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Abstract
Deferasirox belongs to a new is a bishydroxyphenyltriazoles iron chelator used for treatment of chronic
iron overload. The use of Deferasirox is associated with hepatotoxicity. Silymarin is a benzo gamma-
pyrones �avonoid which affords hepatoprotection and preserves hepatocyte membranes by its
antioxidant effect. Curcumin is a poly-phenol compound naturally concentrated in the herb Curcuma
longa. The present study was conducted to evaluate and compare the hepatoprotective effects of both
silymarin and curcumin against deferasirox-induced hepatotoxicity in rats and to explore the potential
mechanisms account for their hepatoprotective effects. The present study was carried out using 32 male
wistar randomly assigned into 4 groups (8 rats each) as follows; Group1: served as normal control group
in which rats received distilled water (0.5ml per rat) by oral gavage. Group II (Deferasirox group) in which
hepatotoxicity was induced by oral administration of deferasirox in a dose of 100 mg/kg once daily for 4
weeks dissolved in distilled water for a concentration of 35mg/ml. Group III (deferasirox+ curcumin) in
which rats received curcumin in a dose of 100 mg/kg daily dose by oral gavage for 4 weeks suspended in
distilled water for a concentration of 35 mg/ml one hour before administration of deferasirox. Group IV
(deferasirox+ silymarin) in which rats received silymarin in dose of 7.56 mg/kg once daily by oral gavage
for 4 weeks suspended in distilled water for a concentration of 2.7mg/ml one hour before administration
of deferasirox. At the end of the treatment period, all rats were sacri�ced by cervical dislocation, blood
samples were collected for measurement of ALT, AST, ALP and total bilirubin. Liver samples were used for
measurement of MDA, GSH and IL-6. Histopathological and immunohistochemistry were also done. The
present data revealed that rats pretreated with curcumin or silymarin exhibited signi�cant reduction in
ALT, AST, ALP, total bilirubin, IL-6 and MDA levels with signi�cant elevation of GSH level compared to
deferasirox group. In-between group comparison revealed that there was a more signi�cant reduction in
ALT, AST, ALP, total bilirubin, IL-6 and MDA in group IV compared to group III. In conclusion, both curcumin
and silymarin represent natural protective agents against Deferasirox-induced hepatotoxicity due to their
antioxidant and anti-in�ammatory effects.

Introduction
Hepatotoxicity refers to injury of the liver with impaired liver function. It is de�ned as chemically-induced
liver damage due to exposure to drugs or other noninfectious agents. Many drugs, either in overdoses or
within therapeutic ranges may result in liver injury [1]. Chemicals which cause liver injury are called
hepatotoxins. These chemicals result in subclinical injury to liver manifested as abnormal liver function
tests. Hepatotoxin-induced liver injury is responsible for 5% of hospital admissions and 50% of liver
failures. About 75 % of idiosyncratic drug reactions may end by liver transplantation or death [2].

Liver injury results in an increase of the levels of serum alanine aminotransferase, conjugated bilirubin,
aspartate aminotransferase, alkaline phosphatase and total bilirubin [3]. Liver injury may be
hepatocellular with initial elevation of alanine aminotransferase level or cholestatic associated with
elevated serum alkaline phosphatase level [4, 5]. Hepatotoxicity can be predictable or unpredictable.
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Predictable reactions are dose-dependent while unpredictable hepatotoxic reactions are unrelated to dose
[6].

Mechanisms of hepatotoxicity may include disruption of the cell membrane. Cell death also occurs due
to covalent binding of the drug to cellular proteins associated with new adducts formation. Other
mechanisms include abnormal bile �ow due to disruption of subcellular actin �laments or interruption of
transport pumps which results in cholestasis and jaundice. In addition, apoptosis, inhibition of
mitochondrial function, accumulation of reactive oxygen species and lipid peroxidation are involved [7, 8].

Deferasirox is one of a new class oral iron chelators called bishydroxyphenyltriazoles [9, 10]. The drug is
used parentally for treatment of chronic iron overload occurs due to chronic blood transfusions used in
treatment of B-thalassemia, sickle cell anemia and myelodysplastic syndrome [11]. The mechanisms of
Deferasirox-induced hepatotoxicity may involve production of reactive intermediates by cytochrome
P450, mitochondrial injury, and disruption of calcium homeostasis, stimulation of autoimmunity,
canalicular injury and apoptosis [12].

Silymarin is one of the benzo gamma-pyrones �avonoids [13]. It is extracted from the seeds and fruit of
Silybum marianum. It contains is a mixture of three components; silibinin, silydianine and silychristine
[14]. Silymarin and silibinin are associated with cytoprotection and hepatoprotection. Silymarin is used
for treatment of liver diseases associated with by degenerative necrosis and functional impairment. It
also protects liver from injury caused by ischaemia, radiation, iron overload and viral hepatitis [15].
Silymarin preserved the functional and structural integrity of hepatocyte membranes by preventing
alterations of their phospholipid structure and restoring alkaline phosphatase activity in liver cirrhosis
induced in rats. Other studies investigated that treatment of rats with silymarin was associated with
signi�cant increase in GSH content in the liver, intestine and stomach [16, 17].

Curcumin (1,7-bis[4-hydroxy-3-127methoxyphenyl]- 1,6 heptadiene- 3,5-dione) is a hydrophobic
polyphenolic compound naturally found in the rhizome of Curcuma longa. Curcumin has several
antioxidant, antimicrobial, anti-in�ammatory, antiviral, anti-carcinogenic, anti-apoptotic and anti-
hepatotoxic properties [18]. It is associated with decreased lipid peroxidation level and increased levels of
reduced glutathione (GSH) and the enzymatic antioxidants catalase and superoxide dismutase [19].

The present study was conducted to evaluate and compare the hepatoprotective effects of both silymarin
and curcumin against Deferasirox-induced hepatotoxicity in rats and to explore the potential mechanisms
accounting for their hepatoprotective effects.

Material And Methods

Chemicals, kits and drugs
Deferasirox was purchased as Exjade® 500mg tablets from Novartis Company, Egypt. Curcumin was
purchased as a yellow powder from Sigma chemical company, Egypt. Silymarin was purchased as
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livamarin® 140mg sachets from European Egyptian pharma, Egypt. All other chemicals are of analytical
gradient (Al Gomhoria pharmaceutical company, Egypt). Kits for serum alanine aminotransferase (ALT),
serum aspartate aminotransferase (AST), serum alkaline phosphatase (ALP), serum total bilirubin,
malondialdehyde (MDA), reduced glutathione (GSH) and rat interleukin-6 (IL- 6) were all purchased from
Biodiagnostic company, Egypt.

Experimental design

Animal groups
This experiment was conducted out using 32 male Wistar rats aged 7 weeks old, each weighing 150-200
gm. They were kept under similar housing conditions and had free access to food and water through the
whole period of the work. All experimental procedures described in this study comply with the ethical
principles and guidelines for care and the use of laboratory animals adopted by the ‘‘Research Ethics
Committee’’ Faculty of Medicine, Tanta University (NIH publication NO.8023, revised 1978) to minimize
animal suffering. The study was approved on 21/4/2020 and given an approval number 34876/4/20.
The current study is in accordance with ARRIVE guidelines.

