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Abstract

Background: Gold nanoparticles are associated with oxidative stress due to free radical production.
Antioxidants can reduce the damaging effects of free radicals in the long-term. Given the importance of
enhanced oxidative stress in the incidence of tissue damage by nanoparticles and the role of silymarin in
reducing oxidative stress index, this study was conducted to evaluate the protective and antioxidant
effects of silymarin on male rats treated with gold nanoparticles. In this study, 32 male Wistar rats
(250-350 g) were divided into four groups: one control group and three intervention groups. The
intervention groups included a group receiving 100 ppm gold nanoparticles, a group fed with 200 mg/kg
silymarin, and a group receiving the same doses of gold nanoparticles and silymarin. All injections were
performed intraperitoneally for a period of 4 consecutive weeks (28 d).
Result: Levels of catalase (CAT), glutathione peroxidase (GPX), and malondialdehyde (MDA) of red
blood cells were measured. Data was analyzed using ANOVA and Bonferroni tests. In the animals
treated with gold nanoparticles the MDA concentration significantly increased while a significant
decrease was seen in GPX and CAT activities (P<0.05). Also, silymarin extract significantly reversed
these effects and the group receiving both silymarin and gold nanoparticles had increased GPX and
CAT activities and decreased MDA concentration (P<0.05), as compared to the group receiving gold
nanoparticles alone.
Conclusion: Overall, our results suggest that silymarin decreases the toxicity induced by gold
nanoparticle in diabetic rats and can be considered for further treatment studies.
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Introduction
Further studies are needed to investigate the pollutants, such as
nanoparticles, entering into the digestive system. With the
increase in the number of nanoparticles made and their
application in industrial and consumer products, there is an
increasing risk of exposure of humans and aquatic ecosystems,
which may threaten human health and the environment [1-3].
With the reduction of the size of nanoparticles and increase in
the ratio of their surface area to volume, their chemical and
biological reactivity rises. This leads to increased production of
free radicals such as reactive oxygen species (ROSs) beyond
the tolerance of biological systems to eliminate or reduce their
harmful effects [4]. ROS production has been observed in a
diverse range of nanomaterials [5]. Materials with antioxidant

properties are used to strengthen the antioxidant system and
reduce the effects of free radicals [6]. Antioxidants are able to
inhibit or halt the production and aggregation of free radicals
and ROSs [7]. As natural antioxidants, flavonoids’ action
mechanism has been attributed to increase in the gene
expression of antioxidant enzymes or increase in mRNA
stability through the feature of free radical elimination [8]. The
medical part of milk thistle (silybum marianum), with the
therapeutic silymarin, is beneficial in reducing blood
cholesterol. The leaves of this plant contain a bitter and tonic
substance, which is used to treat loss of appetite and digestive
disorders. A substance called glutathione in this plant plays a
major role in liver detoxification. Silymarin consists of a group
of elements called flavonoid-lignan. There is also a new form
of milk thistle called silymarin-phosphatidylcholine complex,
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which is absorbed better than standard milk thistle. In clinical
trials, this new drug alone has done better than silymarin in the
treatment of liver disorders [2-6]. Studies have shown that
silymarin antioxidant effects protect liver cells [7]. Many
studies have been conducted on in vitro effects of silymarin on
different types of cells, which reveal anti-cancer and
antioxidant effects of this plant extract [9-11]. Antioxidants
such as silymarin and quercetin stabilize the membrane
gangliosides and thus make biological membranes durable and
increase cell viability. The carcinogenic agents such as arsenic
make skin cells malignant and induce oxidative stress but
silymarin somewhat tackles both phenomena [12]. Despite
ample information on favorable effects of medicinal plant
extracts in diet of livestock, poultry and aquaculture as well as
commercial applications of these compounds in animal feed
industry. There is still no comprehensive information about the
possibility of using these compounds to reduce the adverse
effects of emerging toxins in nature and aquatic ecosystems as
well as in the body of aquatics particularly through
contamination of food chains. However, several studies have
been conducted on the protective effects of antioxidant
compounds on the health of various species exposed to
conventional pesticides in agriculture as well as some organic
compounds [12]. This study aims to evaluate the oral
administration of gold nanoparticles and silymarin in
laboratory mice with an emphasis on oxidative stress factors
and, therefore, it can be used to inform and alarm people
working in industries and research laboratories related to the
production/research of/on nanomaterials and people who are
exposed to nanomaterials.

