT solution (Sigma-Aldrich) was added to
each well. After the 4 h incubation period (37°C, 5% CO2) the
plates were centrifuged (1400 rpm/min, 10 min), supernatants were
removed, and the intracellularly stored MTT formazan was
solubilised in 100 µL of isopropanol. Absorbance was measured at
a reference wavelength of 570 nm using a plate reader
spectrophotometer Victor2 (Wallac, Turku, Finland).

2.4.2 Pro-inflammatory assay: In order to determine whereas the
tested samples induce the inflammatory effect on the in vitro level,
THP1-XBlue™ human monocytic cell line was used. RPMI 1640
growth medium composed of 10% heat-inactivated fetal bovine
serum (Cytogen, Łódź, Polska), 2 mM L-glutamine, 25 mM
HEPES supplemented with penicillin–streptomycin (100 U/mL–
100 µg/mL), and selective agentsμ normocine (100 µg/mL), and
blastocidine (10 µg/mL), were used for cell cultures (37°C, 5%
CO2).

The viability of THP1-XBlue™ cells using trypan blue
exclusion assay was carried out to generate a suspension of a
density 5 × 105 cells/mL and viability exceeding λ5%.
Subsequently, 1κ0 ȝL/well of the cell suspension was introduced
into λ6-well culture plates. Then, to selected wells 20 ȝL of tested
samples in serial dilutions (in sextuplicate) were introduced and
incubated at standard conditions for 24 h. The tested solutions were
selected based on previous cytotoxicity studies. As a negative
control (NC) of monocyte activation, the wells filled with cells in
cell culture medium were used, while the monocytes cultures
treated with E. coli lipopolysaccharide (LPS) O55μB5 (Sigma-
Aldrich) in a final concentration of 1 µg/mL, served as positive
controls (PC). After incubation, the plates were centrifuged for 10 
min at 1400 rpm/min. Afterward, individual supernatants (20 ȝL)
were transferred into corresponding wells of a plate containing
Quanti-Blue detection reagent (1κ0 ȝL/well) and incubated for 3 h.
Absorbance measurement was performed at 620 nm wavelength
using a Spectramax® multi-detection reader (ThermoFisher
Scientific).

3௑Results
3.1 Antioxidant activity of C. scolymus extracts and infusions

The total polyphenols content and antioxidant activity were
evaluated for two solvents and methods for artichoke extraction.
Results are listed in Table 1. Maximum content of TPC was
obtained using ethanol extract and corresponded to 102.4 ± 7.4 mg
GAE g−1 dry weight (d.w.) The TPC of the ethanol infusion (70.1 
± 1.λ mg GAE g−1 d.w.) is not significantly higher than that of the
aqueous extract (57.3 ± λ.4 mg GAE·g−1 d.w.), whereas the TPC of
the water infusion (5λ.3 ± 6.λ mg GAE·g−1 d.w.) is significantly
less than ethanol extract. DDPH method evaluated the capacity of
compounds present in artichoke solutions to reduce DDPH radical.
DPPH radical scavenging activity of each sample range from 26.2 
± 2.3% to 40.5 ± 6.7%. The clear differences between water and
ethanol solutions were observed; ethanol infusion and extract have
the highest antioxidant activity, 3λ.4 ± 2.7% and 40.5 ± 6.7%,
respectively. Due to the chosen extraction methods and solvents,
the water infusion has the lowest value of antioxidant activity. 

3.2 UV–visible spectral analysis

The formation of silver nanoparticles at different time intervals,
plant extract and infusion volume and solvents was monitored by

Table 1 Total phenolic content and antioxidant activity of
artichoke extracts and infusions
Artichoke
solution

Phenolic content, mg
GAE௓g−1 d.w.

Antioxidant activity
(Inhibition %)

aqueous extract 57.3 ± 9.4 28.0 ± 4.2
ethanol extract 102.4 ± 7.4 40.5 ± 6.7
aqueous infusion 59.3 ± 6.9 26.2 ± 2.3
ethanol infusion 70.1 ± 1.9 39.4 ± 2.7
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UV–visible spectrophotometer at 300–750 nm. An intense
absorption band recorded in the wavelength range of 3κ0–450 nm
was recognised as AgNPs surface plasmon resonance (SPR)
induced by the excitation of free electrons in the nanoparticles.
Since the intensity of absorbance of the SPR band was much
higher, the solutions in all the cases were diluted with distilled
water or ethanol in order to perform absorbance measurements.
The detailed description of the prepared silver nanoparticles
suspensions is shown in Table 2. 

