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Abstract

Although engineered silver (Ag) nanopowders offer great promise in various fields of biomedical, industrial and ecological applications,
insufficient data is known about their cytotoxicity. The purpose of the present study was the synthesis and then the determination of
cytotoxicity effect of Ag powders using the pyrosol method, at various temperatures of 600°C, 650°C and 700°C, respectively by sol–gel
method and heat treatments at 500°C, 600°C, 700°C and 800°C. From the structural, compositional and morphological point of view, Ag
samples were characterized by using X-ray diffraction (XRD), scanning electron microscopy (SEM), and transmission electron microscopy
(TEM) coupled with selected area electron diffraction (SAED) techniques. There is an influence of the synthesis route on Ag particles, which
is shown as their cytotoxicity, different sizes of micro and nanosilver synthesized powders, which were evaluated in comparison depending
on the work methods. Their cytotoxicity was evaluated based on their influence on cellular morphology and proliferation rate, cell cycle and
apoptosis of undifferential stem cells, endothelial cells and tumoral cells, assessed through flow cytometry, cloning and MTT assay. The
results showed that the cytotoxicity of the obtained Ag nanoparticles (NPs) depends on the synthesis route, the pyrosol synthesized NPs
exhibiting a higher cytotoxicity as compared to those obtained by the sol–gel method.
Keywords: silver, cytotoxicity, sol–gel method, pyrosol method, flow cytometry, cloning.

 Introduction
Silver (Ag) has been used as antibacterial, antifungal
and antiviral agent, proving to be extremely toxic on
microorganisms and less toxic to human body. However,
due to the increased use of Ag nanoparticles (NPs),
negative effects on human body are not surprising [1].
The current in vitro studies [2–5] show the potential
of Ag NPs to induce toxicity in cells derived from several
organs. Increased use of Ag NPs in cosmetics, textiles
and medical applications [6] also increased the human
skin exposure to them. The cytotoxic effect of Ag NPs
on keratinocytes and fibroblasts seems to be induced by
Ag crystals released in high amounts from commercial
products. The fibroblasts seemed to be more sensible than
keratinocytes to Ag NPs exposure. It has been proved
that Ag NPs could enter inside cell and cause deoxyribonucleic acid (DNA) degradation and apoptosis in
fibroblasts and hepatic cells. The possible mechanism of
Ag NPs toxicity is based on inducing of reactive oxygen
species (ROS) and release of cytochrome c in cytosol and
also in B-cell lymphoma 2-associated X (BAX) protein
translocation. The results indicated that in fibroblast cells,
Ag NPs-mediated apoptosis is mitochondria dependent
[3]. Ag NPs with dimensions smaller than 5 nm could
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easier penetrate the cellular membrane, inducing an increase
of intracellular Ag+ release, potentially increasing also their
cytotoxicity. In case of Ag particles with size of about
14 nm, they can accumulate at cerebral level and induced
apoptosis. A possible explanation for the obtained results
could be the release and action of metallic Ag from Ag
NPs surface [7]. On the other hand, it has been evidenced
that Ag NPs with size of about 22 nm have promising
antitumoral effects proved on breast cancer cell lines, by
inducing degradation of DNA and by generating ROS,
suggesting that they could be successfully used for
developing of new alternatives to actual chemotherapeutic
agents [8].
Several in vitro studies, which describe Ag NPs toxicity,
are evidencing the relation between particle size and
toxicity level. The size characteristics of particles have
been always involved as a decisive physical feature of
the nanomaterials, which many times could predict their
toxicity. Fundamental physical characteristics, like shape,
surface area, surface chemistry, chemical composition,
surface charge and crystallinity could influence the
toxicity of the particles. Many secondary characteristics,
like solubility of the particles, polydispersion, aggregates
size, decomposition rate, hydrophobicity, could also
ISSN (online) 2066–8279
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contribute to powders toxicity [9–12]. It has been shown
that Ag NPs and Ag microparticles induce inflammatory
effects and lesions, even if oxidative stress and mitochondrial degradation is missing. On the other side, it has
been demonstrated the clear ubiquitous effect of Ag NPs
on mitochondrial activity. These discrepancies could be
attributed to several factors, such as origin and NPs
characteristics, exposure methods or exposure to different
periods of time. While the effects seem to be contradictory,
a clear evaluation on data interpretation is needed [13–15].
Therefore, the direction of this study was to synthesize
and assess the cytotoxicity of Ag NPs obtained by two
methods, in order to establish some correlations between
their effects on cells and their physical characteristics.
 Materials and Methods
Materials
For the synthesis of Ag powder were used materials
like silver nitrate (>99.0% purity), ethylene glycol (>99.5%
purity), citric acid (>99.5% purity), and distilled water.
All materials were procured from Sigma-Aldrich.
Synthesis of Ag powder
Ag powders have been synthesized through pyrosol and
sol–gel methods, as reported in our previous work [16–18].
Spray pyrolysis method is based on the formation of
fine drops from the precursor solution which was diluted.
The fine drops are transferred by the carrier gas through
the treatment control zone. In the interior of the heating
zone, the solvent is evaporating and the reactions attain
each particle, in order to form the particle product.
Through this method, there could be easily obtained dense
and round particles, with dimensions starting from 10 nm.
The reactions that occur during pyrosol processes are
evaporation, precipitation, drying, decomposition and
sintering [19–21].
Ag powders synthesis has been done through pyrosol
method by utilizing as precursor a diluted solution of
Ag(NO3)2 • 6H2O (Sigma-Aldrich) at a final concentration
of 0.1 M and synthesis temperatures from 600°C to 700°C,
with 50°C increment.
The second approach that has been used for Ag powders
synthesis is based on a simple sol–gel method [22], by
using as precursor Ag(NO3)2 • 6H2O. The precursor was
dissolved in a minimum quantity of water, and added to a
mixture of citric acid (molar ration of 1:1 in respect to the
metal cation) and ethylene glycol (20 wt. % in respect of
all quantity of solid mass). The mixture was left on a
magnetic stirrer, at 80°C, for two hours, in order to
eliminate the excess water and to form the gel. In order
to complete all chemical reactions involved, a maturation
stage was needed. The obtained gel was then subjected to
a drying process at 120°C for 24 hours and the resulted
powder was thermal treated at 500°C for three hours, this
treatment aimed at removing any organic residue. In this
way, a very homogeneous Ag powder has been obtained.
All NPs were characterized using several advanced
techniques and were dispersed in deionized water to
1 mg/mL, sonicated with a probe sonicator, and then
further diffused in phosphate-buffered saline (PBS) or
cell culture media for testing on cell cultures.