Materials and Methods

Nanoparticle characterization
AUCL4 was used as a precursor for the synthesis of gold
colloid. Gold ions in the resulted solution were restored by
citrate and the suspension of gold nanoparticles was produced.
The size of gold particles in the colloid was measured by X-ray
diffraction device and controlled by TEM microscope (Figure
1).

Figure 1. The microscopic picture of spherical gold nanoparticles
with a diameter of 10 nm

Animals
Adult male Wistar rats were used for the experiments. Thirty-
two 8-week-old rats weighing 250-350 g were purchased from
Shahrekord University of Medical Sciences and were divided
into 4 groups of 8 animals (1 control and 3 experimental
groups). They were put in polypropylene cages at the animal
kennel in biotechnology department. The floor of the cages
was covered with sawdust. The animals were kept under
controlled conditions of about 22 ± 1°C temperature and 60 ±
10% humidity with easy access to water and nutritionally
complete concentrated food. All the rats were kept for 4 weeks
(28 days) before the experiments in animal nests with the same
environmental conditions in order to get familiar with the
environment in terms of adaptation and diet. Mice in each
group were identified by signs and were fed intraperitoneally
for 28 days. All animal experiments were performed in
accordance with the ethics committee rules. We obtained the
approval letter No. 13930126 from ethics committee against
the present animal study.

Experimental groups
In this experiment, 32 rats were divided into four groups,
including a control group, which received saline, a group
receiving 100 ppm gold nanoparticles, a group receiving 200
mg/kg silymarin, and a group receiving both gold nanoparticles
and silymarin for 28 consecutive days through 0.5 cc
intraperitoneal injections.

Preparation of tissue homogenates
Specimens from each organ were separated into three parts.
Each part was weighted and homogenized separately with a
potter- Elvenhjem tissue homogenizer. One part was
homogenized in phosphate buffer saline (PBS) 50 mM pH
(7.4) for estimation of CAT enzymes activities and level, the
second was homogenized in potassium phosphate buffer 10
mM pH (7.4) for estimation of MDA, PCO levels and GPx
activity. The crude tissue homogenate was centrifuged at
10,000 rpm, for 15 minutes in cold centrifuge, and the resultant
supernatant was used for the different estimations. Protein
content in tissue homogenate was measured according to the
method of Lowry et al. [13].

MDA
This method depends on the formation of MDA as an end
product of lipid peroxidation which reacts with thiobarbituric
acid producing thiobarbituric acid reactive substance
(TBARS), a pink chromogen, which can be measured
spectrophotometrically at 532 nm, an MDA standard was used
to construct a standard curve against which readings of the
samples were plotted [14].

CAT
CAT (EC 1.11.1.6) activity was measured according to
Clairbone (1985). The method is based on the direct
measurement of the decrease in absorbance at 240 nm (ε240
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nm=43.6 M-1 cm-1) due to H2O2 consumption by CAT. To
optimize the assay conditions, relatively low H2O2
concentration was used. Assays were carried out in 50 mM K-
phosphate buffer, pH 7.0, with 10 mM H2O2 at 25°C. In this
work, CAT specific activity was expressed as units of CAT by
mg of protein of enzymatic preparation. One CAT unit was
defined as the mmol of H2O2 consumed per min.

