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Abstract: Background: Beta Thalassemia is inherited anemia characterized by absent or re-
duced synthesis of B-globin chains of hemoglobin, caused by B-globin gene mutations re-
sulting in chronic hemolytic anemia that requires ‘repeated blood transfusion with resulting
iron overload’. Silymarin has iron chelating activity in thalassemic patients with iron over-
load. Aim of the work: was to study the therapeutic value of combined therapy of De-
feriprone and silymarin as iron chelators in Egyptian children with beta thalassemia with

iron overload’. Patients and Methods: ‘This study was conducted on 80 beta thalassemic children with their
serum ferritin more than 1000 ng/ml who were divided into two groups’. Group I included 40 patients who
were treated with oral Deferiprone and silymarin for 9 months. Group II included 40 patients who were
treated with oral Deferiprone and placebo for 9 months. Results: ‘There were no significant differences in se-
rum ferritin, iron and TIBC between group I and group II before the study but after regular chelation therapy,
serum ferritin and iron were significantly lower in group I than group II. No statistically significant differ-
ences in serum creatinine, blood urea, ALT, AST and bilirubin levels between Group I and Group II before
and after chelation therapy were observed’. Conclusion: Deferiprone in combination with silymarin are better
iron chelators than Deferiprone and placebo. Recommendations: ‘Extensive multicenter studies in large num-

ber of patients with longer follow up period and more advanced methods of assessment of iron status to clar-
ify the exact role of silymarin in reduction of iron over load in thalassemic children’.
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INTRODUCTION

‘Thalassemias are heterogeneous group of in-
herited anemias’ [1]. B-thalassemias are ‘charac-
terized by absent or reduced synthesis of f-globin
chains of hemoglobin’, ‘caused by mutations of -
globin gene’ cluster with reduction of hemoglobin,
decreased RBCs production and anemia [2, 3]. In
Egypt, B-thalassemia ‘is the commonest cause of
chronic hemolytic anemia’ representing a major
public health problem. It is particularly common in
populations of Upper Egypt and peoples of Delta
and Red Sea Hill Region [4, 5].

The standard treatment for ‘thalassemia is
repeated blood transfusion which provides the
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patients with healthy red blood cells and can lead
to iron overload’ [6]. ‘Iron loading in thalassemia
depends on the volume of transfused blood and the
amount accumulated from increased gastrointesti-
nal iron absorption mediated by Hepcidin down-
regulation and Ferroportin up- regulation [7, 8].

Hepcidin regulates ‘iron transport across gut
mucosa, thereby preventing excess iron absorption
and maintaining normal iron levels within the
body’. Ferroportin is a transmembrane protein that
transports iron from inside to outside the cell [9].
As each unit of packed red cells contains about
200 mg iron, iron overload can occur easily in pa-
tients with repeated blood transfusion. For this
reason, patients must undergo chelation therapy
[10, 11] as ‘excess iron is deposited in body or-
gans’ causing organ damage [12].

© 2015 Bentham Science Publishers



2 Infectious Disorders — Drug Targets, 2015, Vol. 15, No. 3

Deferiprone is bidentate oral ‘iron chelator that
began clinical trials in UK in 1980. ‘It was first
licensed for use in thalassaemia in India, followed
by European Union and other countries outside US
and Canada, in 1990s’ [13]. Deferiprone (Fer-
riprox) gained FDA approval in October 2011. It is
approved in 65 countries [14]. Some studies show
no differences between Deferiprone and Desferri-
oxamine [15]. Deferiprone daily dose that had
been evaluated most thoroughly is 75 mg/kg/day,
given in three divided doses [16].

Silymarin, an extract from the Silybum mari-
anum (milk thistle) plant containing various fla-
vonolignans (with silybin being the major one), has
received major attention over the last decade as a
herbal remedy for acute and chronic liver and gall
bladder disorders. ‘It is well known to possess a
strong antioxidant and hepatoprotective effects’
[17]. “There are some studies that were designed to
investigate the therapeutic activity of silymarin as
adjuvant iron chelator in patients with thalassemia
under conventional iron chelation therapies’ [18, 19].

AIM OF THE WORK

‘The aim of this work was to study the therapeu-
tic value of combined therapy with Deferiprone and
silymarin as iron chelators in Egyptian children
with beta thalassemia major with iron overload’.

