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Abstract In pathologic conditions or poisoning states, iron
overload can affect different tissues including liver. In this
study, the prophylactic effect of deferoxamine and sily-
marin was compared in decreasing experimental iron-
overload-induced hepatotoxicity in rats. The study was done
in six groups of rats, which received drugs q2 days for 2 weeks.
The rats in groups 1 to 6 received drugs, respectively: normal
saline, iron dextran, iron dextran+deferoxamine (intraperito-
neally), iron dextran+silymarin (orally), iron dextran+
silymarin (intraperitoneally), and iron dextran+deferoxamine
(intraperitoneally)+silymarin (intraperitoneally). At the end of
the study, blood was collected, and serum was separated for
laboratory tests. The liver of rats was separated for iron
measuring and tissue processing. The serum iron concentration
and the serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) activity were determined. The numb-
ers of necrotic hepatocytes were counted as quantity index
tissue injury in light microscopic examination. The mean of
serum and liver iron in group 2 was significantly greater than
group 1. Liver iron was significantly decreased in other groups
except group 4. Also serum iron was decreased in groups 3 to 6
compared to group 2 (nearly 400%). ALT activity in group 3
and AST activity in group 5 were significantly lesser than in
other groups. The mean of necrotic hepatocytes in group 2 was
significantly increased in comparison to group 1. This
elevation was significantly prevented by deferoxamine and
silymarin. The result of the present study shows that silymarin
has a protective effect similar to deferoxamine on iron
overload-induced hepatotoxicity.
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Introduction

Iron overload in iron poisoning and in some diseases causes
several disorders that related to oxidative stress and
depression of immune system. The iron overload is a
relatively common finding in many patients with a variety
of end-stage liver diseases [4, 22].

The pathogenesis of hepatic fibrosis in patients with iron
overload is not well understood. But four possible mecha-
nisms have been suggested. Firstly, iron is as an inducer of
fibrosis even in the absence of necrosis and inflammation and
may act as a profibrogenic agent that stimulates the deposition
of collagen. Secondly, iron, as a mediator of hepatocellular
necrosis and local inflammation, may activate the peroxida-
tive process and produce oxygen-free radicals, lipid perox-
idation damage to protein, and DNA and stimulation of
fibrosis [10, 11, 31]. Thirdly, iron, as an inducer of fibrosis,
may act in conjunction with other hepatotoxins [24, 30]. It
has been suggested that mild to moderate hepatic iron
concentration may exacerbate liver injury and accelerate the
development of hepatic fibrosis [3, 13]. Fourthly, iron
overload may alter hepatic extracellular matrix degradation
[14]. In addition, excessive iron deposition in liver will lead
to further injury such as hepatocellular necrosis, inflamma-
tion, fibrosis, and in some cases even carcinoma [39].

Clinically, deferoxamine (desferal) is the most current drug
to decrease concentration of iron in patients. This drug is
injected, which is uncomfortable for patients. In addition, this
agent chelates iron and some microelements and has side
effect on the ear and bone. So, it is ideal to find better agent for
iron overload treatment especially in thalasemic patients [20].
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Silymarin, an antioxidant flavonoid complex derived
from the herb milk thistle (Silybum marianum) has long
been used in the treatment of liver diseases [12, 21, 27, 33].
This property seems to be due to its ability to scavenge free
radicals and to chelate metal ions [6, 8]. It is a scavenger of
radicals, such as hydroxyl, superoxide, and hydrogen
peroxide (H2O2), and increases SOD and decreases lipid
peroxidation [28, 37]. The silymarin is capable of protect-
ing liver cells directly by stabilizing the membrane
permeability through inhibiting lipid peroxidation [9, 15,
26] and preventing liver glutathione depletion [35]. In
addition, there are a number of other effects of silymarin at
the cellular and molecular level, such as alteration of DNA
expression via suppression of nuclear factor [7]. Soto et al.
reported that the protective effect of silymarin on pancreatic
damage induced by alloxan may be due to an increase in
the activity of antioxidant enzymes such as superoxide
dismutase and glutathione peroxidase [34].

Thus, the aims of the present study were to evaluate the
prophylactic effect of iron toxicity on liver tissue and
compare the effect of silymarin and deferoxamine to
ameliorate the hepatotoxicity of excessive iron because
deferoxamine is iron chelator and silymarin also had iron
chelatory effect in vitro.

Materials and Methods

Materials

Silymarin was purchased from Sigma Co. Iron dextran
was purchased from Sterop Co., Belgium. Desferal was
purchased from Novartis Co., Switzerland. Commercial
kit for alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) measurement was purchased
from Pars Azmon Co., Iran.

Animals

Adult male Wistar rats, weighing 180–220 g, were obtained
from the Animal Center of the University of Jondishpour.
The animals were kept under standard conditions and had
access to a standard diet and clean drinking water.

