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Introduction
The thalassemias are a heterogeneous group of genetic 

heritable disorders of hemoglobin (Hb) synthesis, considered as 
the most common monogenic disorder in the world, affecting both 
sexes equally and poses a severe health and economic burden to 
patients and families at risk [1]. Thalassemia is a major health 
problem in Egypt since it is estimated out of 1.5million live births, 
1000 children with thalassemia are born annually [2].

Multicenter cross-sectional studies have reported that the 
development and the severity of liver fibrosis are strongly related to 
the extent of the liver iron overload and to the presence of chronic 
HCV infection [3]. Hepatitis virus C infection is the main risk factor 
for liver fibrosis in transfusion-dependent thalassemia. Excess liver  

 
iron is now clearly recognized as a cofactor for the development 
of advanced fibrosis in patients with HCV infection [4]. Despite its 
clinical relevance, thalassemia-associated liver damage has been 
insufficiently characterized [5].

The current gold standard to quantify iron overload 
is nontargeted percutaneous liver biopsy and subsequent 
measurement of liver iron concentration (LIC) in biopsy specimens 
using atomic absorption spectrophotometry [6], which may 
not be representative of the entire liver, particularly in cases of 
heterogeneous iron deposition [7]. The invasiveness of biopsy is 
a limitation for all patients due to discomfort, anxiety, and rare 
complications including death. Due to these limitations of liver 
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Abstract

Background: Magnetic resonance imaging (MRI) assessment of liver iron concentration (LIC) is necessary for the quantitative staging of iron 
overload in children with β-Thalassemia. There is no enough evidence about the effect of spirulina therapy on LIC. 

Aim of the work: To assess LIC by MRI in multitransfused β-Thalassemic children infected with HCV before and after Spirulina Therapy. 

Patients and methods: Thirty multi-transfused β-thalassemic children infected with HCV, were subjected to clinical evaluation, appropriate 
laboratory investigations and assessment of LIC by MRI. They were classified according to LIC into mild (group 1) and moderate to severe group (group 
2). In addition to standard packed red cell transfusion, Spirulina therapy was given orally for 3 months, after which re-evaluation of these children was 
performed by repeating the same investigations. 

Results: There were significant increases in LIC associated with significant changes in other MRI parameters (significant decrease in T2* and 
significant increase in R2*) in patients with β-Thalassemia of moderate to severe group as compared to those of the mild group before treatment. 
The mean values of serum ferritin (SF) were insignificantly higher among patients of mild group. There was no correlation between different MRI 
parameters and SF level. There were negative correlations between LIC and T2* and positive correlation between LIC and R2*. There was a significant 
decrease in values of LIC accompanied with significant improvements in SF after spirulina therapy as compared to their pretreatment values in patients 
of the moderate to severe group. 

Conclusion: Spirulina therapy may have favorable effects on lowering the values of LIC in children with β-Thalassemia infected with HCV.
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biopsy, there is a clinical need for noninvasive iron quantification 
techniques [6].

Serum markers such as serum iron, transferrin, and ferritin can 
be assessed through venipuncture, and provide the simplest and 
least expensive method to assess body iron stores. Nonetheless, 
serum iron markers are often inaccurate and, because they are 
acute phase reactants, can be confounded by systemic conditions 
such as malignancy or inflammatory states [6]. In contrast, 
Magnetic Resonance Imaging (MRI) represents the most available 
noninvasive technique to assess the hepatic iron content and 
shows a good correlation with biopsy results [8,9]. It is the best 
noninvasive method for measuring the level of iron in the liver for 
confirming the diagnosis, determining the severity and monitoring 
therapy with high sensitivity, specificity, and positive and negative 
predictive values [10].