UV–vis absorption spectra of silver nanoparticles synthesised
by the reduction of AgNO3 with 5 ml of plant extracts and
infusions are shown in Figs. 1 and 2, respectively. It was observed
that the formation of AgNPs with the use of aqueous extract and
infusion proceed faster without the use of PVP as an additional
stabilising agent. However, in the case of ethanol extract and
infusion, the reverse trend is observed. Moreover, it is shown that

as the nanoparticles formation proceeds, the maxima of surface
plasmon resonance bands of AgNPs prepared with aqueous extract
and infusion slightly shifted toward the longer wavelength region
∼450 nm as compared to AgNPs synthesised with ethanol
solutions. Additionally, recorded bands were wide and non-
symmetric that suggest the obtained nanoparticles were
polydisperse. UV–vis absorption spectra of silver nanoparticles
prepared by reduction of AgNO3 with ethanol extract and infusion
as a reducing agent were sharp and symmetric. Furthermore, the
maxima of their surface plasmon resonance bands were shifted
towards shorter wavelengths. To study the effect of the extract of
C. scolymus, the volume of the extract was varied from 5 to 15 ml
at a constant concentration of AgNO3. Figs. 3 and 4 present UV–
vis absorption spectra of AgNPs suspension prepared with 10 and
15 ml of extracts, while nanoparticles obtained with 10 and 15 ml
of infusion are shown in Figs. 5 and 6, respectively. Experiments
show that higher content of plant extracts and infusions in reaction
mixtures results in slower AgNPs formation. Moreover, broadening
of recorded bands was observed. 

3.3 Dynamic light scattering analysis

In order to determine silver nanoparticles average size distribution
in selected mixtures dynamic light scattering (DLS) was employed.
All measurements in this report were taken at a temperature of
25°C. Based on the results, the mean average diameters of AgNPs
were at the range from 42 ± 0.κ nm to 1κ1 ± 6.7 nm. The particles
intensity-averaged diameters and polydispersity indexes are
summarised in Table 3. The intensity particle size distributions
obtained from the analysis are shown in Fig. 7. AgNPs aqueous
suspension prepared with the use of the lowest concentration of
infusion (2A) revealed a bimodal distribution with the main peak
mode <100 nm diameter and a second peak mode at 10 nm,
whereas specimen 2D shows broader size distribution in range of 2
to 400 nm. Samples 2A and 2D were characterised with
polydispersity index (PDI) equal to 0.335 ± 0.02λ and 0.340 ± 
0.053, respectively. For AgNPs suspensions 4A and 3A prepared

Table 2 Silver nanoparticles suspensions detailed description
Artichoke solution content, ml Artichoke solution type PVP presence

5 10 15
sample symbol A sample number 1 3 5 aqueous extract −

B aqueous extract +
C ethanol extract −
D ethanol extract +
A 2 4 6 aqueous infusion −
B aqueous infusion +
C ethanol infusion −
D ethanol infusion +

 

Fig. 1௒ UV–visible spectra of AgNPs obtained using leaves extracts (5 ml)
of C. scolymus at different time intervals

 

Fig. 2௒ UV–visible spectra of AgNPs obtained using leaves infusions (5 ml)
of C. scolymus at different time intervals

 

Fig. 3௒ UV–visible spectra of AgNPs obtained using leaves extracts (10 ml)
of C. scolymus at different time intervals
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with 10 ml of extracts the main peak modes were shifted to 60 and
200 nm, respectively. However, sample 4A revealed second peak
mode at 5 µm and higher value of PDI (0.42κ ± 0.004) in
comparison with sample 3A (0.225 ± 0.012). Samples 4D and 3D
prepared with addition of PVP exhibited bimodal distribution with
the main peak mode located at 150 nm, and second peak mode at 6
and 15 nm, respectively. The particle size distributions of samples
5D and 6D were both monomodal. However, PDI of sample 6D
(0.262 ± 0.007), as compared with 5D sample PDI (0.244 ± 0.047)

was relatively low. Moreover, maximum intensity of the size
distribution was centered at ∼ 200 nm in the case of the specimen
6D, while located at ∼ 220 nm for sample 5D. 

3.4 XRD study

Fig. κ shows the X-ray diffraction pattern (XRD) of silver
nanoparticles prepared with C. scolymus aqueous infusion (5 ml).
Bragg reflections corresponding to the (111) and (200) sets of
lattice planes were recorded. In accordance with International
Center for Diffraction Data (No. 04-07κ3) these reflections were
assigned to the face-centered cubic (fcc) structure of silver, and the
calculated lattice parameter was a = 4.0κ62 Å. Intense peaks
located at angles lower than 30° were related with the applied
holder. 

