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A B S T R A C T

This study was conducted to investigate the hepatoprotective effects of silymarin on CCl4-induced oxidative
stress in broiler chickens model. A total of 240 day-old broilers were divided into 4 equal groups (n=60)
composed of a control group (receiving 1mL/Kg BW saline) and 3 groups treated with silymarin (receiving
100mg/Kg BW silymarin), CCl4 (receiving 1mL/Kg BW CCl4), and combination of silymarin+CCl4. Results
indicated that silymarin has potential to mitigate the deleterious effects of CCl4 on protein and lipid metabolism.
The protective activity of silymarin against CCl4-mediated lipid peroxidation was demonstrated by the lower
serum content of MDA, as lipid peroxidation marker. CCl4-induced hepatotoxicity was demonstrated by the
elevation of serum contents of ALP, AST, ALT, and GGT enzymes, whereas silymarin decreased serum activity of
ALP and AST hepatic enzymes. The CCl4-challenged birds revealed considerable hepatic injures characterized by
moderate to severe hepatocellular degeneration around the portal vein, aggregation of inflammatory cells,
granulomatosis, cytolytic necrosis, periportal space fibrosis, and sinusoidal dilatation. However, liver damages
were amended by the silymarin. In line with molecular study, a remarkable down-regulation was detected in the
expression of CAT, GPx, and Mn-SOD hepatic genes in CCl4-challenged birds, whereas silymarin significantly up-
regulated aforementioned genes. In general, current study showed that silymarin has potential to alleviate the
adverse effects of oxidative stress in poultry farms.

1. Introduction

Modern commercial broilers that are genetically selected for rapid
growth are prone to oxidative stress [1]. Oxidative stress is the loss of
redox homeostasis by the excess production of reactive oxygen species
(ROS); which exceed the scavenging activity of the antioxidant defense
systems [2]. Hence, oxidative stress results in the initiation and pro-
gression of hepatic damage. Carbon tetrachloride (CCl4) intoxication is
a broadly used experimental model to mimic oxidative stress in both in
vitro and in vivo studies [3]. It has been reported that CCl4 undergoes
metabolic activation through hepatic microsomal cytochrome P450 en-
zymes to form toxic trichloromethyl radical with the potential of oxi-
dative stress which results in hepatocytes destruction and ultimately
disturbance of hepatic functions [4]. In addition, deleterious effects of
CCl4 on the hepatic antioxidant enzymes such as catalyze (CAT), glu-
tathione peroxidase (GPx), and super oxide dismutase (SOD) have been
reported [5].

The bioactive components of plants have gained considerable at-
tention to alleviate the adverse effects of oxidative stresses. Milk thistle

(Silybum marianum L.), as an important hepatoprotective plant, has
been used for centuries as a natural remedy for the liver and biliary
tract. Dried extracts of milk thistle seeds contain approximately 60%
silymarin. Typically, silymarin consists of several flavonogligans in-
cluding silibinin (50–60%), isosilibinin (5%), silychristin, (20%) and
silydianin (10%) and a flavonoid (taxifolin) [6]. The beneficial effects
of silymarin have been reported in broilers [7], Japanese quail [8], and
mice [9]. Silybin, as the main bioactive of silymarin, is believed to have
antioxidant activity and potential to prevent lipid oxidation in human
and some animal models [10]. In accord with this, it has been de-
monstrated that silybin protects the structure and function of hepato-
cytes through scavenging free radicals, activating related antioxidant
genes, restoring damaged tissues, and producing new hepatocytes [11],
leading to this suggestion that silymarin could be used as an ideal agent
for the comparison of hepatoprotective bioactive components [12]. At
the molecular level, it prevents synthesis of the chemical mediators
involved in inflammation such as tumor necrosis factor-alpha (TNF-α),
leukotriene B4 (LTB4), and prostaglandin E2 (PGE2) and also interferes
with the liver fibrosis process [13]. However, the precise mechanism of
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its protective effects has not been precisely explored. Hence, the main
objective of the present study was to investigate the potential protective
effects of silymarin on oxidative status and hepatic damage in broilers
subjected to oxidative stress induced by CCl4.