Spirulina (blue-green algae), a filamentous cyanobacterium, 
possesses diverse nutritional and health benefits due to high 
concentrations of nutrients. It is rich in protein, vitamins, minerals 
and antioxidants, and is often considered to be one of the most 
nutritious foods available including protection of the liver [11,12]. 
The Spirulina treatment resulted in no side effects among the 
patients [13,14] which promotes investigators to conduct clinical 
trials to test the safety and efficacy of this supplement in patients 
with chronic hepatitis C [15]. The hepatoprotective effect of Spirulina 
is attributed to its anti-inflammatory and antioxidant effects that 
can produce up regulation of antioxidant enzymes, provocation of 
a free radical scavenging enzyme system and excretion of iron from 
the body by effective chelation [13,16,17]. The antioxidant effect 
of Spirulina is attributed to some active constituents that include: 
β-carotene, vitamins C and E, enzyme superoxide dismutase (SOD), 
selenium, metallothioneins and brilliant-blue polypeptide pigment 
phycocyanin [18]. The high Spirulina content of the enzyme SOD 
plays an important role in the elimination of reactive oxygen species 
derived from the peroxidative process in liver tissues. Moreover, 
SOD removes superoxide by converting it to H2O2, which can be 
rapidly converted to water by Catalase [19,20].

Furthermore, it was reported that the iron ions decreased 
and the lipid peroxidation process was inhibited by phycocyanin 
isolated from this microalga [16]. The aim of this study is to 
assess liver iron concentration by magnetic resonance imaging for 
multitransfused β-Thalassemic children infected with HCV before 
and after Spirulina Therapy.

Patients and Methods
This study was carried out upon 30 randomized selected 

multi-transfused β-thalassaemic children from 125 infected with 
hepatitis C virus (HCV) that were diagnosed by serological detection 
of HCV-Ab, and detection of serum HCV RNA by polymerase chain 
reaction (PCR). These children were selected from those attending 
outpatient clinics at the Hematology Unit, Pediatric Department, 
Tanta University Hospital during the period from December 2014 
to December 2015.

This is a randomized clinical trial was approved by the Ethical 
Committee of the Faculty of Medicine, Tanta University. The patients 
were enrolled after obtaining an informed consent from their 
guardians. The study was registered in a Clinical Trial. Gov under 
ID: NCT02744560. Children with β-thalassemia less than 3 years 
old, with liver decompensation, with viral hepatitis B, and in whom 
MRI was contraindicated to perform as patients with intraocular 
metallic foreign body, with cardiac pacemakers, and who refused 
MRI examination were excluded from the study.

All patients with thalassemia undergo: Complete history taking 
with special emphasis on: Age, sex, order of birth, consanguineous 
marriage, disease duration, family history of chronic hemolytic 
anemia and transfusion history (age of first blood transfusion, 
frequency and dose of transfusion per month), chelation history 
(age at start of chelation therapy, type and dose of chelating agents, 
compliance of patient to the treatment, complications) and history 
of splenectomy (its indication, age at the time of operation). And 
full examination: Anthropometric measures (weight, height & head 
circumference), chest, heart, abdominal (liver, spleen and ascites) 
and neurological assessment were performed. The following 
laboratory investigations were done: Complete blood count (CBC), 
serum ferritin level (SF),Liver function tests including: Total and 
direct serum bilirubin, liver enzymes (ALT, AST), total serum 
proteins, serum albumin, as well as prothrombin time (PT) and 
activity. 

Radiological evaluation of liver iron concentration measurement 
by MRI for the assessment of liver iron content using T2 gradient 
echo pulse sequence in the axial plane. Examination was done for 
all patients in MR unit, Radiology and Imaging Department, Tanta 
university Hospital, using 1.5 tesla system (Toshiba, GE medical 
system).

Preparation
Before entering the examination room, the patients and their 

parents were instructed to remove all ferromagnetic objects like 
metallic objects. Patients were instructed about the importance of 
being calm with no motion throughout the time of examination.

Technique
Multiple axial gradient images with the following Parameters: 

TE (1.7/2.2/ 3/3.5/4/5/5.5/8/9/10/12/15) milliseconds, TR 
=20msec/echo time, Flip angle =20, Field of view (FOV) =40x38mm, 
Matrix (frequency x phase) =128 x 192 pixels, Slice thickness 
=10mm with no gap interval.

Items needed for analysis of MRI images were: 

A. Spread sheet program that supports an MS-ECel file. 

B. Software to draw regions of interest (ROIs) in the original 
MRI images and this is a standard in any MRI scanner.

C. Images were acquired in the scanner and imported into 
software for ROI drawing.

http://http://dx.doi.org/ 10.31031/ABTD.2017.01.000504
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i. Major vessels of liver were avoided and no need to cover 
the whole liver but it was sufficient to cover a large part of the 
right lobe.

ii. Each image generated a pair of numbers: the TE (echo 
time) and the mean signal intensity (SI) of the drawn ROI.