3.5 SEM analysis

In order to characterise size and morphology of nanoparticles
scanning electron microscope was utilised. SEM image in Fig. λ
shows the morphology of the fabricated silver nanoparticles
obtained with artichoke aqueous infusion (5 ml). 

As shown in the SEM image, the prepared AgNPs had sphere-
like morphology. Moreover, differences in their size were
observed. The presented SEM image revealed non-uniformity in
AgNPs diameters, which stays in agreement with DLS
measurement. It was showed using SEM that prepared AgNPs
were in the size range from few nm to about 65 nm.

3.6 Direct contact cytotoxicity assay

In accordance with ISO standards, the material with the medical
application is considered cytotoxic, when causing the reduction of
cell viability by >30%. With a view to excluding the prospective
influence of plant extracts on cytotoxicity effect of AgNPs
suspension, artichoke infusion, and Ag+ as well were tested with
direct contact cytotoxicity assay as well (Fig. 10). For
biocompatibility assessment, nanoparticles suspension prepared
with 5 ml of infusion due to the most favourable characteristic was
used. For this purpose, a dilution series of infusion, AgNPs
suspension and Ag ions solution in the range from 500 to 0.015 
ppm were prepared. The conducted cytotoxicity tests revealed that
the applied artichoke infusion at concentrations of 100 and 50%
has strong cytotoxic activity resulting in a significant reduction in
the viability of mouse Lλ2λ fibroblast cells to 13.1 ± 1.3% and
41.6 ± 1.5%, respectively. However, the obtained results indicate
no significant cytotoxic effect when using a fourfold dilution of the
initial infusion, a cell viability treated with these compounds
remain on the biosafety in vitro levelμ κ2.3 ± 6.7%. Additionally,
subsequent tested dilutions do not affect significantly cells
viability, which ranges from κ0.1 ± 2.1% to λ1.2 ± 6.0%. The
obtained results clearly demonstrate that the possible cytotoxicity
of AgNPs will not be caused by the presence of a plant extract due
to the volume of artichoke infusion used for the preparation of
AgNPs suspensions. 

Tests carried out on a selected suspension of silver
nanoparticles proved the existence of a strong relationship between
cytotoxicity and the concentration of the initial suspension of
nanoparticles. The applied AgNPs concentrations in the range of

Fig. 4௒ UV–visible spectra of AgNPs obtained using leaves infuisons (10 
ml) of C. scolymus at different time intervals

 

Fig. 5௒ UV–visible spectra of AgNPs obtained using leaves extracts (15 ml)
of C. scolymus at different time intervals

 

Fig. 6௒ UV–visible spectra of AgNPs obtained using leaves infusions (15 
ml) of C. scolymus at different time intervals

 

Table 3 Intensity-averaged diameter in nanometers and the
polydispersity index values obtained by DLS
AgNPs sample Daverage ± SD, nm PDI ± SD
2A 42 ± 0.8 0.335 ± 0.029
2D 69 ± 2.8 0.340 ± 0.053
4A 54 ± 1.1 0.428 ± 0.004
3A 148 ± 0.7 0.225 ± 0.012
4D 97 ± 1.8 0.354 ± 0.058
3D 109 ± 8.7 0.479 ± 0.031
6D 151 ± 1.4 0.262 ± 0.007
5D 181 ± 6.7 0.244 ± 0.047
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500–3.λ ppm, corresponding to Ag contents, lead to extensive cell
lysis, as evidenced by the high cytotoxicity level of ∼κκ–λ5%. This
may suggest that high AgNPs concentration inhibit proper
metabolic activity and division ratio of cells. As can be seen, the
acceptable ISO standard dose of silver nanoparticles was a dilution
corresponding to 1.λ5 ppm concentration of AgNPs, for which the
cellular survival reached 70.6 ± 6.1%. The research allowed us to
determine the dose of silver nanoparticles, which will not cause a
cytotoxic effect whereupon applied in the tissue environment. As is
shown in Fig. 10C, mitochondrial activity decreased in an Ag+

concentration-dependent manner, and induce cell lysis at an Ag+

concentration range of 500–0.4λ ppm.