Characterization of metal NPs
Morphological and structural characterization

The synthesized powders have been characterized
started with the point of view from the compositional,
morphological and structural features. In this way, the
obtained powders were analyzed using an X-ray diffraction
(XRD), scanning electron microscopy (SEM) and
transmission electron microscopy (TEM) equipment’s,
respectively.
XRD analysis was carry through the Panalytical X’Pert
Pro MPD equipment, with a Cu Kα radiation, over a scan
domain of 2θ = 10° to 2θ = 90° angle. SEM analysis
was performed by using a Quanta Inspect F microscope
purchased from FEI Company, with field emission gun
(FEG) and a 1.2 nm resolution, which is also equipped with
an energy-dispersive X-ray spectrometer (EDXS), with a
resolution at Mn Kα of 133 eV. TEM bright field images
coupled with selected area electron diffraction (SAED)
were reached using a Tecnai G2 F30 S-TWIN transmission
electron microscope (FEI, Netherlands), completed with
a scanning transmission electron microscope (STEM)/highangle annular dark-field imaging (HAADF) detector,
EDAX spectrometer (managed for energy dispersive Xray analysis) and Gatan EELS spectrometer (managed
for electron energy loss spectroscopy). The microscope
operates characteristics about the acceleration voltage is
equal with 300 kV (Shottky field emitter), with a transmission electron microscopy point resolution of 2 Å and
a line resolution of 1.02 Å.
MTT viability assay