GPX
The activity of GPx was evaluated with GPx detection kit
according to the manufacturer’s instructions. GPx catalyses the
oxidation of glutathione (GSH) by cumene hydro-peroxide. In
the presence of glutathione reductase (GR) and NADPH, the
oxidized glutathione (GSSG) is immediately converted to the
reduced form with a concomitant oxidation of NADPH to
NADP+. The decrease in absorbance was measured
spectrophotometrically (S2000 UV model; WPA, Cambridge,
UK) against blank at 340 nm. One unit (U) of GPx was defined
as mmol of oxidized NADPH per min per mg of tissue protein.
The GPx activity was expressed as milliunit per mg of protein
(mU/mg) 1 protein).

Data extraction
The data obtained from the spectrophotometer was saved using
SPSS and then transferred to Excel and edited if necessary.
Then the parameters in the injection method (MDA
concentration and the activity of CAT and GPX) were

extracted and the data obtained from ANOVA table was taken
out of the SPSS and recorded in the Excel. The results were
expressed as mean and standard deviation. Given the normal
distribution of data, repeated measures ANOVA was used to
compare enzyme results in each group before and after the
trial; ANOVA and Bonferroni tests were used to compare the
groups in any time periods and then the frequency table was
drawn. The level of significance was considered to be less than
0.05.

Results

Comparing the average concentration of
malondialdehyde
The effect of different concentrations of gold nanoparticles and
silymarin after 28 days of intraperitoneal injection on the
specified parameters in rats was compared in terms of observed
averages in control and test groups. The basic statistical model
was developed which included gold nanoparticles, silymarin
variables and within-group concentrations. After determining
the basic model, the overall averages of different
concentrations of nanoparticles and silymarin were compared
and it was determined whether there were significant
differences between them. In line with this, statistical data
were examined to determine which concentrations of gold
nanoparticles show a significant difference with the control.

Table 1. Comparison of average concentrations of MDA in injected nanoparticles and silymarin solution in Wistar rats

MDA(nmol/ml) N Mean Std. Deviation Std. Error P value

Control 8 3.85 1.43 0.50

Nanoparticles 8 6.33 1.45 0.51 0.004**

Silymarin 8 1.50 0.32 0.11 0.006**

Nanoparticles +

Silymarin
8 4.25 1.52 0.53 0.018##

**Compared with the control group
##Compared with the silymarin group

According to Table 1, MDA level in the group receiving
nanoparticles has increased compared to the control group; it
has significantly decreased in the group receiving silymarin. In
the group receiving both gold nanoparticles and silymarin,
MDA level has significantly decreased compared to the group
receiving gold nanoparticles but it has increased compared to
the control (Figure 2). This indicates that silymarin solution
reduces the effects of gold nanoparticles and has antioxidant
effects. MDA is produced by membrane lipid oxidation caused
by a strong oxidizing agent.

Comparing the average activity of catalase

Table 2. Comparison of average catalase activity in injected
nanoparticles and silymarin solution in Wistar rats.

CAT(U/mgpr) N Mean Std.
Deviation Std. Error P value

Control 8 73.38 14.55 5.14

Nanoparticles 8 53.20 5.17 1.82 0.019**

Silymarin 8 95.73 14.30 5.05 0.008**

Nanoparticles
+

Silymarin
8 71.26 13.41 4.74 0.044##

**Compared with the control group
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Figure 2: Comparison of average concentrations of MDA in injected
nanoparticles and silymarin solution in Wistar rats

Figure 3. Comparison of average catalase activity in injected
nanoparticles and silymarin solution in Wistar rats.

According to Table 2, catalase activity in the group receiving
nanoparticles has decreased compared to the control group; it
has significantly increased in the group receiving silymarin. In
the group receiving both, gold nanoparticles and silymarin,
catalase activity has significantly increased compared to the
group receiving gold nanoparticles but it has decreased
compared to the control (Figure 3). This indicates that
silymarin solution reduces the effects of gold nanoparticles and
has antioxidant effects.