3.7 Pro-inflammatory assay

Considering the interaction of the immunological cells with
material dedicated to the biomedical application that would result
in monocyte activation, and thus to local inflammation, tissue
damage and even systemic consequences, it is crucial to detect
prospective pro-inflammatory effect caused by possible
interference with the tissue environment. Immunocompatibility
assay using THP1-XBlue™ human monocytic cell line (Invivogen)
was used to evaluate the pro-inflammatory activity of the prepared
dilutions of nanoparticle suspensions, artichoke infusion and silver
nitrate (V) solution. The activation of THP1-XBlue™ cells via one
of the toll-like receptors (TLR) induces the nuclear factor NF-țB
transcription and subsequently, the release of (SEAP) detected in
the cell culture using Quanti-Blue™ reagent (Invivogen). The

physiological level of monocyte's NF-țB induction remained
within the range ofμ 0.0κ6 ± 0.01, and was significantly upregulated
in THP1-XBlue™ monocytes stimulated with E. coli LPS (1 
µg/mL) to the level of 1.47 ± 0.022 (p = 0.001). Nor artichoke
infusion extract, either AgNPs or silver ions did induce significant
activation of THP1-XBlue™ monocytes, in comparison to NC
(Fig. 11). Although, slight THP1-XBlue™ activation was observed
in cell cultures treated with artichoke infusion in the concentration
range from 25% to 0.3λ%, this activation was not statistically
significant; this phenomenon might be explained by the antioxidant
and immunostimulatory activity of polyphenols present in the
artichoke infusion extract towards innate immunity cells.
Additionally, there was no pro-inflammatory effect in case of
THP1-XBlue™ cells treated with artichoke infusion in
concentration below 0.3λ%. The studies revealed that artichoke
infusion diluted below 0.3λ% does not causing NF-țB activation in
monocytes which might result with a consequent inflammation.
Similarly, the levels of monocyte activity induced by the presence
of individual AgNPs and silver nitrate(V) dilutions did not exceed
the limit values determined by the cellular response of untreated
cells. 

Fig. 7௒ DLS analysis of AgNPs showing percentage distribution of different sized AgNPs suspensions
 

Fig. 8௒ XRD diffraction pattern of AgNPs
 

Fig. 9௒ SEM image of AgNPs
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4௑Discussion
The antioxidant activity of C. scolymus was evaluated using the F–
C method and DPPH radical scavenging assay. In general, the
concentration of phenolic compounds and antioxidant activity
showed a higher value for ethanol systems which is in agreement
with the reports of Salem et al. and Emanue et al. [37, 3κ]. The
water extract may contain more non-phenolic compounds or
possess phenolic compounds that contain a smaller number of
active groups than ethanol extracts. Moreover, aqueous extract and
infusion did not reveal any significant differences in values of TPC
and antioxidant activity. Lower TPC and antioxidant activity of
aqueous plant solution may also be a result of thermolabile
substances decomposition during the processing of plant material
extraction by water due to the higher boiling point of water than
ethanol. C. scolymus leaf extracts and infusions were used as a
reducing and capping agents to prepare AgNPs on the basis of cost-
effectiveness, ease of availability and its health-promoting

property. In our study, we confirmed the synthesis of Ag
nanoparticles with the proposed plant extracts visually by the
change of colour of a reaction mixture, with UV–visible spectral
analysis which showed absorption band in the characteristic visible
region 3κ0–450 nm due to the surface plasmon excitation.
Interestingly, UV–visible spectral analysis showed that only
aqueous infusions and extracts possess the ability to reduce Ag+ to
Ag0 and stabilising the formed nanostructures as well. However,
AgNPs formation was observed in a reaction mixture containing
ethanol extracts and infusions with additional polymer capping
agent (PVP). Therefore, it can be concluded that extraction of C.
scolymus with ethanol leads to isolation phytochemicals with
strong antioxidant activity and no stabilising ability. Dosi et al.
[3λ] performed an analysis of the nutritional value of artichoke
globe and revealed that 100 g of the fresh plant consists of ∼3 g of

Fig. 10௒ Viability of cells cultured in the presence of tested solutions
evaluated in the MTT reduction assay on L929 fibroblasts; diagrams
present mean ± standard deviation (n = 6)
(a) Artichoke infusion, (b) AgNPs suspension, (c) Ag ions

 

Fig. 11௒ THP1-XBlue™ screening assay evaluating pro-inflammatory
potential in comparison with positive control (PC) and untreated cells
(NC);data are shown as a mean ± standard deviation (n = 6)
(a) Artichoke infusion, (b) AgNPs suspension, (c) Ag ions
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proteins, depending on sampling area. Proteins, in addition to their
nutritional properties, were also identified as an excellent capping
agent in silver nanoparticles preparation caused by strong affinity
to metals [40]. However, proteins solubility studies performed by
Pace et al. [41] suggest that their solubility is markedly lower in
polar solvents such as ethanol, therefore no stabilising ability of
applied extract and infusion can be explained. The results of this
work showed that C. scolymus, when a proper extraction solvent is
established, could serve as a reducing and stabilising agent in silver
nanoparticles preparation.

