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A B S T R A C T

The present study was purported to assess the toxicological profile of bare and polyethylene glycol (PEG) coated
spherical silver nanoparticles (AgNPs) by means of in vitro (on human keratinocytes – HaCat cells) and in vivo
non-invasive tests (after intraperitoneal - i.p. administration to mice). Bare and PEG-coated AgNPs were syn-
thesized by applying Turkevich's method slightly modified. The physico-chemical characterization revealed the
formation of stable, spherical AgNPs and PEG-AgNPs, with narrow size distributions and mean hydrodynamic
sizes in the range of 19 nm and 50 nm, respectively.

Toxicity data revealed a dose-dependent safe profile for low concentrations of test compounds (< 10 μM) in
terms of cell viability, whereas higher concentrations were associated with a high rate of cell mortality. In vivo
acute/subacute toxicity data showed no denotive changes in mice health status after i.p. administration.
Histological observations of internal organs and the biochemical parameters analyzed together with the other
biological observations showed a low toxicity level with no major differences related to control, albeit at skin
level a reduced number of mast cells was detected. All these observations provide strong support for the idea that
coated silver nanoparticles could be applied as targeted nanocarriers for skin pathologies and diagnostic.

1. Introduction

Nanotechnology may offer an effective alternative to conventional
chemotherapy through several advantages provided by drug-nano-
carriers: high drug load, increased half-life, targeted delivery, and
lower toxicity (Banerjee and Sengupta, 2011). Nanoparticles were used
extensively in recent years in a myriad of domains including: aerospace
engineering, consumer products (food packages), nano-electronics,
environmental safety and medical healthcare (Ahamed et al., 2010).
The nanoparticles were described as structures or systems that possess
at least one dimension smaller than 100 nm in length; the origin of the
term “nano” is Greek and it means “dwarf” (Ahamed et al., 2010; Arora
et al., 2012). Metal nanoparticles have acceded into the biomedical area

due to their ability to act as both diagnostic and drug delivery agents,
thus qualifying as theranostic compounds (Conde et al., 2012).

The biologic effects of silver, as antibacterial and antimicrobial
agent, are well-known and were considered winning features in the
selection of AgNPs for the use in biomedicine (Chaloupka et al., 2010).
The antibacterial and antimicrobial properties recommend silver na-
noparticles as efficient agents in food technology field in terms of food
safety, quality and augmented shelf life (Mohanta et al., 2017).

Besides the antibacterial activity of the silver, there were described
other biological effects, like anti-inflammatory, regenerative and role in
cauterization, and the correspondent effects of the AgNPs were: pro-
phylactic environmental effect (in paints and disinfectants), prophy-
lactic antibacterial effect (as coating surfaces for venous catheters and
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neurosurgical shunts, in bone cement and vascular implants) and pro-
tection against infection (wound dressings) (Chaloupka et al., 2010).
Furthermore, AgNPs were demonstrated to have anticancer effects,
being capable to generate DNA damage, cell cycle arrest, oxidative
stress, apoptosis and necrosis (Muhammad et al., 2016).

The multiple applications of AgNPs in the daily living (as AgNP
dietary supplements, AgNP-coated food recipients, as alternative to
antibiotics in livestock and poultry, in contaminated water and aquatic
animals, in pharmaceutical products) and the increased consumers'
exposure to these kind of products urge the need to perform their
toxicological profile design since there were raised some concerns re-
garding the potential noxious effects on human health based on the fact
that the mechanism of toxicity of these nanoparticles still has some gaps
(Bergin et al., 2016; Hendrickson et al., 2016).

In order to preserve the biological activity, to improve stability and
to reduce toxicity, different natural/synthetic polymers which are
known to be well tolerated by human body are used to achieve coated
nanoparticles as potential safe formulations (e.g. proteins, alginates,
chitosan, polyethylene glycol, poly-N-vinyl pyrrolidone etc.) (Kuskov
et al., 2007, 2017).

These concerns led us to the idea of obtaining stable uncoated and
PEG-coated silver nanoparticles with a size that is safe after in vitro and
in vivo administration. These colloids will be further used as carriers for
agents with a low aqueous solubility administered in skin pathologies.
Our previous studies showed that silver nanoparticles are relevant
theranostic solutions for diagnostic and therapeutic surveillance in skin
disorders (Ciurlea et al., 2012). An area of great interest for our re-
search group is the application of nanotechnology to increase the so-
lubility of active skin therapeutic compounds like pentacyclic tri-
terpenes (Dehelean et al., 2013).

The present work was aimed: i) to synthesize stable bare and PEG-
coated silver nanoparticles and ii) to assess the in vitro (on HaCat cells)
and in vivo (i.p. administration to mice) acute/subacute toxicity signs,
respectively. The experimental data acquired showed an efficacy/toxi-
city ratio of test compounds oriented predominantly towards efficacy in
the light of a well-established dosage and preparation conditions set-
ting.

2. Materials and methods

2.1. Reagents

The reagents used to prepare bare silver nanoparticles (AgNPs) and
PEG-coated silver nanoparticles (PEG-AgNPs), namely silver nitrate
(Merck, Germany), trisodium citrate dihydrate (Sigma-Aldrich,
Germany), sodium dodecyl sulphate (SDS), (Acros Organics, Belgium),
polyethylene glycol (PEG-400) (Sigma-Aldrich, Germany), were of
analytical grade and used as starting materials. Milli-Q water was used
as solvent throughout the experiments. The media and reagents for cell
culture including Dulbecco's Modified Eagle's Medium (DMEM), fetal
calf serum (FCS), saline phosphate-buffered (PBS), antibiotic mixture
(penicillin/streptomycin), and trypsin-EDTA solution were purchased
from Sigma Aldrich (Munich, Germany).

2.2. Cell line

The cell line used in the present study was a line of immortalized
human keratinocytes - HaCat cells purchased from ATCC as frozen item.

2.3. Synthesis and characterization of AgNPs and PEG-AgNPs

The synthesis process used to prepare bare and PEG-coated silver
nanoparticles was based on Turkevich's method slightly modified
(Turkevich et al., 1951), as follows: silver nitrate (1 mM) was dissolved
in 100 mL of deionized water (Milli-Q ultra-pure water), under mag-
netic stirring, at 80 °C; a mixture of trisodium citrate dihydrate

(0.4 mM) and sodium dodecyl sulphate - SDS (0.5 mM) – used as cap-
ping agent in 100 mL of deionized water was dropped for 30 min under
continuous stirring. The reaction mixture was kept at 80 °C, 350 rpm for
4 h, in order to reach yellow color characteristic to the AgNPs forma-
tion, and then was cooled at room temperature, stored in a dark flask
and kept refrigerated. PEG-coated silver nanoparticles were obtained by
adding under continuous stirring an aqueous solution of polyethylene
glycol (PEG 400) to the previously obtained AgNPs colloid. The final
colloid was refrigerated, protected from light until further use.