Rats were randomly divided into 4 groups (8 rats each) as follows; Group I: served as normal control
group in which rats received distilled water (0.5ml per rat) by oral gavage. Group II (Deferasirox group) in
which hepatotoxicity was induced by oral administration of Deferasirox in a dose of 100 mg/kg dissolved
in distilled water for a concentration of 35mg/ml once daily for 4 weeks [20]. Group III
(Deferasirox+Curcumin) in which rats received Curcumin in a dose of 100 mg/kg daily suspended in
distilled water for a concentration of 35 mg/ml by oral gavage for 4 weeks one hour before
administration of Deferasirox [21]. Group IV (Deferasirox+ Silymarin) in which rats received Silymarin in a
dose of 7.56 mg/kg suspended in distilled water for a concentration of 2.7mg/ml once daily by oral
gavage for 4 weeks one hour before administration of Deferasirox [22].

At the end of the 4 weeks, all rats of the four studied group were sacri�ced by cervical dislocation, blood
samples were collected and immediately centrifuged at 3000 rpm for 15 minutes and the sera were
separated for measurement of biological parameters such as serum alanine aminotransferase (ALT),
serum aspartate aminotransferase (AST), serum alkaline phosphatase (ALP) and total bilirubin. The
abdomens of the rats were opened and liver was dissected. One portion of the liver was washed with cold
saline and stored at -80̊ C for measurement of tissue malondialdehyde, reduced glutathione and
Interleukein 6. The other portion of the liver was �xed in 10% formalin (pH 7.4) for examination of
histopathology and immunohistochemistry changes.

Determination of serum alanine aminotransferase (ALT)
level (u/ml)
Serum ALT enzyme level was measured according to the method of [23]. The principle is based on
colorimetric determination of ALT activities according to the following reactions:
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Alanine +Alpha keto glutarate  Pyruvate+Gutamate

The keto acid pyruvate is measured in its derivatives form 2,4 –dinitrophenylhydrazone.

Determination of serum aspartate aminotransferase (AST)
level (u/ml)
Serum aspartate aminotransferase enzyme level was measured according to the method of [23]. The
principle is based on colorimetric determination of AST activities according to the following reactions:

Aspartate +Alpha keto glutarate  Oxaloacetate+Glutamate

The keto acid oxaloacetate is measured in its derivatives form 2,4 –dinitrophenylhydrazone.

Determination of serum alkaline phosphatase (ALP) level
(IU/L)
Serum alkaline phosphatase enzyme level was measured according to the method of [24]. The principle
is based on colorimetric determination of ALP activities according to the following reactions:

Phenyl phosphate Phenol+ Phosphate

This reaction occurs in presence of alkaline phosphatase enzyme in pH 10.0, the liberated phenol is
measured colometrically in the presence of 4-aminophenazone and potassium ferricyanide where:

Determination of serum total bilirubin content (mg/dl)
Serum total bilirubin level was measured according to the method of [25]. The principle is based on the
reaction between bilirubin and the diazonium salt of sulphanilic acid. Produced azobiliruin shows a
maximum absorption at 535nm in an acid medium. In the presence of dimethylsulfoxide (DMSO), total
bilirubin participates in the reaction and in the absence of (DMSO) only conjugated bilirubin reacts.

Determination of tissue malondialdehyde (MDA) content
(nmol/g.tissue):
Malondialdehyde was determined according to the colorimetric method of [26]. The principle is that
thiobarbituric acid (TBA) reacts with malondialdehyde (MDA) in acidic medium at temperature of 95oC
for 30 min to form thiobarbituric acid reactive product, the absorbance of the resultant pink product can
be measured at 534 nm. Mixing was done, and the absorbance of sample (A sample) was measured
against blank and standard against distilled water at 534 nm.

Determination of tissue reduced glutathione (GSH) content
(mg/g. tissue)
Reduced glutathione was determined according to the colorimetric method of [27]. The method is based
on the reduction of 5,5` dithiobis (2-nitrobenzoic acid) (DTNB) with glutathione (GSH) to produce a yellow

↔

↔

→
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compound. The reduced chromogen is directly proportional to GSH concentration and its absorbance can
be measured at wavelength of 405 nm.

Measurement of tissue interleukin-6 (IL- 6) content (pg/ml)
the assay is based on the method of [28]. The rat IL-6 ELISA kit is an enzyme-linked immunosorbent
assay for the quantitative detection of rat IL-6. An anti-rat IL-6 coating antibody was adsorbed onto
microwells. Rat IL-6 present in the sample or standard binds to antibodies adsorbed to the microwells. A
biotin conjugated anti-rat IL-6 antibody was added and binds to rat IL-6 captured by the �rst antibody.
Following incubation, unbound biotin-conjugated anti-rat IL-6 antibody was removed during a wash step.
Streptavidin-HRP was added and binds to the biotin-conjugated anti rat IL-6 antibody. Following
incubation, unbound Streptavidin-HRP is removed during a wash step, and substrate solution reactive
with HRP was added to the wells. A coloured product is formed in proportion to the amount of rat IL-6
present in the sample or standard. The reaction was terminated by addition of acid and absorbance is
measured at 450 nm. A standard curve was prepared from 7 rat IL-6 standard dilutions and rat IL-6
sample concentration determined.

Light microscopic and Histopathological examination
A piece of liver of each animal was taken and immediately �xed in 10% formal saline solution for 24
hours, then dehydrated in ascending grades of alcohol followed by clearing with xylol. Impregnation was
carried out in pure soft para�n for 2 hours at 50°C followed by embedding in hard para�n. Sections of
3–5 microns in thickness were cut by the microtome, then stained with hematoxylin and eosin stain to
study the general histological structure and Masson`s trichrome stain to demonstrate the collagen �bers
[29].

Immunohistochemical detection of caspase-3 in liver tissue
Immunohistochemical assessment of the reactivity of the liver tissue to the antibody of caspase-3 was
performed. The method is based on that Caspase normally exists in the cytoplasm as an inactive
proenzymes that can be activated once apoptosis starts and it causes proteolysis of various cellular
components and so contributes to the pathogenesis of cell death. Caspase-3 immunoreactivity appears
as brownish cytoplasmic discoloration using the avidinbiotin-peroxidase complex technique. Liver tissues
were Depara�nated and rehydrated. Sections (5 um) were cut from Bouin’s-�xed para�n embedded
blocks on positive charged slides (Super frost plus Biogenic).They were dewaxed in fresh xylene bath. For
antigen retrieval, Slides were put in a slide rack and placed in a coplan jar containing 0.01 M citrate buffer
(pH 6). Coplan jar is placed in a water bath to keep a humid atmosphere inside the microwave oven.
Slides were then washed in distilled water several times then placed in PBS (pH 7.4). For blocking
endogenous peroxidase, sections were immersed in 3% hydrogen peroxide in methanol for 30 minutes,
and then slides were washed by PBS. For blocking nonspeci�c staining; two drops of non-speci�c
blocking reagent (normal goat serum) were placed on each slide. Primary rabbit polyclonal caspase-3
antibody (CPP32 Ab-4, RB-1197-PCS, Lab Vision Corporation, United Kingdom), were placed on each
slide. The polyclonal antibody was used at a 1:50 dilution. Then secondary biotinyated antibody was
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added and drops of streptavidin enzyme label were applied. Diamino-Benzedine (DAB). In Preparation of
working color reagent, chromogenic was prepared by addition of one drop of DAB chromogenic per 1ml
of buffered substrate. Several drops of the working color reagent were placed on each slide. Slides were
washed by Tap water. Counter-stain with hematoxylene then the slide was washed in distilled water.
Sections were dehydrated in alcohol, put in xylene then mounted in Distrene-plasticizer-xylene. Positive
cells were stained brownish while negative remained blue [30].