2. Materials and methods

2.1. Plant preparation and extraction

Silybum marianum used in this experiment was collected in the
summer from the heights of Ravansar (34° 52′ N 46° 27′ E; Altitude:
1650m), Kermanshah province, Iran. Dried seeds of Silybum marianum
were ground and sieved through a 60-meth size screen to get fine
powder from which the ethanol extract (silymarin) was prepared. In
brief, 20 g of the powder was defatted using 300mL petroleum ether by
soxhletion for 16 h. Defatted powder was then dissolved in ethanol
(300mL) for 10 h, followed by evaporating ethanol using vacuum
drying oven (Binder, Germany) at 39 °C.

2.2. HPLC analysis

Standard of silymarin was provided commercially (Sigma-Aldrich
Co, St. Louis, MO, US) and contains (silybin A, silybin B, isosilybin A,
isosilybin B, silychristin, silydianin, and flavonoid of taxifolin). Solvents
and other reagents were purchased from commercial source (Merck,
Germany). Silymarin stock solution was prepared at 1mg/ml con-
centration in methanol (Sigma-Aldrich). The standard working solu-
tions used to build calibration curve were prepared by serial dilutions of
stock solutions with methanol. Chromatography was performed using a
SY-8100 HPLC (BFRL, China), equipped with a C18 column (25 cm
×4.6mm). A mixture of methanol and water (50:50, v/v) was used as
the mobile phase. The elution has been made in an isocratic mode at a
flow rate of 1mL/min and the detection made at 288 nm.

2.3. Birds, diets and experimental design

All experimental protocols were approved by the Gorgan University
of Agricultural Sciences and Natural Resources, Animal Care and Use
Committee (Iran) and were according to the European recommenda-
tions (Directive 2010/63/EU), which consider welfare standards for
keeping chickens for meat production. A total of 240 male broiler
chicks (Ross, 308) were obtained from a commercial hatchery and
housed in an environmentally controlled poultry house with wood
shavings as litter. Birds were divided into 4 equal groups (n= 60)
composed of a control group (receiving 1mL/Kg BW saline) and 3
groups treated with silymarin (receiving 100mg/Kg BW silymarin),
CCl4 (receiving 1mL/Kg BW CCl4), and combination of
silymarin+CCl4. Silymarin dosage was chosen based on a previous
study [14]. Moreover, CCl4 was used based on our precious study [8] to
induce oxidative stress. All the categories fed by a basal diet based on
the Nutrient Requirements of Domestic Animals, Nutrient Requirements
of Poultry [15] recommendations throughout the study. From day 21 of
experiment, birds of control group received isotonic saline (i.p.), whilst
experimental groups challenged by silymarin (orally), and solution of
CCl4 in olive oil at the ratio of 1:1 (i.p.). Silymarin was fed directly into
crop via a syringe equipped with a plastic nozzle and feeding tube
(Nova Cath®, No. 10). Intraperitoneal injection of CCl4 was performed
beginning on day 22, and again every three days [16]. In order to
homogenize the stress, the control group received 1mL/kg BW 0.9%
sodium chloride solution via intraperitoneal injection [17] and also
1mL/Kg BW of distilled water by oral gavage. Birds had free access to
feed and water throughout the experiment. A light regimen of 23L: 1D
was implemented throughout the trial.

