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Abstract

Obijective(s): Nanosilver is one of the most widely used nanomaterials due to its strong
antimicrobial activity. Thus, because of increasing potential for exposure of human to
nanosilver, there is an increasing concern about possible side effects of these nanoparticles.
In this study, we tested the potential dermal toxicity of nanosilver bandage on serum
chemical biomarkers in mice.

Materials and Methods: In this study, 20 male BALB/c mice were randomly allocated into
the treatment and control groups (n=10). After general anesthesia and shaving the back of all
animals in near the vertebral column, in the nanosilver group, a volume of 50ul of 10 pg/ml
of nanosilver solution (40 nm), and in the control group the same amount of distilled water
was added to the sterile bandage of mice, then the bandages were fixed on the skin surface
with cloth glue. After 3 and 7 days, the bandages were opened and serum levels of blood urea
nitrogen (BUN), creatinine (Cr), alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were measured by using standard kits for two groups of mice.
Results: In treatment group, a significant increase in ALT, AST and BUN levels were
observed compared with control group during experiment periods (p<0.05), but there wasn’t
a significant increase in Cr level in treatment group during experiment periods (p>0.05).
Conclusion: The present results indicated that the dermal absorption of 10 pug/ml nanosilver
(40 nm) can lead to hepatotoxicity and renal toxicity in mice.
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Introduction

Silver has been used in human health care
for centuries due to its antibacterial and
anti-inflammatory properties (1). Silver
and its compounds were used to counter
bacterial infections in wounds and burns
(2). Nanotechnology is a rapidly growing
field for use of nanomaterials in new
products (3). Nanosilver is one of the most
widely used nanomaterials due to its
strong antimicrobial activity (4, 5), for
example, it has been used in medical
products such as wound dressing, surgical
insruments (6), coating of catheters and
implant material (7). Thus, there is a
concern about possible dermal toxicity (8).
Researchers reported that nanosilver
enhanced synthesis of heat shock protein
and outer membrane protein. Thus,
nanosilver represents a strong stressogenic
agent towards bacteria (9). In addition, It
was observed that nanosilver has a
potential for catalyze protein structure by
binding silver ions with functional groups
of amino acids (10). Both in vitro and in
vivo studies of nanosilver toxicity have
shown that nanosilver may have negative
effects in human health with the use of
nanosilver products (11). It has been
reported that there is a dose-dependent
accumulation of silver content in tissues
including blood, liver, lungs and kidneys
following oral exposure to nanosilver (60
nm) in rats (12). A study has reported
primary DNA damage and cytotoxicity in
cultured mammalian cells by nanosilver
(13). It has been reported induction of
caspase-3 activity and DNA ladder
formation, evidence of induction of
apoptosis in bovine retinal endothelial
cells (BRECs) following 24 h of exposure
to nanosilver (50 nm) (14). Researchers
reported that nansilver (< 100 nm) can
cause histopatholgical abnormalities to the
skin, liver and sleep of guina pigs in a dose
and time-dependent manner following
dermal absorption of nanosilver (15).
Researchers reported the accumulation and
histopathological changes in rat liver after
systemically exposed to nanosilver (10-15

nm) (16). There are more studies on
toxicity of nanosilver, but only very few
studies has been conducted to assess the
dermal toxicity of nanosilver, although
nanosilver has many applications in
medical products and it can be absorbed
almost through the skin. Therefore, in this
study, we present our findings on dermal
toxicity of nanosilver in adult male
BALB/c mice.

Materials and Methods

Nanosilver

Nanosilver solution was purchased from
Nano-shop Co., Tehran, Iran. The particle
size and purity were 40 nm and 98%,
respectively.

Mice and housing condition

Twenty healthy adult male BALB/c mice
with a body weight of 30-35 gr were
obtained from animal house of Shahrekord
Azad University and randomly divided
into two groups (control and treatment).
All mice were kept in stainless steel cages
and allowed to adapt to the conditions of
the animal house for 14 days before the
experiments. The animals were maintained
on a 12 hour dark/light cycle at 22 + 3 °C
and allowed free access to a standard
laboratory diet and tap water ad libitum.
An area of 0.90 cm x 0.90 cm of the back
zone of each animal was shaved for
treatment in near the vertebral column. In
nanosilver group, a volume of 50ul of 10
pg/ml of nanosilver (diluted with distilled
water), and in the control group the same
amount of distilled water was added to the
sterile bandage of mice. The shaved areas
were covered with sterile bandage and
fixed with cloth glue (Figure 1), and kept
separately in cages for 3 and 7 days. At the
end of exposure periods residual test gas
was removed using water. The changes in
the hepatic necrosis biomarkers namely
alanine transaminase (ALT) and aspartate
transaminase (AST) were analyzed by pars
azmon kit and the renal function
parameters namely creatinine (Cr) and
blood urea nitrogen (BUN) were measured
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by using standard kits (Man Company and
Pars Azmoon Company, respectively) in
mice blood sera and were compared
between two groups. All animal studies
were conducted according to the US
National Institute of Health guidelines
(NIH publication no. 85-23, revised 1985).

Figure 1. Male BALB/c mice after complete
nanosilver coated dressings.

Statistical analysis

Mean values and standard deviation of
mean were calculated and expressed as
Mean+SD. The data were analyzed using
one-way analysis of variance (ANOVA)
followed by Tukey’s HSD post-test. The
values of P<0.05 were considered as
statistical significance. All statistical
analyses were performed by the SPSS
(Version 17) software.