Morphometric analysis
The image analysis software program (ImageJ 1.46 version) was used to examine sections from liver in
all groups. Mean Area percentage of Masson`s trichrome and optical density of caspase-3 immuno-
expression in hepatocytes were measured in �ve randomly different microscopic �elds for each slide for
each specimen. The data obtained were statistically analyzed using GraphPad InStat Software and then
compared by one-way analysis of variance (ANOVA) test followed by Tukey's test to compare different
groups with the control group. The results were expressed as mean ± standard deviation (SD). The
differences were considered statistically signi�cant if probability value P<0.05, highly signi�cant if P<
0.001 and non-signi�cant if P>0.05 [31].

Statistical analysis
All values were presented as mean±S.D. Data were analyzed by One-Way analysis of variance (ANOVA).
All statistical analyses were processed using statistical package for the social sciences (SPSS) for
windows, version 20. p 0.05 value was set for statistical signi�cance.

Results
As shown in Figure 1, group II (Deferasirox group) exhibited a signi�cant increase in serum ALT, a
signi�cant increase in serum AST (Figure 2) and a signi�cant increase in ALP (Figure 3), a signi�cant
increase in serum total bilirubin (Figure 4) compared to control group. There was also a signi�cant
increase in tissue IL-6 (Figure 5), a signi�cant increase in tissue MDA content (Figure 6), a signi�cant
decrease in tissue GSH content in compared to control group (Figure 7).

Values of chemical parameters obtained from group III (Curcumin+ Deferasirox) revealed signi�cant
reduction in ALT, AST, ALP, total bilirubin, IL-6 and MDA contents with signi�cant elevation in GSH content
in comparison to Deferasirox group.

In comparison to Deferasirox group, rats pretreated with Silymarin (group IV) exhibited signi�cant
reduction in ALT, AST, ALP, total bilirubin, IL-6 and MDA contents with signi�cant elevation of GSH
content.

In-between group comparison revealed more signi�cant reduction in ALT, AST, ALP, total bilirubin, IL-6 and
MDA contents in Silymarin group compared to Curcumin group.
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Results for Histopathological examination of liver tissue by
H&E staining
Microscopic examination of group I (control group) showed normal histological structure of the liver with
classic hepatic lobular architecture consisting of cords of hepatocytes raditing around central veins and
portal areas at the corners (Fig. 8a). Hepatocytes revealed acidophilic cytoplasm, vesicular nuclei and
some of them appeared binucleated. Blood sinusoids separating hepatocyte cords were lined by �at
endothelilal cells (Fig. 8b).

Meanwhile, examination of group II (deferasirox-treated group) showed disturbed hepatic lobular
architecture with in�ammatory cellular in�ltration inbetween hepatocytes, around central vein and portal
area (Fig. 8c,d). Bile duct proliferation was also observed in some sections (Fig. 8e). Regarding
hepatocytes, they appeared swollen with highly vacuolated cytoplasm and shrunken deeply stained
pyknotic nuclei (Fig. 8f). In group III (curcumin- treated group) partial improvement in hepatic architecture
was detected (Fig. 8g). Some hepatocytes appeared acidophilic with less vacuolated cytoplasm and
vesicular nuclei while others showed more vacuolated cytoplasm (Fig. 8h). Some in�ammtory cellular
in�ltration within the hepatic lobule and around the portal area was still observed (Fig. 8i). Regarding
group IV (silymarin-treated group), there was marked improvement in the histological structure (Fig. 8j).
Classic hepatic lobular arcticture with hepatocytes radiating around central vein was observed.
Hepatocytes appeared with acidophilic less vaculated cytoplasm and vesicular nuclei. Few in�ammatory
cellular in�ltrations around the portal area were still observed (Fig. 8k).

Results for Histopathological examination of liver tissue
using Masson`s Trichrome
Examination of sections obtained from the liver of group I (control group) revealed minimal deposition of
collagen �bers around the central vein and in the portal area (Fig. 9a). While group II (deferasirox-treated
group) showed excessive deposition of collagen �bers around central veins and in the portal area (Fig.
9b-c). Group III (deferasirox+curcumin treated group) exhibited deposition of relatively moderate amount
of collagen �bers in the portal area (Fig. 9d). Moreover, group IV (deferasirox+ silymarin treated group)
showed deposition of relatively small amount of collagen �bers in the portal area (Fig. 9e).

Immunohistochemical expression of Caspase-3:
Immunohistochemically stained sections of group I (control group) showed few hepatocytes with faint
cytoplasmic & nuclear immunoreactivity (Fig. 10a).While group II (deferasirox- treated group) revealed
many hepatocytes with intense nuclear & cytoplasmic immunoreaction (Fig. 10b). Group III
(deferasirox+curcumin treated group) showed some hepatocytes with moderate immunoreactivity mainly
nuclear (Fig. 10c). In group IV (deferasirox+silymarin treated group) there was faint nuclear reaction in
some hepatocytes (Fig. 10d).
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In addition, there was a highly signi�cant increase in the mean optical density of caspase-3 positive cells
in group II (deferasirox-treated group) as compared to control group (p<0.001). While group III
(deferasirox+curcumin treated group) revealed a signi�cant increase in the mean optical density of
caspase-3 positive cells as compared to control group (p < 0.05). Meanwhile, there was non signi�cant
increase in the mean optical density of caspase-3 positive cells in group IV (deferasirox + silymarin
treated group) as compared to control group (Table 1 and Figure 11)

 
Table 1

Comparison between studied groups for the mean ± SD of the optical density.
Groups Mean ± SD

Group I 1.11 ± 0.022

Group II 1.7**± 0.16

Group III 1.31* ± 0.124

Group IV 1.24 ± 0.039

Note: Data are expressed as mean ± SD= the standard deviation.

** Highly signi�cant from control group (p 0.001). * Signi�cant from control group.

Results for area percentage of collagen �bers
There was a highly signi�cant increase in the mean area percentage of collagen �bers in group II
(deferasirox- treated group) as compared with the control group (p<0.001) while group III (curcumin-
treated group) revealed a signi�cant increase in the mean area percentage as compared to control group
(p < 0.05). Meanwhile, there was nonsigni�cant increase in the mean area percentage of collagen �bers in
group IV (silymarin- treated group) as compared to control group (Table 2 and Figure 12).  