2.4. Sampling procedures

CCl4 is one of the main hepatotoxins, hence, the attenuated effects
of silymarin on CCl4-mediated hepatic damage was evaluated by as-
sessing biochemical, histopathological, and oxidative related genes
expression parameters. At the end of trial (42 d of old), the chicks of
each experimental group were weighed individually. Two birds per
replicate pen (8 birds per each experimental group; n= 8) with average
body weight were randomly selected and euthanized by cervical dis-
location for blood and tissue sampling. Blood samples (5 mL) obtained
through cardiac puncture were poured into a 10-mL anticoagulant-free
vacutainer tube and then centrifuged (3000× g, 15min, 4 ºC) to obtain
serum. The obtained sera were kept on ice and protected from light to
avoid oxidation during sampling and then stored at -20 °C for further
serological analysis. For histopathology assessment, liver tissue samples
were excised immediately after sacrifice from 8 birds per treatment.
Liver specimens were fixed in neutral-buffered formalin (10%) and then
kept at −4 °C until histological examination. Moreover, in order to
molecular evaluation, other portion of liver tissues was immediately
snap-frozen in liquid nitrogen to prevent RNA degradation, and kept at
−80 °C for total RNA extraction and real-time PCR analysis.

2.5. Sampling processing

An Olympus (AU2700) clinical chemistry analyzer (Olympus Inc.,
Japan) was applied to assay serum total protein, albumin, Total bilir-
ubin, total cholesterol, triglyceride and high density lipoprotein cho-
lesterol (HDL-c). LDL-c was calculated as follows [18]:

LDL-c= Total cholesterol-[HDL+ (TG/5)]

The enzyme activities of lactate dehydrogenase (LDH), total anti-
oxidant capacity (TAC), and also the serum contents of mal-
ondialdehyde (MDA) as antioxidant biomarkers were determined
spectrophotometrically (Alcyton 300, USA), using commercial kits ac-
cording to the manufacturer’s instructions. The LDH activity was
measured at 365 nm wave length using automated spectrophotometric
chemistry analyzer (Alcyton 300, USA). The TAC was determined based
on the method of ferric reducing-antioxidant power assay [19], using a
spectrophotometer (Alcyton 300, USA) with 600 nm wave length. The
serum content of MDA, an index of lipid peroxidation, was measured
via the colorimetric method based on the reaction 2-thiobarbituric acid
(2-TBA) at a wave length of 532 nm (Mihara and Uchiyama, 1978). The
serum activities of hepatic alkaline phosphatase (ALP), aspartate ami-
notransaminase (AST), alanine aminotransferase (ALT), and gamma-
glutamyl transferase (GGT) as indicators of hepatic injury were eval-
uated by an auto analyzer, according to the instructions of the manu-
facturer.

For histopathology, fixed liver specimens were dehydrated through
an ascending series of ethanol (70, 90, 96, and 100%), cleared via xy-
lene, embedded in paraffin, and followed by slicing at 5–6 μm thick
using microtome (Microm HM 335E, USA). The sectioned samples were

Table 1
Results of HPLC analysis of silymarin.

Item Content (%)

Taxifolin 6.44
Silychristin 24.51
Silydianin 7.60
Silybin A1 24.81
Silybin B1 26.72
Isosilybin A 4.21
Isosilybin B ND2

1Silybins A and B are two diastereomers of silibinin
(silybin).
2Not detectable.
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then stained with hematoxylin-eosin (H &E). According to Benli et al.
[20], an Olympus microscope (Olympus BX51, Japan) was used to
evaluate the histopathological changes for lymphocytes, myeloid cells
and also hyperplasia and necrosis.

For molecular studies, Biozol reagent (BioFLUX, Japan) was used to
extract the total RNA from the frozen liver samples according to the
directions of manufacturer, and cDNA was then synthesized by reverse

transcriptase according to the instructions of the manufacturer
(Fermentase, France) following treatment by DNase I. The wavelength
of 260/280 nm of the spectrophotometer was chosen to quantify the
total RNA and integrity was verified by gel electrophoresis. The primer
sequences used for the target and reference genes of catalase (CAT),
glutathione peroxidase (GPx), manganese dependent-superoxide dis-
mutase (Mn-SOD), and β-actin as internal control are shown in Table 2.
A gradient PCR was run to find the optimum annealing temperature.
The reaction conditions were as follows: denaturation at 95 °C for 30 s,
40 cycles of 95 °C for 10 s, based on connection temperature for 30 s,
and 72 °C for 20 s, and finally 1 cycle of 78 °C for 20 s as a final ex-
tension. The final product was checked by gel electrophoresis. The
amplification process (Real-time PCR) were performed in a 20 μl reac-
tion buffer consisting of SYBR Green Mix (BioPars-Gorgan University of
Agricultural Sciences and Natural Resources, Iran) (9.9 μl), forward and
reverse primers, 1 μl; 1 μl, cDNA, 3 μl, ddH2O, up to volume 20 μl, Di-
methyl sulfoxide (DMSO), 1 μl; Taq, 0.2 μl. Comparative CT method was
applied as a means to determine the relative gene expression levels. β-
actin was used as internal reference for the standardization of the RT-
PCR calculation. Real-time PCR tests were performed in four biological
repeats including three technical replications for each sample. Mean
values were used for statistical analysis.