Nanoparticles formation was confirmed by the means of UV–Vis and
Raman spectroscopy. UV–Vis absorbance spectra were obtained with a
Cary 60 UV–Vis spectrophotometer (200–600 nm domain). Raman and
surface enhanced Raman spectroscopy (SERS) spectra were acquired
utilizing a LabRam HR 800 system (confocal Raman microscope - BX41,
a 50x Olympus objective, a He-Ne laser, 15 mW output, a thermo-
electrically cooled CCD camera). The morphology of NPs was char-
acterized by transmission electron microscopy (TEM) using a FEI Tecnai
12 Biotwin microscope. The particle sizes and zeta potential were
analyzed by photon correlation spectroscopy (PCS) using a Zetasizer
Nano ZS system (Malvern Instruments, Malvern, UK). The resulting
spectra were processed in the Origin 8 software.

2.4. Cell culture

The HaCat cells were cultured in specific culture medium -
Dulbecco's modified Eagle Medium (DMEM) with high glucose
(4.5 g L−1), L-glutamine and sodium bicarbonate, supplemented with
100 U mL−1 penicillin, 100 μg mL−1 streptomycin, and 10% fetal bo-
vine serum (FBS). The cells were cultured according to the standard
conditions: a humidified atmosphere with 5% CO2 at 37 °C and were
passaged at every two-three days. The number of cells used in the ex-
periments was determined in the presence of Trypan blue using a
Neubauer counting chamber (Coricovac et al., 2017).

2.5. Cell viability assays - Alamar blue and MTT assay

For the Alamar blue assay, the HaCat cells (1 × 104/200 μL
medium/well) were seeded in a 96-well plate and allowed to attach.
After the cells attached to the plate, were incubated with different
concentrations (0.1, 0.3, 1, 3, 10 and 50 μM) of the AgNPs and PEG-
AgNPs colloids for different time points: 24, 48, and 72 h. After the
incubation period, the Alamar blue reagent was mixed in a 1:10 ratio
with DMEM (10% FBS) was added to each well. The plates were in-
cubated for 3 h at 37 °C and the absorbance of each well was measured
using a xMark™ Microplate Spectrophotometer (Biorad) at 570 nm and
600 nm (reference) wavelengths. Cell viability was calculated ac-
cording to the formula described in our previous articles (Soica et al.,
2014).

Another viability test conducted in the present study was the MTT
(3- (4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay.
The culture protocol was similar to the one described for Alamar blue.
Briefly, 1 × 104 cells/200 μL medium/well were seeded in a 96-well
plate and allowed to attach. The cells were stimulated with multiple
concentrations (0.1, 0.3, 1, 3, 10 and 50 μM) of the AgNPs and PEG-
AgNPs solutions for 24, 48, and 72 h. The MTT reagent (10 μL) was
added and incubated for 3 h. The resulting purple crystals were dis-
solved in solubilization buffer (100 μL) and spectrophotometrically
analyzed at 570 nm using a microplate reader (xMark
Spectrophotometer - BioRad).

2.6. In vivo toxicity protocol

SKH-1 adult male hairless mice, weighting: 30–35 g (Crl: SKH1-Hrhr,
Charles River Laboratory, Budapest, Hungary) were used for the in vivo
experiments. The mice were acclimatized to the laboratory conditions
for two weeks before the experiment. They were kept in the University
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animal facility under standard conditions: 12 h light/dark cycle and
free access to food and water. The experimental procedures and pro-
tocols were in agreement with the European Directive 2010/63/EU, the
AVMA (American Veterinary Medical Association) Guidelines for the
Euthanasia of Animals (2013 Edition) and the National Law 43/2014
regarding the protection of animals used for scientific purposes and
were approved by the University Research Ethics Committee. The
acute/subacute toxicity following i.p. administration was tested ac-
cording to the OECD guideline 420 principles. The animals were di-
vided in four groups (n = 10 mice/group): group 1 – control group (no
interventions), group 2 – mice that received 10 mg/kg body weight of
media (trisodium citrate and SDS solution) i.p. daily (6 days), group 3 -
mice that received 10 mg/kg body weight of AgNPs i.p. daily (6 days),
and group 4 - mice that received 10 mg/kg body weight of PEG-AgNPs
i.p. daily (6 days). Five mice from each group were euthanized at three
hours after the first i.p. administration, the rest being euthanized at the
end of the experiment, under anesthesia by using Isoflurane as inhalator
anesthetic, followed by manual cervical dislocation. Changes in mice
weights, behavioral pattern (salivation, tremors, lethargy, sleep and
coma) and skin appearance were the assessed parameters.

2.7. Non-invasive skin parameters measurements

A non-invasive technique was applied for the measurement of the
skin physiological parameters (skin hydration, melanin, and erythema).
The equipment used was an electronic Skin Colorimeter CL 400 and the
Corneometer®CM 825 (Courage-Khazaka, Koln, Germany). The Skin
Colorimeter CL 400 principle is based on the tristimulus colorimetry.
The results are expressed by the means of the standard color
Commission International d’Eclairage (CIE) Lab system in which colors
are described by their lightness value (L*), the amount of green or red
(a*), and the amount of yellow or blue (b*) they contain (Taylor et al.,
2006). L* measured skin reflectance or lightness (a grey scale with
values ranging from 0 to 100, where 0 is black and 100 is white); a*
measures the color saturation from red to green (scale from +60 to
−60, where positive values indicate varying intensities of red); b*
measures the color saturation from yellow to blue (a scale +60 to – 60,
where positive values indicate varying intensities of yellow) (Alaluf
et al., 2002). The L*a*b* parameters were expressed as arbitrary units.
The hydration of the stratum corneum was determined using the Cor-
neometer®CM 825 probe (Coricovac et al., 2017).