Methods

The animals were divided at random into six groups of six
animals each. The rats received drugs q2 days for 2 weeks.
The first group received saline intraperitoneally (IP), and
this group served as control. The second group received
iron dextran 100 mg/kg IP. The third group received iron
dextran 100 mg/kg IP with deferoxamine at a dose of
50 mg/kg IP. The fourth group received iron dextran

100 mg/kg IP with silymarin 200 mg/kg orally. The silymarin
was prepared in ethanol (as vehicle). The fifth group received
iron dextran 100 mg/kg IP with silymarin 200 mg/kg IP. The
sixth group received iron dextran 100 mg/kg IP with
deferoxamine at a dose of 50 mg/kg IP and silymarin
200 mg/kg IP. The deferoxamine or silymarin was injected
at different protean sites (right and left).

After 14 days, the animals were anesthetized, and blood
samples were obtained. The serum samples were separated
for the measurement of serum ALT and AST levels that
were estimated according to the method of commercial kits.
These enzymes can detect liver injury, especially AST,
which is more specific for liver of rats. The concentration
of iron in serum and liver was measured with an
autoanalyzer apparatus (Eppendorf Co., Germany).

Sections from the liver of each animal were fixed in
phosphate-buffered formaldehyde and embedded in paraffin,
and 5-μm-thick sections were prepared. The sections were
stained with hematoxylin and eosin for the evaluation of liver
tissue. The necrotic hepatocytes were counted in five
microscopic fields, and the mean of these cells was deter-
mined at each group.

Data were expressed as mean±SEM. Group variance
was analyzed by one-way analysis of variation, and Fisher
least significant difference test was tested for significant
differences between groups. P≤0.05 was considered statis-
tically significant.

Results

Administration of iron dextran 100 mg/kg q2 days for
14 days resulted in a significant increase in serum and liver
iron concentrations. The mean of serum iron concentration
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Fig. 1 Serum iron concentration (mean±SEM) in rats (n=6) (single
asterisk significantly different from control group, double asterisks
significantly different from iron dextran group; level of significance,
0.05). The rats in groups 1 to 6 received the following drugs,
respectively: normal saline, iron dextran, iron dextran+deferoxamine
(intraperitoneally), iron dextran+silymarin (orally), iron dextran+
silymarin (intraperitoneally), and iron dextran+deferoxamine (intra-
peritoneally)+silymarin (intraperitoneally)
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in group 2 (387.6 mg/dl) was significantly greater than in
group 1 (105.12 mg/dl) (p<0.001). The concentration of
serum iron was significantly decreased in group 3 (received
iron dextran and deferoxamine) in comparison to group 2
(p=0.003). This mean was significantly different in group 4
(which received iron dextran and orally administered
silymarin) (p=0.008), and in groups 5 (received iron

dextran and silymarin) (p=0.001) and 6 (which received
iron dextran and silymarin and deferoxamine) (p<0.001) in
comparison to group 2 (Fig. 1). The mean of liver iron
concentration in group 2 (53.1 mg/dl) was significantly
greater than group 1 (12.16 mg/dl) (p<0.001). Also, liver
iron level was significantly decreased in other groups
except group 4 in comparison to group 2 (Fig. 2).

Serum ALT

0

5

10

15

20

25

30

35

40

45

50

1 2 3 4 5 6
Groups

M
ea

n 
of

 s
er

um
 A

L
T

(I
U

/L
)

* *

≠

Fig. 3 Serum ALT concentration (mean±SEM) in rats (n=6) (single
asterisks significantly different from other groups, number sign
significantly different from iron dextran group; level of significance,
0.05). The rats in groups 1 to 6 received the following drugs,
respectively: normal saline, iron dextran, iron dextran+deferoxamine
(intraperitoneally), iron dextran+silymarin (orally), iron dextran+
silymarin (intraperitoneally), and iron dextran+deferoxamine (intra-
peritoneally)+silymarin (intraperitoneally)
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Fig. 4 Serum AST concentration (mean±SEM) in rats (n=6) (single
asterisk significantly different from other groups, numbers signs
significantly different from iron dextran group; level of significance,
0.05). The rats in groups 1 to 6 received the following drugs,
respectively: normal saline, iron dextran, iron dextran+deferoxamine
(intraperitoneally), iron dextran+silymarin (orally), iron dextran+
silymarin (intraperitoneally), and iron dextran+deferoxamine (intra-
peritoneally)+silymarin (intraperitoneally)
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Fig. 2 Liver iron concentration (mean±SEM) in rats (n=6) (single
asterisk significantly different from other groups, double asterisks
significantly different from groups 1, 3, 5, and 6; level of significance,
0.05). The rats in groups 1 to 6 received the following drugs,
respectively: normal saline, iron dextran, iron dextran+deferoxamine
(intraperitoneally), iron dextran+silymarin (orally), iron dextran+
silymarin (intraperitoneally), and iron dextran+deferoxamine (intra-
peritoneally)+silymarin (intraperitoneally)
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Fig. 5 Number of necrotic cells (mean±SEM) in rats (n=6) (single
asterisk significantly different from other groups, number signs
significantly different from control group; level of significance,
0.05). The rats in group 1 to 6 received the following drugs,
respectively: normal saline, iron dextran, iron dextran+deferoxamine
(intraperitoneally), iron dextran+silymarin (orally), iron dextran+
silymarin (intraperitoneally), and iron dextran+deferoxamine (intra-
peritoneally)+silymarin (intraperitoneally)
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The serum activity of ALT in group 2 was increased, but
this increase was not significant in comparison to group 1.
This mean was significant in groups 3 (p=0.04) and 5 (p=
0.001), but not in group 4 in comparison to group 2
(Fig. 3). Serum activity of AST in group 2 was increased,
but this increase was not significant in comparison to group
1. The activity of this enzyme in group 3 was significantly
lesser than other groups (p<0.005), and its mean in group 4
was decreased in comparison to group 5 (Fig. 4).