Results

The results of study on 10 pg/mi
nanosilver (40 nm) showed that the level
of BUN as the renal function parameter
was increased significantly in treatment
group in comparison to control group
during experiment periods (p<0.05). At 3
days, the level of BUN in treatment group
was 27.43+6.07 mg/dL while it was
22.12+5.07 mg/dL in control group, and
also, at 7 days, the level of BUN was
29.83+5.18 mg/dL in treatment group,
while it was 23.06+4.27 mg/dL in control
group. Results also showed that there
wasn’t a significant increase in Cr level in

Cr (mg/dL)

treatment group during experiment periods
(p>0.05) (Figure 2).
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Figure 2. Changes in the renal function parameters
after 3 and 7 days following treatment with
nanosilver. (A). No significant increase in Cr level
in treatment (nanosilver) group during experiment
periods (p>0.05) (B). A significant increase in
BUN level in treatment (nanosilver) group during
experiment periods (p<0.05). The values shown are

Mean+SD; n = 10 per group.

The level of AST and ALT were increased
significantly in treatment group in
comparison to control group during
experiment periods (p<0.05) (Figure 3). At
3 days, the level of AST and ALT in
treatment group were, respectively,
22.21+£3.33 and 20.72+£3.09 mg/dL while
they were, respectively, 15.45+1.81 and
12.43+1.41 mg/dL in control group, and
also, at 7 days, the level of AST and ALT
were, respectively, 24.11+2.96 and
22.51+2.75 mg/dL in treatment group,
while they were, respectively, 14.65+2.01
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and 12.65+2.14 mg/dL in control group. It
should be mentioned that any increase in
the renal function parameters and hepatic
necrosis biomarkers is indicated hepatic
and renal dysfunction.
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Figure 3. Changes in liver necrosis biomarkers
after 3 and 7 days following treatment with
nanosilver. (A). A significant increase in AST
level in treatment (nanosilver) group during
experiment periods (p<0.05) (B). A significant
increase in ALT level in treatment (nanosilver)
group during experiment periods (p<0.05).
The values shown are Mean+SD; n = 10 per

group.

Discussion

Nanosilver plays a strong antibacterial role
in the concentration range of 10-50 pg/ml
(17). Therefore, in this study we examined
the dermal toxicity of nanosilver (10
pg/ml) in mice by measuring renal

function parameters and hepatic necrosis
biomarkers in serum. The present study
showed the renal toxicity and hepato-
toxicity of nanosilver.

Researchers have shown that nanoparticles
can enter the epidermis and dermis layers
through the horny layer of the skin (18). In
another study also was found that various
nanoparticles can enter the bloodstream
after absorbing the dermis (V).

Tang et al (2009) found that nanosilver
can enter the body organs such as the
kidneys and the liver through the blood
stream by subcutaneous injection (4),
also nanosilver toxicity on the liver and
kidneys was confirmed by Sheng et al
(Y+). Korani et al (2013) reported that
nansilver (< 100 nm) can cause
histopatholgical abnormalities to kidney,
heart and bone of guina pigs in a dose-
dependent manner following dermal
absorption of nanosilver (Y)). In the
present study, the toxic response of kidney
was observed by significant rise of renal
function parameter (BUN).

Recently, the systemic toxicity of
nanosilver-containing dressings on burn
wounds after 21 days in rats has been
studied. Researchers reported no signi-
ficant change of renal function parameters
(Cr and BUN) and AST levels, but they
found a significant increase in ALT level
in nanosilver group which confirmed the
hepatotoxic potentials of nanosilver (YY).
On the other hand, in the present study,
nanosilver showed hepatotoxicity and
renal toxicity which may be due to
different doses and sizes of nanosilver in
dressings.

It has been reported that the skin
penetration of silver depends on factors
such as the concentration and size of silver
used in the formulation of nano-products
(7).

The majority of toxicological investing-
ations on nanosilver are limited to use
through mouth (24-31), inhale (32-33) and
intravenous injection (34). Daniel et al
(2009) studied the toxicity of different
concentrations of nanosilver trapped in
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montmorillonite in Swiss mice. They
reported some changes in different
biochemical factors in blood and urine
such as a decrease in urine creatinine and
urea in high dose of Ag (0) montmo-
rillonite  (35). Yousef et al (2012)
evaluated the toxicity of different doses (5
and 10 kg/day) of nanosilver (20 nm) in
rates following daily intraperitoneal (IP)
injection for 30-days. The results showed a
significant increase in BUN and Alkaline
phosphatase (ALP) and a significant
decrease Cr in low- dose and high -dose
groups (36). Kim et al (2008) studied the
toxicity of repeated oral doses of
nanosilver (60 nm) in rats for 28 days.
They reported the hepatotoxicity by a sign-
ificant increase in ALP and abnormal
tissue of liver (13). Some studies showed
that silver-coated medical products is able
to release silver ions which could be
absorbed into the circulation and
accumulated in organs such as the liver
and kidney and so induced hepatotoxicity
or renal toxicity (37). Several reports
showed that nanosilver has the toxicity
effects with generating silver ions (Ag")
(17, 38). Silver ions have been reported to
interact with thiol groups of the mitoch-
ondrial inner membrane, and also genera-
ted oxidative stress in mitochondria (39).
In addition, it has been shown that the
biological effects of nanosilver are
dependent on the physical and chemical
properties of its (40).

Moudgi et al (2006) found that
nanoparticles effects on living cells depend
on shape, size and diameter of
nanoparticles (5), for example, it has been
reported that smaller nanosilver has more
accumulation in organs than larger ones
after administration of different sizes of
nanosilver in Wistar rats (41).

Therefore, nanosilver with having different
size and concentration and also generating
silver ions has different effects on cells,
tissues and organs.

Conclusion
The present results indicate that the dermal

absorption of 10 pg/ml nanosilver (40 nm)
can lead to hepatotoxicity and renal
toxicity. It is proposed that they can do
histological investigations, and this study
will also be conducted with different
concentrations and sizes of nanosilver.
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