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Background:

Silver nano-particles have anti-fungal properties. In the present study, silver
nano-particles were synthesized by electrochemical method and its effects on
the serum levels ofT3 and T4 hormones were investigated in adult male rats.

Methods:

In this experimental study, 28 adult male Wistar rats weighing approximately
180-220g were divided into 4 groups of 7 rats. The control group (no
treatment). The experimental groups land 2 received silver intraperitoneal
nano-particle doses of 25 and 100 mg/kg, respectively, for 14 days. The nano-
aprticles had been synthesized at 75 seconds interval. The experimental
group 3 received silver nano-particles that were synthesized at 300 seconds
interval with an intraperitoneal dose of 25 mg/kg for 14 days. At the end of
this period, blood samples were obtained from the rats’ hearts, and the serum
levels of T3 and T4 hormones were measured. The results were statistically
analyzed using ANOVA and Duncan tests.

Results:

At the completion of the study, there was no significant difference in the
mean body weights in all experimental groups compared to control group.
The results showed that the mean serum levels of T3 hormone in the
experimental groupl increased significantly relative to the control group.
However, there was no significant difference in the mean serum levels of T4
hormone in all experimental groups compared to that in the control group (P
< 0.05).

Conclusions:
Silver nano-particles increased the serum T3 hormone level in male Wistar
rats.
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Pereira et al. in 2018, treating rats with silver and

INTRODUCTION

Silver nano-particles play an important role in science,
technology and medicine. The silver nanoscale ranges
from 1 to 100 nanometers in diameter. Smaller silver
nano-particles enter the cell and react with cellular
organelles. Exposure to high doses of silver nano-
particles changes the cellular stress response and
initiates cellular messaging cascades that can
ultimately lead to the autophagy of the organelles or
the whole cell (1). In a study by Ramshini et al. in 2017,
nano-silver particles corrected learning and space
memory in rats by preventing amyloid fibril-induced
neurotoxin toxicity (2). In addition, in a study by

titanium  nano-particles induced mitochondrial
swelling. Exposure of mitochondria to silver and
titanium nano-particles reduced the mitochondrial
respiration, increased ROS levels, and depleted the
endogenous antioxidant system (3).

In another study by Kang et al in 2017, nano-silver
particles reinforced the clinical features of atopic
dermatitis in mice by activating the mast cells (4). Also,
in the study of Sengstock and collegues in 2014, silver
nano-particles corrected osteogenic and adipogenic
differentiation in human mesenchymal cells even at
non-toxic concentrations (5).
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It was also reported by Guang et al. in 2013 that silver
nano-particles had molluscicide effects (6). In another
study by Wang et al. in 2013, the silver nano-particles
induced RNA polymerase-silver binding and RNA
transcription inhibition in erythroid progenitor cells.
This study showed that the nano-particles had
inhibitory effects on RNA polymerase (7). Salem et al.
also demonstrated in 2018 that the silver oxide nano-
particles relieve indomethacin-induced gastric ulcer

(8).

Thyroid is an important endocrine gland that plays a
role in regulating the body’s metabolism and the
functions of bodily organs, including the digestive,
heart and reproductive systems. Thyroid disorders are
associated with changes in alterations of the proteins
and enzymes synthesized by the liver (9). Thyroid
hormones play important roles in the growth and
development of various parts of the brain, especially
the hippocampus, subventricular and olfactory bulbs,
all of which are involved in learning (10). Thyroid
stimulating hormone (TSH), secreted from the anterior
pituitary, is responsible for the regulation of thyroid
hormones synthesis and release. The TSH itself is
governed by thyrotropin-releasing hormone (TRH)
synthesized by and released from the paraventricular
nucleus (11).

Considering the growing application of nano-particles
in cancer management and the side effect on the
thyroid gland, investigation of the effects of silver
nano-particles on the gland is of clinical significance.

MATERIALS AND METHODS

Synthesis of Silver Nano-particles: In this
research, silver nano-particles were produced by
electrochemical method in a two-electrode cell, using a
Sama 500 electro-analyzer and controlled current
coulometry (CCC) systems at room temperature (12).
Two plates of platinum were used as cathode and
anode. A constant current was applied in a fixed time
interval, ranging between 0.001-1 amp and a time
interval of 1-65000 seconds. One of the electrodes was
static with the other being rotary (speed=3000 rpm).
The fixed anode electrode was a 2x1cm plate. Also, the
dimension of the rotating cathode electrode was 0.7cm.
In order to achieve a smooth and clean platinum
surface, both electrodes were electrically polished
before the experiment.

The electrolyte solution consisted of 5mM silver nitrate
(AgNO3), 0.1 M potassium nitrate (KNO3z) in double
distilled water. To this solution 20gr/L polyvinyl
pyrrolidone (PVP) was added as the stabilizer. We used
a magnetic stirrer to speed up the transfer of
synthesized silver nano-particles from the vicinity of
the cathodes into the solution and to increase its
uniform distribution in the solution (12).