2.8. Biochemical analysis

In order to evaluate the changes in blood circulating system, sam-
ples were collected at three hours after first administration and at the
end of experiment - day 6. Blood samples were collected on serum clot
activator tubes for serological analyses (IL ILab 650 Chemistry
Analyzer) and into potassium EDTA-coating tubes for hematological
analyses (Sysmex SF 3000 Automated Hematology Analyzer). The fol-
lowing blood parameters were measured: white blood cells count
(WBC), red blood cells count (RBC), hemoglobin (HGB), hematocrit
(HCT), mean corpuscular volume (MCV), mean corpuscular he-
moglobin (MCH), mean corpuscular hemoglobin concentration
(MCHC), red blood cell distribution width (RDW), platelets count (PLT),
and mean platelet volume (MPV). The serum parameters measured
were: alanine transaminase (ALT), aspartate transaminase (AST), blood
urea nitrogen (BUN), and creatinine (CR).

2.9. Histopathological evaluation

An early assessment of the organs was performed at three hours
after i.p. injection and half of the mice from all four groups were sa-
crificed for histopathological analysis. The second mile stone was
considered in the sixth day of the experiment when the rest of the mice
were euthanized, also after three hours from last intraperitoneal

injection. All animals used in this study were sacrificed under an-
esthesia by inhalation using Isoflurane followed by cervical dislocation,
the procedures being realized according to the AVMA Guidelines for
Euthanasia. At both time points, clinically normal skin and organs
(heart, kidney, liver, lung, and spleen) were harvested from all the
mice, weighed and fixed in 4% v/v buffered formaldehyde and em-
bedded in paraffin. Sections of three micrometer thickness were ob-
tained using a Leica Rotary Microtome RM2255 and stained with he-
matoxylin and eosin (H&E) using the standard histopathological
technique. The microscopic examination was conducted using a Leica
Light Microscope DM750 and images were captured using a Leica
DMShare System.

The distribution (superficial vs. reticular dermis), number (as mean
value of 20 randomly picked high power fields) and size (as mean value
of 50 cells diameter) of the mast cells at skin level were evaluated in
each case. Changes in the internal organs compared to the control mice
were also noted.

2.10. Statistical analysis

Graph Pad Prism 5 and Origin 8 software were used for the pre-
sentation and interpretation of the results. The results were expressed
as the mean ± standard deviation. One-way ANOVA analysis was
applied to determine the statistical differences followed by Tukey post-
test (*p < 0.05; **p < 0.01; ***p < 0.001).

2.11. Compliance with ethics requirements

Authors declare that the protocol involving animals complied with
the specific regulations and standards; this experiment was evaluated
and approved by the Ethics Committee of the “Victor Babes” University
of Medicine and Pharmacy Timisoara, Romania.

3. Results

3.1. Characterization of bare and PEG-coated silver nanoparticles

The approach that was applied concerning Turkevich's method by
adding sodium dodecyl sulphate – SDS (as capping agent to control size
and stability) together with trisodium citrate dihydrate (as reducing
agent) and silver nitrate (as metal precursor) proved to be successful,
the first indication being the apparition of the yellow color character-
istic for silver nanoparticles formation. Subsequently were performed
microscopic and spectroscopic tests to confirm the findings. Size dis-
tribution measurements revealed that both AgNPs and PEG-AgNPs had
narrow size distributions with mean hydrodynamic sizes with an
average of 19 nm and 50 nm (DLS), respectively.

TEM images showed that the majority of AgNPs have spherical
shapes with faceted nanoparticles whereas PEG-AgNPs presented a
small electron dense core surrounded by a relatively circular halo
(Fig. 1). TEM size histogram showed that AgNPs and PEG-AgNPs had
diameters between 0 - 45 nm and 15–55 nm size range, respectively.

Zeta potential values were found to be −40 mV for AgNPs and
−37 mV for PEG-AgNPs, thus indicating a high stability of the colloidal
system.

The SPR peaks detected at 435 nm and 425 nm in the UV–Vis ab-
sorption spectra are indicative of the formation of AgNPs and PEG-
AgNPs, respectively (Fig. 1). The broad profile of the absorption bands
of PEG-AgNPs may be attributed to a larger size distribution and pos-
sibly due to the presence of some PEG-AgNPs and PEG-AgNPs-ag-
gregates of other shapes. In fact, the PEG-AgNPs colloid exhibited a
second very broad peak at about 650 nm. Vibrational modes char-
acteristic to PEG were observed in the colloidal PEG-AgNPs samples at
439, 544, 842, 897, 953, 1071, 1136, 1252, 1287, 1476, and 2718-
2958 cm−1 suggesting the PEGylation of AgNPs (Fig. 1) (Koenig and
Angood, 2003; Djaqued et al., 2005; Yamini et al., 2014). The SERS
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peaks are shifted by up to ∼20 cm−1 from the corresponding ones in
the Raman spectrum of the control PEG alone (Fig. 1). This is not un-
common in SERS, when molecules chemisorb to the nanosurface and
experience an increase in signal at lower concentrations. Reference
Raman database of pharmaceutical excipients (de Veik et al., 2009)
showed that the Raman spectrum of the AgNPs colloid presented vi-
brational modes characteristic to SDS at 827, 928, 1050, 1299, 1370,
and 2924 cm−1.

3.2. Cytotoxicity assessment

In order to evaluate the cytotoxic effects of bare and PEG-coated
silver nanoparticles on normal human keratinocytes – HaCat viability,
there were tested different concentrations (0.1, 0.3, 1, 3, 10 and 50 μM)
of the test colloid nanoparticles for different time points (24, 48 and
72 h). The results obtained indicated that at the lowest concentrations
tested (0.1, 0.3, 1 and 3 μM) the number of the viable cells was not
affected by the nanoparticles addition, neither at 24 h nor after 72 h
stimulation. These data were confirmed by both Alamar blue and MTT
assays (data not shown). The solutions of trisodium citrate and sodium
dodecyl sulphate (used in the synthesis process) were tested as positive
controls; no changes were detected in terms of cells viability as com-
pared to control cells (unstimulated cells) (data not shown). At the
highest concentrations tested - 10 and 50 μM, there were observed
significant cytotoxic effects induced by the nanoparticles (AgNPs and
PEG-AgNPs), the most significant effect being recorded after stimula-
tion with 50 μM and a longer stimulation time (48 and 72 h) (Fig. 2).