Table 2
Comparison between studied groups for the mean ± SD of the area percentage of

collagen �bers.
Groups Mean ± SD

Group I 0.66 ± 0.39

Group II 5.76** ± 2.05

Group III 3.39* ± 0.83

Group IV 2.4 ± 0.86

Note: Data are expressed as mean ± SD= the standard deviation

** Highly signi�cant from control group (p 0.001). * signi�cant from control group.
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Discussion
Drug- induced hepatotoxicity is a common clinical problem caused by a large number of drugs with
different mechanisms and variable outcomes. Deferasirox (DSX) was approved by the FDA in 2005 as an
iron chelator for treatment of chronic iron overload in patients requiring multiple blood transfusions.
However, the use of the drug was associated with post-market reports of hepatic injury with unknown
mechanism of liver injury [32]. In the present study, Deferasirox induced a signi�cant increase in serum
AST, ALT, ALP and total bilirubin. This is in agreement with pre-marketing studies that demonstrated
marked elevation of liver transaminases in about one third of patients taking Deferasirox. These data
indicate drug-induced hepatitis and liver failure. The rationale of the present �ndings is that elevated
transaminases level is associated with the occurrence of hepatic injury while increased bilirubin level is
an indication of the severity of the liver injury. This means that Deferasirox-induced liver injury was
substantially enough to impair liver function.

Another study has found that Deferasirox caused death of a patient with sickle cell anemia due to
hepatitis. The patient possesses polymorphism in the Abcc2 gene. This gene encodes MRP2 protein, thus
genetic polymorphism in this gene is associated with increased susceptibility to Deferasirox- induced
hepatotoxicity [33].

Also, it was found that Deferasirox (10–20 mg/kg) sickle cell anemia patients ≥40 years old caused
severe changes in renal function or hepatotoxicity that resulted in discontinuation of the treatment. It was
suggested that hepatotoxicity is related to the Haplotype MRP2 and the UGT1A1*6 genotype resulted in
elevation of creatinine. Glucuronidation by UDP-glucuronosyltransferase 1A (UGT1A) subfamily which
encodes UDP-glucuronosyltransferase. is the main metabolic pathway of Deferasirox. In bile, Deferasirox
is then excreted through the multidrug resistance protein (MRP2) which is a transporter anion expressed
in the hepatocytes membranes. MRP2 is encoded by the Abcc2 gene [34].

In contrast to the present �ndings, Miura et al., 2010 found that three cases of transfusion-mediated iron-
overloaded patients with hematological diseases had elevated ALT levels. Treatment with DSX decreased
and subsequently normalized elevated ALT levels. This occurred also with the abnormal AST level [35].
Other parameters related to impaired liver function including ALP, γ-GTP, T-Bil, and Alb were not changed.
However, we cannot rely on these �ndings that DSX may improve liver damage in those patients because
of the small number of patients and lack of supportive histopathological �ndings of liver tissue
examination.

Another study found that DFX at a dose of 100 mg/kg was the most effective in preventing elevation of
ALT, AST enzymes and histopathologic changes induced by concanavalin A [36].

Several mechanisms may account for Deferasirox –induced hepatotoxicity such as production of
reactive intermediates by cytochrome P450, stimulation of autoimmunity, apoptosis, and disruption of
calcium homeostasis, canalicular injury and mitochondrial injury [37]. This was supported by the �ndings
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that treatment of rats with Deferasirox induced a signi�cant elevation of hepatic tissue MDA content with
a signi�cant reduction in hepatic tissue GSH content.

The most frequent mechanism for drug-induced liver injury is metabolism by cytochrome P450 that
involves the formation of high energy reactive intermediates which then undergo conjugation process.
Subsequent covalent bonding of these reactive intermediates to cellular components, such as proteins or
nucleic acids produces cellular dysfunction [38]. However, Deferasirox undergoes minimal metabolism by
CYP-450 system which makes this mechanism unlikely for Deferasirox.

Immune- mediated liver toxicity may also account for Deferasirox- induced hepatotoxicity. The drug may
bind to an enzyme and becomes immunologically active which then activates cellular and humoral
immune responses leading to cellular death. This may account for the signi�cant elevation of hepatic
tissue IL-6 content in Deferasirox- treated group observed in the present study.

Cholestatic injury may be considered as another possible mechanism for Deferasirox-induced liver injury
[39]. The drug may block bile salt transport proteins in the canalicular membranes responsible for the
generation of bile. This in turn leads to cholestasis and jaundice and accounts for the observation that
total bilirubin is signi�cantly elevated in Deferasirox group.

Another possible mechanism that may account for Deferasirox-induced liver injury is mitochondrial injury.
The main characteristics of this injury are macrovesicular lesions, focal necrosis, �brosis and cholestasis.
Mitochondrial injury may result from inhibition of fatty acid β- oxidation.

In the present work, H&E-stained liver sections of Deferasirox group revealed disturbed hepatic lobular
architecture, swollen hepatocytes with highly vacuolated cytoplasm and shrunken deeply stained
pyknotic nuclei, extensive in�ammatory cellular in�ltration and proliferation of bile ducts. Similar results
were obtained by other authors [39, 40] studying the damaging effect of zinc oxide nanoparticles and
carbon tetrachloride on rat's liver, respectively.

Swelling of hepatocytes with vacuolation of their cytoplasm could be explained by ballooning
degeneration associated with dilatation of endoplasmic reticulum. This dilatation results from
mitochondrial dysfunction and ATP depletion, leading to loss of ion homeostasis and plasma membrane
integrity resulting in �uid in�ux. The cytoplasm is partially rare�ed along the cellular periphery and the
cytoplasmic cytoskeleton clumps around the nucleus [41].

In cases of drug-induced liver injury, damaged hepatocytes release molecules called damage-associated
molecular patterns. This results in activation of liver immune cells, including Kupffer cells, natural killer
lymphocytes and dendritic cells thus which triggers an in�ammatory cascade involving recruitment of
neutrophils and monocyte from blood [42]. This explanation coincides with the detection of extensive
in�ammatory cellular in�ltration in the present study.

Activation of hepatic stem cells. These stem cells are activated in response to liver injury and
differnetiated into progenitor cells for both hepatocytes and cholangiocytes. This ultimately leads to
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proliferation of bile ducts [43, 44].

In the current study, excessive deposition of collagen �bers in the portal area and around central veins
was detected in Masson's trichrome-stained sections of Deferasirox group. This �nding was con�rmed by
morphometric and statistical studies. There was a highly signi�cant increase in the mean area
percentage of collagen �bers in this group as compared to control group.

The process of liver �brogenesis is initiated by damage of hepatocytes which results in recruitment of
in�ammatory cells and activation of Kupffer cells, with subsequent release of cytokines and growth
factors [45, 46]. These factors stimulate differentiation of hepatic stellate cells into myo�broblasts-like
cells that have the ability of synthesis and deposition of large amounts of collagen �bers resulting in liver
�brosis [47].

Intense caspase-3 immunoreaction in many hepatocytes of group II was con�rmed statistically by a
highly signi�cant increase in the mean optical density of caspase-3 positive cells in this group as
compared to control group.

Martin-Sanchez et al., 2017 studied the effect of Deferasirox on proximal renal tubules and proved that
Deferasirox induced mitochondrial stress and caused loss of mitochondrial membrane potential. In
addition, it downregulated the antiapoptotic protein BclxL while the levels of proapoptotic Bax were
unchanged, leading to a decreased BclxL/Bax ratio which is known to predispose to apoptosis [48].
Stressed mitochondria lead to release of cytochrome c into cytosol that causes activation of caspase-3
and apoptotic cell death [49].