PATIENT AND METHODS

This study was performed after research ethical
committee approval and informed written parental
consent from all participants and was conducted on
80 beta thalassemic children who were attendants to
‘Hematology Unit, Pediatric Department, Tanta
University Hospital in the period between’ October
2012 and October 2014. Patients included in this
study have serum ferritin levels more than 1000
ng/ml and were divided into two groups by simple
random allocation, Group I received combination of
daily oral Deferiprone 75 mg/kg/day divided into
three doses [16] and ‘oral silymarin in the form of
Legalon tablets 140 mg, one hour before each meal
(3 times daily) for 9 months’ [20] while group II
received daily oral Deferiprone 75 mg/kg/day di-
vided into three doses and placebo for 9 months.

Inclusion Criteria

Children with B-thalassemia major with serum
ferritin of more than ‘1000 ng/ml who did not re-
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ceive any iron chelation therapy before the start of
this study’.

Exclusion Criteria

B-thalassemic children with ‘serum ferritin <
1000 ng/ml or who received any iron chelation
therapy before the start of this study’ or who used
the drugs in irregular manner during this study or
who suffered from hepatitis (A or B or C) before
or during this study.

‘All the children in both groups were subjected to
the following’:

1) ‘Complete history taking with special attention
to onset of thalassemia, chelation therapy, fre-
quency of blood transfusion’.

2) “Thorough clinical examination with special
attention to pallor, jaundice, mongoloid facies,
hepatomegaly and splenomegaly or splenec-
tomy’.

3) ‘Laboratory investigations including’:
e ‘Complete blood count’.
e ‘Hemoglobin electrophoresis’.

e ‘Liver functions including serum bilirubin
level, alanine transferase (ALT) and aspar-
tate transferase (AST)’.

e ‘Renal functions including blood urea and
serum creatinine’.

e ‘Serum iron status including serum ferritin,
iron and iron binding capacity’.

e ‘Liver and renal functions and serum iron
status were done twice in studied patients;
once before the start of chelation therapy and
once after 9 months of chelation therapy’.

Specimen Collection and Handling

Four ml of venous blood were collected ‘using
sterile needles through gentle venipuncture after
sterilization of site of puncture by alcohol, and col-
lected samples were divided into’; 2 ml in a plain
glass tube which was used for estimation of serum
iron, ferritin and TIBC [21-24], one ml was deliv-
ered on 20 uL EDTA solution for complete blood
count including reticulocytic count and differential
WBCs which was done on leishman stained pe-
ripheral blood smear with evaluation using ERMA
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PCE-210 N cell counter [25] and one ml was
added to 2 ml hemolysate for Hb electrophoresis
[26].

Statistics

‘Statistical analysis of the present study was
conducted, using the mean, standard deviation and
chi-square test by SPSS Version 16’ [27].

Infectious Disorders — Drug Targets, 2015, Vol. 15, No.3 3

RESULTS

‘“There were no significant differences between
group I and group II regarding age, sex, age of on-
set of thalassemia, frequency of blood transfusion,
clinical presentations’ and pre-transfusion
hemoglobin levels, WBCS and platelets counts
(Table 1).

Table 1. Clinical and laboratory data of the studied Patients at the start of the study.

ANOVA
History Group I (No=40) Group II (No=40) F P
Age (months)
Range 60-84 62-90
2.04 0.11
Mean + SD 6.10£1.61 6.68 £1.64
Sex
Males 20 18
0.100 0.752
Females 20 22
Age of onset of thalassemia (months)
Range 6-36 6-36
0.63 0.97
Mean + SD 11.5+43 10.45+4.13
Age of 1* transfusion (months)
Range 6-36 6-36
0.52 0.66
Mean + SD 10.93 £10.96 10.60 £ 6.67
Inter-transfusion interval (days)
Range 21-42 21-49
1.25 0.29
Mean + SD 25.67+6.51 31.67 £8.99
Frequency of blood transfusion
Every 2 week 8 cases 10 cases
Every 3 week 20 cases 10 cases
2.921 0.404
Every 4 week 10 cases 18 cases
Every 6 week 2 case 2 case
. Number Number Chi-square
Clinical data
(%) (%) X P
Pallor 40 (100%) 40 (100%) 0.00 1.00
Jaundice 23 (57.5%) 25(62.5%) 5.53 0.13
Hepatomegaly 40(100%) 40(100%) 0.00 1.00
Splenomegaly 31 (77.5%) 32 (80%) 0.74 0.86
Splenectomy 9 (22.5%) 8 (20%) 1.27 0.73
Laboratory data
Hemoglobin (gm /dl)
Range 7-8 7-8.8
0.93 0.63
Mean + SD 7.3+£0.32 7.72 +0.60
WBCS (thousands/ mm?*)
Range 5.9-15.2 5.5-22
0.97 0.09
Mean + SD 743 £2.22 7.73 £2.31
Platelets (thousands/ mm®)
Range 364.4-619 369-699
0.24 0.85
Mean + SD 425.5%3539 42120+ 2571
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Table 2. Renal and hepatic functions and iron status in studied patients ‘before and after chelation therapy’.