For studying the cytotoxicity of the obtained Ag
nanopowders, the EA.hy926 human endothelial cell line
[American Type Culture Collection (ATCC), Manassas,
USA] has been used. The endothelial cells have been
cultured in Dulbecco’s Modified Eagle Medium (DMEM)
(Sigma-Aldrich, USA) consist of 10% fetal calf serum
(FCS) and 100 U/mL Penicillin, 100 mg/mL Streptomycin
and Neomycin, together with antibiotics (Gibco, Invitrogen
GmbH, Karlsruhe, Germany), using 96-well cell culture
plates with a density of 3000 cells/well. Ag powders
synthesized by both pyrosol and sol–gel methods were
dispersed by ultrasonication in PBS and then putted in
contact with the cell culture environment media at the
designed dose of 1 mg/mL. Cytotoxicity was figured out
by MTT assay, using CellTiter 96® Non-Radioactive Cell
Proliferation Assay kit (Promega, Madison, USA). The
next step was to add 15 μL of Solution I from the kit in
each well and incubated for four hours. Then, 100 μL of
Solution II from the kit was added to the 96-well plate,
incubated for one hour and by using Mithras LB 940
(Berthold Technologies, Germany) equipment, the spectrophotometry measurements were executed at 570 nm. The
measurements were performed at 42, 48, and 72 hours
intervals, with controls represented by untreated EA.hy926
cells.
Influence of Ag NPs on cell cycle

The protocol consists in measuring each sample to
finally obtain a stock concentration of 1100 mg/mL. 3.5×105
human colorectal tumor (HCT) cells and mesenchymal
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stem cells (MSCs) were seeded for 24 hours in a Petri dish,
with a diameter size of 3.5 cm, and treated with 1 mg/mL
compound (final concentration). For 24 hours, the samples
are left under the required conditions, and then the cells
were washed in PBS (pH 7.5), fixed in 70% cold ethanol
and kept at –20°C, overnight. After 12 hours, each sample
was cleansed in PBS, treated with 100 μg/mL ribonuclease A
(RNAse A) for 15 minutes and colored with 10 μg/mL
Propidium Iodide and incubated at 37°C, for one hour.
An Epics Beckman Coulter flow cytometer was used
to observe the changes following the sample activities.
Data were examined using FlowJo software and revealed
as fractions of cells in different cell cycle phases.
Influence of Ag NPs on cellular viability and
proliferation rate (cloning assay)

MSCs have been cultured in RPMI 1640 media (SigmaAldrich, USA), consisting in 10% FCS and 100 U/mL
Penicillin/Streptomycin. Cell cultures have been incubated
at 37°C and 5% CO2.
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Approximately 10 MSCs were handled with 100 μg/mL
of each compound, and seeded in 24-well plates. The
compound was removed after 24 hours, and the culture
medium has been changed every two days, during 10 days.
The cell viability was monitored periodically by using
phase contrast microscopy. After 10 days, the evolution
of cellular clones has been evaluated, by counting the
colonies after fixation with methanol and stained with
Crystal Violet.
 Results
XRD
XRD spectra of the Ag powders synthesized through
pyrosol and sol–gel method are presented in Figure 1.
From the obtained diffraction patterns (Figure 1),
crystallite size was calculated in order to observe the
variation depending on synthesis route, pyrosol and sol–
gel, respectively, the data being presented in Table 1.

Figure 1 – XRD patterns for Ag powders synthesized via pyrosol (P) method at 600°C, 650°C, 700°C (a) and sol–gel
method dried and heat treated at 500°C, 600°C, 700°C and 800°C (b). XRD: X-ray diffraction.
Table 1 – Crystallite size calculation from XRD analysis
for particles synthesized through both routes and all
used temperatures
Synthesis route

Temperature [°C]

Crystallite size [nm]

600
650
700
120
500
600
700
800

11.1
9.5
25.6
9.2
19.1
24.5
22.9
20.6

Pyrosol

Sol–gel

XRD: X-ray diffraction.