3.3. Clinical and general signs

In this acute/subacute toxicity experiment, no death was recorded
in the six days of observation time in all groups (control and treated
mice). There were no significant changes in the general appearance, but
some differences in the percentage of weight between the groups were

detected.
Biochemical analysis of plasma was achieved to assess hepatic (ALT,

AST) and renal health status (BUN, CR). Alanine transaminase (ALT)
and aspartate transaminase (AST) were employed as indicators of he-
patic function; urea and creatinine were indicators of the renal func-
tion. Table 1 summarizes the values obtained for the different groups.
As it can be observed no significant changes in urea and creatinine
levels were observed in any group, while ALP and AST remain in
normal levels (Table 1). The hematological analysis showed no sig-
nificant changes of WBC, RBC, HGB, HCT, and PLT and also for MCV,
MCH, MCHC, RDW, PDW, and MPV (see supplementary material) in

Fig. 1. TEM images of AgNPs-A and PEG-AgNPs-B; UV–Vis absorption spectra of the two aqueous colloids - the corresponding wavelengths and related intensities (arbitrary units) of the
SPR peak are mentioned in brackets; Raman spectra collected from the colloidal AgNPs and PEG-AgNPs using a 632.8 nm excitation line and a 20 s acquisition time (spectra averaged over
n = 3 cycles). The Raman spectra of sodium dodecyl sulphate and PEG were inserted as controls.

Fig. 2. Cytotoxic effect of AgNPs and PEG-AgNPs on human keratinocytes – HaCat cells
related to control cells (unstimulated) based on Alamar blue assay. All experiments were
performed in triplicate, the results are presented as mean values ± SD, and the statistical
test used was One-way ANOVA and p values were: *p < 0.05, **p < 0.01,
***p < 0.001.
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mice treatment groups compared to the control groups.

3.4. Non-invasive measurements

In order to evaluate the in vivo toxicity of the colloidal solutions of
AgNPs and PEG-AgNPs after i.p. administration to healthy SKH-1
hairless mice, were also assessed the evolution of body weight and the
impact of these nanoparticles at skin level due to their use as potential
nanocarriers for skin treatment and diagnostic.

Our data indicated that administration of the AgNPs and PEG-
AgNPs was associated with a significant increase of the body weight as
compared to control group, whereas in the case of the mice that re-
ceived media it was noted a decrease of this parameter. These changes
were significant mainly in the first 96 h (Fig. 3), after the last two doses,
the values were closed to the ones recorded for the control group (data
not shown).

The skin hydration measurements showed decreased values of this
parameter after the second dose post-administration of all three test
solutions (AgNPs, PEG-AgNPs and media) as compared to control
group. After the administration of the last dose, the values seemed to
increase in all groups of mice, these data being devoid of statistical
significance (see Supplementary material).

The tristimulus colorimetry principle provides data regarding the
changes in physiological skin parameters (melanin and erythema),
changes that represent key markers in the diagnostic of skin patholo-
gies. The negative values of L* and the positive values recorded for a* in
all the groups of mice were associated with the presence of erythema
after the administration of AgNPs, PEG-AgNPs and media (Fig. 4A). In
the groups of mice that received AgNPs and PEG-AgNPs was observed a
decrease of L* and an increase of b* what could be explained by the
presence of pigmentation (Fig. 4B). In Fig. 4A and B were described the
significant variations observed between the groups in the first 96 h,
whereas the values recorded during the last two days of experiment
presented a linear trend without statistical significance (data not
shown).

3.5. Histopathological aspects

Microscopic evaluation of the skin specimens from the control group
mice, both time, three hours and six days respectively, showed normal
histology of the epidermis and dermis, with small mast cells filled with
basophilic granules, distributed in all levels of the dermis (Fig. 5a). The
diameter of the mast cells was 0.0203 mm and the number as 16.1
(Table 2).

At three hours after first media administration, there was an in-
crease in the number (20.5 versus 16.1 in control group) and diameter
of the mast cells, 0.0280 mm versus 0.0203 mm, in control group
(Fig. 5b, Table 2). Even if the mast cells were bigger than those ob-
served at control group mice, they were degranulated, with many
granules released in the surrounding extracellular space. The mast cells
were distributed around blood venules and arterioles of deep vascular
plexus (Fig. 5b).

The mice sacrificed in the sixth day of the experiment at three hours
after media i.p. administration, presented a similar number of mast cells
as control group (15.7 vs. 16.1 in control group), but the diameter of the
mast cells was bigger in these cases compared with control group and
even with those mice euthanized at three hours after first in-
traperitoneal administration, 0.0354 mm vs. 0.0280 mm at three hours
and 0.0203 mm in control group (Fig. 5c, Table 2).

Both media treated mice groups, those euthanized at 3 h after first
i.p. administration and those euthanized in the sixth day of the ex-
periment, at three hours after last i.p. administration, showed mast cells
distributed with predilection in perivascular spaces (Fig. 5b and c).

At three hours after first AgNPs i.p. administration, the mast cells
were distributed mainly around the blood vessels of the dermal pro-
found vascular plexus (Fig. 5d). The size of mast cells increased com-
pared to control group or media treated group, being similar with the
values observed at three hours after last media administration,
0.0343 mm vs. 0.0203 mm in control group and 0.0354 mm in media
treated mice group, at the end of the experiment (Fig. 5d, Table 2). The
number of the mast cells decreased from 16.1 in control group at 11.6
(Table 2).

At the end of the experiment, the mice treated with AgNPs pre-
sented deep situated mast cells, around blood vessels (Fig. 5e). The
diameter of the mast cells was similar to that noticed in control group,
0.0249 mm versus 0.0203 mm in control group (Table 2). Similar to the
data observed at three hours after first AgNPs administration, at the end
of the experiment the number of the mast cells noted at dermal level
decreased compared to the normal, but even with that observed after
first administration of AgNPs, 8.1 vs. 16.1 at control group and 11.6
after first administration of AgNPs (Fig. 5e, Table 2).

At three hours after first administration of PEG-AgNPs, the mice
presented mast cells distributed at all levels of the dermis, similar to
that observed in control group (Fig. 5f). The size of mast cells increased
at 0.0277 mm vs. 0.0203 mm in control group, but similar to the value
observed in the media treated group at the same time of the experiment
(0.0280 mm) and lower than the diameter noted in AgNPs treated
group, 0.0343 mm (Table 2). The number of the mast cells was similar
to that noted at the same time of the experiment in the AgNPs treated
group, 11.8 vs. the 11.6 in AgNPs group (Fig. 5f, Table 2).