The present data revealed that the group pretreated with curcumin exhibited signi�cant reduction in the
values of ALT, AST, ALP, total bilirubin, IL-6 and MDA levels with signi�cant elevation in GSH compared to
Deferasirox- treated group. In addition, histological, immunohistochemical and statistical �ndings
exhibited partial improvement as compared to Deferasirox- treated group. These results support the
evidence that curcumin possesses an antioxidant and hepatoprotective effects.

Curcumin is rich in curcuminoids which owing to their methoxy group1, 3 B-diketone moiety and phenolic
hydroxyl can inhibit oxidation, and decrease the free radicals generation [50]. In addition, Curcumin was
found to inhibit NF-κB, which activates in�ammatory cytokines and chemokines, leading to several
in�ammatory conditions [51]. Also, curcumin is able to inhibit IL1, IL1B, IL6, IL8, tumor necrosis alpha,
and cyclooxygenase pathways [52].

Kyung et al. used dimethylnitrosamine (DMN) for induction of liver cirrhosis in rats. The study found
curcumin increased conductivity using a magnetic resonance-based electrical conductivity imaging
method than cirrhotic tissues in the DMN-group. Curcumin also resulted in signi�cant reduction of
�brosis and decreased in�ammation compared with liver tissues treated with DMN [53]. The
hepatoprotective and anti-in�ammatory effects of curcumin were associated with signi�cant reduction in
COX-2 expression in the DMN- group.



Page 13/30

Also in agreements with our �ndings, a study using alcoholic-liver disease found that treatment with
curcumin prevented both the pathological and biochemical changes induced by alcohol in an alcohol-
induced liver damage (ALD) model as manifested by reduction of activation of NF-kB and the induction
of cytokines, chemokines, COX-2, iNOS, and nitrotyrosine formation [54]. It was suggested that curcumin
prevented ALD by inhibiting lipid peroxidation, activation of NF-kB, and expression of proin�ammatory
mediators.

In consistent with the present �ndings, Ibrahim et al., found that the use of curcuminoids crude extract
resulted in signi�cant increases in antioxidant enzymes; super oxide dismutase, reduced glutathione,
catalase and reduction in liver integrity enzyme biomarkers; aspartate transaminase, alanine
transaminase and alkaline phosphatase in comparison to CCL4-induced liver damage [55]. These data
support our �ndings that curcumin preserves liver cell membranes integrity and prevents leakage and
release of enzymes such as ALT, AST and ALP and was able to reverse the injurious effects of
Deferasirox on the liver. In the present study, curcumin signi�cantly reduced the liver tissue MDA and
increased GSH content. This indicates that in addition to protecting the liver against toxicants, curcumin
also enhance the antioxidant system of the liver, this will positively enhance the liver capability to �ght
toxicant.

In another study, it was found that curcuminoids signi�cantly attenuated AFB1-cytotoxicity. The
heaptoprotective mechanisms for curcumin against AFB1 toxicity are related to antioxidant response and
anti-in�ammatory potentials [56]. In addition, curcumin has been reported to inhibit the expression of NF-
kB dependent in�ammatory cytokines, such as TNF-α, IL-6, IL-2, TGF-b, and MCP-1, and in�ammation-
promoting molecules such as COX-2 and iNOS in Kupffer cells [57].

The data of the present study showed that in comparison to Deferasirox group, rats pretreated with
silymarin exhibited signi�cant reduction in ALT, AST, ALP, total bilirubin, IL-6 and MDA contents with
signi�cant elevation of GSH content. These results were con�rmed by the noticeable improvement
detected in histological, immunohistochemical and statistical �ndings.

In accordance with our results, a previous study revealed that CCl4 administration resulted in signi�cant
elevation of intracellular enzymes, such as transaminases and serum alkaline phosphatase and an
ethanolic plant extract of silymarin produced insigni�cance decreases in liver functions. The stabilization
of these enzymes indicates the improvement of the functional status of the liver [58]. Also, elevation of
MDA and reduction of GSH by CCL4 have been reversed upon use of the extract which indicates an
antioxidant potential of silymarin.

The protective effects of silymarin may be attributed to different mechanisms including; (1) scavenging
of free radicals and chelating free Fe and Cu. (2) inhibition of ROS-producing enzymes and preventing the
formation of free radical (3) activating antioxidant enzymes and non-enzymatic antioxidants, via
transcription factors, such as Nrf2 and NF-κB (4) Inhibition of NF-κB pathways [59]. It was found that
silymarin protects the liver from various toxins such as arsenic, CCL-4, mycotoxins, thioacetamide,
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cisplatin, manganese, benzopyrene, doxorubicin and ethanol owing to its antioxidant and free radical
scavenging properties [60].

Also, our data indicated that silymarin exhibited an anti-in�ammatory potential which is evident by
signi�cant reduction of in�ammatory cytokine IL-6. A large number of studies have demonstrated a
regulatory effect of silymarin on the expression of NF-κB in various in vitro and in vivo models. The drug
performs its anti-in�ammatory activity by modulating the expression of pro-in�ammatory genes such as
cyclooxygenase, lipoxygenase, nitric oxide synthases and several cytokines [61].

Silymarin has been shown to have antioxidant, anti-in�ammatory and anti�brotic activities in chronic
liver disease, liver cirrhosis, non-alcoholic fatty liver and steatohepatitis. Silymarin exerts membrane-
stabilizing and antioxidant activites. Furthermore, it reduces in�ammatory reactions and inhibits liver
�brogenesis. Silymarin was found to signi�cantly reduce tumor cell proliferation, angiogenesis as well as
insulin resistance. In addition, it possesses an anti-atherosclerotic effect and suppresses TNF α-induced
protein production and mRNA expression due to adhesion molecules [62].

In addition to its antioxidant and anti-in�ammatory potentials, silymarin exhibits an anti-�brotic property.
This effect is associated with its ability to prevent the conversion of hepatic stellate cells into
myo�broblasts. Silymarin down-regulates TGF-ß1 mRNA, inhibits NF-kB, and prevents the stimulation of
hepatic stellate cells. These data indicate that Silymarin is able to slow down the progression of early
�brosis [63].

Declarations

Ethics approval 
The authors declared that all experimental procedures described in this study comply with the ethical
principles and guidelines for care and the use of laboratory animals adopted by the ‘‘Research Ethics
Committee’’ Faculty of Medicine, Tanta University (NIH publication NO.8023, revised 1978) to minimize
animal suffering. Research Ethics Committee (Federal Wide Assurance (FWA) 00022834) of Faculty of
Medicine, Tanta University, Egypt has approved the study on 21/4/2020  and the study was given an
approval number 34876/4/20 . The current study is in accordance with ARRIVE guidelines.

Consent to participate
Not applicable  

Consent for publication
Not applicable  



Page 15/30

Availability of data and materials
The datasets used and/or analyzed during the current study will available from the corresponding author
upon request 

Competing interests
The authors declared that they have no competing interests. 

Funding
The authors declared that they received no funding in this study.

Authors' contributions
Enass Y. Osman was responsible for the statistical analysis,writing the abstract,results and discussion
and revised the article and  submission of the manuscript. 