The crystallite size has been calculated using Scherrer’s
formula. By analyzing the data obtained for Ag powders
synthesized by pyrosol method, we observed that the
increase of synthesis temperature from 600°C to 650°C
induces a decreasing of crystallite size, while at 700°C a
significant increase of crystallite size was achieved.
By comparing the values from Table 1, we observed
that using 600°C as synthesis temperature can be enough,
this resulting in a high degree of crystallinity. At higher
temperature, 700°C and 800°C, the calculated crystallite
size is decreasing, indicating probably melting and
recrystallization processes at cooling of metallic powders.
At 800°C, the interference intensity decreases, therefore
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a decrease in crystallite size is demonstrated via calculation
as explained. Using sol–gel synthesis method and heat
treatment temperatures in range of 120–800°C, Ag powders
with crystallites dimensions in range of 9–24 nm were
obtained for synthesis.
By analyzing the XRD patterns (Figures 2a and 3b),
a monophasic composition is observed in all cases,
respectively Ag with cubic structure (ASTM 04-0783)
and Miller indices (111), (200), (220), (311), (322).
SEM characterization
SEM characterization of synthesized Ag powders
has been done, the obtained images being presented in
Figure 2.
SEM images of Ag powders synthesized through
pyrosol method at temperatures ranging from 600°C to
700°C, with an increase of 50°C and using a precursor
solution of 0.1 M, reveal powders with spherical and
homogenous from dimensional point of view morphology.

The size of the particles varies between 0.2 μm and 1 μm
for 600°C, 0.2–1.5 μm for 650°C and between 0.2 μm
and 1 μm for 700°C synthesis temperature. The powders
synthesized at 650°C present a spherical morphology with
bimodal distribution, on bigger particle’s surface could
be observed particles with very small size (Figure 2).
Figure 3 shows SEM images obtained on Ag powder
synthesized through sol–gel method, dried at 120°C and
thermal treated at various temperatures, when it could be
seen that powder’s morphology is highly agglomerate, with
an average particle size in range of 15–25 nm. Starting
from 500°C, sol–gel synthesized Ag powders tend to
arrange as a sponge.
TEM characterization
Bright field TEM images and size distribution of
Ag nanopowders synthesized through pyrosol method at
synthesis temperatures of 600°C, 650°C and 700°C, starting
from precursor solution of 0.1 M, are presented in Figure 4.

Figure 2 – SEM images of synthesized Ag powders through pyrosol method at 600°C (a), 650°C (b), and 700°C (c),
starting from a precursor solution of 0.1 M. SEM: Scanning electron microscopy.

Figure 3 – SEM images of synthesized
Ag powders through sol–gel method
dried at 120°C (a), and thermal treated
at 500°C (b), 600°C (c), 700°C (d), and
800°C (e). SEM: Scanning electron
microscopy.

Structure–grain size–synthesis route of silver nanoparticles: a correlation with the cytotoxic effect

621

Figure 4 – TEM (a, c and f), and average particle size distributions (b, d, e and g) of synthesized Ag powders through
pyrosol method at 600°C, 650°C and 700°C, starting from a precursor solution of 0.1 M. TEM: Transmission electron
microscopy.

Bright field TEM images obtained for synthesized
Ag powders show that these particles present round shape
morphology. For Ag powders synthesized at 600°C, it
could be seen that diameter distribution is of 524±14 nm,
with monomodal distribution, after it could be observed
in Figure 4b.
For Ag powders synthesized at 650°C, the morphology
of the powders differs, thus from bright field TEM images
(Figure 4c), it could be observed two particle types, one
with small dimensions and bimodal distribution with a
medium particle size of ~26±2 nm, and the other one
bigger in dimensions and monomodal distribution, with
a medium diameter size of ~530±20 nm.

Figure 5 – TEM (a) and average particle size
distributions (b) of synthesized Ag powders
through sol–gel method and dried at 120°C.
TEM: Transmission electron microscopy.