D. The TEs and ROI values were inserted in the two columns 
of the spread sheet.

E. As the examiner recorded the numbers, the graph and 
some values changed automatically.

The points were updated and the fitting line drawn automatically 
T2*, R2* and LIC were calculated automatically [21].

In addition to classic transfusion, Spirulina (GNC Natural Brand 
Spirulina), 500mg, Capsules, by General Nutrition Corporation, 
USA) in a dose of 250mg/Kg/day by the oral route was given to 
thirty patients with thalassemia infected with HCV.

Follow up of these patients was performed for 3 months. Re-
evaluation of these children after 3 months of Spirulina treatment 
was performed by repeating the previous clinical assessment and 
laboratory investigations.

Statistical Analysis
Quantitative data were presented as mean±standard deviation. 

The independent t-test was used to compare the means of the two 
groups. Qualitative data were presented as count and appropriate 
proportion. The chi-square test was used to compare the two 
independent proportions. Pearson’s correlation coefficient was 

used to test the association between two variables. Significant 
results were considered with P≤0.05. SPSS (Statistical Package for 
Social Sciences) version 13 was used in data entry and analysis 
(IBM Corp, Armonk, NY, USA).

Results
HCV-infected patients with thalassemia enrolled in this study 

were classified before Spirulina therapy, according to the estimation 
of LIC by MRI into mild group (n=18, 60%) and moderate to severe 
group (n=12, 40%) according to (Table 1) [22]. There were no 
significant differences between patients’ groups as regard to age, 
sex, and blood transfusion. There were no significant differences 
between patients’ groups as regard all of anthropometric measures 
and clinical data.

Table 1: Ranges of different MRI parameters for measurement of 
LIC as reference [22].

Normal Mild Moderate Severe

T2*(ms) >11.4 3.8-11.4 1.8-3.8 <1.8

R2*(Hz) <88 88-263 263-555 >555

LIC(mg/g) <2 7-Feb 15-Jul >15

There was significant elevations of ALT and AST levels in 
moderate to severe group compared to the mild group with no 
significant differences between both groups as regard other 
laboratory data. It is to be noted that, no significant changes in 
the mean values of serum ferritin levels between patients’ groups, 
but the mean values of serum ferritin were insignificantly higher 
among patients of mild group (Table 2).

Table 2: Laboratory data in patients’ groups before treatment.

Laboratory 
Data

Patients’ 
Groups

Mann-Whitney Test

Range Median Interquartile Range Mean Rank Z P-Value

Hb(gm/dl)
Group 1 5.6 - 10.6 8.20 1.75 15.58

0.06 0.949
Group 2 5.8 - 10.6 8.40 1.70 15.38

ALT(U/L)
Group 1 19 - 252 46.50 70.75 12.58

2.22 0.026*
Group 2 40 - 322 120.00 83.25 19.87

AST(U/L)
Group 1 24 - 158 67.50 59.40 12.75

2.09 0.036*
Group 2 55 - 370 95.50 104.75 19.62

TB(mg/dl)
Group 1 0.72 - 2.7 1.40 0.63 15.05

0.34 0.734
Group 2 0.5 - 4.8 1.45 1.12 16.16

DB(mg/dl)
Group 1 0.15 - 0.84 0.31 0.50 14.63

0.66 0.509
Group 2 0.1 - 2.5 0.55 0.47 16.79

S. alb(gm/
dl)

Group 1 2.7 - 5 4.00 1.07 17.50
1.53 0.126

Group 2 2.7 - 4.49 3.55 0.85 12.50

PT(sec)
Group 1 11.7 - 34 13.05 1.45 13.33

1.65 0.098
Group 2 11.5 - 40 14.32 2.02 18.75

SF(ng/ml)
Group 1 954 - 5517 2641.500 2941.000 15.806

0.233 0.815
Group 2 1000 - 5133 2402.500 2338.000 15.042

  
*Hb= Hemoglobin; AST= Aspartate Aminotransferase; ALT= Alanine Aminotransferase; TB= Total Bilirubin; DB= Direct Bilirubin; S. 
alb= Serum Albumin; PT= Prothrombin Time; SF= Serum Ferritin. 
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There was a highly significant increase in LIC with associated 
significant changes in other MRI parameters (significant decrease 
in T2* and significant increase in R2*) in patients with moderate 

to severe group (group 2) as compared to those of the mild group 
(Table 3).