Table 2
Primers of CAT, Mn-SOD, GPx, and β-actin for real-time PCR1.

Objective
gene

Accession
number

Primer sequence (5′ to 3′) Annealing temperature (°C) Amplicon
length

CAT NM_001031215.2 Forward: CTTTCCCTCTTCCCTTACCA 58.24 182
Reverse: GGTAGTAGCTGGGCTCTGAAA 58.62

Mn-SOD AF299388.1 Forward: ACAGATAGCAGCCTGTGCAA 59.62 163
Reverse: CGCGTTCTCCCAGTTGAT 59.79

GPX U22046.1 Forward: GACGGCTGAGAGTTGATCCT 59.41 176
Reverse: CTGCGGGTATTTGATGTCC 58.94

β-actin NM_205518.1 Forward: AGTTACTCGCCTCTGTGAAGG 94.59 198
Reverse: CACATCTATCACTGGGGAACAC 33.59

1CAT: Catalase; Mn-SOD: Manganese super oxide dismutase; GPX: Glutathione peroxide1; β-actin: Internal control.

Table 3
Effects of experimental treatments on blood serum biochemical at 42 d of age in broiler chickens.

Experimental
treatments

Total
protein
(g/dl)

Albumin
(g/dl)

Glucose
(mg/dl)

Total cholesterol
(mg/dl)

Triglyceride
(mg/dl)

LDL-c1

(mg/dl)
HDL-c2

(mg/dl)

Control 3.49a 1.71a 226.06 113.16b 36.95b 17.22b 88.51
Silymarin 3.36a 1.76a 221.21 111.48b 33.51b 14.15b 90.72
CCl4 2.51b 1.40b 213.28 119.96a 44.12a 26.97a 83.54
Silymarin×CCl4 3.19a 1.62a 208.90 122.05a 35.59b 19.51b 95.52
SEM 0.15 0.07 3.40 2.68 2.42 2.25 2.57

a-c means within a column with different superscript differ significantly (P < 0.05).
1LDL-c, low density lipoprotein cholesterol; 2HDL-c, high density lipoprotein cholesterol.

Table 4
Effects of experimental treatments on blood serum oxidative biomarkers (MDA,
TAC and LDH) at 42 d of age in broiler chickens.

Experimental
treatments

MDA1 (nmol/mL) TAC2 (U/mL) LDH3 (U/L)

Control 1.37c 1.95a 93.42b

Silymarin 1.62ac 1.86a 100.36ab

CCl4 2.23a 1.20b 108.54a

Silymarin×CCl4 1.87ab 1.35b 109.45a

SEM 0.12 0.12 4.31

a-c means within a column with different superscript differ significantly (P <
0.05).
1MDA, Malondialdehyde; 2TAC, Total antioxidant capacity; 3LDH, Lactate de-
hydrogenase.

Table 5
Effects of experimental treatments on the blood serum activity of hepatic en-
zymes (ALP, AST, ALT, and GGT) at 42 d of age in broiler chickens.

Experimental treatments ALP1

(U/L)
AST2

(U/L)
ALT3

(U/L)
GGT4

(U/L)

Control 203.41c 221.25b 6.65b 10.22b

Silymarin 225.18b 225.91b 7.28ab 10.85b

CCl4 262.28a 236.56a 8.39a 12.61a

Silymarin×CCl4 232.65b 227.03ab 8.15a 11.46ab

SEM 14.19 2.44 0.34 0.41

a-c means within a column with different superscript differ significantly
(P< 0.05).
1ALP, Alkaline phosphatase; 2AST, Aspartate aminotransferase; 3ALT, Alanine
aminotransferease; 4GGT, Gamma-glutamyl transferase.