Group I (No=20) Group II (No=20) t value p value
Serum creatinine (mg/dl)
Before (mean + SD) 0.63+0.11 0.6210.10
t1.0.07 pl.0.94
After (mean = SD) 0.59+0.07 0.61+0.07
t2.2.0 p2.0.48
t3 value 1.24 1.55
p3 value 0.22 0.13
Blood urea (mg/dl)
Before (mean + SD) 35.30+6.25 33.75+6.4
After (mean + SD) 36.95+5.44 35.45+5.47 tl. 1.06 pl.0.29
t3 value 2.31 1.93 t2.0.98 p2.0.33
p3 value 0.32 0.68
ALT(U/L)
Before (mean + SD) 26.25+3.64 26.30+2.71
tl.0.84 pl.0.93
After (mean + SD) 27.5043.16 28.2043.63
t2.1.42 p2.0.17
t3 value 0.90 2.83
p3 value 0.73 0.11
AST(U/L)
Before (mean + SD) 22.65+4.51 23.7545.85 1 0.40
After (mean + SD) 23.743.77 2449.4.05 t1.0.84 p2< 0‘26
t3 value 0.50 0.47 t2.1.14 e
p3 value 0.62 0.64
Total bilirubin (mg/dl)
Before (mean + SD) 3.19+0.40 3.1540.43
t1.0.82 pl. 041
After (mean + SD) 3.2340.51 3.24+0.47
t2.0.09 p2.0.92
t3 value 0.54 0.53
p3 value 0.44 0.35
Ferritin (ng/ml)
Before (mean + SD) 1901+563.38 1885.2+510.54
t1 0.41 pl.0.68
After (mean + SD) 989.5+178.57 1260+ 212.26
t2.3.99 p2 0.000*
t3 value 6.53 5.40
p3 value 0.000* 0.000*
Iron (ug/dl)
Before (mean + SD) 236.40+34.68 227.7435.49
t1.2.20 pl.0.40
After (mean + SD) 156.55+21.42 172+440.24.51
t2.6.33 p2.0.04*
t3 value 0.7.91 5.72
p3 value 0.000* 0.000*
TIBC (ug/dl)
Before (mean + SD) 192.45+10.53 191.85+9.81
t1.0.29 pl.0.77
After (mean + SD) 275.20+10.08 265.949.19
t2.2.33 p2.0.03*
t3 value 24.18 21.72
p3 value 0.000* 0.000*

*Significant. t1 comparison between group I and group II before chelation therapy, t2 comparison ‘between group I and group II after chelation therapy and t3

comparison between the same group (as group I or II before and after chelation therapy)’.

“There were no statistically significant differences =~ ALT and AST between Group I and Group II be-
in serum creatinine, blood urea, serum bilirubin, fore and after chelation therapy’ (Table 1).
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‘There were no statistically significant differ-
ences in serum ferritin, iron and TIBC between
group I and group II before chelation therapy’
while there were significantly lower serum ferritin
and iron and higher TIBC in group I than group II
after chelation therapy (Table 2).

DISCUSSION

‘Thalassemias are the most common chronic
hemolytic anemia in Middle East [28]. Silymarin
is an herbal drug with antioxidant and free radical
scavenging abilities. It also acts as an iron chelator
by binding Fe (III) [20]. This study was carried out
on 80 B-thalassemic children who were divided
into two groups’; group I included 40 children
with beta thalassemia who were treated with com-
bination of oral Deferiprone and silymarin and
group II included 40 children with beta thalas-
semia who were treated with oral Deferiprone and
placebo for 9 months.

In the current study, there were no significant
differences in serum levels of ferritin, iron and
TIBC before the start of chelation between group I
and group II but after chelation therapy, there were
significantly lower serum ferritin and iron and sig-
nificantly higher TIBC in group I than group II.

