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The antioxidant effects of silver, gold, and zinc oxide
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Abstract Background: We studied the effects of different doses of gold nanoparticles (AuNPs), silver nanoparticles
T (AgNPs),and zinc oxide nanoparticles (ZnONPs) on oxidative stress markers including glutathione peroxidase
(GPX) and catalase (CAT) on male mice.
Materials and Methods: Male albino mice of Wistar strain (N = 60), weighing 17-32 g, were used for this
study. The mice were randomly assigned to three classes such that in each class, there were four groups
of which one was control and the other three groups were fed with ZnONPs and AgNPs at 500, 250, and
125 ppm concentration and AuNPs at 100, 50, and 25 ppm concentration for 15 days. The heart blood was
taken to measure GPX and CAT enzyme activities at the end of the treatment.
Results: In male mice treated with AgNPs, the GPX and CAT activities were significantly increased, while
significant decreases were seen in the GPX and CAT activities in mice treated with ZnONPs (P < 0.05) and
in mice treated with AuNPs (P < 0.05).
Conclusion: The results of this study showed that AuNPs and ZnONPs caused decreased antioxidant enzyme
activities, while nanosilver had the reverse effect and increased the antioxidant enzyme activities and
caused decreased stress oxidative.
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INTRODUCTION textile, and automotive industries. Potential benefits
of nanomaterials in biomedical and industrial
In recent years, nanotechnology has resulted in  applications for human health and environment are
dramatic changes in different areas such as medicine,  now accepted in the literature.® In the biological
cosmetic materials,? concrete,” antibacterial,”  field, research focuses on the effect of size, shape,
uptake, and distribution of nanoparticles (NPs).[

Access this article online The increased industrial use of NPs can result in

Quick Response Code: frequent exposure through inhalation, ingestion,
Website: or dermal contact during manufacture, use, and

www.advbiores.net disposal. Hence, studies are needed to understand

the biological effects of exposure to NPs.® The term

DOl: “antioxidant” refers to the chemical material that

10.4103/2277-9175.153893 prevents the use of oxygen. An antioxidant agent acts

against the harmful effects of free radicals. Colloidal
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silver was first used in medicine by Lee in 1889.M1
Barath manikanth et al. observed the effective role
of gold nanoparticle (AuNP) as an antioxidant agent
by inhibiting the formation of reaction oxygen species
(ROS) and scavenging the free radicals.'Y! Oxidative
stress plays a major role in the etiology of several
diabetic complications.™?!¥ This investigation was,
therefore, aimed to study the effects of AuNPs, silver
nanoparticles (AgNPs), and zinc oxide nanoparticles
(ZnONPs) (10 nm) on the oxidative stress markers
including glutathione peroxidase (GPX) and catalase
(CAT) in the blood cells of mice.

MATERIALS AND METHODS

Male albino mice of Wistar strain (V = 60), weighing
17-32 g, were used for this study. They were supplied
by the Medical University of Isfahan and were
acclimatized before commencing the experiments
at suitable conditions of temperature and light for a
period of 2 weeks. The environmental conditions were
a temperature of 25-27°C, with a relative humidity of
40-60% and a 12-h light/dark cycle, and the animals
had free access to water and food. This study was
carried out according to the guidelines approved by
the Institutional Animal Ethical Clearance (IAEC)
committee. The animals were randomly divided into
three classes of which each class consisted of four
groups with five animals in each. One group was
the control that received 0.3 ml of distilled water
and the other three groups were fed with 0.3 ml
of ZnONPs and AgNPs at 500, 250, and 125 ppm
concentration and AuNPs at 100, 50, and 25 ppm
concentration, respectively, for 2 weeks (provided by
injection intraperitoneally). The NPs were obtained
from the Tehran Notrino Company as a colloidal
solution (concentration of 100 ppm) with an average
diameter of 10 nm as determined by transmission
electron microscopy (TEM). The mice did not show
any symptoms of toxicity, such as change in fur
color, weight loss, or any other symptoms in terms of
morphology and behavior. At the end of the 15-day
treatment, all the mice were fasted overnight and
were euthanized on the next day to determine the level
of toxicity by biochemical analysis. For biochemical
analysis, the blood was withdrawn from the hearts
of animals to measure the activities of GPX and CAT
enzymes at the end of the treatment. The serum was
isolated by centrifugation (3000 rpm for 15 min),
and the GPX and CAT activities were measured
with a spectrophotometer (JENWAY, England). The
antioxidant system is comprised of several enzymes
such as GPX and CAT, which are responsible for
maintaining the balance of oxidative system. Therefore,
they prevent an increase in oxidative stress.” GPX
and CAT activities were assayed according to the