Table 6
Hepatic histopathological changes in broiler chickens treated by experimental
treatments.

Items Control CCl4 Silymarin CCl4 × Silymarin

Inflammation – +++ – –
Granulomatosis – + + +
Cytolytic necrosis – +++ – +
Periportal space fibrosis – ++ + +
Cellular degeneration – +++ – +
Sinusoidal dilatation – +++ – –

(-) No histopathologic change, (+) histopathology in<20% of fields, (++)
histopathology in 20–60% of fields, and (+++) histopathology in>60% of
fields.
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2.6. Statistical analysis

The data on blood serum biochemical, oxidative biomarkers, and
hepatic enzymes were subjected to the analysis of variance (ANOVA)
using the PROC GLM procedure of SAS 9.1 [21]. Differences among
experimental groups were separated by Tukey’s post hoc test. Con-
sidering the gene expression information, normalized data were used as
a ratio of target gene mRNA to β-actin mRNA quantities and these data
were transformed before statistical analysis. Statistical analysis of gene
expression data was conducted by the REST software [22].

3. Results

3.1. Bioactive ingredients of silymarin

The quantitative data obtained from the HPLC analysis showed 6
detectable flavonolignans, including taxifolin (only flavonoid), sily-
christin, silydianin, silybin A, silybin B, and isosilybin A (Table 1).
Quantitative data indicated that silibinin (51.53%), a mixture of two
diastereomers of silybin A and silybin B is the major constituent, fol-
lowed by the silychristin (24.51%). However, quantities of bioactive
constituents of silymarin could be varied according to environmental
conditions, including rainfall, temperature, soil texture, and altitude
from the sea.

3.2. Blood biochemistry

The analyzed blood serum metabolites are presented in Table 3. In
the CCl4 treated broilers, the serum content of the total protein and
albumin were decreased by 28% and 18%, respectively compared with
the control birds. Interestingly, combination of silymarin with CCl4
improved the protein metabolism, suggesting that silymarin has po-
tential to mitigate the deleterious effects of CCl4 on protein metabolism.
CCl4 treated broilers showed higher levels of the total cholesterol, tri-
glyceride and LDL-c than birds in control group, demonstrating oxida-
tive effects of CCl4 on lipid metabolism. Whereas, silymarin+CCl4
treated birds showed lower levels of triglyceride and LDL-c than CCl4-
exposed birds, suggesting a positive alteration in lipid metabolism.

3.3. Oxidative status

The data of blood serum oxidative biomarkers are reported in
Table 4. MDA of CCl4-treated broiler chickens was greater than in
control birds, showing oxidative effects of CCl4. Combination effect of
silymarin with CCl4 showed protective activity of silymarin against
CCl4-mediated lipid peroxidation. CCl4-treated broilers showed lower
TAC and higher LDH serum contents than control group, indicating
antioxidant suppressive effect of CCl4.

3.4. Hepatic and GGT enzymes activity

CCl4-treated broilers showed higher serum activity of ALP, AST,
ALT, and GGT enzymes compared with birds in control group,

indicating CCl4-induced hepatotoxicity. Whereas silymarin+CCl4
treated birds showed lower level of ALP and tended to decrease serum
content of AST, suggesting hepatoprotective effect of silymarin against
CCl4-induced hepatic damage (Table 5).

3.5. Histopathology of liver

The observations of hepatic histopathology of broiler chickens are
reported in Table 6, with representative images of the liver portal triad
displayed in Fig. 1. Compared with the control group, liver tissue in
CCl4-challenged birds revealed considerable injures characterized by
moderate to severe hepatocellular degeneration around the portal vein,
aggregation of inflammatory cells, granulomatosis, cytolytic necrosis,
periportal space fibrosis, and sinusoidal dilatation.