Souzan E. Abo-Elnasr was responsible for histopathology and immunohistochemistry examination
(images comments and statistics) and writing the material and method of histopathological
examination. 

Shimaa Mohammed Zaher was responsible for histopathology and immunohistochemistry examination
(images comments and statistics) and writing the material and method of histopathological
examination. 

Norhan Ahmed AbuoHashish was responsible for the study design, animal handling, experimental design
and measuring biochemical parameters. She also wrote introduction, material and methods parts.

All authors approved the submitted version of the manuscript. 

Acknowledgments
The authors would like to thank Dr. Shimaa M. Badr, Lecturer in Histology department, Faculty of
Medicine, Tanta University, Egypt for her valuable help in the design of the study.

References
1. Dubey A and Uddin R. Different types of hepatotoxicities induced by drugs. Journal of

Pharmaceutical and Biological Sciences 2020; 8(1):7–11.



Page 16/30

2. Alhaddad O, Elsabaawy M, Abdelsam E et al. Presentations, causes and outcomes of drug-induced
liver injury in Egypt. Scienti�c reports 2020; 10(1): 1–9.

3. Montano-Loza AJ and Corpechot C. De�nition and Management of Patients with Primary Biliary
Cholangitis and an Incomplete Response to Therapy. Clinical Gastroenterology and Hepatology
2020; 20: 30926–30935.

4. Sandhu N and Navarro V. Drug-Induced Liver Injury in GI Practice. Hepatology communications 2020;
4(5); 631–645.

5. Lozano-Paniagua D, Parrón T, Alarcón R et al. Evaluation of conventional and non-conventional
biomarkers of liver toxicity in greenhouse workers occupationally exposed to pesticides. Food and
Chemical Toxicology 2021; 151: 112127–112136.

�. McGill M R. The past and present of serum aminotransferases and the future of liver injury
biomarkers. EXCLI journal 2016; 15:817–828.

7. Pan X, Zhou J, Chen Y et al. Classi�cation, hepatotoxic mechanisms, and targets of the risk
ingredients in traditional Chinese medicine-induced liver injury. Toxicology letters 2020; 323: 48–56.

�. Crabb DW, Im GY, Szabo G et al. Diagnosis and treatment of alcohol-associated liver diseases: 2019
practice guidance from the American Association for the Study of Liver Diseases. Hepatology 2020;
71(1): 306–333.

9. Babu T, Panachiyil GM, Sebastian J et al. Effectiveness and tolerability of twice daily dosing of
Deferasirox in unresponsive and intolerant transfusion-dependent beta-thalassemia patients: A
narrative review. Indian Journal of Pharmacology 2020; 52(6): 514-519.

10. Kontoghiorghes GJ, Kleanthous M, Kontoghiorghe CN. The history of deferiprone (L1) and the
paradigm of the complete treatment of iron overload in thalassaemia. Mediterranean journal of
hematology and infectious diseases 2020; 12(1): e2020011.

11. Oyedeji CI, Crawford RD and Shah N. Adherence to Iron Chelation Therapy with Deferasirox
Formulations among Patients with Sickle Cell Disease and β-thalassemia. Journal of the National
Medical Association 2021; 113 (2):170–176.

12. Martone GM, Nanjireddy PM, Craig RA et al. Acute hepatic encephalopathy and multiorgan failure in
sickle cell disease and COVID-19. Pediatric Blood & Cancer 2021; 68(5):e28874.

13. Cavallini L, Bindoli A and Siliprandi N. Comparative evaluation of antiperoxidative action of silymarin
and other �avonoids. Pharmacological research communications 1978; 10(2):133–143.

14. Choe U, Whent M, Luo Y et al. Total phenolic content, free radical scavenging capacity, and anti-
cancer activity of silymarin. Journal of Food Bioactives 2020;10:53–63.

15. A�atouni M, Panahi N, Mortazavi P et al. Hepatoprotective Activity of Silymarin in Combination with
Clorsulon Against Fasciola hepatica in Naturally Infected Sheep. Kafkas Üniversitesi Veteriner
Fakültesi Dergisi 2020; 26(2):279–285.

1�. Elsayed EG, Abdou AG and Maher TD. Hepatoprotective effect of artichoke leaf extracts in
comparison with silymarin on acetaminophen-induced hepatotoxicity in mice. Journal of
Immunoassay and Immunochemistry 2020; 41(1): 84-96.



Page 17/30

17. Camini FC and Costa DC. Silymarin: not just another antioxidant. Journal of basic and clinical
physiology and pharmacology 2020; 31(4):2019–0206.

1�. Roy S and Rhim J W. Carboxymethyl cellulose-based antioxidant and antimicrobial active packaging
�lm incorporated with curcumin and zinc oxide. International journal of biological macromolecules
2020; 148: 666–676.

19. Fakhri S, Shakeryan S, Alizadeh A et al. Effect of 6 weeks of high intensity interval training with nano
curcumin supplement on antioxidant defense and lipid peroxidation in overweight girls-clinical trial.
Iranian journal of diabetes and obesity 2020;11(3):173–180.

20. Coates TD and Cazzola M. Introduction to a review series on iron metabolism and its disorders.
Blood 2019; 133(1):1-2.

21. Zhao L, Gu Q, Xiang L et al. Curcumin inhibits apoptosis by modulating Bax/Bcl-2 expression and
alleviates oxidative stress in testes of streptozotocin-induced diabetic rats. Therapeutics and clinical
risk management 2017; 13:1099–1105.

22. Ghosh MN. Fundamentals of experimental pharmacology. Indian J Pharmacol 2007;39 (4):216.

23. Reitman A and Frankel S. A colorimetric method for the determination of serum glutamic oxalacetic
and glutamic pyruvic transaminases. Amer J. Clin.path. 1957; 28 (1):56-63.

24. Bel�eld A and Goldberg DM. Revised assay for serum phenyl phosphatase activity using 4-amino-
antipyrine-Enzyme 1971;12:561-573.

25. Walter M and Gerarde H. Ultramicromethod for the determination of conjugated and total bilirubin in
serum or plasma. Microchem J. 1971;15: 231–236.

2�. Ohkawa H, Ohishi N and Yagi K. Assay for lipid peroxides in animal tissues by thiobarbituric acid
reaction. Analytical biochemistry 1979; 95(2): 351–358.

27. Beutler E. Improved method for the determination of blood glutathione. J Lab Clin Med 1963; 61:
882–888.

2�. Taga T and T Kishimoto. Gp130 and the interleukin-6 family of cytokines. Annual Review of
Immunology 1997;15:797–819.

29. Suvarna SK, Layton C and Bancroft JD. Bancroft's Theory and Practice of Histological Techniques.
Churchill Livingstone Elsevier, 2019, pp 35–46.

30. Horai Y, Utsumi H, Ono Y, et al. Pathological characterization and morphometric analysis of hepatic
lesions in SHRSP5/Dmcr, an experimental non-alcoholic steatohepatitis model, induced by high-fat
and high-cholesterol diet. Int J Exp Pathol. 2016;97(1):75–85.

31. Buchwalow IB and Böcker W. Immunohistochemistry. Basics and methods. In: Buchwalow I and
Bocker W (eds). Probes Processing in Immunohistochemistry. Springer-Verlag Berlin Heidelberg,
2010, pp 24–25.