‘This is in agreement with Gharagozloo et al.
2009 [18] who assessed the efficacy of silymarin
and Desferroxamine compared with Desferroxam-
ine alone in removing excess iron in 48 patients
with beta thalassemia and found significantly
lower serum ferritin and iron and significantly
higher TIBC in patients who received silymarin
and Desferroxamine than patients who received
Desferrioxamine alone’, Moayedi et al. 2013 [29]
who studied ‘therapeutic effects of silymarin’ in
patients with pB-thalassemia. Patients in their study
were divided into 2 groups; group I included 49
patients treated with Desferrioxamine and sily-
marin’ and group II included 48 patients treated
with Desferrioxamine and placebo for 9 months
and they found significant reduction of serum fer-
ritin in patients receiving silymarin therapy than
patients receiving placebo’, and Hagag et al., 2013
[19] who compared combination therapy of sily-
marin and Exjade with Exjade and placebo in 40
patients with thalassemia major and found signifi-
cant reduction in serum ferritin and iron in patients
who received silymarin and Exjade than patients
who received Exjade alone.
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On the other hand; Adibi, et al., 2012 [30]
found no significant changes in liver iron concen-
tration after silymarin use and they recommended
to evaluate this drug by longer course of treatment
to clarify its effects on reduction of liver iron con-
centration.

Variation between our study and Adibi, et al.
study could be explained by different mode of
evaluation of serum iron status (serum ferritin in
our study versus liver iron concentration in Adibi,
et al. study) and variation in severity of iron load
and duration of silymarin therapy between both
studies.

‘In this study, there were no significant differ-
ences in renal and liver functions in group I before
and after chelation therapy. This is in agreement
with Gharagozloo, et al., 2009’ [18], Moayedi
et al., 2013 [29] and Hagag et al., 2013 [19] who
concluded that; ‘thalassemic patients with iron
overload can be safely treated with combination of
silymarin and Desferrioxamine or silymarin and
Exjade with no detectable abnormalities in com-
plete blood count, liver and renal functions due to
silymarin use’.

Little is known about the biochemical mecha-
nisms of action of silymarin [17]. But it may be
due to reduction of iron absorption as concluded
by Hutchinson et al. 2010 [31] who studied the
effects of silybin in reduction of iron absorption in
10 homozygous patients for hemochromatosis.
‘Patients in their study consumed a vegetarian meal
containing 13.9 mg iron with: 200 ml water; 200
ml water and 140 mg silybin; or 200 ml tea. Blood
was drawn once before, then 0.5, 1, 2, 3 and 4 h
after meal. Consumption of Silybin reduces the
postprandial increase in serum iron compared with
water (P<0.05) and tea (P<0.05) and they con-
cluded that silybin has the potential to reduce iron
absorption, and could be used as adjuvant treat-
ment in patients with hemochromatosis’ [31].

Improvement in patients group receiving sily-
marin in our study may be due to the antioxidant
property of silymarin that lead to direct scavenging
of free radicals and chelating free Fe and Cu which
is mainly effective in the gut and may decrease
iron absorption [32] or may be explained by the
changes of serum hepcidin after silymarin use in
patients with thalassemia as found in Moayedi
et al., 2013 study [29].
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Hepcidin is a key regulatory hormone of iron
homeostasis produced by hepatocytes, in response
to iron loading [33]. Increased hepcidin release in
thalassemia major generates a negative feedback
loop [34] that inhibits intestinal iron absorption
and iron release from hepatic stores and from
macrophages [35]. Increased hepcidin in thalas-
semia major could be explained by regular transfu-
sion therapies which suppress the erythropoietic
drive and increase body iron load, both of which
increase hepcidin level [36].

CONCLUSION

‘From this study we concluded that, Deferiprone
and silymarin are better iron chelators in thalas-
semic children with iron overload than Deferiprone
and placebo’.

RECOMMENDATIONS

‘Extensive multicenter studies in large number
of patients with longer follow up period and more
advanced methods of assessment of iron status are
recommended to clarify the exact role of silymarin
in reduction of iron over load in children with beta
thalassemia’.

STUDY LIMITATION

There are some limitations to give recommen-
dations for routine use of silymarin as iron chela-
tor in children with beta thalassemia from this
study including:

e Small sample of the patients included in
this study that needs to be expanded to in-
clude large number of patients in multi-
centers studies.

e Duration of follow up must be longer to as-
sess the side effects of silymarin in pro-
longed use and to give valid conclusions
and recommendations as the use of iron
chelation in thalassemic patients is life-
long.

e Method of assessment of iron overload in
this study is only serum ferritin and serum
iron which may be not enough for assess-
ment of iron load in thalassemic patients
and therefore it is better to use other meth-
ods of assessment of iron overload as liver
iron concentration and hepatic MRI, which
till now are not widely used in Egypt, to
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detect the actual improvement of iron over-
load with silymarin use.
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