In order to perform an analysis of the size distribution of
nanoparticles in suspensions DLS method was employed. The
proposed technique allows the measurement of particle sizes down
to 1–2 nm. However, it is worth emphasising that for the sake of
lack of fractionation of suspension the measurement can be
affected by agglomerates and polydispersity. Differences in
particles sizes measured with various methods were well reported
by Dieckmann et al. [42] and showed that DLS measured AgNPs
size was slightly larger than the TEM and XRD sizes. This reflects
the fact that DLS measures the hydrodynamic diameter that
includes the particle and molecules and ions attached to its surface.
Nevertheless, the DLS technique due to its facility and accessibility
plays an important role in optimising the size of nanoparticles.
DLS analysis showed that the particles size distributions for most
samples were bimodal. The lowest values of intensity-averaged
diameters were observed for samples prepared with the lowest
concentration of extracts. It was also observed that the increase in
extract volume used in AgNPs synthesis contribute to the increase
in average diameter of NPs and can be the result of plant organic
matrix constituents on particles surface attaching as well as their
presence in solution in general; that effect was especially clear for
the samples 2D, 4D, and 6D. Moreover, it is shown that maximum
intensities of the size distribution for AgNPs suspensions prepared
with the use of plant infusions were placed at higher values of
nanoparticles diameters as compared to NPs suspensions obtained
with extracts that can be associated with lower TPC concentrations
in extracts, resulting in less effective nanostructures stabilisation
effect. XRD analysis revealed that the nanoparticles with the fcc
structure were formed. Analysis of the prepared AgNPs
morphology performed with SEM confirmed nanosized structure
formation in the range from few nanometres to ∼65 nm.

For biocompatibility assessment, nanoparticles suspension
prepared with 5 ml of infusion was taken. The results show dose-
dependent cytotoxic effects of AgNPs, which reach up to λ5% as
measured by mitochondrial activity. However, AgNPs used at
concentrations below 2 ppm did not induce cytotoxic effect
towards Lλ2λ fibroblasts. The viability of cells treated with various
dilutions of artichoke leaves infusion reached acceptable value
defined in ISO standard for infusion diluted at least four times for
which cell viability was κ2.3 ± 6.7%. The cytotoxic effect of the
infusion used in the highest concentrations can be associated with a
high concentration of organic compounds that can cause cell lysis
or inhibit its metabolic activity. However, this effect was dose
dependent and it was not observed at lower infusion concentration.
Therefore, it can be concluded that the observed cytotoxicity of the
studied AgNPs suspension at higher concentration was not
associated with the applied infusion, but the cytotoxicity mediated
by the AgNPs itself. A number of studies suggested that AgNPs
toxicity is closely related with ROS generation and oxidative stress
which induced cell death. Generally, it is believed that the
interaction of silver nanoparticles with mammalian cells can cause
membrane damage, including altering of membrane permeability
[43, 44]. Studies performed by Cheng et al. [45] showed that
AgNPs can cause cell membranes damage resulting in cellular
apoptosis through oxidative stress. Moreover, Arora et al. proved
that the presence of AgNPs in the mitochondria of primary
fibroblast and liver cells can trigger the antioxidant mechanisms
[46]. The studies on the influence of nanoparticles size on the
viability of Lλ2λ cell line was performed by Park et al. [27]. The
authors showed that AgNPs with 20 nm diameter were most
effective in decreasing metabolic activity of Lλ2λ cells than larger
particles (κ0 and 113 nm). Silver nitrate(V) solution at variable
concentrations was tested towards potential cytotoxic effect as

well. According to the obtained results, the cytotoxic effect of Ag+

was proved to be dose dependent and was observed at a
concentration range of 500–0.4λ ppm. In accordance with the
obtained results, AgNPs do not induce cell lysis at eight times
higher concentration in comparison with Ag+. Cytotoxicity of Ag+