Table 3: MRI findings in patients’ groups before treatment.

MRI Parameters Patients’ Groups
Mann-Whitney Test

Range Median Interquartile Range Mean Rank Z P-Value

T2*(ms)
Group 1 3.9 - 8.7 6.15 2.52 21.50

4.57 <0.001*
Group 2 1.5 - 2.3 1.70 0.27 6.50

LIC(mg/g)
Group 1 2.76 - 6.71 4.11 1.90 9.50

4.57 <0.001*
Group 2 11.98 - 18.73 15.68 2.20 24.50

R2*(Hz)
Group 1 114.8 - 255.7 163.10 67.32 9.50

4.57 <0.001*
Group 2 443.8 - 684.6 576.05 78.92 24.50

  
LIC = Liver Iron Concentration; ms = millisecond; Hz = Hertz; T2* represents the echo time necessary for a tissue to become twice as 
dark. Alternatively, image darkening can be expressed by R2* where it represents the rate of darkening. R2* is directly proportional to 
iron concentration; R2* values are simply 1000/T2* and vice versa. 

Table 4: Correlation between LIC and other MRI findings.

Correlations

Other MRI data
LIC (mg/g)

R P-Value

T2*(ms) -0.936 <0.001*

R2*(Hz) 1.000 <0.001*

LIC=Liver Iron Concentration; ms = millisecond; Hz = Hertz; 
T2* represents the echo time necessary for a tissue to become 
twice as dark. Alternatively, image darkening can be expressed 
by R2* where it represents the rate of darkening. R2* is directly 

proportional to iron concentration; R2* values are simply 1000/
T2* and vice versa.

There was a negative correlation between LIC and T2* and 
positive correlation between LIC and R2* (Table 4). But, there 
was no correlation between different MRI parameters and SF 
level (Table 5). There was a significant increase in Hb level after 
treatment as compared to pretreatment level in mild group and 
significant decrease in serum ferritin level after treatment as 
compared to pretreatment level in moderate to severe group. But 
no significant differences in total bilirubin, direct bilirubin, serum 
albumin and prothrombin time in both groups (Table 6).

Table 5: Correlation between MRI finding and serum ferritin.

Laboratory Data
T2*(ms) LIC(mg/g) R2*(Hz)

R P-Value R P-Value r P-Value

Serum ferritin(ng/
ml) 0.02 0.88 -0.02 0.89 -0.02 0.89

LIC= Liver Iron Concentration; ms = millisecond; Hz = Hertz; T2* represents the echo time necessary for a tissue to become twice as 
dark. Alternatively, image darkening can be expressed by R2* where it represents the rate of darkening. R2* is directly proportional to 
iron concentration; R2* values are simply 1000/T2* and vice versa.

Table 6: Laboratory findings in patients’ groups before and after spirulina therapy.