2

method described earlier." The measurements of
reduced glutathione and CAT in serum and the mean
values of GPX and CAT in mice of treated and control
groups were compared.'” Statistical evaluations
were conducted by SPSS version 19.0. Analysis of
variance (ANOVA) and Dunnett’s test were used to
determine the activities of GPX and CAT enzymes, and
values of P <0.05 relative to control were considered
statistically significant.

RESULTS

Microscopic characterization of NPs

The morphology and size of the synthesized NPs were
investigated using TEM. The images clearly showed
that the average size of the particles was in the order of
10 nm and depicted that they were relatively uniform
in diameter and spherical in shape. The assembly was
attached with a computer software program to analyze
the mean size of the particles in the sample [Figure 1].

GPX is a tripeptide with a free reductive thiol
functional group responsible for the detoxification
of peroxides and acts as an important antioxidant
in cells. During the detoxification process, GSH (the
reduced form) becomes GSSG (oxidized glutathione)
which is then recycled to GSH by the enzyme
glutathione reductase present in cells. The increase
in production of these enzymes results in decrease in
destruction of antioxidants such as GSH and CAT.™!
The results showed that the activity of GPX enzyme
decreased in all the groups that received AuNPs. In the
third and fourth groups that received 50 and 100 ppm
NPs, respectively, significant changes were observed
statistically (P < 0.05) compared to the control group,
as shown in Figure 2 and Table 1.

The results showed that the activity of CAT enzyme
decreased in all the groups that received AuNPs.

Figure 1: Images of NPs by TEM: (a) AuNPs, (b) AgNPs, (c) ZnONPs
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Compared to the control group, in the fourth group
that received 100 ppm NPs, respectively, statistically
significant changes were seen (P < 0.05), as shown in
Figure 3 and Table 2.

The results showed that the activity of GPX enzyme
decreased in all the groups that received ZnONPs.
Compared to the control group, the fourth group
that received 500 ppm ZnONPs exhibited significant
change statistically (P < 0.05), as shown in Figure 4
and Table 3.

The results showed that the activity of CAT enzyme
decreased in all the groups that received ZnONPs.
Compared to the control group, in the fourth group
that received 500 ppm NPs, respectively, statistically
significant changes were observed (P < 0.05), as shown
in Figure 5 and Table 4.

The results showed that the activity of GPX enzyme
increased in all the groups that received AgNPs.
Compared to the control group, in the fourth group
that received 500 ppm NPs, respectively, statistically
significant changes were observed (P< 0.05), as shown
in Figure 6 and Table 5.

The results showed that the activity of CAT enzyme
increased in the third and fourth groups that received
AgNPs. Compared to the control group, in the fourth

Table 1: Comparison of GPX in the control group and the group
treated With AuNPs 14 days post treatment

group that received 500 ppm NPs, respectively,
statistically significant changes were seen (P < 0.05),
as shown in Figure 7 and Table 6.

DISCUSSION

The results of this study showed that AgNPs
significantly increased the activities of GPX and CAT
and the other NPs (ZnONPs and AuNPs) significantly

Table 2: Comparison of CAT in the control group and the group
treated with AuNPs 14 days post treatment

CAT n Mean Standard  Standard P value
deviation error

Control 5  85.4320 0.67451 0.30165

25 ppm 5  85.3480 0.54136 0.24210

50 ppm 5  86.0080 0.56495 0.25265

100 ppm 5  60.4720 0.39341 0.17594 P =0.000""

*Compared with the control group (P <0.05)

Table 3: Comparison of GPX in the control group and the group
treated with ZnONPs 14 days post treatment

GPX n Mean Standard Standard P value
deviation error

Control 5 9.0040 0.77478 0.34649

125 ppm 5 8.5100 0.40373 0.18055

250 ppm 5 8.4600 0.30496 0.13638

500 ppm 5 6.1240 0.60509 0.27060 P=0.000"

