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Abstract

Our data on the gender effect of Ag-NPs on animals are inconclusive with mixed results. This study, therefore
aimed to clarify sex differential influence of acute orally-administered Ag-NPs on some biochemical parameters (Blood
Urine Nitrogen (BUN), Creatinine (Cr), Sodium and Potassium) in kidney of mice Mus musculus. A group of BALB/c
mice of about 9 weeks (weighting 27.2 + 3.0 g) were randomly divided into three groups (each with two replications):
Ag-NPs (2) and the control (1) groups, each with 9 mice. Almost equal numbers of male and female mice were used in
this study. Once a day at the same time, a volume of 50 microliters from the nanosilver solution (20 and 50 ppm) was
administered orally at a given time. The untreated (control) group received distilled water without Ag-NPs. Samplings
(n = 9) were conducted on days 2, 7 and 14. The blood was obtained directly from heart using heparinized tubes. The
serum was obtained by centrifugation of the whole blood at 3000 rpm for 15 min. Ag-NPs had potential to adversely
affect the kidney functions in gender-dependent manner so that obvious kidney toxicity was found in female mice.
This study suggests that female mice suffer more serious kidney toxicity than male mice when treated with Ag-NPs.
Our findings build up necessary knowledge on Ag-NPs in vivo distribution and mechanisms responsible for Ag-NPs
meditated toxicity to organisms. Further studies are required to elucidate in depth how Ag-NPs interact and affect

cellular processes.
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Introduction

Due to their antibacterial and their adaptability to biological systems,
silver nanoparticles (Ag-NPs) have been considered as antibacterials
made by human and could be used as additive instead of antibiotics
[1,2]. Ag-NPs are groups of silver atoms ranging in size, in at least one
dimension (typically spherical diameter), from 1 to 100 nm [3]. Ag-NPs
are translocated into blood circulation and accumulated in some organs
to cause renal toxicity or hepatotoxicity when administered through
oral, inhalation or subcutaneously [4,5]. The current understanding
about Ag-NPs tendency of tissue deposition and related adverse effects
is limited [6,7], however, the oral toxicity of silver nanoparticles is of
particular concern to ensure public and consumer health. Kidney could
be a target because of its role in elimination of xenobiotics [8]. The
kidneys regulate the amount of water and salts in the bodies by filtering
the blood through millions of structures called nephrons. Blood urea
nitrogen (BUN) is an indication of renal (kidney) health. Creatinine
(Cr) (asaby-product of muscle) is also a waste product excreted through
the kidneys. It is generally considered to be an accurate measurement
of underlying kidney functions because it is less affected by diet, stress
and dehydration. In fact, both BUN and Cr are two important factors
to identify kidney function and level of these factors in blood serum is
increased by renal damages [9]. Sodium (Na) potassium (K) and are
two main electrolytes (salts), which are essential to the functioning of
the body. The most common cause of high potassium is kidney failure.
Na is also by far the major solute in extracellular fluids (ECF), so it
effectively determines the osmolarity of extracellular fluids.

It must be noted that while the population exposed to silver
nanoparticles continues to increase with ever new applications, silver
nanoparticles remain a controversial research area as regards their toxicity
to biological systems. In particular, the oral toxicity of silver nanoparticles
is of particular concern to ensure public and consumer health.

In the male and female rats, target organs for silver nanoparticles
are considered to be the lungs and liver [10]. Nevertheless, our data on

the gender effect of Ag-NPs on animals are inconclusive with mixed
results. For example, Ji et al. (2007b) found no significant changes
in the hematology and blood biochemical values for both male and
female rats. Likewise, Heydarnejad [3] found no gender-related tissue
distribution of Ag-NPs in mice by oral administration. In contrast,
inhalation studies show a sex-dependent accumulation of silver in rat
kidney [4,11]. Thus, this study aimed to clarify sex differential influence
of acute orally-administered Ag-NPs on some biochemical parameters
in kidney of mice Mus musculus.

Materials and Methods
Mice holding

Animal test was performed with compliance of the local ethics
committee. A group of 54 BALB/c mice of about 9 weeks (weighting
27.2 + 3.0 g) were purchased from Medical Faculty of Shahrekord
University and then transferred to the laboratory. The animals were
housed in a single group and maintained on commercial pellet diet,
given deionized water ad libitum and kept in plastic cages in a 20 + 2°C,
50-70% relative humidity room with a 12-h light/dark cycle. After 2
weeks’ acclimation, the mice were randomly divided into three groups
(each with two replications): Ag-NPs (2) and the control (1) groups,
each with 9 mice. The animals were kept fasting over night before
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treatment. The mice were examined daily for infections. Almost equal
numbers of male and female mice were used in this study.

Preparation of Ag-NPs

Silver nanoparticles (Ag-NPs) were purchased from Nano Pars Co.,
Iran with a purity of 95%. The mean diameter of Ag-NPs averaged 40
nm (and ranged from 35 to 45 nm), according to the manufacturer.