The skin specimens harvested from the mice treated with PEG-
AgNPs at the end of the experiment, showed a slight increasing in the
size of the mast cells compared to the samples harvested from the same
group, at three hours after first administration, 0.0308 mm vs.
0.0277 mm, and were bigger than those observed at the control group,
0.0203 mm (Table 2). Also, the number of mast cells decreased slightly
at 11.3 from 11.8 mast cells after first administration (Fig. 5g, Table 2).
The mast cells showed no predilection for any part of the dermis, being
distributed at all levels (Fig. 5g).

At all mice groups, the epidermis and dermis showed quasinormal
architecture. Moreover, only minimal hyperemia of venules and arter-
ioles of deep vascular plexus was observed (Fig. 6). In the group treated

Table 1
Effect of test compounds on serological parameters in mice groups at three hours and at
six days (n = 5; mean ± S.D.).

Time Groups ALT
(U L−1)

AST
(U L−1)

BUN
(mg dL−1)

CR
(mg dL−1)

3 h Control 42 ± 2.8 32 ± 5.8 27 ± 10.3 0.9 ± 0.09
Media 47 ± 3.2 39 ± 7 36 ± 6.2 1.1 ± 0.15
AgNPs 38 ± 6.1 24 ± 10 32 ± 6.1 0.9 ± 0.07
PEG-AgNPs 19 ± 7.8 28 ± 5.1 22 ± 6.3 1.0 ± 0.05

6 days Control 44 ± 4.6 12 ± 7.2 26 ± 7.2 0.7 ± 0.08
Media 36 ± 5.3 31 ± 4.8 40 ± 11.6 1.1 ± 0.08
AgNPs 17 ± 10.8 19 ± 15.2 31 ± 9.8 1.2 ± 0.11
PEG-AgNPs 38 ± 8.4 25 ± 7.9 23 ± 12.9 0.8 ± 0.19

Fig. 3. Body weight evolution of the mice. The results are presented as mean
values ± SD. The statistical test used was One-way ANOVA and p values were:
*p < 0.05, **p < 0.01, ***p < 0.001.
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with AgNPs, after first administration, the blood vessels of deep vas-
cular plexus showed leukocytes margination (Fig. 6d). On the skin
specimen harvested after PEG-AgNPs first administration, the blood
vessels showed marked hyperemia that decreased in intensity until the
end of the experiment (Fig. 6f and g).

No major differences were observed between control group and
treated mice internal organs histology, neither if the specimens were

harvested at three hours after first intraperitoneal injection, nor after
six days of experiment. All mice showed minimal deviation of normal
histology of heart, lung, kidneys and spleen, with small quantity of
interstitial edema and vascular hyperemia (see Supplementary mate-
rial).

Fig. 4. Physiological skin parameters evolution: A. Melanin-related measurements (values expressed as ΔL* and Δb*) and B. Erythema-related measurements (values expressed as Δa*),
where Δ – is the difference between the mean value of the test groups obtained for L*, b* and a* (for each time point) and the mean value for this coordinate in the control group (no
interventions applied). The results are presented as mean values ± S.D. ** indicate significant differences between control at p < 0.01 and * at p < 0.05.

Fig. 5. Histological aspects of the skin specimens (H&E stain). Distribution of the mast cells mainly at dermal level, original magnification (OM) x10; cells size and granules aspects,
OMx40; a – control group, b – mice treated with media, euthanized after 3 h from the first i.p. administration, c - mice treated with media, euthanized in the 6th day at 3 h after the last
i.p. administration, d – mice treated with AgNPs, euthanized after 3 h from the first i.p. administration, e - mice treated with AgNPs, euthanized in the 6th day at 3 h after the last i.p.
administration, f –mice treated with PEG-AgNPs, euthanized after 3 h from the first i.p. administration, g - mice treated with PEG-AgNPs, euthanized in the 6th day at 3 h after the last i.p.
administration.
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4. Discussions

The present study was aimed to characterize the synthetized bare
and PEG-coated AgNPs in vitro effects on non-tumorigenic (HaCat) cells
and in vivo after i.p. administration to SKH-1 hairless mice from a
toxicological perspective. The bare and PEG-coated AgNPs obtained in
this study will be further used as carriers for anticancer drugs for skin
disorders and their own toxicological profile had to be tested.

The physico-chemical features (size, shape, surface charge, coating,
etc.) of the NPs play crucial roles in the interactions between the na-
noparticles and the immune system, and a large number of specific
mechanisms of action takes place, from protein binding to biological
corona formation (Neagu et al., 2017; Piperigkou et al., 2016; Engin
et al., 2015). In order to obtain a reliable drug delivery system for
nanomedicine field, all the mechanisms involved need to be fully elu-
cidated and understood.

Several methods were developed to obtain silver nanoparticles, such
as: reduction (photolytic, radiolytic, solvent extraction, organic sol-
vent), sonication, microemulsion, polyol and alcohol processes, but one
of the most frequently employed method to synthesize AgNPs is the
chemical reduction (Mendis et al., 2016). Chemical reduction is a
common term use to describe the method applied for obtaining silver
nanoparticles. This process takes place in solvent media and the final

product is a colloid. The mechanism involved is a complex one based on
the numerous phenomena implied – reduction, nucleation, growth,
coarsening, agglomeration – that occur during co-precipitation synth-
esis (Pacioni et al., 2015). This method provide a control over the
particle size and behavior of the nanoparticles obtained which play a
crucial role in compounds toxicity. Different compounds, such as: ci-
trate, PEG, PVP, proteins etc. are used as coatings in order to promote
stability, avoid aggregation of AgNPs, to decrease interactions between
the blood proteins and to obtain a prolonged blood circulation (Bastos
et al., 2016; Soica et al., 2016). Polyethylene glycols having a low
molecular weight are well known for a number of advantages, among
which: food additives permitted for direct addition to food for human
consumption; good cosolvents (being regarded as protic solvents with
aprotic sites); widely used as pharmaceutical excipients (e.g. PEG-pro-
tein conjugate selected NP-based drug approved by the FDA for leu-
kemia) (CFR, 2017; Maryamabadi et al., 2016; Najafi-Hajivara et al.,
2016). PEG 400 does not possess adjuvant activity and has been suc-
cessfully used for: a novel polyethylene glycol mediated lipid nanoe-
mulsion as drug-delivery carrier for paclitaxel; pore-forming and plas-
ticizers in the capsule shells contain active drug; coated AgNP in order
to decrease the affinity for protein interaction with it own surface and
thus retained significant amount of inherent bactericidal activity etc.
(Larsen et al., 2002; Jing et al., 2014; Liu et al., 2014; Ban and Paul,
2016).