TEM analysis obtained on Ag powders synthesized
through pyrosol method at 650°C (Figure 4c) confirms
the results obtained from average crystallite size from
XRD analysis.
From the morphological analysis, the synthesized
Ag powder at 700°C (Figure 4f), is composed from
particles with spherical shape and an average size of
~602±22 nm.
Ag powders synthesized through sol–gel method,
dried at 120°C and heat treated at various temperatures
between 500°C and 800°C, have been analyzed by using
TEM in bright field and size distribution, as presented in
Figures 5–9.
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Figure 6 – TEM (a) and average particle size
distributions (b) of synthesized Ag powders
through sol–gel method and heat treated
at 500°C. TEM: Transmission electron
microscopy.

Figure 7 – TEM (a) and average particle size
distributions (b) of synthesized Ag powders
through sol–gel method and heat treated
at 600°C. TEM: Transmission electron
microscopy.

Figure 8 – TEM (a) and average particle size
distributions (b) of synthesized Ag powders
through sol–gel method and heat treated
at 700°C. TEM: Transmission electron
microscopy.

Figure 9 – TEM (a) and average particle size
distributions (b) of synthesized Ag powders
through sol–gel method and heat treated
at 800°C. TEM: Transmission electron
microscopy.

Influence of the obtained Ag NPs on different
features of normal and tumoral cells
Influence on cell cycle

Flow cytometry analysis revealed that Ag powders
synthesized through pyrosol and sol–gel methods have
induced significant changes of cell cycle, both in HCT-8
cells and MSC lines (Figures 10 and 11).
Flow cytometry analysis revealed that the most intense
changes were obtained for Ag powders synthesized through
pyrosol method at temperatures ranging from 600°C to
700°C, with an increase of 50°C, by inducing a critical
decrease of the cells in G1 phase of the cell cycle, and
more slightly in S and G2/M phases (Figures 10a and
11a), thus reducing the proliferation rate of these cells.

Cell cycle analysis showed no significant changes in
HCT-8 cells and MSCs, upon treatment with synthesized
Ag powders through sol–gel method (Figures 10b and 11b).
In vitro cytotoxicity of synthesized Ag powders on
endothelial cells

The synthesized Ag powders exhibited an inhibitory
effect on the endothelial cells metabolism, dependent on
the synthesis method of the nanostructures. Ag powders
obtained through pyrosol method at synthesis temperature
of 600°C were the most toxic (Figure 12).
Ag powders synthesized through sol–gel method and
heat-treated at temperatures ranging from 500°C to 800°C,
with an increase of 100°C, also exhibited high toxicity on
endothelial cells, but their cytotoxic effect has a lower
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intensity compared to that of Ag powders synthesized
through pyrosol method. The sol–gel NPs obtained at
500°C and 600°C proved to be the most cytotoxic after
72 hours incubation with the endothelial cells (Figure 13).
Influence of the obtained Ag NPs on cellular
viability and proliferation rate

The cloning experiment of HCT-8 cells has been
investigated by treating cells for 24 hours at 37°C, 5% CO2,
with synthesized Ag powders through pyrosol method,
at synthesis temperatures ranging from 600°C to 700°C,
with an increase of 50°C, and through sol–gel method
and heat treated ranging from 500°C to 800°C, with an
increase of 100°C. The obtained results are presented in
Figure 14 (a–d) for pyrosol synthesized Ag powders and
in Figure 15 (a–d) for sol–gel synthesized Ag powders.
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In exchange, Ag powders synthesized through pyrosol
method, at 650°C and 700°C, are extremely toxic for the
MSCs, inducing significant changes in cells morphology
and viability. Moreover, cloning efficiency is very low
(Figure 14, c and d). Fluorescence microscopy images
are evidencing a high number of non-viable cells (red),
while the still viable cells (green) are also affected,
presenting morphological changes.
The cytotoxicity evaluation of Ag powders synthesized
through sol–gel method on MSCs has been done for samples
subjected to a heat treatment at temperatures ranging from
500°C to 800°C, the results being presented in Figure 15
(a–d). The obtained results demonstrate that these powders
are biocompatible since they do not influence the viability
of the eukaryotic cells and moreover, the cloning assay
proved a high efficiency (Figure 15, a–d).