The mean number of necrotic hepatocytes in group 2
was significantly increased in comparison to group 1, and
was greater than nine times compared to group 1 (p<
0.001). This mean was significantly decreased in other
groups in comparison to group 2 (p<0.001) (Fig. 5).

Discussion

The role of iron in the progression of hepatic damage in
various clinical and experimental conditions has usually
been studied by iron loading [16, 23, 29].

In the present study, iron dextran induced hepatotoxicity
as manifested by an increase in the number of necrotic
hepatocytes in histopathological examination compared to
control animals. The number of necrotic hepatocytes was
counted based on morphological changes in light micro-
scope; thus the organelle injury may not be parallel to
morphological changes. The results of present study is
similar those previously reported [5, 38, 39].

We demonstrated that silymarin and deferoxamine have
a protective effect on iron-induced hepatotoxicity in rats.
Similarly, other researchers mentioned this finding. Ahmed
et al. reported that silymarin has an antihepatotoxic activity
against carbon tetrachloride-induced hepatotoxicity in rats.
The silymarin protects liver against increase in serum ALT,
AST, and alkaline phosphates and decrease in total protein
and total albumin [2]. The deferoxamine has antioxidative
effect along with iron chelatory property [18].

Also, silymarin is known to have hepatoprotective and
anticarcinogenic effects [19, 25]. The silymarin can chelate
ferrous iron. This chelation can raise the activity to the level
of most active scavengers, possibly by site-specific scav-
enging [1]. The silymarin can also inhibit lipid peroxidation
by reacting with peroxy radicals. This ability of silymarin
leads to a significant increase in the cellular antioxidant
defense machinery by ameliorating the deleterious effects
of free radical reaction and the increase in GSH content,
which is important in maintaining the ferrous state [1, 32].

In the other study, the effects of increasing dietary levels
of Fe on the histopathology of liver, pancreas, spleen, and
heart were examined in a rat model for iron overload.
Sprague–Dawley rats were fed diets containing 35, 350,
3,500, or 20,000 μg Fe/g, and, after 12 weeks, there was a

direct correlation between increased liver nonheme Fe and
lipid peroxidation. Histopathological examination of tissues
revealed hepatocellular hemosiderosis in all groups of rats
[38]. The protective effect of baicalin (a nature flavonoid)
on liver of iron overload mouse may be due to both the
antioxidant and iron chelation activities of baicalin [39].

Jensen and et al. investigated the relationship between
the extent of hepatocellular injury as reflected by serum
levels of ALT and AST and several iron status indices in 39
anti-hepatitis C virus-negative patients with transfusional
iron overload owing to acquired anemia. They observed
that serum levels of ALT and AST were directly involved in
iron toxicity [17].

In our previous study, administration of silymarin caused
a generally protective and ameliorative effect against
gentamicin-induced nephrotoxicity in dogs [36]. The
protective effect of silymarin is associated with its
antioxidant properties, as it possibly acts as a free radical
scavenger, lipid peroxidation inhibitor, and preservation of
the activity of total serum antioxidants [17]. The prophy-
lactic effect of silymarin and deferoxamine on iron
overload-induced nephrotoxicity in rats was evaluated by
our research team. The results show that silymarin had a
beneficial effect on decreasing tubular necrosis induced by
iron in rats.

In summary, the result of present study shows that
silymarin has a protective effect similar to deferoxamine on
controlling serum iron concentration and liver injury, which
is induced by iron overload. It seems that this efficacy of
silymarin can be evaluated in clinical trials.
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