Experiment

Anesthesia for experimentation was achieved with an intramuscular
injection of 10 ml ketamine, 0.5 ml acepromazine, 2 ml Diazepam
and about 0.5 ml Xylazine solution at a dose of 50 mg/Kg. Studies have
indicated that nanosilver has a strong toxicological effect in the range
concentrations of 10-50 ppm [12]. Therefore, once a day at the same
time, a volume of 50 microliters from the nanosilver solution (20 and 50
ppm) was administered orally at a given time. The untreated (control)
group received distilled water without Ag-NPs. Each group of mouse was
housed separately. The experiment lasted for 14 days. Samplings (n = 9)
were conducted on days 2, 7 and 14. The blood was obtained directly from
heart using heparinized tubes. The serum was obtained by centrifugation
of the whole blood at 3000 rpm for 15 min. The serum was used to examine
Cr, BUN, sodium and potassium in the control and treatments. Statistical
analyses were performed using Student’s paired t-test, one-way ANOVA,
and Duncan post hoc test. A p value of 0.05 was considered significant. The
results showed the average valuetstandard deviation.

Results
Amount of BUN and Cr

The serum biochemical findings of measuring the amount of BUN
and Cr in both sexes are shown in Figure 1. Administration of Ag-NPs
to male and female mice produced alterations to the levels of BUN, Cr
and electrolytes, including sodium and potassium, relative to the control
(Tables 1 and 2). Overall, serum BUN and Cr levels in female mice
compared to the male mice decreased 10.57% and 11.11%, respectively.
No significant difference was found in the level of BUN between male
and female mice with 20-ppm Ag-NPs, but it was significant when using
a 50-ppm of Ag-NPs. Likewise, serum Cr level in female mice treated
with 20-ppm (but not 50-ppm) of Ag-NPs significantly decreased. As
Cr is a crucial marker for kidney function [13] a decrease in the level of
Cr in the female mice indicates their kidneys may have been damaged.

Amount of Sodium and Potassium Electrolytes

Tables 3 and 4 show alterations to the levels of sodium and
potassium electrolytes relative to the control. Although, a significant
difference was found in the level of sodium between male and female
mice with 20-ppm Ag-NPs at days 7 and 14 of the experiment but
overall, serum sodium and potassium levels in female mice compared
to the male mice increased 11.2% and 19.6%, respectively. As high
potassium (hyperkalemia) is the most common cause of kidney failure,

Cr BUN
Groups Days Days
2 7 14 2 7 14
Control ¢0.05 + 0.23 ¢0.05 + 0.23 ¢0.05 + 0.23 6.42 + 68.33 ®6.42 + 68.33 #6.42 + 68.33
20-ppm 20.05 + 0.33 ®0 + 0.3 (.05 + 0.27 58.50 + 62.33 17.67 £ 77.67 16.50 + 61.67
50-ppm 0+ 0.3 c0+0.2 ©¢0.05 + 0.23 221.96 + 86.67 a7.02 + 85.67 58.66 + 61

Table 1: Serum BUN and Cr levels in male mice following oral exposure to 20 ppm and 50 ppm concentrations of Ag-NPs. All data are the mean + SD. Means with the same

letter are not significantly different (Duncan’s test and P < 0.05).

Cr BUN
Groups Days Days
2 7 14 2 7 14
Control °0+£0.2 °0+0.2 °0+£0.2 a1.53 + 65.33 a1.53 + 65.33 a1.53 + 65.33
20-ppm °0+0.2 ¢0.05 + 0.23 °0+0.3 212.66 + 72.67 218.5+70.67 °0.58 + 46.33
50-ppm a0.05 + 0.27 °©0+0.2 °0+0.2 a10.2 + 61.33 @20.0 + 62.33 a®9.64 + 63

Table 2: Serum BUN and Cr levels in female mice following oral exposure to 20-ppm and 50-ppm concentrations of Ag-NPs. All data are the mean + SD. Means with the

same letter are not significantly different (Duncan’s test and P<0.05).

Na K
Groups Days Days
2 7 14 2 7 14
Control 511.15 + 209.67 511.15 + 209.67 511.15 + 209.67 3 +13.09 a3 + 13.09 a3 +13.09
20-ppm 48.88 + 206 904/40 + 194 a19.08 + 256 22.70 £ 10.87 °0.18 £ 7.55 *0.11 + 8.44
50-ppm aeg.42 + 229.33 a8.96 + 235.67 bed50.3 + 222.67 °64/0 + 9/7 30.46 + 13.41 50.35 £ 9.02

Table 3: Serum Na and K levels in male mice following oral exposure to 20-ppm and 50-ppm concentrations of Ag-NPs. All data are the mean + SD. Means with the same

letter are not significantly different (Duncan’s test and P < 0.05).