Laboratory Data

Patients’ Groups

Group 1 (n=18)
Paired test

Group 2 (n=12)
Paired test

Before After Before After

Mean±SD Mean±SD P-Value Mean±SD Mean±SD P-Value

Hb(gm/dl) 8.28±1.31 9.53±1.50 0.015* 8.25±1.37 8.25±1.73 1.000

ALT(U/L) 75.21±65.75 60.33±54.11 0.141 121.50±74.49 80.41±43.47 0.074

AST(U/L) 73.30±40.32 60.00±39.35 0.096 138.75±101.00 90.41±43.34 0.099

TB(mg/dl) 1.46±0.55 1.42±0.75 0.838 1.73±1.161 1.63±0.74 0.699

DB(mg/dl) 0.42±0.25 0.54±0.47 0.299 0.64±0.63 0.60±0.32 0.779

S.alb.(gm/dl) 4.00±0.64 4.10±0.65 0.594 3.62±0.54 3.67±0.61 0.799

PT(sec) 15.31±6.32 12.74±1.07 0.119 18.02±9.76 15.25±9.70 0.231

SF(ng/ml)
2825.72±

1580.47

2401.05±

1802.30
0.322

2624.25±

1405.79

1733.83±

565.97
0.021*

Hb= Hemoglobin; AST= Aspartate Aminotransferase; ALT= Alanine Aminotransferase; TB= Total Bilirubin; DB= Direct Bilirubin; S. 
alb.= Serum Albumin; PT= Prothrombin Time; SF= Serum Ferritin.
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There were no significant changes in the values of different MRI 
parameters before and after Spirulina therapy in the group of mild 
liver iron overload. However, there was a highly significant decrease 
in values of LIC with associated significant changes in other MRI 

parameters (significant increase in T2* and significant decrease in 
R2*) after treatment as compared to their levels before treatment 
in patients of the moderate to severe group (Table 7 & 8, Figure 1A 
& 1B, Figure 2A & 2B ).

Figure 1: Hepatic iron overload by MRI in child with thalassemia before spirulina therapy.

A: Gradient T2* image reveal decreased liver signal intensity.

B: Spread sheet before spirulina therapy reveal severe hepatic iron overload (liver iron concentration =16.8mg/g).

Figure 2: Hepatic iron overload by MRI in child of thalassemia after spirulina therapy.

A: Gradient T2* image reveal decreased liver signal intensity.

B: Spread sheet after spirulina therapy reveal regressive course with mild hepatic iron overload (liver iron concentration = 
3.7mg/g).

Table 7: MRI findings in thalassemic patients’ groups before and after Spirulina therapy.

MRI Findings

Patients’ Groups

Group 1 (n=18)
Paired Test

Group 2 (n=12)
Paired Test

Before After Before After

Mean±SD Mean±SD P-value Mean±SD Mean±SD P-value

T2*(ms) 6.04±1.43 5.68±2.04 0.400 1.74±0.22 5.02±3.00 0.003*

LIC(mg/g) 4.36±1.06 5.49±3.40 0.181 15.81±1.80 7.93±5.61 0.001*

R2*(Hz) 171.99±38.05 212.41±121.50 0.182
580.57±

64.36

299.52±

200.49
0.001*

LIC= Liver Iron Concentration; ms = millisecond; Hz = Hertz; T2* represents the echo time necessary for a tissue to become twice as 
dark. Alternatively, image darkening can be expressed by R2* where it represents the rate of darkening. R2* is directly proportional to 
iron concentration; R2* values are simply 1000/T2* and vice versa.
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Table 8: Frequency of cases with different severity of LIC before and after treatment among the improved and non-improved patients.

Patients’ Groups According 
to Initial LIC

Patients’ Groups According to Improvement

Improved cases (n=23)
Chi-Square

Non-Improved cases (n=7)
Chi-Square

Before After Before After

N(%) N(%) P-value N(%) N(%) P-Value

Group 1 12(52.17%) 19(82.61%) 0.059 6(85.71%) 3(42.86%) 0.265

Group 2 11(47.83%) 4(17.39%) 1(14.29%) 4(57.14%)

*LIC = liver iron concentration.

Discussion
To the author’s best knowledge, this study is the first clinical 

trial to evaluate the effect of Spirulina supplementation on LIC in 
patients with thalassemia as assessed by MRI. The present study 
showed that there were no significant differences between patients’ 
groups as regard to age, sex, disease duration, and anthropometric 
measurements. This can be explained by matching comparison 
of both groups as the same inclusion and exclusion criteria were 
applied to patients of both groups. Also, there were no significant 
differences between patients’ groups as regard to the frequency of 
blood transfusion.

On clinical examination of patients, there were no significant 
differences among patients of both groups as regard to pallor, 
jaundice, hepatomegaly, splenomegaly and splenectomy as they 
were suffering from the same hemolytic disease. However, the 
percentage of patients who had splenectomy was insignificantly 
higher among patients of mild group. In agreement with this finding, 
Angelucci et al. [23] reported that splenectomy and its timing had 
a little insignificant effect on LIC and total body iron(108). In this 
study, the mean values of ALT and AST were significantly higher in 
patients with moderate to severe group compared to patients of 
mild group. This finding was in agreement with thatobtained by 
Anwar et al. [24]. It could be due to the role of higher LIC combined 
with HCV infection in exacerbation of inflammation and progression 
of liver fibrosis resulting in increased aminotransferase activity.