To investigate the toxic effects of silver nano-particles
on the liver, we used them in the experiments at two
different time intervals, i.e., 75 seconds and 300
seconds. Since, we required ample nano-particles for
14 days of injection, it was necessary to evaluate the
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shelf-life of the particles over time. Thus, to investigate
the sustainability of the particles, we examined the
color alteration of the solutions and their spectrum
over time.

Animals: All experimental procedures used in this
study were approved by the Institutional Animal Care
and Ethical Committee of Shiraz Islamic Azad
University. We used adult male Wistar rats (N=28), 2.5-
3 months old and weighing 180-220g. The rats were
randomly distributed into four groups of seven each,
and kept in standard cages at 20-22°C and 12 hours of
light/dark cycles, having free access to food and water.
In order to adapt the animals to the study conditions,
the experiments were conducted several days after the
animal adaptation period.

Animal Treatment: The control group received no
treatment. The experimental groups 1 and 2 received
silver nano-particles at a dose of either 25 or 100
mg/kg intraperitoneally for 14 days. The nano-
particles had been synthesized at 75 seconds interval.
The experimental group 3 received silver nano-
particles intraperitoneally at a dose of 25 mg/kg for 14
days. This batch of nano-particles had been synthesized
at 300 seconds interval. The doses, duration of
treament and route of administration were determined
based on the previously established guidelines (13-17).

At the completion of the experimental period, animals
were anesthetized by ether, and blood samples were
collected from the left ventricle of their heart, and
centrifuged at 5000 rpm for 15 minutes. The blood sera
were collected and used for the measurement ofT3 and
T4 hormones by radioimmunoassay (18).

Statistical Analysis: Data were analyzed by SPSS
statistical software, version 22.0 (SPSS Inc., Chicago, IL,
USA), and ANOVA and Duncan tests. The statistical
inference margin was used to examine the significant
differences between the experimental and the control
groups. The level of statistical significance was
considered at p<0.05 ( (Tables 1-4).

RESULTS

Since one of the parameters affecting the production of
nano-particles was the synthesis time, we noted that
the absorption rose with the rising synthesis time. Also,
the bright yellow color of the solution at 25 seconds
changed to brown color in 300 seconds, which reflects
the formation of a high rate of nano-particles or
elevation of their synthesis concentration over time
(12).

As shown in Figure 1, the color of silver nano-particle
solution synthesized at 75 seconds became turbid over
time and sediments were formed.

After a few days, a little spectrum widening and
relatively low absorption intensity was noted in the
absorption spectrum of the nano-particles synthesized
at 75 seconds interval. Over time, the color of the nano-
particles produced at one amp current, rotation speed
of 3000 rpm and time interval of 300 second, changed
from light brown to opaque brown ( Fig.2).
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Ag75
Frist day Third day

Figure 1. Synthesized silver nano-particles by electrochemical
method at different time intervals of 75 seconds in 1 ampere and
rotational speed of 3000 seconds in frist, second, third, seventh and
fourteenth days (left to right).

Second day Seventh day Fourteenth day

Ag 300
First day Third day

Figure 2. Synthesized silver nano-particles by electrochemical
method at different time intervals of 300 seconds in 1 ampere and
rotational speed of 3000 seconds in frist, second, third, seventh and
fourteenth days (left to right respectively).

Second day Seventh day  Fourteenth day

The sustainability study of the nano-particles indicated
that during the 14-day injection period the absorption
intensity of nano-particle’s spectrum declined, and
some of them precipitated. Therefore, the silver nano-
particles were synthesized daily, and used for the same
day’s injections. The synthesized silver nano-particles
were centrifuged for 15 minutes at 14000 rpm. In
order to remove added chemicals in the final product,
the nano tube was washed three times with distilled
water (12).

There was no significant difference in the means of the
rats’ body weight after the experiments among all
treatment groups compared to that for the controls
(Table 2). The results showed that the mean serum T3
hormone levels for the experimental group 1 increased
significantly compared to that for the control group
(Table 3). There was no significant difference in the
means of serum T4 hormone levels in all of the
treatment groups compared to that for the controls
(P<0.05) (Table 4).

Iran ] Toxicol. 2019;13(4)

Table 1. Comparison of mean body weight before the experiment
among the experimental groups receiving silver nano-particles and
the control group.

All groups Number of body weight before the
samples experiment (g) (X + SEM )
Control group 7 173.5+0.92
Experimental group1 7 183.86+1.34
Experimental group2 7 196.43+2.37
Experimental group3 7 185.00+4.08

Values are based on the mean + mean error.

Table 2. Comparison of mean body weight after the experiment
among the experimental groups receiving silver nano-particles and
the control group.

All groups Number of body weight after the
samples experiment (g) (X +SEM )
Control group 7 181.43+£3.22
Experimental group1 7 192.71+ 4.88
Experimental group2 7 210.71+4.43
Experimental group3 7 196.43+4.80

Values are based on the mean + mean error.