Figure 10 – Graphic representation of flow cytometry results, for HCT-8 cell line treated for 24 hours with synthesized
Ag powders: (a) At temperatures ranging from 600–700°C (pyrosol); (b) Heat treated at temperatures in range 500°C
and 800°C (sol–gel). The final concentration was 1 mg/mL. The treatment was done for 24 hours, at 37°C and 5%
CO2.
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Figure 11 – Graphic representation of flow cytometry results, for MSCs line treated for 24 hours with synthesized Ag
powders: (a) At temperatures ranging from 600–700°C (pyrosol); (b) Heat treated at temperatures in range 500°C and
800°C (sol–gel). The final concentration was 1 mg/mL. The treatment was done for 24 hours, at 37°C and 5% CO2.
MSCs: Mesenchymal stem cells.

Figure 12 – Graphic representation of results obtained from evaluation of metabolism rate through MTT method, for
endothelial cell line treated with synthesized Ag powders through pyrosol method for 24, 48 and 72 hours, at
temperatures ranging from 600–700°C, at a final concentration of 1 mg/mL. The treatment was done for 24, 48 and
72 hours. OD: Optical density.
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Figure 13 – Graphic representation of results obtained from evaluation of metabolism rate through MTT method, for
endothelial cell line treated with synthesized Ag powders through sol–gel method for 24, 48 and 72 hours, at
temperatures in range of 500–800°C, at a final concentration of 1 mg/mL. The treatment was done for 24, 48 and 72
hours. OD: Optical density.

Figure 14 – Cloning studies (left image), viability (middle image) and morphology (right image) of MSCs untreated
(a) and treated with Ag powders synthesized through pyrosol, at 600°C (b), 650°C (c) and 700°C (d). The treatment
was done at 37°C and 5% CO2. MSCs: Mesenchymal stem cells.
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Figure 15 – Cloning studies (left image), viability (middle image) and morphology (right image) of MSCs treated with
Ag powders synthesized through sol–gel method and heat treated at 500°C (a), 600°C (b), 700°C (c), and 800°C (d).
The treatment was done at 37°C and 5% CO2. MSCs: Mesenchymal stem cells.

 Discussions
At the present time, a promising way to hand out with
diseases caused to an increasing level is represented by
the generation of NPs, which own a lot of benefic features.
This strategy has shown so far and continues to make it
that the development of nanosystems produces beneficial
changes in science, medical field and bioengineering.
Because Ag has been used, tested and evaluated since
ancient times, it has now reached the ability to be analyzed
at the nano level from a biological point of view in vitro
but also in vivo due to its applicability in the biomedical
field. Due to the fact that Ag can be obtained at the
nanometric level, it has attractive properties both from
the point of view of the specific surface and from the
interaction and activity in the human body [23].