32. Naeem A, Parveen M, Luis S. et al. Deferasirox Induced Liver Injury in Haemochromatosis. Journal of
the College of Physicians and Surgeons Pakistan 2010; 20 (8): 551–553.



Page 18/30

33. Braga CB, Benites BD, de Albuquerque DM et al. Deferasirox associated with liver failure and death in
a sickle cell anemia patient homozygous for the 1774delG polymorphism in the Abcc2 gene. Clinical
Case Reports 2017; 5(8): 1218–1221.

34. Ribeiro LB, Soares EA, Costa FF et al. The challenges of handling deferasirox in sickle cell disease
patients older than 40 years. The challenges of handling deferasirox in sickle cell disease patients
older than 40 years. Hematology 2019; 24(1): 596–600.

35. Miura Y, Matsui Y, Kaneko H et al. Iron Chelation Therapy with Deferasirox Results in Improvement of
Liver Enzyme Level in Patients with Iron Overload-Associated Liver Dysfunction. Case Reports in
Medicine 2010: 675060.

3�. Adel N, Mantawy EM, El-Sherbiny D et al. Hepatoprotective effect of deferasirox in concanavalin α-
induced acute liver injury in rats. Az. J. Pharm Sci. 2016; 54: 103–111.

37. Norris W, Paredes AH and Lewis JH. Drug-induced liver injury in 2007. Curr Opin Gastroenterol 2008;
24:287–297.

3�. El-Hassan H, Anwar K, Macanas-Pirard P et al. Involvement of mitochondria in acetaminophen-
induced apoptosis and hepatic injury: roles of cytochrome c, Bax, Bid, and caspases. Toxicol Appl
Pharmacol 2013;191:118–129.

39. Hegazy AA, Ahmed M M, Shehata M A, et al. Changes in rats’ liver structure induced by zinc oxide
nanoparticles and the possible protective role of vitamin E. International Journal of Human Anatomy
2018; 1(3):1.

40. Mostafa H, Hamam G and El-Waseef D. The possible protective role of 6-gingerol on a model of
hepatic injury induced by carbon tetrachloride in adult male albino rats: Histological and
immunohistochemical study. Egyptian Journal of Histology 2017;40(4): 499-511.

41. Suriawinata AA and Thung SN. Hepatocyte degeneration, Death and Regeneration. In: Liver
pathology: an atlas and concise guide. New York, Demos Medical Publishing 2011;19-20.

42. Gerussi A, Natalini A, Antonangeli F, Mancuso, C et al. Immune-Mediated Drug-Induced Liver Injury:
Immunogenetics and Experimental Models. International Journal of Molecular Sciences 2021; 22(9):
4557.

43. Ross, M and Pawlina W. Digestive System III: Liver, Gallbladder, and Pancreas. In: Histology, A Text
and Atlas, with correlated cell and molecular biology, 7th ed., Lippincott Williams & Wilkins,
Philadelphia, Baltimore 2016; 635- 639.

44. Mescher AL. Organs associated with the digestive tract. In: Junqueira's Basic Histology, Text and
Atlas, 14th edition, McGraw-Hill Education, New York, Chicago; 2016: 338.

45. Yanguas SC, Cogliati, B, Willebrords J et al. Experimental models of liver �brosis. Archives of
toxicology 2016;90(5): 1025-1048.

4�. Ahmed MA. The protective effect of ginger (Zingiber o�cinale) against adriamycin-induced
hepatotoxicity in rats: Histological study. Life Sci J 2013;10(1):1412-1422.

47. Ross M and Pawlina W. Digestive System III: Liver, Gallbladder, and Pancreas. In: Histology, A Text
and Atlas, with correlated cell and molecular biology, 7th ed., Lippincott Williams & Wilkins,



Page 19/30

Philadelphia, Baltimore 2016; 635, 639.

4�. Martin-Sanchez D, Gallegos-Villalobos A, Fontecha-Barriuso M et al. Deferasirox-induced iron
depletion promotes BclxL downregulation and death of proximal tubular cells. Scienti�c reports
2017;7(1): 1–16.

49. Saxena M, Delgado Y, Sharma RK et al. Inducing cell death in vitro in cancer cells by targeted delivery
of cytochrome c via a transferrin conjugate. PLOS ONE 2018; 13(4): e0195542.

50. Lewis JH. 'Hy's law,' the 'Rezulin Rule,' and other predictors of severe drug-induced hepatotoxicity:
putting risk-bene�t into perspective. Pharmacoepidemiol Drug Saf 2006; 15:221–229.

51. Hassan HA, El-Gharib NE, Azhari AF. Role of natural antioxidants in the therapeutic management of
hepatocellular carcinoma. Hepatoma Res 2016; 2:216–223.

52. Skommer J, Wlodkowic D and Pelkonen J. Gene-expression pro�ling during curcumin-induced
apoptosis reveals downregulation of CXCR4. Exp Hematol 2007;35:84–95.

53. Soliman MM, Baiomy AA and Yassin MH. Molecular and histopathological study on the ameliorative
effects of curcumin against lead acetateinduced hepatotoxicity and nephrotoxicity in Wistar rats.
Biol Trace Elem Res; 2015:167:91–102.

54. Kyung EJ, Kim HB, Hwang ES et al. Evaluation of Hepatoprotective Effect of Curcumin on Liver
Cirrhosis Using a Combination of Biochemical Analysis and Magnetic Resonance-Based Electrical
Conductivity Imaging. Mediators of In�ammation 2018; 549179.

55. Nanji AA, Jokelainen K, Tipoe GL, et al. Curcumin prevents alcohol-induced liver disease in rats by
inhibiting the expression of NF-kB-dependent genes. Am J Physiol Gastrointest Liver Physiol 2003;
284: G321–G327.

5�. Ibrahim J, Kabiru A, Abdulrasheed H, et al. Antioxidant and hepatoprotective potentials of
curcuminoid isolates from turmeric (Curcuma longa) rhizome on CCl4-induced hepatic damage in
Wistar rats. Journal of Taibah University for Science 2020; 14(1):908–915.

57. Pauletto M, Giantin M, Tolosi R, et al. Curcumin Mitigates AFB1-Induced Hepatic Toxicity by
Triggering Cattle Antioxidant and Anti-In�ammatory Pathways: A Whole Transcriptomic In Vitro
Study. Antioxidants 2020; 9:1059–1086.

5�. Vera-Ramirez L, Perez-Lopez P, Varela-Lopez A et al. Review Article Curcumin and Liver Disease.
International Union of Biochemistry and Molecular Biology 2013; 39(1): 88–100.

59. Shaker E, Mahmoud H and Mnaa S. Silymarin, the antioxidant component and Silybum marianum
extracts prevent liver damage. Food and Chemical Toxicology 2010;48 (2010): 803–806.

�0. Sura PS. Silymarin as a Natural Antioxidant: An Overview of the Current Evidence and Perspectives.
Antioxidants 2015; 4: 204-247.

�1. Gupta SC, Tyagi AK, Deshmukh-Taskar P et al. Downregulation of tumor necrosis factor and other
proin�ammatory biomarkers by polyphenols. Arch. Biochem. Biophys. 2013; 559: 91–99.