Na K
Groups Days Days
2 7 14 2 7 14
Control ©3.05 + 227.67 ©3.05 + 227.67 ©3.05 + 227.67 20.60 + 18.2 20.60 + 18.2 20.60 + 18.2
20-ppm 05/3 + 67227. 21+ 243 a2 .52 + 227.67 °3.40 £ 8.07 °0.82 £ 9.77 ©1.59 £ 7.86
50-ppm ©19/14216.67 + 9,71 + 228.67 %6.51 £ 219.33 ©1.06 £ 7.55 2.60 + 15.32 °0.45+7.79

Table 4: Serum Na and K levels in female mice following oral exposure to 20-ppm and 50-ppm concentrations of Ag-NPs. All data are the mean + SD. Means with the same

letter are not significantly different (Duncan’s test and P<0.05).
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Figure 1: Biochemical results from the effects of Ag-NPs on levels of mice blood urine nitrogen (BUN), creatinine (Cr), sodium (Na) and potassium (K) following oral exposure
to 20-ppm and 50-ppm concentrations of Ag-NPs in male (left) and female (right). Data are presented as mean + SEM. Means with the same letter are not significantly different
(Duncan’s test and P<0.05). In each series, first column (white) denotes control, 2™ column (dark) 20-ppm Ag-NPs and 3 column (gray) 50-ppm Ag-NPs.
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it appears that female mice are more likely to be affected by toxic effects
of Ag-NPs than male mice.

Discussion

This study investigated the sex differential influence of acute orally-
administered silver nanoparticles (Ag-NPs) on some biochemical
parameters in kidney of mice Mus musculus. Ag-NPs had potential
to adversely affect the kidney functions in gender-dependent manner
so that obvious kidney toxicity was found in female mice. This was
indicated by a significant decrease of serum Cr level and hyperkalemia in
the female mice. Overall, the study suggests that female mice suffer more
serious kidney toxicity than male mice when treated with Ag-NPs.

Despite their widespread application, comprehensive biologic and
toxicologic information of Ag-NPs is lacking. Current in vitro studies
have shown that Ag-NPs have potential to induce toxicity in cells
derived from a variety of organs [14]. In fact, Ag-NPs are widely used
as bactericidal agents in consumer products, but their potential toxicity
remain poorly understood.

It has been demonstrated that sex differences are an important
aspect in pharmacokinetic and pharmacodynamics research [15].
Changes in plasma protein and hormonal levels are obvious significant
sex differences which may occur during the menstrual cycle [16]. This
leads to different physiological responses during blood circulation for
males and females, due to the possible effects on interactions between
blood plasma and nanaoparticles (Chen et al., 2013). The current study
showed that sex differences can lead to significant differences in the
toxicity of Ag-NPs. This was indicated by more alterations of BUN and Cr
levels in female than male mice. Cr is a break-down product of creatine
phosphate in muscle, and is usually passed into the bloodstream and
then out in urine. Measuring serum BUN and Cr is the most commonly
used indicator of renal function [9]. A low blood levels of BUN and Cr
in the female mice of current study indicate that the kidneys may not be
functioning properly and that Ag-NPs caused more significant kidney
damage in female mice than male mice. Furthermore, GFR (glomerular
filtration rate) as the best overall biomarker of kidney function in mice
is determined by assessing serum Cr. Therefore, sex differences result in
possible toxicological differences (Chen et al.).

A gender-related effects of Ag-NPs in the kidneys of the current
study is consistent in the results from other inhalation studies. For
example, Kim [9] and Song [17] in Sprague-Dawley rats found a
gender-related difference in the accumulation of silver in the kidneys,
with a twofold increase in the female kidneys when compared with the
male kidneys. In addition, they found some significant dose-dependent
changes in the alkaline phsophatase and cholesterol values in either the
male or female rats.

The evaluation of body fluids in tissues and serum plays a key role
in assault on organs and to a reasonable extent, toxicity assessment
[18]. The observed elevation in the level of sodium in Ag-NPs treated
female mice of the current study suggests a probable effect on the
sodium/potassium pump. The pump maintains constancy in the
concentration of sodium or potassium electrolytes in extracellular
fluids [19-23]. Likewise, a raised level of serum potassium following
Ag-NPs administration to female mice may signal early kidney stress.
Nevertheless, this finding is in contrast with Yong who had previously
reported nonsignificant alterations to the levels of serum potassium
following Ag-NPs administration to female rat. The origin of the
difference in effects measurements remains to be resolved, however it
has been suggested that most of the xenobiotics that are excreted from
the organism are eliminated more rapidly by males than by female

animals [20-24]. This may explain more toxicity of Ag-NPs on female
mice than male mice. Overall, these findings reveal that Ag-NPs had
a more pronounced toxic effect on the function of female rather than
male mice kidney.

In conclusion, our findings build up necessary knowledge on
Ag-NPs in vivo distribution and mechanisms responsible for Ag-
NPs meditated toxicity to organisms. Further studies are required to
elucidate in depth how Ag-NPs interact and affect cellular processes.
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