Regarding synthesis of bare and PEG-coated AgNPs, citrate is used
as reductant and capping agent, SDS as stabilizer and size controller,
while PEG for the ability to control the processes involved (nucleation
and growth) in a temperature-dependent manner. Bare AgNPs are sta-
bilized by charge repulsion while PEG-coated AgNPs are sterically
stabilized (Sharma et al., 2014).

Thus, the AgNPs and PEG-coated AgNPs colloids characterized in
this study were synthetized by using Turkevich's method, the addition
of sodium dodecyl sulphate (SDS) as stabilizer and size controller, re-
presented the modification implemented to the classic method. As a
result, it could be stated that it was standardized a protocol that re-
quires around 4 h to obtain a stable AgNPs solution, the yellow color
that was obtained being a marker of the stable nanosized silver particles
formation.

According to the literature, silver nanoparticles form colored col-
loids, from pale yellow to dark brown, due to the surface plasmon

Table 2
The mean values for size and number of mast cells.

Mast cells Sizeb (mm) Numberc

3 h 6 days 3 h 6 days

Control group 0.0203 0.0203 16.1 16.1

Mediaa 0.0280 0.0354d 20.5d 15.7
AgNPs 0.0343d 0.0249 11.6 8.1d

PEG-AgNPs 0.0277 0.0308 11.8 11.3

a Media – solution of trisodium citrate and sodium lauryl sulphate used to deliver bare
and coated silver nanoparticles.

b Size was calculated as mean value of 50 cells diameter.
c Number of mast cells was calculated as mean value of 20 randomly picked high

power fields.
d Important changes.

Fig. 6. Histological aspects of the skin speci-
mens, H&E stain. Aspects of leukocyte mar-
gination (d) and deep vascular plexus, with hy-
peremia of the blood vessels (f), OMx40; a –
control group, b – mice treated with media, eu-
thanized after 3 h from the first i.p. administra-
tion, c - mice treated with media, euthanized in
the 6th day at 3 h after the last i.p. administra-
tion, d – mice treated with AgNPs, euthanized
after 3 h from the first i.p. administration, e -
mice treated with AgNPs, euthanized in the 6th
day at 3 h after the last i.p. administration, f –
mice treated with PEG-AgNPs, euthanized after
3 h from the first i.p. administration, g - mice
treated with PEG-AgNPs, euthanized in the 6th
day at 3 h after the last i.p. administration.
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resonance (SPR) in the UV–Vis area (300–600 nm) and the silver na-
noparticles that are yellow in color seem to be the most stable ones,
data that are in agreement with the results described in this article
(Mendis et al., 2016; El-Zahry et al., 2015). During the growth process,
a broad band of low intensity indicated the presence of small nano-
particles; as the nanoparticles grew bigger, the absorption bands be-
came narrower and increased in intensity. The broad profile of the
absorption bands may be attributed to the NP's aggregation or/and the
adsorption of organic species at their surface. The bare and PEG-coated
silver nanoparticles display a similar size and spherical shapes as in-
dicated by the wavelengths of their absorption bands (425 and 435 nm,
respectively) confirmed also by the TEM analysis.

TEM micrographs also displayed nanoparticles being non-uniform
in size and shape, disposed as individual entities as well as aggregates,
due to the assembly of smaller particles. Within the aggregates, in-
dividual nanoparticles were not in direct contact with each other, thus
indicating higher stability through the use of a capping agent (surfac-
tant, PEG) (Saifuddin et al., 2009). In spite of the fact that AgNPs
shaped as discs or rods exhibit more appropriate properties for blood
circulation than spherical AgNPs, the latter provide a faster cellular
uptake presumably due to more suitable binding properties to the target
sites (Muhamad et al., 2014) and are more thermodynamically stable
(Muhammad et al., 2016). The shape of the AgNPs is also a very im-
portant parameter in terms of evaluating the possible interactions with
the cells within the body, the spherical form being recommended for
the use in medical fields due to a reduced toxicity associated with their
administration (Wei et al., 2015). Sharma et al. studied coated NPs in
biological media, and their findings showed important changes for ci-
trate-coated AgNPs (from spherical to triangular and hexagonal shapes)
while PEG-coated AgNPs spherical shape does not suffer any changes
(Sharma et al., 2014).

Surface modification, surface charge and polymer type have some
influence regarding both type of biological activity correlated with
toxicity in vitro and in vivo assessment. Some studies demonstrated that
the toxicity of AgNPs on murine hepatoma cells depended on the sur-
face chemistry of nanoparticles and PEG-coated exerts a better bio-
compatibility, with an adequate biological inertia, which is materi-
alized in effective opsonization resistance and/or non-specific binding
to protein in animal model, also with reduced toxicity on embryonic
fibroblasts (Pang et al., 2016; Caballero-Díaz et al., 2013). A high in-
terest was attributed to the size of AgNPs that were applied in biome-
dical fields, since it was observed an inverse correlation between the
size of the nanoparticles and the degree of toxicity induced (Chaloupka
et al., 2010; Wei et al., 2015; Riaz Ahmed et al., 2017). Different studies
demonstrated that smaller particles (lower than 15 nm) induced higher
toxicity compared to bigger ones (20–100 nm) (Engin et al., 2017).
Thus, Gliga et al. showed that 10 nm AgNPs were cytotoxic for human
lung epithelial normal cells, without no difference in toxicity regarding
the coating type (citrate or PVP); Liu et al. proved that 5 nm AgNPs
were more toxic than 20 and 50 nm AgNPs in four tumor cell lines;
Kang et al. showed that 5 nm AgNPs induced granule release, increase
the level of intracellular calcium ions generating oxidative stress at
subtoxic concentrations (Gliga et al., 2014; Kang et al., 2017).

The results obtained during the synthesis and characterization of the
bare and PEG-coated AgNPs indicated that there were achieved stable
nanoparticles with an average size of 19 (for AgNPs) and 50 (for PEG-
AgNPs) nm, data that are in agreement with the information from the
literature stated above. Silver nanoparticles that have a size lower than
10 nm are highly reactive determining lesions at cellular level, whereas
the size range between 20 and 100 nm did not affect the integrity of the
cells (Williams et al., 2016; Ivask et al., 2014).