3.6. Hepatic genes expression of oxidative stress

The relative hepatic mRNA expression of CAT, GPx, and Mn-SOD
are depicted in Fig. 2. Results indicated a remarkable down-regulation
in the expression of CATand Mn-SOD hepatic genes in CCl4-challenged
birds, whereas silymarin significantly up-regulated aforementioned
genes along with GPx, implying hepatoproductive effect of silymarin
against CCl4-induced hepatotoxicity.

4. Discussion

Modern commercial broilers that are genetically selected for rapid
growth, are prone to oxidative stress with potential adverse effects on
productive performance. The main effects of oxidative stress largely
come from tissue damage and homeostasis disruption which are re-
flected by the changes in the blood serum contents, oxidative status and
also alteration in the oxidative stress related genes expression [23]. The
liver as the main target tissue is involved in responding to different sorts
of oxidative stresses, therefore any disruption in hepatocyte function
results in changes in blood serum contents and enzymatic functions.
CCl4 is converted to its toxic trichloromethyl free radical through he-
patic microsomal cytochrome P450 [3], with the potential oxidative
stress which results in DNA destruction, cellular structure devastation,
and finally disturbance of hepatic cellular metabolism [24]. Our find-
ings were in line with reports showing hypoproteinaemia and albumi-
nuria in CCl4 intoxicated broilers [16,25], rats [26–28], and Japanese
quail [8]. In contrast, it has been commented that silymarin stimulates
protein synthesis through activating the RNA synthesis of ribosomes
[29]. Generally, it is believed that stress is accompanied by catabolic
profile, because it promotes proteolysis, lipolysis, and glycogenolysis
[30]. The elevated serum levels of total cholesterol and triglyceride in
CCl4 intoxicated birds agree with previous reports indicating that oxi-
dative stress reduces the rate of lipolysis and the activity of lipolytic
enzymes [27,31]. In contradict with a previous study [27], birds sub-
jected to CCl4 tended to show a lower blood serum content of glucose.
Consistent to our results, it has been documented that glycolysis is the
main metabolic route for glucose utilization by skeletal muscle under
stress conditions, and this can be reflected by the increased activity of

Fig. 1. Photomicrographs of the liver portal triad histopathology in broiler chicks administrated by experimental treatments. A: Control, B: CCl4, C: Silymarin, D:
Silymarin+CCl4. Branch of portal vein (PV), branch of portal artery (arrowheads) and branch of bile duct (arrow). Magnification of 20×.
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LDH at this condition [32].
The serum content of MDA along with TAC, ALP, AST, ALT, and

GGT activities are broadly used as indicators of the oxidative stress and

tissue damage. MDA as an indicator of lipid peroxidation and oxidative
stress is widely used to assess the extent of oxidative deterioration of
lipids. In accord with some previous findings [27,33], CCl4-challenged
birds had a higher serum MDA content, implying a greater extent of
lipid peroxidation. Binding of toxic free radical of CCl4 (trichloromethyl
radical) to macromolecules induces peroxidative degradation of poly-
unsaturated fatty acids. This leads to the formation of lipid peroxides,
which in turn produce MDA with potential deleterious effects [3].
However, our results differ from a study showing no significant effect of
CCl4 on lipid peroxidation in Japanese quail [8]. This contradiction
could be attributed to the sensitivity of experimental species. In modern
poultry genotypes the rapid growth rate might be responsible for the
higher sensitivity against oxidative stress conditions.

Obtained results were in accord with the reports demonstrating
greater blood serum function of AST and ALT in CCl4 intoxicated
broilers [16,34] and Wistar rats [28], AST in Japanese quail [35], and
ALP in Japanese quail [36].