By comparing sol–gel synthesized Ag powders and
heat treated at 500°C and 600°C is evidenced that by
increasing sintering temperature, the morphology of
the network is changing, thus at higher heat treatment
temperature, the network presents thicker walls and less
pores, the material being better sintered.
Furthermore, in the sol–gel Ag sample sintered at
700°C, the morphology is greater influenced, demonstrated
by a reduced number of pores and formation of hard
agglomerates. In all cases, NPs are forming a well-defined
three-dimensional (3D) structure. By increasing sintering
temperature at 800°C, the sample’s morphology become
more homogenous, due to sintering effect, as one can see
in detailed SEM images – the morphology of the powder
as being block material and the shape of the particles
has almost disappeared.
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TEM images in bright field obtained for Ag powders
synthesized through sol–gel method and sintered at
temperatures in range of 500–800°C, are evidencing that
powders are composed of metallic particles of various
shapes, polyhedral and spherical. Powders present no
tendency of agglomeration and average size distribution
is in range of 22–54 nm, with a monomodal distribution.
The dimension of the Ag NPs can be influenced by the
synthesis method or even if these particles are conjugated
with some molecules. Moreover, the stabilization of the
Ag NPs is interdependent of various functional groups,
which can express their relationship with the NPs [24, 25].
The average size distribution can range between 1 nm to
100 nm. This can be fine interpreted, pointing out that
the specific surface is bigger at small dimensions, which
is a good fact, but if we discus about the interaction with
human body, these NPs can have an influence. Figure 14
shows in the fluorescence microscopy that the Ag powder
is very toxic for the MSCs by evidencing a high number
of non-viable cells and moreover, inducing morphological
changes.
Average size distribution calculation from TEM analysis
is evidencing the decreasing of average diameter while
temperature increases, confirming XRD analysis calculation
by using Schrerer’s formula.
However, generally, the cytotoxicity proved not to
depend on the incubation time of tested synthesized Ag
powders with the endothelial cells.
Representative studies for medical applications using
Ag NPs are mainly based on the antimicrobial activity
of these NPs. Very few studies evaluate the cytotoxic
character of Ag, in this sense the present work shows a
development regarding the interaction (one of the most
important aspect) of NPs with cells.
The results of the cellular viability test revealed that
Ag powders synthesized through pyrosol method at 600°C,
exhibited a good biocompatibility, demonstrated by a
high viability of MSCs and an efficient cloning. From the
microscopic images, it could be observed viable MSCs
with a slightly affected morphology.
Results from the MTT test on endothelial cells reveals
that the Ag NPs present a cytotoxic effect, but not to
significant compared to control sample. Moreover, the
cytotoxicity depends on the synthesis method, point out
that the pyrosol obtained method seems to influence in a
good way the activity of the Ag NPs in contact with the
endothelial cells, through the higher toxic effect comparing
to sol–gel obtained method, but only after 48 hours. In
Figure 12, it can be shown that in the graphic for pyrosol
method after 72 hours of incubation there is an increase
of the endothelial cells, which can be explained as a drastic
effect in the first 48 hours and then a supply for the
living cells with a lower toxic effect.
Some research studies published the activity of Ag
NPs in contact with MCF-7 breast cancer cells. The MTT
assay results reveals by the graphic obtained after 24 hours
of incubation that the Ag NPs present cytotoxic effect
on the breast cancer cells, and moreover this action has
a more influence in the same time with the increase of
the concentration [26].
According to our results about the cells viability, it
appears that the cytotoxic effect of Ag tested in most
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studies has a significant effect on the cells, as in the case
of the results obtained by Pérez-Díaz et al. [27], where the
viability test was performed on human dermal fibroblast.
With the help of the fluorescent microscopy, Ag was
evaluated at different concentration and like in our
research the cells were killed by the activity of the Ag
after 24 hours. The cells were affected with the increase
of the concentration of Ag and also in our study the
viability is influenced by the synthesis method and heating
treatment. In conclusion, it can be observed that the
viability is in a direct correlation with many factors,
such as the concentration of the Ag, synthesis method,
different treatment and also the cell line in which the
NPs are being in contact.
Although most tests that evaluate the effect of Ag
toxicity on cell contact develop worrying results, there are
now several ways that can help decrease the cytotoxicity.
Ag can bind to different molecules, polymers or be
pretreated with a high dose of antioxidants and thus can
reach the right activity that is characteristic of Ag [28].
 Conclusions
We report the synthesis of Ag powders, which can
be easily obtained through pyrosol and sol–gel methods,
starting from Ag(NO3)2 • 6H2O (Sigma-Aldrich) at a final
concentration of 0.1 M and synthesis temperatures ranging
from 600°C to 700°C, with an increase of 50°C, for
pyrosol synthesis and calcined at temperatures ranging
from 500°C to 800°C, with an increase of 100°C for sol–
gel synthesis.
All synthesized Ag powders were well evaluated and
typified by using XRD, SEM, high-resolution (HR)–TEM
and further evaluated by different methods in order to
determine their influence on human normal (stem and
endothelial cells) and tumoral (colonic carcinoma) cell
cultures. The synthesized nanostructure’s toxicity was
depending on synthesis route and synthesis temperature.
Ag NPs obtained by the sol–gel synthesis method are
highly biocompatible, as compared to those obtained by
pyrosol synthesis, which induced a significant cytotoxic
effect, demonstrated by the alteration of cellular morphology
and proliferation rate, decrease of cellular viability,
occurrence of apoptotic cells and arrest of cells in the
G1 phase.
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