As regards to the mean values of SF was insignificantly higher 
among patients of mild group. This finding is in harmony with 
Hoffbrand et al. [25] who reported that a single measurement 
of SF alone is a poor indicator of iron burden in the transfusion-
dependent patient, particularly if the patient also has HCV infection 
as the situation in our study.

This study showed that there was a significant increase in 
LIC associated with significant changes in other MRI parameters 
(significantly decreased T2* and significantly increased R2*) in 
patients with moderate to severe group as compared to those of 
the mild group. This result was in agreement with that described 
by Alústiza et al. [26] who reported that the larger the liver iron 
overload, the greater the decrease of signal intensity (SI) on MR 
images which is represented with T2* as liver parenchyma darkens 
progressively with increased echo time. These results can be 
explained by the paramagnetic properties of iron that can affect 

susceptibility of tissue and produce changes in the magnetic field 
so that high iron overload lead to decrease in relaxation times 
(T2*,T2) and increase in relaxation rates (R2,R2*) [27]. Another 
explanation of this finding could be attributed to the mechanism 
of MRI, which does not image the iron directly, but instead images 
water protons as they diffuse near iron deposits in the tissue of 
interest such as heart and liver. The iron acts as little magnets, 
destroying the homogeneity of the magnetic field in iron laden 
tissues. The moving water protons each experience significantly 
different magnetic profile and become desynchronized from one 
another. This causes the image to darken at a rate proportional 
to the iron concentration [27]. Another possible mechanism 
includes the presence of tissue iron that introduces microscopic 
B0 field inhomogeneities that result in rapid signal dephasing and 
increased rate of R2* relaxation in gradient-echo images [28]. Also, 
relaxation occurs through proton chemical exchange between bulk 
water and exchangeable protons bound to iron-containing proteins. 
Iron electrons enhance the relaxation of the protein-bound water 
protons. Through chemical exchange, enhanced relaxation of bound 
water protons is then transferred to the bulk water protons, leading 
to an R2 increase of bulk water [29]. Regardless of the specific 
mechanism, it has been shown that R2 increases monotonically 
with LIC [30].

The increased iron stores may be due to repeat blood transfusion, 
released from damaged hepatocytes, to virus infection itself or to 
genetic determinants so that the iron can influence the progression 
of chronic hepatitis C [31,32]. Patients with chronic hepatitis C have 
mildly to moderately increased hepatic iron concentration and 
occasionally have severe hepatic iron overload [33]. In this study, 
there was a negative correlation between LIC and T2* and positive 
correlation between LIC and R2*. These findings agreed with other 
authors [34,35] who reported that LIC is greatly associated with 
T2* and R2*. It was reported that T2* is a magnetic relaxation 
property of any tissue and is inversely related to intracellular 
iron stores [36]. This study showed that there was no correlation 
between different MRI parameters and SF level. This finding was 
in agreement with that reported by other authors [37,38]. Also, 
Azarkeivan et al. [39] reported that the correlation between SF 
and liver T2* greatly weakened in patients with SF readings higher 
than 4000mg/ml. Furthermore, Neufeld [40] reported that SFasa 
surrogate measure of LIC is highly varied Likewise, Angulo et al. 
[41] confirmed that there was no correlation between SF and LIC 
assessed by hepatic MRI in patients with thalassemia.
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Furthermore, Sher et al. [42] confirmed that attempts 
to correlate SF with LIC have failed to demonstrate a linear 
relationship between the two parameters and discrepancies have 
frequently been observed. Likewise, in a previous study grouping 
patients with mild to moderate siderosis and those with severe and 
very severe siderosis, statistically non-significant difference was 
observed between SF levels of the two groups and no significant 
correlation was seen with ferritin levels when different severities 
of siderosis were compared, although a trend toward significance 
was evident when the ferritin values of patients with less severe 
iron load were compared with those of greater iron overload [43]. 
The grade of iron load is determined by visual evaluation and 
a standardized definition is difficult because it depends on the 
thickness of the intracellular iron granules. On the other hand, the 
distribution of the granules and whether they involve both Kupffer’s 
cells and hepatocytes can easily be seen. As hepatic fibrosis 
progresses and inflammatory cells decrease the liver gradually 
loses its capacity to synthesize and release ferritin, and in the final 
stage of cirrhosis, the ferritin level is generally low [43]. The poor 
correlation between SF and LIC in patients with β-thalassemia 
could be explained by many factors. Serum ferritin can be affected 
by the presence of hepatitis C which increases SF and vitamin C 
which determine allocation of iron between macrophages and 
parenchymal sites [32]. Another explanation of this finding is 
that SF which is an acute phase reactant generated in response to 
inflammation, contains much less iron than normal ferritin and 
this is very apparent in patients with β-thalassemia and hepatitis 
C virus [37] Furthermore, previous studies indicated that SF in 
contrast to tissue ferritin has low iron content even in iron loaded 
patients [44]. In contrast to previous findings, many studies showed 
different correlations between MRI findings and SF. Alexopoulou 
et al. [45] reported that R2* had significant positive correlation 
with SF. Across sectional study by Piga et al. [46] showed positive 
correlation between LIC and SF. Similarly, other authors [35,47,48] 
had reported significant negative correlation between SF and T2*. 
The causes of discrepancies between these studies could be related 
to differences in the number or ethnicity or disease duration of 
patients enrolled in various studies, or to differences in methods of 
measurements of LIC or SF used in these studies.