The protective and antioxidant activities of silymarin on the cellular
mitochondrial have been well documented [37]. For instance, it has
been documented that silibinin has potential to optimize electron-
transport chain and decrease ROS production by influencing on the
ROS-producing enzymes in the mitochondria [38]. In contrast, CCl4
may be responsible for its adverse oxidative effects by converting to its
toxic free radical via hepatic microsomal cytochrome P450 system
[24,39]. Our results were in accord with numerous studies indicating
hepatotoxicity of CCl4 in rats [26,28,40,41], broiler chickens [16,34],
and Japanese quail [8,36]. Similarly, CCl4-mediated hepatic damage
was reported in male hamster [33]. In this study, the elevated serum
ALP and GGT activity with each other can be attributed to the damaged
hepatic and its biliary system. According to our results, hepatoprotec-
tive effects of silymarin was demonstrated by the attenuation of CCl4-
induced hepatic lesions. Similarly, Pradeep et al. [37] reported hepa-
toprotective and antioxidant potential of silymarin (50mg/Kg body
weight) in rats challenged with diethylnitrosamine. A previous study
indicated that silymarin can inhibit CCl4 activation through inhibition
of cytochrome P450 system [42]. Similarly, it has been commented that
silymarin as a potent antioxidant can influence enzyme systems asso-
ciated with glutathione and superoxide dismutase via removing free
radicals [43,44]. Either the action on cytochrome P450 or the inhibition
of oxidative damage could be responsible for the protective effect
against oxidative stress-induced alteration in liver, such as that ob-
served in the present study. In accord to our results, it has been high-
lighted that the adverse effects of CCl4 could be mitigated by Zingiber
officinale [28] and green tea [33], and Tanacetum parthenium [27].

In terms of mRNA expression, this study indicated that CCl4 down-
regulated the expression of oxidative related CAT and Mn-SOD genes,
whilst silymarin up-regulated the expression of aforementioned gens
along with the GPx. The enzymatic antioxidant system including SOD,
CAT, and GPX is the first line of antioxidant defense which converts
harmful molecules including hydrogen peroxides and hydroperoxides
to harmless molecules [45]. In line with this, SOD catalyses dismutation
of superoxide radicals to hydrogen peroxide and oxygen; CAT catalyses
the breakdown of hydrogen peroxide to water and molecular oxygen,
and GPX decomposes peroxides through other mechanisms [45,46].
Obtained results were in accord with reports indicating down-regula-
tion of SOD [47,48] gene in heat-stressed broilers and in challenged
breeder roosters with dexamethasone-induced oxidative stress [49].
Similarly, Mujahid et al. [50] highlighted that oxidative stress-mediated
down-regulation of SOD gene expression could be due to inhibitory
effect of MDA, a final yield of oxidative deterioration of lipids, on the
antioxidant enzymes and also its acceleratory effects on the oxidative
damage to biomolecules. However, our results were inconsistent with
Rimoldi et al. [51] who showed an increased expression of CAT gene in
broilers subjected to four weeks of chorionic heat stress. This contra-
diction might be due to the involvement of a non-enzymatic defense
system. For example, it has been highlighted that uric acid can be

Fig. 2. The catalase (CAT), glutathione peroxidase (GPx), and manganese-su-
peroxide dismutase (Mn-SOD) relative mRNA expression in the liver of broiler
chickens. * P < 0.05, ** P < 0.01 when comparing with the control.
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considered a potent scavenger of free radicals in mammals and parti-
cularly in birds [52]. In addition, it has been commented that mild heat
stress activates the expression of SOD and GPX genes via stimulation of
mitochondrial biogenesis [23,53], whilst long-term heat stress results in
down-regulation of oxidative related genes expression by impairing
mitochondrial biogenesis [54]. In accord to our results, it has been
reported that mitochondrial function can be improved by an anti-
oxidant [55]. It has been remarked that up-regulation of genes related
to oxidative stress can protect cells against oxidative damage [45]. Such
an increase in transcripts levels probably implies an increase in anti-
oxidant enzymes activity since the activity of these enzymes is often
paralleled by the increase in mRNA copy number.

5. Conclusion

This study demonstrated that silymarin has potential to mitigate the
oxidative stress-induced homeostasis disruption in broilers through
modulation of oxidative stress biomarkers and hepatic oxidative genes
expression.
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