*Compared with the control group (P <0.05)

Table 4: Comparison of CAT in the control group and the group
treated with ZnONPs 14 days post treatment

GPX n Mean Standard Standard P value CAT n Mean Standard  Standard P value
deviation error deviation error
Control 5 9.0040 0.77478 0.34649 Control 5 85.4320 0.67451 0.30165
25 ppm 5 8.9700 0.75356 0.33700 125 ppm 5 85.1600 0.68044 0.30430
50 ppm 5 7.9860 0.40247 0.17999 P=0.05* 250 ppm 5 84.5600 0.45056 0.20149
100 ppm 5 7.8200 0.46043 0.20591 P=0.022* 500 ppm 5 81.2340 1.11950 0.50066 P=0.001***
*compared with the control group (P <0.05) *Compared with the control group (P <0.05)
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Figure 2: The effect of different concentrations of AuNPs on GPX
enzyme
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Figure 4: The effect of different concentrations of ZNONPs on GPX
enzyme
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Figure 6: The effect of different concentrations of AgNPs on GPX
enzyme

Table 5: Comparison of GPX in the control group and the group
treated with AgNPs 14 days post treatment
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Figure 5: The effect of different concentrations of ZnONPs on CAT
enzyme
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Figure 7: The effect of different concentrations of AQNPs on CAT
enzyme

Table 6: Comparison of CAT in the control group and the groups
treated with AgNPs 14 days post treatment

GPX n Mean Standard  Standard P value CAT n Mean Standard  Standard P value
deviation error deviation error

Control 5 9.0040 0.77478 0.34649 Control 5 85.4320 0.67451 0.30165

125 ppm 5 8.5380 0.60417 0.27019 125 ppm 5 84.7400 1.11937 0.50060

250 ppm 5 9.3780 0.64243 0.28730 250ppm 5  85.7000 3.28024 1.46697

500ppm 5  10.2540 0.62312 0.27867  P=0.023" 500ppm 5  88.8620 1.25747 0.56236  P=10.028"

*Compared with the control group (P <0.05)

decreased CAT and GPX activities in 2 weeks. The
cytotoxicity of AuNPs has been studied in human
cells and the results have shown that AuNPs are
nontoxic up to 250 mM, while ionic gold exhibits
obvious cytotoxicity at 25 mM."® Most studies have
shown the toxicity of AuNPs of diameter 4-18 nm."!
Intraperitoneal injection of AuNPs was investigated
by Lasagna-Reeves et al. and the result showed a low
level of toxicity at the dose range of 320-3200 mg/
kg/day.? Zhang et al. used AuNPs at the dose of
100 mg/kg which resulted in harm to the tissues

4

*Compared with the control group (P <0.05)

and enzymes and they had toxic effect.?” Hussain
et al. observed that AgNPs have toxic effect on the
mitochondria of liver and result in the production of
ROS and they decrease glutathione in the liver;??
but in this study, GPX enzyme activity was found to
be increased. Hasen and Negley showed that AuNPs
result in the production of free radical of peroxidation
of unsaturated fatty acid in phospholipid membrane
and result in the creation of apoptosis. ?¥ Halo and
Chen reported that the ZnONPs caused significant
decrease of GSH and CAT enzymatic activities ?¥ and
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a similar result was obtained in this study. The results
of the study of Zhaox et al. showed that generation of
ROS was significantly increased at a concentration of
50 and 100 mg/L of ZnONPs.* At sizes larger than
5 nm, the general assumption is that gold is chemically
inert like the bulk; however, reactivity of AuNPs of
diameter less than 3 nm is most likely different from
that of larger AulNPs.?8! The organ distribution of
large AulNPs is size dependent, while small AuNPs
of 5-15 nm diameters have wider organ distribution
than that of large AuNPs of diameter 50-100 nm.?”

CONCLUSION

The findings of this preliminary study suggest that
AuNPs and ZnONPs of 10 nm diameter significantly
decrease CAT and GPX enzyme activities, while
AgNPs significantly increase the antioxidant enzyme
activities and decrease the level of free radicals.
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