�2. Fehér J and Lengyel G. Silymarin in the Prevention and Treatment of Liver Diseases and Primary
Liver Cancer. Current Pharmaceutical Biotechnology 2012; 13: 210–217.



Page 20/30

�3. Tighe SP, Akhtar D, Iqbal U et al. Chronic Liver Disease and Silymarin: A Biochemical and Clinical
Review. Journal of Clinical and Translational Hepatology 2020;8: 454–458.

Figures

Figure 1

Comparison of serum alanine amino transferase (ALT) level (u/ml) in different studied groups .Values are
expressed as mean±SD. n=8 ⃰ Signi�cant difference from control group at p< 0.05 & Signi�cant difference
from Deferasirox group at p< 0.05. # Signi�cant in-between Curcumin and Silymarin groups at p< 0.05.
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Figure 2

Comparison of serum Aspartate amino transferase (AST) level (u/ml) in different studied groups .Values
are expressed as mean±SD. n=8 ⃰ Signi�cant difference from control group at p< 0.05 & Signi�cant
difference from Deferasirox group at p< 0.05. # Signi�cant in-between Curcumin and Silymarin groups at
p< 0.05.
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Figure 3

Comparison of serum alkaline phosphatase (ALP) level (IU/L) in different studied groups.Values are
expressed as mean±SD. n=8 ⃰ Signi�cant difference from control group at p< 0.05 & Signi�cant difference
from Deferasirox group at p< 0.05. # Signi�cant in-between Curcumin and Silymarin groups at p< 0.05.
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Figure 4

Comparison of serum total bilirubin content (mg/dl) in different studied groups. Values are expressed as
mean±SD. n=8 ⃰ Signi�cant difference from control group at p< 0.05 & Signi�cant difference from
Deferasirox group at p< 0.05. # Signi�cant in-between Curcumin and Silymarin groups at p< 0.05.
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Figure 5

Comparison of tissue interleukin-6 (IL-6) content (pg/ml) in different studied groups. Values are
expressed as mean±SD.n=8 ⃰ Signi�cant difference from control group at p< 0.05 & Signi�cant difference
from Deferasirox group at p< 0.05. # Signi�cant in-between Curcumin and Silymarin groups at p< 0.05.
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Figure 6

Comparison of tissue malondialdehyde (MDA) content (nmol/g.tissue) in different studied groups.
Values are expressed as mean±SD. n=8 ⃰ Signi�cant difference from control group at p< 0.05 & Signi�cant
difference from Deferasirox group at p< 0.05. # Signi�cant in-between Curcumin and Silymarin groups at
p< 0.05.
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Figure 7

Comparison of tissue reduced glutathione (GSH) content (µmol/g. tissue) in different studied
groups.Values are expressed as mean±SD. n=8 ⃰ Signi�cant difference from control group at p< 0.05 &
Signi�cant difference from Deferasirox group at p< 0.05. # Signi�cant in-between Curcumin and
Silymarin groups at p< 0.05.
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Figure 8

a: A Figure 8Photomicrograph of a liver section from the control group showing normal classic hepatic
lobular architecture with cords of hepatocytes raditing around a central vein (CV) and a portal area (P) at
its corner. b: A Photomicrograph of a liver section from the control group showing the central vein (CV) at
the center of the classic hepatic lobule. Hepatocytes appear with acidophilic cytoplasm and vesicular
nuclei (arrows). Some cells appear binucleated (bi�d arrows). Blood sinusoids (S) separate hepatocyte
cords and are lined by �at endothelilal cells (arrow heads). (H&E x400) c: A photomicrograph of a liver
section from group II (deferasirox-treated group) showed disturbed hepatic lobular architecture with
intralobular in�ammatory cellular in�ltration (curved arrow). d: A photomicrograph of a liver section from
group II (deferasirox-treated group) showing extensive in�ammatory cellular in�ltration (curved arrows)
inbetween hepatocytes and around central vein (CV) and portal area (P). e: A photomicrograph of a liver
section from group II (deferasirox- treated group) showing proliferation of bile duct ( B). f: A
photomicrograph of a liver section from group II (deferasirox- treated group) showing hepatocytes appear
swollen with highly vacuolated cytoplasm (wavy arrows) and shrunken deeply stained pyknotic nuclei
(arrows). g: A photomicrograph of a liver section from group III (deferasirox + curcumin treated group)
showing some in�ammtory cellular in�ltration (curved arrow) around the portal area (P). h: A
photomicrograph of a liver section from group III (deferasirox+curcumin treated group) showing
hepatocytes appear with acidophilic less vacuolated cytoplasm and vesicular nuclei (arrows). Cords of
hepatocytes are radiating around slighlty dilated central vein (CV). (H&E x400) i: A photomicrograph of a
liver section from group III (deferasirox+ curcumin treated group) showing cytoplasm of some
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hepatocytes appear highly vacuolated (wavy arrows). Notice intralobular in�ammatory cellular in�ltration
(curved arrows). j: A photomicrograph of a liver section from group IV (deferasirox+ silymarin treated
group showing classic hepatic lobular arcticture appear normal with hepatocytes radiating around central
vein (CV) and few in�ammtory cellular in�ltration (curved arrow) around the portal area (P). k: A
photomicrograph of a liver section from group IV (deferasirox+silymarin treated group) showing
hepatocytes with acidophilic less vaculated cytoplasm and vesicular nuclei (arrows). Some hepatocytes
appear binucleated (bi�d arrows). Hepatic cords are separted by blood sinusoids (s). Notice endothelial
cells (arrow heads) lining the centarl vein (CV).

Figure 9

a: A photomicrograph of a liver section from the control group showing minimal deposition of collagen
�bers around the central vein (green arrows) and in the portal area (yellow arrows). b: A photomicrograph
of a liver section from group II (deferasirox- treated group) showing excessive deposition of collagen
�bers (green arrows) around central veins. Notice vacuolated cytoplasm of hepatocytes (wavy arrows)
and dilated congested blood sinusoids (S). c: A photomicrograph of a liver section from group II
(deferasirox-treated group) showing excessive deposition of collagen �bers (yellow arrows) in the portal
area. d: A photomicrograph of a liver section from group III (deferasirox+curcumin treated group) showing
deposition of relatively moderate amount of collagen �bers in the portal area. e: A photomicrograph of a
liver section from group IV (deferasirox+silymarin treated group) showing deposition of relatively small
amount of collagen �bers in the portal area.

Figure 10

a: A photomicrograph of a liver section from the control group showing few hepatocytes with faint
cytoplasmic & nuclear immunoreactivity (thick arrows). b: A photomicrograph of a liver section from
group II (deferasirox-treated group) showing many hepatocytes with intense nuclear & cytoplasmic
immunoreactivity (thick arrows). c: A photomicrograph of a liver section from group III
(deferasirox+curcumin treated group) showing some hepatocytes with moderate immunoreactivity
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mainly nuclear (thick arrows). d: A photomicrograph of a liver section from group IV (deferasirox &
silymarin treated group) showing some hepatocytes with faint nuclear immunoreactivity (thick arrows).

Figure 11

Comparison between different groups as regards the optical density of caspase3 positive cells.
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Figure 12

Comparsion between different groups for the mean of area percentage of collagen �bers.