with the use of AgNO3 as a source of silver ions was thoroughly
investigated by many researchers, and similarly to AgNPs,
cytotoxicity of silver ions was dose dependent. Studies performed
by Liu et al. indicate that Ag+ at a concentration of 1 ppm killing
κ0% of investigated fibroblasts (Lλ2λ cell line) while treating cells
with 10 ppm of Ag+ results in the whole colony death [47].
Cytotoxic effect of Ag ions was also examined by Heidenau et al.
[4κ]. In accordance with this research, lethal dose 50 (LD50) of
ionic silver for Lλ2λ fibroblasts is 3.5 × 10−3 mM (0.375 ppm).
Furthermore, this cell line was more sensitive to the effects of
silver nanoparticles compared with murine peritoneal macrophage
cell line (RAW 264). Here we report that the obtained
nanoparticles do not cause the induction of NF-țB transcription
factor responsible for monocyte activation. Several studies reported
on the anti-inflammatory properties of the artichoke-derived
compounds. Majority of the reports on downregulatory properties
of artichoke extracts were based on the samples obtained by the
ethanol extraction, which contain higher polyphenolics content,
enriched with tannins and flavonoids [37, 4λ, 50]. However, the
aqueous phase of the artichoke extracts contain polysaccharides
such as inuline-insoluble sugar composed of β (2-1)
polyfructofuranosyl α-D-glucose polymer chains. Plants of the
Compositae family, including artichoke produce inulin as a storage
carbohydrate, which according to recent studies regulate the gut
microbiota as well as downregulates the obesity- and diabetes-
mediated inflammation, by the interaction with monocytes [51].
Inulin was shown to interact with monocytes and enhance LPS-
mediated IL-10 secretion via TLR dependent manner and that the
NF-țB inhibitor fully prevented these effects [51]. Whereas Gill et
al. shown that inulin demonstrated pro-inflammatory properties
and induce intracellular TNF-α expression in the monocytes [52].
Therefore, the slight activation of THP1-XBlue™ monocytes
observed and mediated by aqueous artichoke extract might be the
effect of the inulin-mediated activation. It can be concluded that
the induction of the NF-țB transcription factor in monocytes was
not caused by nanoparticles, but the activation of monocytes could
be associated with the presence of reducing or carbohydrate
compounds present in the infusion, which after reduction of silver
ions to Ag0 lost their pro-inflammatory properties. Our results
showed that this effect can be removed by applying the appropriate
dilution of the infusion. Furthermore, Golinska and Dahm [53]
observed the activation of NF-țB factor of biogenic silver
nanoparticles at the concentration range of 10–100 ȝg/mL, the
mean size of obtained nanoparticles was 1λ.λ nm (±13 nm), which
suggests that the nature of this effect is AgNPs size dependent.
Here we showed that AgNPs prepared via phytochemical-mediate
synthesis do not exhibit cytotoxicity at low concentration and
possess no ability to activation of monocytes. Pro-inflammatory
assessment of Ag+ originating from AgNO3 was examined by
Herzog et al. [54]. The authors present a comparison of dose-
dependent releasing of TNF-α marker examined with enzyme-
linked ELISA assay and proved that Ag+ did not induce TNF-α
releasing, which stays in agreement with results obtained in our
investigation.

Based on the obtained data, we assume that synthesised AgNPs
can be a promising and safe medical agent and should be further
investigated towards their antimicrobial properties.

5௑Conclusion
This study presents the method of obtaining silver nanoparticles
using water and ethanol extracts and infusions of C. scolymus.
Thanks to the conducted research, the appropriate conditions for
the synthesis of AgNPs with the use of plant raw material have
been selected. In the case of aqueous extracts and infusions, the
synthesis of nanoparticles did not require the presence of an
additional polymeric stabiliser. The experiment indicates that the
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plant extracts and infusions were not only efficient in reducing Ag+

to nanoparticles but also played a crucial role in stabilising the
obtained nanostructures. Moreover, it was proved that ethanol
extracts and infusions do not reveal the stabilising effect on Ag
nanoparticles, however, the formation of nanoparticles was
recorded when PVP addition was applied. Additionally, a
significant influence of the applied volume of plant extracts
resulting in differences in average particles size was recorded.
Furthermore, the biocompatibility tests of the obtained AgNPs
showed no effect of activation of NF-țB. Considering the potential
application of nanoparticles in the biomedical field, attention
should be paid to their impact on living cells. Therefore, direct
contact cytotoxicity assay was also carried out, determining the
maximum dose of AgNPs not causing cells lysis.
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