Comparing the average activity of glutathione
peroxidase

Table 3. Comparison of average activity of glutathione peroxidase in
injected nanoparticles and silymarin solution in Wistar rats.

GPX(U/mgpr) N Mean Std. deviation Std. error P value

Control 8 38.12 6.32 2.23

Nanoparticles 8 26.16 5.51 1.95 0.000**

Silymarin 8 47.47 3.73 1.32 0.007**

Nanoparticles
+Silymarin 8 34.15 4.69 1.66 0.027##

Compared with the control group; ##Compared with the silymarin group

According to Table 3, glutathione peroxidase activity in the
group receiving nanoparticles has decreased compared to the
control group; it has significantly increased in the group
receiving silymarin. In the group receiving both gold
nanoparticles and silymarin, glutathione peroxidase activity
has significantly increased compared to the group receiving
gold nanoparticles but it has decreased compared to the control
(Figure 4). This indicates that silymarin solution reduces the
effects of gold nanoparticles and has antioxidant effects.

Figure 4. Comparison of average activity of glutathione peroxidase in
injected nanoparticles and silymarin solution in Wistar rats.

Discussion
Numerous experimental and clinical studies have shown that
administration of antioxidants such as alpha lipoic acid in
animal diabetes model eliminates oxygen free radicals and,
therefore, increases insulin sensitivity [14]. Although the
mechanism of action of silymarin and its active ingredient that
lowers blood sugar is not clear, several studies have reported
the efficacy of silymarin in protecting pancreas cells and
preventing metabolic disorders induced by high glucose [15].
However, several mechanisms of action have been proposed
for the therapeutic effect of silymarin including silymarin’s
antioxidant properties, increasing the concentration of cells and
blood glutathione and stabilizing the cell membrane [15]; in
this study, also, the effect of silymarin was to reduce oxidative
stress and increase glutathione peroxidase. While the
mechanism of action of silymarin in reducing blood glucose
and lipids is unclear, one study has suggested that this effect is
due to the reduction of lipoperoxidation and insulin resistance
[15]. Silymarin eliminates oxygen free radicals such as
hydroxyl anions, phenoxy radicals, and hypochlorous acid in
various model systems such as platelets, fibroblasts, liver
microsomes and mitochondria and inhibits oxidative stress
[13]. Preventing lipid peroxidation and modifying the level of
glutathione, silymarin also has the ability to protect neurons
against oxidative stress [13]. Silymarin affects cell membrane
by eliminating free radicals and iron buffer [13]. In type I
diabetes, reduction of antioxidants and increased production of
lipid peroxidation depend on the degree of blood glucose level
control [13]. Silymarin also prevents depletion of glutathione
and even increases its level, induces superoxide dismutase and
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inhibits 5-lipo-oxygenase thus preventing lipid peroxidation
and production of ROS [16]. In this way, it can prevent liver,
kidney, heart and brain injuries. In line with this, its efficacy in
models of reduced blood and oxygen supply to tissues has been
confirmed [16]. Studies on the effects of silymarin on cell
survival have concluded that silymarin prevents PC12 cell
apoptosis by strengthening the action of NGF. Free radicals
such as superoxide, hydroxyl radicals (•OH) hydrogen
peroxide (H2O2) radicals caused by lipid peroxidation can
cause damage to the nervous tissue and, as a result, lead to
neurodegenerative diseases including epilepsy, schizophrenia,
Parkinson’s and Alzheimer’s [16]. One or more antioxidants in
milk thistle extract are responsible for the neuroprotective
effect. The powerful antioxidant activity of silymarin increases
cellular glutathione and stimulates the production of
superoxide dismutase (SOD) and glutathione peroxidase
(GPX) and catalase (CAT) in rats’ brain [17]. In this study, the
same silymarin characteristics were confirmed. Oxidative
stress in humans is caused by antioxidant imbalance, which, in
most cases, will ultimately lead to oxidative damage. It appears
that reactive oxygen species are produced in all tissues through
different mechanisms. Nanotechnology researchers are familiar
with a wide range of nanoparticle applications that may be
much effective in medicine including prevention and treatment
of diseases and drug production. Germicidal property of silver
rises to more than 99% in nanoscale, which affects
metabolism, respiration and reproduction of microorganisms.
So far, this nanoparticle has destroyed more than 650 types of
bacteria [18]. Silver nanoparticles are one of the strongest anti-
bacterial and anti-fungal materials, but there is concern that
excessive use of this material is a potential threat to
ecosystems, human life, and other organisms. One of the most
common effects of long-term exposure to silver is irreversible
pigmentation in the skin or eyes [19]. Zinc and Copper are
among the most important microelements that are involved in
oxygen metabolism and biochemical reactions or redox. Zinc is
one of the auxiliary agents of superoxide dismutase [20], which
brings about simultaneous superoxide oxidation and reduction
(because of aerobic metabolism) and converts it to oxygen and
hydrogen peroxide. In addition to being a cofactor for SOD by
the induction of response to stress signals, zinc plays a role in
coping with oxidative stress [20]. Zinc oxide nanoparticles are
able to protect the integrated structure of cell membrane
against oxidative damage caused by free radicals, increase
antioxidant enzyme levels and reduce malondialdehyde level
[20]. In this study, gold nanoparticles increased the production
of free radicals. In a study on the effect of 2.5 mg/kg
intraperitoneal injection of gold nanoparticles to mice,
researchers concluded that gold nanoparticles decrease catalase
and glutathione peroxidase in healthy and diabetic mice [21]. A
large number of in vitro studies have shown the toxicity of zinc
oxide. For example, in one study it was demonstrated that zinc
oxide nanoparticles in the medium lead to the production of
ROS and subsequently cause oxidative damage, inflammation
and cell death, as well as decomposition of zinc oxide in cell
culture medium. Also, intracellular ROS is significantly
associated with lactate dehydrogenase (LDH) levels. The
elevated LDH level and cell death is consistent with the results