In the present study, there was significant decrease in SF in 
HCV-infected patients with thalassemia after spirulina therapy 
as compared to pretreatment levels. This finding is consistent 
with many authors [14, 49,50]. This can be explained by the 
hepatoprotective and chelating effects of spirulina therapy with 
subsequent decreased in LIC. Spirulina therapy has combined 
antioxidant effects and chelating activity that can produce 
upregulation of antioxidant enzymes as well as excretion of iron 
from the body by effective chelation. Another suggested mechanism 
for reduction of SF after Spirulina therapy is the high content of 
metallothioneins in Spirulina which are proteins capable of binding 
heavy metals and excreting them from the body [15,51].

The mean values of LIC was significantly lower (with associated 
significant changes in the mean values of T2* and R2*) in patients 

of moderate to severe group after spirulina therapy compared to 
their pretreatment values. These results could be explained by the 
hepatoprotective and chelating effects of spirulina therapy with 
subsequent decreased LIC. The highly significant decrease in the 
values of SF and values of LIC (with associated highly significant 
changes in T2* and R2*) after spirulina therapy as compared to 
their levels before treatment in patients of the moderate to severe 
group but not in the group of mild liver iron overload could be 
explained by the great Spirulina’s chelating and hepatoprotective 
effects and the previous findings of other studies showing that all 
chelating agents are highly effective in their action to decrease LIC 
and SF levels in patients with the highest grades of liver siderosis 
and elevated SF levels. Several previous studies [52-55] reported 
that the use of different chelating agents in thalassemic patients 
produced significant decrease in SF levels in patients with baseline 
values above 2500µg/L but not with values below 2,500µg/L. 
Based on the results of these previous studies and results of our 
study, we could assume that the use of Spirulina in our patients 
produced significant reduction in the mean values of LIC and 
marked improvement in patients with the highest degrees of LIC 
compared to patients with mild LIC before spirulina therapy. 

A key limitation of this research is: 1-The lack of a control 
group of children with thalassemia without HCV infection 2-The 
lack of control HCV-infected thalassemic children without Spirulina 
treatment. 3- The small sample size and the shorter duration of the 
study. Therefore, many randomized controlled clinical trials with 
large sample size and longer durations of Spirulina therapy should 
be conducted for further evaluation of the promising Spirulina’ 
effects on LIC and other parameters in children with thalassemia 
with and without HCV infection.

Conclusion
From this study, we can conclude that, spirulina therapy may 

have favorable effects on lowering the values of LIC in children with 
β-Thalassemia infected with HCV.
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