Table 3. Comparison of mean serum concentration of T3 hormone
among the experimental groups receiving silver nano-particles and
the control group.

All groups Number of T3(ng/ml)
samples (Y +SEM )

Control group 7 1.20+0.07

Experimental group1 7 1.64+0.10*

Experimental group2 7 1.32+0.12

Experimental group3 7 1.02+0.03

* There is a significant difference between the experimental groups
receiving silver nano-particles and the control group at the level of
p<0.05. Values are based on the means + mean errors.

Table 4. Comparison of mean serum concentrations of T4 hormone
among the experimental groups receiving silver nano-particles and
the control group.

All groups Number of T4(ng/ml)
samples (Y +SEM)

Control group 7 4.43+0.36

Experimental group1 7 4.20+0.26

Experimental group2 7 3.76+0.32

Experimental group3 7 4.78+0.24

Values are based on the mean + mean error.

DISCUSSION

In the present study, the effects of silver nano-particles
on the serum concentrations of T3 and T4 hormones
were investigated. The results showed that the mean
serum levels of T3 hormone in the experimental group
1 increased significantly relative to that for the control
group. However, there was no significant difference in
the mean serum levels of T4 hormone in all
experimental groups compared to that for the control
group. The results of this study were partly consistent
with those reported by previous studies (18-21).

In a previous study (20), silver nano-particles at a dose
of 150mg/kg resulted in a significant increase in the
blood level of thyroxine hormones. Also, the
concentration of TSH in the groups receiving 50 or
150mg/kg silver nano-particles showed a significant
decrease compared to that for the sham group (20).

In another study (21), it was shown that the oral
exposure to a silver nano-particles solution
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significantly increased the T4 hormone in the
experimental groups compared to that for the controls.
However, the serum levels of T3 and TSH hormones did
not show a significant change among the groups. In a
pathological study, no trace of lesions resulting from
the exposure to the nanoparticles was observed (21).

Some studies have shown that silver nano-particles
impair thyroid function (22, 23). These in vivo and in
vitro studies reported that the nano-particles
influenced the synthesis pathways of the thyroid
hormones. Hinther et al. (24) showed that exposure to
silver nano-particles alone lowered the levels of beta
receptor variants of thyroid hormones in frogs.
Moreover, in a study by Sharifi et al. (25), silver nano-
particles at certain doses in rats led to
hyperthyroidism. By increasing the dosage of the nano-
particles, the thyroid gland underwent necrosis and the
hormones were significantly altered (25).

Studies have shown that neurons containing dopamine
that originate in the arcuate nucleus are drawn to the
hypothalamus, which inhibits the secretion of TRH
hormone, especially in the hypothalamus and middle
prominence. TRH neurons may have a dual action on
prolactin secretion, both through direct effects on
lactrotrophs and indirect effects by inhibiting the
tuberoinfundibular dopaminergic system. It was found
that TRH hormone release, initially stimulated by
dopamine, was indirectly inhibited by somatostatin
secretion (26, 27). Hadrup et al. (28) found that silver
nano-particles at a dose of 9mg/kg increased the
concentration of 5-hydroxytryptamine. In contrast, the
concentration of dopamine in the brain decreased by
exposure to silver nano-particles for 14 days. Probably
silver nano-particles, by blocking or reducing the
synthesis of dopamine, increased the secretion of TRH
in paraventricular nucleus of hypothalamus. This
subsequently led to an increase in the secretion of TSH
from the anterior pituitary, resulting in a rise in T3
hormone synthesis and release (28).

Also, in a study by Shaheen et al. (29), it was shown
that silver-gold nano-particles corrected the increased
insulin  levels and glucokinase activity in
streptozotocin-induced diabetic rats (29). The nano-
particles lead to increased oxidative stress and reactive
oxygen species (ROS), reduced cellular antioxidant
such as glutathione, increased cellular involvement in
immune processes by damaging the mitochondria.
They also damaged the DNA (30), leading to the
impaired activity of the thyroid gland, which resulted in
an increase in T3 hormone release (30).

The finding of this study showed that silver nano-
particles led to increased endocrine activity of the
thyroid gland. Based on this finding, one of the
applications of the new knowledge is the proposal to
require periodic clinical examinations and screening of
thyroid disorders in patients following the injection of
silver nano-particles. This may account for a major
preventive approach against the associated disorders.

Limitations: A major limitation of this study was the
inability to check histological changes in the thyroid
gland. In future cellular and molecular studies, we
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recommend that the mechanisms of the effect of silver
nano-particles on the thyroid gland activity be
investigated in future research.

CONCLUSIONS

This study showed that silver nano-particles increased
the serum level of T3 hormone by inducing oxidative
stress and increasing reactive oxygen species (ROS),
which caused damage to the thyroid gland. Further
studies are needed to elucidate the pathological
mechanisms involved.
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