of this study. Research on antibacterial effects of zinc oxide
and the measurement of zinc oxide spin resonance indicated
that aqueous suspension of zinc oxide nanoparticles induce the
production and increased activity of ROS and a significant
increase of oxidative stress [22]. Observations of this research
in terms of cellular damage correspond with the above study.
Platinum nanoparticles inhibited pulmonary inflammation by
reducing oxidative stress caused by smoking. This indicates its
antioxidant properties, which reduce oxidative stress and lower
blood sugar [22]. Melatonin-selenium nanoparticles (MT-Se)
have antioxidant effect and lower blood sugar in diabetic rat
[23]. The effect of magnesium oxide nanoparticles on Wistar
rats showed that they increase oxidative stress by reducing
antioxidant capacity in mice and causes acute toxicity by
reducing superoxide dismutase and catalase [24]. The results of
this study are consistent with these results. Silver nanoparticles
in 100 and 200 ppm doses increase catalase; higher doses will
lead to higher levels of this enzyme. Therefore, researchers
have concluded that silver nanoparticles reduce oxidative stress
and induce antioxidant enzymes [25]. Copper oxide
nanoparticles at a dose of less than 50 nm decreased
superoxide dismutase and catalase; the damage became severe
after a day and a week following intra-pulmonary injection
[26]. The researchers have shown that copper oxide
nanoparticles increase the secretion of superoxide dismutase
and catalase [27]. Oxidative stress increases when nanoparticle
toxicity rises. Increased production of ROS and increased
oxidative stress can be one of the symptoms of nanoparticle
toxicity [27].

Conclusion
The results of this study suggest that silymarin decreases the
toxicity induced by gold nanoparticle in diabetic rats and can
be considered further in clinical applications.
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