One of the most important parameter in the biomedical use is the
stability of nanoparticles (Mandal et al., 2011; Ban and Paul, 2016). A
highly negative or positive value of the zeta potential indicates a strong
repulsion between colloidal particles and, subsequently, the lack of
flocculation tendency. Particles having a zeta potential more positive

than +20 mV or more negative than −20 mV are typically considered
to be stable due to the repulsion among the particles preventing ag-
glomeration (Phongtongpasuk et al., 2016). Zeta potential data
(−40 mV for AgNPs and −37 mV for PEG-AgNPs) recorded in the
present study are in accordance with the results from the literature and
indicate that the nanoparticles obtained are stable.

In order to assess the in vitro effects on cell viability of the stable
bare and PEG-coated AgNPs, there were employed standard and reli-
able assays, Alamar blue and MTT. The cell viability assessment in vitro
techniques offer valuable information regarding the toxicological end-
points induced by the administration of different agents or nanoma-
terials in terms of cell mortality, biochemical and physiological changes
(Ciappellano et al., 2016). All new compounds including metallic na-
noparticles must comply with the preclinical in vitro screening that
includes the aforementioned in vitro cell viability assays.

The results concerning the cytotoxic effects of bare and PEG-coated
silver nanoparticles evaluated at 24, 48 and 72 h on human normal
keratinocytes – HaCat, indicated a lack of toxicity at concentrations
lower than 10 μM, whereas higher concentrations (50 μM) induced a
significant rate of mortality at all three time points (Fig. 2). Jiravova
et al., demonstrated in a recent study that stimulation of SVK 14
(human keratinocytes) and NIH 3T3 (mouse fibroblasts) led to a de-
crease of the cells viability starting from a concentration of 13 mg L−1

(Jiravova et al., 2016). Silver nanoparticles proved to be cytotoxic on
murine macrophages – J774A.1 at doses higher than 10 μg mL−1

(Nguyen et al., 2016). PEG-coating AgNPs showed a lesser degree of
toxicity to HaCat cells as compared to citrate coated and the bare AgNPs
(Bastos et al., 2016).

Many authors tried to establish the sensitivity of different cells to
AgNPs. They tested bare and coated AgNPs in either citrate, PVP or PEG
(Tejamaya et al., 2014; Ragaseema et al., 2012). Some of the authors
agreed that the surface modification with polymers decreased the
toxicity of AgNPs on healthy tissues (Petrov et al., 2016). Ragaseema
et al. demonstrated the lack of a cytotoxic effect of PEG-AgNPs on en-
dothelial cells and smooth muscle cells at low concentration (0.1%),
with an important increase of the number of apoptotic cells when the
concentration was 0.2%, because of the important cytoskeletal damage
(Ragaseema et al., 2012).

For a thorough characterization of the toxicological profile of bare
and PEG-coated AgNPs, it was verified the potential acute/subacute
toxicity of these colloids after i.p. administration (a single dose and six
consecutive daily doses) to SKH-1 hairless male mice.

The selection of the route of administration for the test substances to
laboratory animals is considered to be a decisive component when es-
tablishing the experimental design and the dosing methodology, mainly
because of the ethics concerns, but also for the provision of accurate
data regarding the pharmacokinetics and pharmacodynamics para-
meters. The injection into the peritoneal cavity (i.p. route of adminis-
tration) is considered to be a frequently used route of administration for
small animals, presenting some advantages relative to the intravenous
route, namely: administration of larger volumes of liquid active agents'
formulations, an easy access to the point of injection, and in terms of
bioavailability it can be said that presents similarities with the oral
administration pharmacokinetics (Turner et al., 2011).

Regardless to the site of administration, the target organs for AgNPs
toxicity seem to be liver and kidney, because of their accumulation at
those levels, through macrophage opsonization. There were also re-
ported signs of toxicity after AgNPs administration at skin level con-
sisting in argyria combined with oxidative damage on cellular area.
These observations are transferred on bacteria, cells, aquatic species
and rodents for bio-balance tests (McShan et al., 2014). Few data are
available about skin morphology after i.p. administration of bare or
PEG-coated nanoparticles.

Comparative tests showed that bare AgNPs and silver nitrate
(AgNO3) exhibit similar levels of toxicity which can be reduced by
coating with hydrophilic polymers that are also used in order to
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improve stability within biological environments (Petrov et al., 2016;
Zook et al., 2012). Surface coating with hydrophilic polymers such as
PEG provide the nanoparticles (NPs) the ability to avoid opsonization
and macrophage capture; thus a stealth system can be obtained with a
longer blood circulation time (Chandran and Thomas, 2015).

The chosen dose for the i.p. administration was 10 mg/kg body
weight, this dose representing the 2000x of the EPA (Environmental
Protection Agency) oral reference dose – the upper limit of potential
acute exposure in humans (Bergin et al., 2016; Varner et al., 2010).

Blood samples were collected at three hours after the single dose
and at the same time point after the last dose of the six consecutive
daily doses, analyzed in terms of hematological and biochemical
parameters and no significant changes were recorded. It is known that
nanoparticles and other examples of nanostructures produce dose-de-
pendent hemolysis and blood clotting. Is relevant that each type of
blood cells interact different and dependent, also, on size and charge of
nanosilver materials. It was stated that silver nanoparticles determine
the reduction of RBC at 500 ppm, but at lower concentrations are well
tolerated. The main process involved is cell membrane destruction.
Higher concentrations of product influenced blood mononuclear cells
(Ataei, 2016). Nanosilver structures determine changes in “white line”
of cell because of the increasing of inflammatory process (Pulit-Prociak
et al., 2015). Our results indicated a well-tolerated dosage with reduced
changes in all types of blood cell lines, underlining the fact that low
concentrations of the tested nanoparticles induce a reduced toxicity
degree.

In order to assess the effect of bare and PEG-coated AgNPs at skin
level, a non-invasive method was applied to observe the changes that
occurred into the skin physiological parameters values – skin hydration,
melanin content (pigmentation) and erythema. Our data showed that
i.p. administration of the media (trisodium citrate) solution, bare and
PEG-coated colloidal solutions induced a slight change in the skin hy-
dration values after the first doses, but until the end of experiment the
values were in the same range as the values measured for the control
group (see Supplementary material). It was demonstrated that some
adverse reactions associated with silver compounds administration,
like: argyria at skin level could appear even after drinking water con-
taminated with this type of compounds. The skin hydration could be
considered a parameter of safety because of the demand of no changes
in hydration degree (Lansdown, 2010). Our data showed that i.p. ad-
ministration of the bare and PEG-coated AgNPs did not induce dis-
turbances in hydration status of the skin.

SKH-1 hairless mice are an unpigmented and immunocompetent
strain (Benavides et al., 2009). According to a previous study, the skin
of adult SKH-1 mice seemed to be nonpigmented (the specific melanin
staining Fontana-Masson-positive in the epidermis was absent and the
melanocyte marker Mel-5 was unexpressed), albeit in the neonatal SKH-
1 skin were identified melanoblasts (Man et al., 2014). On this basis, it
could be stated that the presence of pigmentation (Fig. 4B) recorded in
the groups of mice that received AgNPs and PEG-AgNPs was a result of
the colloidal solution administration, and could be associated with the
fact that these solutions were distributed in the whole mouse body and
some deposits were present at skin level. Melanin granules in the skin
may protect against argyria, and, also, some signs of toxicity should be
considered, such as, the release of silver after hepatic metabolisation.
Melanocyte function and melanogenesis are influenced by silver parti-
cles and no large variability of Mexameter values indicate also a safety
profile (Lansdown, 2010). Our data are in agreement with the data from
the literature which affirm that skin is one of the organs where silver
can be detected after parenteral administration (Arora et al., 2012;
Lankveld et al., 2010). It was mentioned that an elevation of silver in
blood led to a blue or grey discoloration of the skin due to the accu-
mulation at this level, status known as argyria (Arora et al., 2012;
Yildirimer et al., 2011).

When not topically applied, a necessary characteristic of silver na-
noparticles is to reach the target tissue. Even if many authors

demonstrated the antibacterial role of AgNPs, there are few data re-
ferring to the fate of AgNPs in the bloodstream, where they can interact
with different proteins (Ban and Paul, 2016). So, it is very important for
AgNPs to avoid protein adsorption on their surface that can lead to their
clearance by macrophages and subsequent elimination by kidney and
liver (Mandal et al., 2011; Otsuka et al., 2003). Also, the size of the
carrier is important in order to avoid its clearance. It was proposed that
a carrier with a diameter between 20 and 200 nm resist to the renal
clearance, being maintained for an enough time in the circulation to
allow the accumulation at proper concentration in the target tissue
(Petrov et al., 2016).

Moreover, a good carrier should potentiate the drug effect by in-
creasing significantly the anticancer efficiency. That will allow the use
of lower doses of antitumor drug in order to suppress the developing of
the drug resistance by the tumor cells (Petrov et al., 2016).

Nowadays, many efforts are made to find a proper coating agent for
AgNPs, in order to increase their bioavailability and sustain their
functions (Otsuka et al., 2003). Besides a long half-life period, the
carrier must present a great ability to cross the endothelial wall and to
enter the target tissue (Otsuka et al., 2003).

Mast cells have an important role in innate immunity, host defense
and allergy, even if there is no evidence that mast cells can generate
allergic processes. As we previous demonstrated mast cells are promi-
nent in the inflammatory infiltrate of the male mice treated with topic
cutaneous tumor inductors substances (Dehelean et al., 2016). Few data
are available regarding the role of mast cells in the pathological pro-
cesses generated after AgNPs exposure (Aldossari et al., 2015; Yang
et al., 2010; Marquis et al., 2009). Even if it was stated that inter-
nalization of AgNPs by mast cells may induce their degranulation or
either inhibition, the subject could be further discussed (Marquis et al.,
2009; Huang et al., 2009). Alsaleh et al. appreciated that silver nano-
particles induced mast cell activation and indicated novel aspects on
engineered nanoparticles and immune system activation (Alsaleh et al.,
2016).

In the present study, it was demonstrated that mast cells were de-
granulated after media and AgNPs exposure, albeit the specimens were
harvested after the first i.p. administration or at the end of the ex-
periment. These observations contradict the results obtained by Kittler
et al. who observed no degranulation after citrate or AgNPs adminis-
tration, but are consistent with data published by Aldossari et al. who
established a direct activation of the mast cells after AgNPs exposure
(Aldossari et al., 2015; Kittler et al., 2010).

After media administration was also observed an increase in the
number of mast cells. The presence of AgNPs in the solution admini-
strated, even if stimulated the degranulation of mast cells, inhibited
their number, observation consistent with data published by other au-
thors (Kittler et al., 2010).

The administration of PEG-AgNPs had no effect on degranulation
but inhibited the number of mast cells, action that was maintain for the
entire period of the experiment, probably due to the capacity of PEG
coat to hide AgNPs from the monocytes macrophages system and to
extend their life in the blood stream. The general observation is that if
these type of compounds developed such a reduced toxicity after an
important route of parenteral administration they could be considered
safe particles for other types of applications.

The assessment of nanoparticles impact on mast cells activity is
considered a relevant toxicological test, especially when the nanoma-
terials will be further used for in vivo applications as drug delivery
agents (Luo et al., 2015). The data regarding the interactions between
mast cells located at skin level and silver nanoparticles administered in
vivo as parenteral solution are rather few, and the results obtained in
the present study could be considered an element of novelty. Another
novel aspect discussed in this study was the reduced capacity of PE-
Gylated citrate silver nanoparticles to induce mast cells degranulation,
what might lead to an improved biological activity by avoiding the
presence of the toxicity induced by the mast cells granules and immune
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system activation.

5. Conclusions

Stable and non-aggregated spherical AgNPs and new PEG-AgNPs
colloids could be synthesized on a single step chemical reduction by
adding SDS, as capping agent. Coted silver nanoparticles – PEG-AgNPs
are applicable in certain doses on biological trails and these formula-
tions keep constant their shape in biological environment. These col-
loids exhibited cytotoxicity on human keratinocytes cells only at lower
concentrations as an aspect of reduced toxicity. Single and multiple i.p.
administration route did not induce noxious symptoms in mice appre-
ciated by data corroborated with histological and non-invasive eva-
luations. At all studied time points, no significant changes were de-
tected in terms of biochemical and hematological parameters on in vivo
observations. New PEG-coated AgNPs at skin level determine a de-
creased mast cells expression and implicit a reduce immune system
activation as a positive aspect. PEG-coated silver nanoparticles proved
to be in acute and subacute tested interval toxicologically safe and also
appropriate dosages for human use.
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